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ABSTRACT

Occupational, residential, dietary and environmental exposures to mixtures of synthetic
anthropogenic chemicals after World War |1 have a strong relationship with the increase of
chronic diseases, health cost and environmental pollution. The link between environment and
immunity is particularly intriguing as it is known that chemicals and drugs can cause
immunotoxicity (e.g., alergies and autoimmune diseases). In this review, we emphasize the
relationship between long-term exposure to xenobiotic mixtures and immune deficiency
inherent to chronic diseases and epidemics/pandemics. We adso address the
immunotoxicologic risk of vulnerable groups, taking into account biochemical and
biophysical properties of SARS-CoV-2 and its immunopathologica implications. We
particularly underline the common mechanisms by which xenobiotics and SARS-CoV-2 act
a the cellular and molecular level. We discuss how long-term exposure to thousand
chemicals in mixtures, mostly fossil fuel derivatives, exposure toparticle matters, metals,
ultraviolet (UV)-B radiation, ionizing radiation and lifestyle contribute to immunodeficiency
observed in the contemporary pandemic, such as COVID-19, and thus threaten global public
health, human prosperity and achievements, and globa economy. Finally, we propose metrics
which are needed to address the diverse health effects of anthropogenic COVID-19 crisis at

present and those required to prevent similar future pandemics.

Keywords. Xenobiotics, pollutants, immune deficiency, COVID-19, chronic diseases,

coronavirus, SARS-CoV-2, epidemic, pandemic
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1. Introduction

Human and animal health threats from coronavirlsase been present over time.
Uncontrolled porcine, bat, mouse, bovine, avian hathan coronaviruses dispersal
can impact both global public health and econortabibty. As early as 2002, beta
coronaviruses (CoV) zoonotic outbreaks have begorred (Ou et al., 2020),
including severe acute respiratory syndrome conons{SARS)-CoV in 2002—-2003
(Ksiazek et al., 2003), Middle East respiratorydspme (MERS)-CoV in 2012 (Zaki
et al.,, 2012) and, in late 2019, the novel SARS-Qo\Docea et al., 2020). The
porcine epidemic diarrhea virus (PEDV) should desancluded (Chen et al., 2014).
Coronaviruses have been associated with variouseatk, including respiratory,
gastrointestinal, and central nervous system deseésth in humans and animals,
impacting not only human health but also econortabibty (Perlman and Netland,
2009). The transmission model, clinical manifestadi pathogenesis and treatment of

coronavirus disease have been recently reviewedg®et al., 2020).

Figure 1 shows an anthropological and scientifiprapch for the evaluation of the
association of the global production of crude a@tmospheric pollutants, and
pesticides with the population growth and chronigedses trends (Guillette et al.,
1998). We emphasize that long-term exposure tor@mbigenic pollutants, among
other risk factors, may have a positive associatigtih chronic diseases such as
neurodegenerative disorders (e.g., Parkinson’sag@&eand diabetes (Dimakakou et
al., 2018; Roca et al., 2012), breast cancer (D&Sah al., 2019), non-Hodgkin’s
lymphoma (Huh, 2012), cancer (Brown, 1992), leuke(@occo et al., 1997), obesity
(OECD, 2014), congenital heart defects (Liu et 8D19), hypertension (WHO.
Raised blood pressure,” n.c.dahd increased vulnerability to microbial and viral

infections and their mortality (Figa-Talamancalet93).



While increases in disease correlate with increase anthropogenic pollutants,
correlation is not causation. For causation, meisinas need to be identified that link
pollutants to eventual diseases credibly. The redwiof this paper presents evidence
of the biological mechanisms that link the pollutato myriad diseases of interest,

especially through adverse impacts on the immusegsy,

Population
1955: 2 billions 2020: 7,5 billions

S Crudeoil

1960: 20 million barrels/d 2010: 73 million barrels/d
1960: 20 million barrels/d

1945: 20 species Atmospheric pollutants
1955: 100 species 2017 > 3.000 species
Pesticides
1950: 0,3 million tons 1970: 1,5 million tons 2017: 4,5 million tons
1950 1960 1970 1980 1990 2000 2010 2020
Diabetes 108 million (1980) e 222 million (2014)
Parkinsons’s Disease 25million (1990) e 6,1 million (2016)
Breast cancer 600.000 (new cases 1980) — 1,7 million (2018)
Non Hodgkin's Lymphoma 240.000 (1975) S 640-000 (2018)
Congenital Heart Defects 518.176 (1970) e 1.3 million (2016)
Obesity 280 million(1970) e 1.3 billion (2018)
Hypertension 600 million (1980) 1 billion (2008)
COVs cases /deaths 8,422/774 (2002-2003) 802.639/39.014

Figure 1. Association of global crude oil, atmospheric pahis and pesticide

production with population growth and chronic dse&rends

2. Influence of environmental risk factorson theimmune system

The immune system can be the target of many chénbazogical, and physical
agents that may elicit adverse effects on the ibstilth; however, it is still unknown
the extent to which low exposure to environmerdaid stimuli may adversely affect

human health. The proinflammatory and immunomodwaproperties of many toxic



stimuli may have limited effects on the immune sgstunless exposure occurs early
in life or concurrently with infections or malignandiseases. Under these
circumstances, there is an increased risk of pssgya from exposure to infection,
autoimmune diseases, or even cancer. Neverth#hesspmpensatory mechanisms of
the immune system limit the potential health impatcthe individual level, although
minor immunomodulatory effects may have an impdctha population level by

contributing to increased burden of diseases (Hgrand Corsini, 2013).

Environmental factors are believed to contributethe increased prevalence of
allergies and autoimmune diseases, many of whiehdae to the activity of Th17 T
cells. These Thl7 T cells are a newly-identifietplr T-cell subset characterized by
production of interleukin (IL)-17 and IL-22, as @pged in experimental autoimmune
encephalomyelitis (Veldhoen et al., 2008) and mecently in COVID-19 patients in
China. The immunologic response of barrier organg.( skin, gut, lung, eyes, and
oral and genital mucosal tissues) against pathogaiirobes and protein antigens,
including SARS-CoV-2, is disrupted in hematopoietiem cells, innate immune

system cells, as well as in T-cell subsets andIB.ce

Chronic exposure to environmental chemicals haa Beewn to suppress or enhance
immune responsiveness, depending on factors sudioses, timing, and route of
exposure. For example, environmental immunology ledsto the understanding of
how xenobiotics (such as polycyclic aromatic hyarbons (PAH)) acting via
immunomodulatory signaling pathways, and specifjcghe aryl hydrocarbon
receptors (AhR), may adversely affect the develgpmmune system (which seems
to be more sensitive to environmental insults thhe adult immune system
(Kreitinger et al., 2016)). Immunotoxicology cars@lbe beneficial in investigating
whether an epidemic/pandemic, or a chronic disaasdjopathic or a deterministic

3



event reflecting cumulative adverse effects onittiaune system. Understanding the
impact of environmental toxic stimuli on the immumsponse ultimately contributes

to improving public health.

Many decades ago, infectious diseases were the oaaise of mortality globally.
With the increased influx of modern technology atsl under-regulated adverse
byproducts into the environment and workplace, communicable diseases have
replaced infectious diseases as the leading cduserntality world-wide. However,
infectious diseases are still amongst the top damases of global death (Winans et al.,

2011).

Xenobiotics, whether natural or anthropogenic, iE&dily interact with the immune
system, leading to a suppressed or enhanced imnespensiveness (Fenga et al.,
2017). Of increasing concern is the observed redlummune response to viral and
bacterial infection, as well as myelosuppressiahtAgmic dysfunction. For example,
coplanar polychlorinated biphenyls (PCBs) and diexnave been shown to mediate
their effect via the AhR. Such effects include direhed humoral antibody responses,
humoral immune suppression (Silkworth and Antrira83),severe thymic atrophy,

and reduced cell-mediated immunity, to name a few.

2.1. The AhR signaling pathway in immune system responses against xenaobiotics

and viruses

The AhR is an evolutionarily ancient protein thahdoe activated or inhibited by
various types of exogenous and endogenous ligdkiilde AhR canonical signaling
has been identified as a primary mediator of biglalg responsiveness to
environmental chemicals, alternative signaling ¢éwemre increasingly being

understood to mediate the physiological effectdliR (Khazaal et al., 2018). AhR is



a cytosolic signal sensor and transcription fatk@at translocates into the nucleus
upon binding to planar aromatic hydrocarbons. Iditash, AhR signaling is
intricately involved in fine-tuning distinct immuneesponses, particularly at
environmental interfaces where endogenous and evogeAhR ligands accumulate
(Quintana et al., 2008). For example, AhR activias been documented to be a key
determinant of T helper (Th) cell differentiatioNotably, ligands with differential
AhR agonist activity may have opposing effects oh €ell differentiation,
demonstrating the finely tuned regulation of thisnscription factor at the ligand-

binding level (Quintana et al., 2008).

The AhR signaling pathway plays a key role in iena@nd adaptive immune
responses, and controls transcription of xenabimietabolizing enzymes like
cytochrome P450 family members (e.g., CYP1Al andPCH1) (Stockinger et al.,
2014). Exogenous AhR ligands include environmemalc stimuli (e.g., dioxin),
bacterial metabolites, or naturally occurring ligansuch as dietary ligands (e.g.,
flavonoids and glucosinolates), abundantly founglients (Mcintosh et al., 2010).
Starting from infancy, AhR levels in hepatic, Iugnd thymic cytosol slowly decline
with age.Thus, while innate immune cells in children havghhexpression of AhR,
immune cells in adults have conservative to low Ahdpression (Esser and Rannug,
2015), representing a potential important highkghtfinding in COVID-19

prevalence in adults.

It is recognized that polyhalogenated aromatic bgdrbons (PAHSs), dioxins, and
biphenyls can activate AhR given their structuedemblance to physiologic ligands.
This, in turn, may increase the metabolic turnowérphysiologic ligands, thus

decreasing their half-life. As a result, uncongdllor persistent activation of the AhR



by exogenous small molecules or UVB radiation miggr ahe tightly controlled and

transient AhR-regulated cell functions (Esser aadriRig, 2015).

AhR signaling is dependent of the formation of céerps with other proteins (cross-
talk), such as AhR-interacting protein (AIP), eg&n receptor (ER), inducible nitric
oxide synthase (iINOS), matrix metalloproteinase [R)Mnuclear factokB (NF-«B),
prostaglandin synthase (PGHS), retinoblastoma jor¢RB), tumor necrosis facter

(TNF-0) and xenobiotic-metabolizing enzymes (XME) (Belagret al., 2008).

AhR canonical and noncanonical signaling pathways regulate master regulatory
transcriptional factors, such as the nuclear fa¢idF)-«B promoter and signal
transducer and activator of transcription (STAThe3e transcriptional factors
regulate the general transcriptional machinery moluce transcriptional, post-
translational and epigenetic expression of selecinflammatory genes (Bhatt and
Ghosh, 2014). Additionally, cytosolic AhR and NF-ki#ggulate calcium-related
genes, increasing rapidly the intracellula’ Ceoncentrations that drive cardiac and
skeletal muscle pathology. This sequence leadsotenstream pro-inflammatory
responses mediated by c-src, cyclooxygenase-2 (¢,CGxX2 C-C motif chemokine
ligand 1 (CCL1) (N'Diaye et al., 2006; Petersonakt 2018).AhR is also a key
component for T cell development and activationntyathrough the action of the
Wnt/B-catenin pathway (Ma et al., 201Xenobiotics induce regulatory T cell (iTreg)
deficits, as found in autoimmune diseases such akipte sclerosis (Wing and

Sakaguchi, 2010), through their impact on AhR.

Xenobiotics and viruses affect the immune cellgy.(hematopoietic, myeloid,
lymphoid) as well as the immune system barriertheflung, gut, mucosal epithelia

and the placenta through differential and variabtdgR expression levels (Quintana



and Sherr, 2013AhR deficiency and AhR dysregulation can impair deeelopment
of the aforementioned tissue barriers as well aduhction of the adaptive and innate
immune systems (Sherr and Monti, 20 )t example, smokeege more sensitive to
viral and bacterial infection due to increased CAXP/CYP1B1 and matrix
metalloproteinase-1 (MMP-1) expression through AsaRvation by PAHS present in

tobacco smoke, in a dose-dependent manner (Ong 2043).

The AhR molecular pathway regulates the immune aesp against bacterial and
viral attacks. Therefore, it plays a role in theatext of autoimmunity, infection, and
cancer. Additionally, AhR modulates the circadiatinical manifestations of

infectious diseases and opens potential opporégnifior developing targeted
therapeutics (Gutiérrez-Vazquez and Quintana, 20@8hce, the circadian rhythm
(evening)- observed exacerbation of clinical sympon malaria, bacterial sepsis, or

seriously ill COVID-19 patients can be regulatedAhR.

AhR not only affects the immune responses to viredction, but can also interact
with viral proteins and affects viral latency. $t8uggests that AhR may modulate
viral infection beyond influencing innate and adgt responses (Head and

Lawrence, 2009).

Xenobiotics and viruses acting through AhR cancftbe gut-associated immune
system and microbiome (Gutiérrez-Vazquez and Quit2018) (Figure 2). The
human gut virome, the ‘missing link’ between gutteaia and host immunity, is a
poorly understood component of the gut microbidReyes et al., 2012). Diet,
antibiotic use, and geographic variatican substantially affect the gut virome.
Synthetic diets or diets with no vegetables anddroave very low AhR activators,

such as polyphenols and glucosinolates. Theseieefidiets can adversely affect the



organogenesis of intestinal lymphoid follicles andate immune cell homeostasis in

the gut (Holtz et al., 2014; Tsiaoussis et al., 901
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Figure 2. Xenaobiotics, viruses, bacteria, obesity and aging acting through AhR

Exposure of the gut microbiota to various antilmgtihas led to a substantial
enrichment of the gut microbiome with phage-encogieaes that confer resistance to
the administered and similarly acting antibioti€his increased resistance, however,
has created rather complicated biofilms promotiegsistent infections or chronic
inflammation (Modi et al., 2013). Interestingly, erobiome is a highly dynamic
ecosystem that evolves with age (Lim et al., 20Thjs also reflects the profound
interpersonal diversity of the gut virome (Minotadt, 2013). The virus—bacterial-host
interactions in the gut play a protective role agaigastrointestinal diseases such as
necrotizing enterocolitis in preterm infants (NewdaValker, 2011), ulcerative colitis
and Crohn’s disease, and highlight the role ofsesiin contributing to the initiation

of inflammation (Wang et al., 2015).



It is well established that pulmonary tissue is thest sensitive human tissue in
COVID-19. Of particular interest is the fact thavewlar cells express the AhR at
high levels at the basal matrix underneath theadile which immune cells are found
[namely mast cells, lymphocytes, dendritic cellSC), and innate lymphoid cells
(ILCs)] (Frericks et al.,, 2007). This part of thespiratory system, however, is
vulnerable to the effects of very fine particulatatter (especially matter with a
diameter less than 24m, which is mainly produced by diesel engines, cbalr

burning, wood-burning, and industrial exhaustshisTvulnerability is because
particles of this size are able to bypass the ptiote mechanisms of the respiratory
tract and accumulate in the alveolar tissue. dfghrticles are less than Quin, they

can penetrate completely the alveolar cell membram& enter the bloodstream.
However, airborne particulate matter may act as AddRvators and thus trigger

immune responses (Van Voorhis et al., 2013).

Exposure to airborne particles (urban dust, PAldseli exhaust, cigarette smoke) by
intranasal administration has been shown to inergagmonary IL-17 expression
(Van Voorhis et al., 2013). Th17 cells are assedatith autoimmune diseases, such
as multiple sclerosis, rheumatoid arthritis, andrsis (Zambrano-Zaragoza et al.,
2014), but also glomerulonephritis, severe spomtaseolitis, asthma, dengue virus
disease (Jain et al., 2013), and swine flu detexchiny pandemic H1N1 influenza
virus (Bermejo-Martin et al., 2009). Epidemiologstudies have linked ambient
particulate matter, nitrogen dioxide and otherpamlutants exposure to immunologic
diseases of the respiratory system (asthma andichobstructive pulmonary disease
(COPD)), atopic diseases, allergic sensitizatioczema and polymorphisms of
inflammatory cytokines via AhR-dependent mechanigMsrgenstern et al., 2008).

Furthermore, COPD has also been associated witabsormal pulmonary and



systemic immune response to tobacco smoking, ajthoanly the so-called
“susceptible smokers” develop the disease (Crual.e2019). Smokers and COPD
patients are subpopulations with an increased okksevere COVID-19, likely
because of the enhanced airway expression of @&mgiotconverting enzyme 2
(ACE2) receptor, the entry receptor for the SARS/Qovirus, in lower airways
(Leung et al., 2020). Thus, many COVID-19 patiemith COPD develop acute
respiratory distress syndrome (ARDS), leading tmpmary edema and lung failure.
They also have liver, heart, and kidney damageleaig acute systemic
inflammatory reaction syndrome and further multiplgan dysfunction syndrome

(Docea et al., 2020).

Cytosolic AhR levels and target genes, as well BR Aevels in the nucleus, might be
useful markers of COVID-19 patient prognosis, basedorevious studies reporting
that AhR levels have been used for the diagnosispaognosis in several aggressive
tumors and multiple sclerosis patients (Wheelealet 2017).The contribution of
innate versus adaptive immune cells to lung pathole still under investigation, as
many inflammatory mediators are implicated (Esser Rannug, 2015). Excessive or
non-effective host immune responses due to long-tenobiotic exposures or viral
attacks can impair T cells and monocytes functionaburden lung pathology and

immunodeficiency, as observed in critical COVID{&tients (Zhou et al., 2020).

Macrophages are critical for the development damimatory processes. These cells
express the AhR, and several studies have corr@abtheir activation by 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD)o produce and release modulatory chemokines
and proinflammatory cytokines (Vorderstrasse et2803). The AhR is a known
modulator of antiviral pulmonary immunity. AhR acition by TCDD has been
shown to decrease survival after infection withoalathal dose of influenza A virus,
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concomitant with doubling of pulmonary neutrophiiflux and suppression of
expansion and differentiation of virus-specificegtior CD8 T cells (Vorderstrasse et
al, 2003).Thus, exposure to environmentally-derived AhR atbivs is associated
with increased respiratory infections such as i@@sthma and COPD (Roca et al.,
2013). COPD affects approximately 200 million peopbridwide and is globally one
of the leading causes of death. Smoking, biomassiryy air pollution, and
inhalation of fine dust are contributing factorsG@PD and atmospheric particulate
matter —a known carrier of AhR ligands— can aggavaOPD (Roca et al., 2013).
PCBs also act through AhR, causing severe thymimphy and humoral immune

suppression (Silkworth and Antrim, 1985).

2.2. Xenobiotics affect the developing and adult immune system

Immunological development is dependent on both @enand environmental
influences (Vassilopoulou et al., 2017). Both delluand humoral immunity are
factors that drive inter-individual variation in recelation with age, gender, and
season. They all play a major role in shaping tmeniune profile analogous to
lymphoid and myeloid cell level, B cell subsetsd dm levels, or T cell immune traits
as compared to the B cell immune traits. All thpaeameters are sensitive to toxic
environmental exposures, especially in the adulhume system. The developing
immune system can also be disrupted by early-hf@renmental insults, which may
adversely affect the health of the exposed offgplater in life. These adverse effects
could extend to following generations through ep&je inheritance, thus weakening
future generations’ bodily defenses against intedi (Vassilopoulou et al., 2017).
The increased risk for injury to the developing ioma system has been shown across
several categories of drugs, chemicals, as welleasy metals, some metalloids and
mold toxins, through perinatal genome reprogrammimgreasing the risk for adverse

11



immune outcomes persisting into later life (Vagsidlolou et al., 2017). In particular,
exposure to AhR agonists may cause persistent esagngmmune responses that can
affect subsequent generations, meaning that the@oanvent of prior generations
shapes susceptibility to pathogens and antivirahumity in later generations (Post et

al., 2019).

Developmental exposure to AhR-activating chemicglerturbs immune cell
development, resulting in attenuated hematopomien cell (HSC) differentiation
and long-term self-renewal (Sakurai et al., 2017 also results in delicate deviations
in the architecture of the crystal structure of AHRus contributing to increased
incidence of autoimmunity and decreased responssgto infectious pathogens in
later life, via gradual and long-term repressionAtiR-mediated gene transcription
(Sakurai et al., 2017). Furthermore, long-termvation of AhR by TCDD has been
shown to induce epigenetic changes in lymphocyspgecially T cells, leading to
DNA hypermethylation and resulting in decreased CD8cell antiviral immunity
(Boule and Winans, 2015). Conversely, early lifgpasure to TCDD enhances the
CD4" T cell response to viral infection in the lungsulting in more significant
broncho-pulmonary inflammation and reduced antivinaamunity (Boule and

Winans, 2015).

Exposure to a wide array of environmental chemjcalsch as pesticides, heavy
metals, and endocrine disruptors, may also affieetdeveloping immune system.
Pesticides, such as organochlorines (chlordane GiDd@/DDE) organophosphates
(diazinon) and carbamates (carbofuran) have beewrsho induce developmental
immunotoxicity (Holladay, 1999; Ruszkiewicz et a017). Prenatal exposure of
humans to DDE has been associated with reducedslefelgG and recurrent
respiratory infections in infants, enhancing aliergesponses via induction of Th2

12



cytokines (Sunyer et al., 2010). The use of lead pstrol additive, or more generally
as an environmental contaminant, has adverse efbecthe immune system, since the
immune system appears to be quite sensitive to. leedd-induced skewing of
immune responses has the potential to alter theddnce of asthma, autoimmunity,

infectious diseases, or cancer (Dietert et al.4200

Early-life exposure to environmental and anthropagechemicals may result in
reprogramming of the immune system. Exposure oflthesloping immune system to
heavy metals, specifically lead, has been showedtersely affect the generation of
innate immune cells, such as macrophages and D&géFet al., 2017; Gao et al.,
2007; Kishikawa and Lawrence, 1998). Dysregulatednophages and DCs effector
functions reduce phagocytosis, lysosomal activatigmoduce excessively reactive
oxygen species, and other inflammatory mediatoes, (TNFe,, PGE) by activation

of the Erk/MAP kinase pathway, contributing thuspersistent Th2-biased immune
responses and increasing the risk for inflammatbsprders and disease unmasked

later in life (Kim and Lawrence, 2000).

Endocrine disruptors, such as bisphenol A (BPA)ehalso been shown to alter
immune system Dby interfering with hormone produtti@and activity, and

neuroendocrine axes (Karzi et al., 2018; Petrakel.e2017). Perinatal exposure to
low doses of BPA has been shown to alter the nabmamune system and render it
more susceptible to food intolerance (Nakajimad.e12). Low-dose BPA exposure
during the juvenile period of development may aggta allergic airway

inflammation by enhancing Th2 responses via digsapbf the immune system

(Koike et al., 2018).
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Long-term exposure to mixtures of anthropogenidupahts such as nanomaterials
(NMs), pesticides, BPA, phthalates, heavy metastiqulate matter, PAH and toxins
during critical developmental periods, could hymitally impact the immune
system and increase viral infectivity, morbiditydamortality in children and adults
(Kwak et al., 2009). Xenobiotics can impair a potitee immune response, especially

in organs expressing high ACE2 expressions, suafiestine and kidney.

The degree to which xenobiotics deregulate immsponses depends on cell-type
and maturational state, especially in vulnerableutettion groups. Both inflammatory
and regulatory gene expressions via cross-talk émtviranscriptional (e.g. AhR and
NF-kB), xenobiotic response elements activation ancerotbosttranslational and
epigenetic alterations, together with viral immunatological engagements,
contribute to unwanted complications on macrophadesdritic cells, the cytolytic
activity of murine NK cells, innate lymphoid cei®d Foxp3 regulatory T cells (Qiu

et al., 2012).

3. Long-term low-dose exposures to mixtures of anthropogenic chemicals may

affect the human health through dysregulation of the immune system

Exposure to single chemicals during developmentile@n shown to impair immune
responses. However, under real-life exposure smendrumans are widely exposed
to mixtures of numerous chemicals and other stressuch as radiation, sound,
biotoxins, etc., present in different sources (emvinent, diet, workplace). Thus, the
relevant exposure framework for evaluating poténta@airment of the immune

function relies on assessing mixtures of chemi¢aihgl other toxic stressors) rather
than single chemicals in our changing environmémcording to this approach,

exposure to chemical mixtures during developmentdcbe more detrimental to the
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immune system than exposure to single chemicalserai#ng on the nature of the
chemicals and their dosages. While the developrhetdage is the most vulnerable
period to chemical toxicity, exposure during noitical periods should also be
considered. Furthermore, it should be highlightest tow-dose disruptive effects of
chemicals on key biological pathways and mechanisnsrtain subpopulations may

enhance susceptibility to diseases.

The immune system recognizes engineered nanoniatéXkis) as foreign bodies,
resulting in multilevel responses that can rangemfracute to chronic. These
responses can range from immune-stimulatory to inosuppressive, but can also
vary in host toxicity and/or reduced therapeuticficaty of conventional

pharmaceuticals (Engin et al., 2017; Kendall andghkkpy 2012; Neagu et al., 2017).
NMs-induced immune activation may increase thedewce of allergic reactions,
inflammatory responses, or autoimmunity. Additi?jpaNMs-induced suppression
may reduce maturation and proliferation of immuredis¢ resulting in increased

susceptibility to infectious diseases or tumor grow

In nanotoxicology, numerous studies clearly dematstthat multi-walled carbon
nanotubes (MWCNT) and inhaled particulate matteM)(Anduce lung injury
(Kendall and Holgat, 2012; Piperigkou et al., 2016)ough acute and chronic
inflammation, granuloma formation, and substantiaterstitial lung fibrosis.
MWCNT and PM can also exacerbate asthma-like cmmditvia innate pathways
such as TLRs that trigger the generation of IL-2533, and thymic stromal
lymphopoietin (TSLP). MWCNT also induce epithel@dmage resulting in 1L-33
release, which in turn promotes innate lymphoid regruitment and the development

of IL-13-dependent inflammatory response (Beameait.e013).
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A number of studies similarly linked MWCNT-induceaxidative stress,
phagolysosomal permeabilization, cathepsin B releadLRP3 inflammasome
assembly, and caspase-1 activation with the seaoretf important regulatory
cytokines (e.g., IL-@ and IL-18). Titanium dioxide nanomaterials, longrlmon
nanotubes, asbestos and silica, affect innate iremastivation through reactive
oxygen species (ROS) generation, cathepsin B #ctithat activate Nalp3
inflammasome and induce Ikland IL-18 secretion by caspasel, autophagy and lung
fibrosis (Palomaki et al.,, 2011). These findingghtght that inflammasome
activation and autophagy induction may occur vighpays other than the well-

established mTOR pathway (Palomaki et al., 2011).

Pesticides can impact human health and the enveatidversely through cellular
and extracellular, direct and indirect mechanisma complex and synergistic mode.
Extracellularly, synthetic pesticides activate ity receptors of cytokines
(Gangemi et al., 2016) (Figure 3). These key remsptvia secondary signaling
pathways such as TLR/MYD/NF-kB, P38 MAPK/AP-1, ANER /FFAs/PPAR, B-

cell receptor or Cyclin D signaling pathways, digcand indirectly, alter

transcriptionally and epigenetically global genepression (Vidya et al.,, 2018)

(Figure 4).
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Figure 3: Molecular and cellular mechanisms triggered by long term pesticide
exposure. Pesticides induced pro-inflammatory mediators (Td\HL-1pB, IL-6) of
macrophages, aromatase expression, growth factord axidative stress,
oestrogenicity, carcinogenesis, DNA damage, genoapgenetic changes, obesity

and abnormal embryo development
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Figure4: Transcriptional alterationsinduced by selective pesticides

Pesticides also, affect the metabolism of Ca+Znvih D and iron, disrupt redox
biology (Ffrench-Constant et al., 2013), activatet@asome system, alter microbiome
(Joly Condette et al., 2015), increase RP@&R COX2, increase Th 1 cytokines and
decrease Th 2 cytokines, leading to T-cell immatuiThe pesticidal loosening of
tight junctions increases the intestinal permegbiind disrupts the integrity of
vasogenic homeostasis and vascular permeabilitys thcreasing translocation of
bacteria to distal organs and resulting in badtenfactivity (Stanaway et al., 2016).
Pesticides also disrupt redox biology, reduce aimant enzyme activities, increase
reactive oxygen species (ROS) and oxidative stighgsh may impact the immune
system function because of the cross-talk betwegtdative and pro-inflammatory
pathways. In addition, pesticides can induce ATH anergy depletion and DNA
instability through DNA damage or epigenetic altienss, sister chromatid exchanges,

telomere shortening, diverse mutations, and prematell death, which also impact
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the immune system function (Demsia et al., 2007unk@ucidou et al., 2019;

Tsatsakis et al., 2019a; Tsiaoussis et al., 2018).

In any case, given the plethora of physiologicahpays and functions that can be
disrupted by chemical exposures, the current ridlessment approach based on the
assessment of individual substances is insufficierdddress exposure to chemical
mixtures under real-life conditions (Kostoff et,a?018; Tsatsakis et al., 2019c;

Hernandez et al., 2020).

4. Molecular and cellular mechanisms of SARS-CoV-2 cell attack

SARS-CoV-2 is a member of the coronavirus familgtthas a single-stranded RNA
genome of positive sense. This gene encodes fauctstal proteins, namely spike
glycoprotein (S), a small envelope protein (E), nmatglycoprotein (M) and
nucleocapsid protein (N) (Li et al., 2020). Thergmtf the virus into cells is mediated
by the S protein, in particular by attaching itsface unit (S2) to ACE2, an enzyme
present in primarily type Il pneumocytes (lung ale epithelial cells). Then the S
protein is cleaved by cellular proteases and the eapside is fused with the cellular
membrane, thus allowing intracellular translocat@mSARS-CoV-2 coupled with
ACE2 by endocytosis (Cava et al., 2020). This itoteed by massive intracellular
replication of SARS-CoV-2, which then undergoesagxasis where it binds again to
ACEZ2, thus entering into a vicious cycle (Abassiakt 2020) Furthermore, after
endocytosis of the SARS-CoV-2/ACE2 complex, surfa€E?2 is down-regulated,
resulting in unopposed angiotensin Il accumulafdaduganathan et al., 2020). The
binding affinity of specific receptor binding of 8otein is related to virus infectivity

and pathogenicity (Li et al., 2020). In this regafdE2 genetic polymorphisms and
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expression levels in different tissues might altest susceptibility to COVID-19 by

affecting the interaction with SARS-CoV-2 S-protein

ACE2 belongs to the renin-angiotensin-aldosteronstesn (RAAS), which
contributes to the pathophysiology of hypertensaod cardiovascular/renal diseases
by maintaining homeostasis of blood pressure, ®igté balance and inflammatory
responses (Cava et al., 2020). ACE2 can be comsides a key counterregulatory
enzyme that degrades angiotensin Il to angiotefistd), which exerts vasodilatory,
natriuretic/diuretic, anti-inflammatory, and antifotic effects via Mas receptor

(MasR) (Abasi et al., 2020; Vaduganathan et aR020

ACE2 is highly expressed in the lung, where it @ppdo exert a protective role in
acute lung injury as loss of pulmonary ACE2 funetitas been associated with acute
lung injury. Hence, the binding of SARS-CoV-2 witACE2 neutralizes the
advantageous physiological effects of this enzyAutenuation of ACE2 catalytic
function alters RAAS system activity, resulting enhanced inflammation and
vascular permeability observed in the pathogenekigmflammatory lung disease,
eventually leading to acute lung injury and ade$piratory distress syndrome as
observed in patients with severe COVID-19 (Chenakt 2020). Hence, local
activation of the RAAS may mediate lung injury respes to viral insults
(Vaduganathan et al., 2020). Indeed, when angiotdrend angiotensin Il receptors
(AT1R and AT2R, respectively) are activated, thegd to the increased expression of
proinflammatory mediators (e.g., IL-6), triggerimgn inflammatory process in the
lungs and other organs. In particular, AT1R acasahe transcription factors NF-kB
and activator protein 1 (AP-1), which in turn ingses cytokine expression, apoptosis,
vasoconstriction, fibroproliferation, retention N+, and the enhancement of lung
injury. The endogenous angiotensin Il inhibits alee fluid clearance and
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dysregulates epithelial Nachannel (ENaC) expression via AT1R, contributing t

alveolar filling and pulmonary edema (Cava et2020).

ACE inhibitors and angiotensin-receptor blocker&B%s) have shown to up-regulate
ACE2 expression in animal studies, thus increading availability of target
molecules for SARS-CoV-2. These considerations Hede€o speculation that ACE
inhibitors and ARBs might be harmful in patientswCovid-19. However, a number
of studies conducted in different populations anitth wifferent designs have come to
the conclusion that ACE inhibitors and ARBs areikely to be harmful in patients
with Covid-19 (Jarcho et al., 2020). Conversely;duse of the protective effects of
ACE2 on acute lung injury and chronic diseasesdthelopment of drugs enhancing
ACE2 activity might be an approach for the treatm@COVID[19 (Chen et al.,
2020). The aforementioned speculations should motrdgarded as evidence to
prescribe or not these drugs in patients with Cd@d Clearly, randomized clinical

trials are warranted to shed light on this appapanadox.

The early onset of rapid viral replication may @uosassive epithelial and endothelial
cell apoptosis and vascular leakage, triggering tekase of exuberant pro-
inflammatory cytokines and chemokines (Yang, 2020he excessive immune
reaction produced by SARS-CoV-2 infection in thethtan lead in some cases to the
so-called 'cytokine storm' or ‘cytokine release dsyme’. This syndrome can be
triggered by a variety of factors, such as infewti@and certain drugs, and consists of
an acute systemic inflammatory syndrome charaeerizy fever and multiple organ
dysfunction resulting in an extensive tissue dam&pe main cytokine responsible of
this storm is IL-6, which is produced by activatedkocytes and acts on a large

number of cells and tissues (Cascella et al., 2020)
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The Toll-Like Receptor (TLR) signaling pathway isoéutionarily conserved and
functionally linked to innate immunity. Signalingsults in nuclear translocation of
the transcription factor NkB, which regulates the expression of distinct geines
immunity or development (Anthoney et al., 2018).RThas been implicated in the
pathogenesis of airway disease resulting from ragpy virus infections, with TLR
signaling leading to the activation of type | ifézons (IFNe and IFN$),
proinflammatory cytokines (IL-6, TNF, IFN; and CCL5), and interferon-stimulated
genes (Totura et al., 2015). The binding of SARS~2a0 the TLR activates the its
downstream signaling pathway, causing the relebpeoelL-1p (which is cleaved by
caspase-1). This is followed by inflammasome atibmaand production of active
mature IL-B, which is a mediator of lung inflammation, feverdafibrosis (Conti et

al., 2020).

5. Xenobiotics and viruses have common and more than one mechanisms of

action.

Chronic organochlorine, organophosphate, paraguatpgrethroid exposures have
been linked to Parkinson’s disease and other negmatkrative diseases through
mitochondrial dysfunction, oxidative stress, and@psis via cell signaling pathways
(Cao et al., 2019). Some pesticides have been teghas potential risk factors of
chronic erectile dysfunctions (Polsky et al., 2003obably via NADPH oxidase/
ROS production and reduced bioavailability of N@ @ al., 2008). Experimentally,
DDE (a metabolite of DTT) exposure exhibits a dtagenic potential, with an

underlying immunomodulatory mechanism likely viaakyne cascades, or disrupted
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glucose homeostasis (Cetkovic-Cvrlje et al., 2@#&)diovascular toxicity has also

been reported following exposure of zebrafish tibadeethrin (Meng et al., 2019).

Adjuvants in pesticides formulations are used traase the pesticidal effect of the
active ingredient. However, this is a constant westémated factor of pesticide
mixture chronic toxicity (Mesnage et al., 2013)r ktstance, it has been shown that
animals subjected to concomitant exposure to ceftaigicides, such as ergosterol
biosynthesis inhibitors, are able to increase tlyeetproid and neonicotinoid
insecticides cytotoxicity up to 1000- and 8-foldpectively. This combined exposure
may result in enforced lipogenesis and/or oncogeartscriptional alterations, which

may not occur with individual chemicals (Thompsomle 2014).

Xenobiotics and viruses activate similar transmemerreceptors of cytokines, toll-
like receptors, growth factors, secondary signapathways, such as TLR/MYD/NF-
kB, P38 MAPK/AP-1, AhR, hormone receptors, B-celteptor or Cyclin D signaling
pathways, directly and indirectly and thus altere tiglobal gene expression
transcriptionally and epigenetically (Conti et a020; Gangemi et al., 2016).
Xenobiotics and viruses affect the metabolism oC0&" and Cl efflux, vitamin D,
iron and coagulation factors, disrupt redox biologgtivate proteasome and the
inflammasome system, alter microbiome and viromergase PGRia COX2, and
increase Th 1 cytokines, resulting in T-cell imma(Go and Jones, 2014; Joly

Condette et al., 2015).

Xenobiotics and viruses disrupt the redox biologgduce antioxidant enzyme
activities, increase reactive oxygen species (R&®) oxidative stress, ATP and
energy depletion, DNA instability through DNA daneagr epigenetic alterations,

premature cell death and ageing (Go and Jones,; Zaily Condette et al., 2015;
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Martinez-Valenzuela et al., 2017). Furthermore, hbotenobiotics and living
microorganisms may contribute to increased resistaio treatments, bacteria or
viruses aggressiveness, communicable diseases aedeaded vaccination

effectiveness.

Viral infections and chemical exposures can prodpezinflammatory mediators
that, if sustained over time, result in chroniclanimation in target organs. This
condition often entails tissue damage, increaset@tion rate and genomic instability,
which represents a cancer-prone microenvironmentafie et al., 2014). In
cardiovascular morbidity, xenobiotics and virusesvéh been found to increase
chemokines, cytokines, heart mitochondrial GPx vagti DNA damage,

cholesterolemia, expression of tissue plasminogetivador (tPA), plasminogen
activator inhibitor-1 (PAI-1) and pro-coagulant igity, ROS, TNFe and TGFp,

protein and lipid oxidation in heart cells, endd#ledysfunction, and decreased
mitochondrial GSH levels, resulting in hyper-coagpility and thrombosis

(Zafiropoulos et al., 2014).

Both xenobiotic and viral immune morbidity are doealterations in gene mRNA and
protein expression via pro-inflammatory cytokinehemokine, kinase and
neuroendocrine signaling, activation of T-cellssrdption of gut microbiota and
immune homeostasis (Go et al., 2015; Jin et al.7R0rhese reprogram the cell cycle
control in the Golgi region via cycline gene altemas and premature cell death
(Chiappini et al.,, 2014). Crohn’s disease, rheumatarthritis, autoimmune
thyroidopathies, systemic lupus erythematosus,igser fiboromyalgia-osteoarthritis,
chronic pain, and multiple chemical hypersensyivitave been associated with
pesticide exposure (Fernandez-Sola et al., 2008gda 2010; Williams et al., 2018).

Global immune deficiency, vaccine and drug ineffeotess, bacterial and virus
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virulence, cancer aggressiveness, increased chinflaanmatory pathologies are

associated with various pesticide adverse immuieetst

Additionally, pesticide exposure in neonates arittidm is correlated with alterations
in B-cell maturation, rapid cell proliferation, digptive homeostasis of the pro-
oxidant agents, altered fecal microbiota compasijticytokine expression and
antioxidant defenses, steroids and genomic alteraifGonzalez et al., 2018; Ling et
al., 2014; Mona et al., 2012). Both NMs and virusas affect the adaptive immune
response by direct activation of antigen-presentells (APCs), including B cells,

dendritic cells, macrophages, helper and cytotdxaells, and can contribute to both
intracellular and extracellular immune responseca®icy to pathogens but also to
increase tissue-specific autoimmunity, observedutoimmune diseases (Kalkanidis
et al., 2006). Both hydrophobic nanoparticles <nband viruses dictate the immune
response exhibiting the greatest expression adnmfhatory cytokines (Moyano et al.,

2012).

Moreover, many nodal points used by viruses andhateds to generate, develop and
disperse pathologies and diseases have been usgdtloy last three decades
individually or in combination as targets for madesheckpoint therapies through
monoclonal antibodies in order to address thessades (Peng et al., 2016; Hafeez et
al., 2018). Transcription factors, membrane reaepignaling pathways, and protein
kinase signaling pathways, are all key playersesfabiotic-induced cancer in adults
(Eldakroory et al., 2017) and children (Hargraveakt 2006), hematological and
lymphoid malignancies (Leon et al., 2019), Alzheisiedisease and Parkinson's
disease (Aloizowet al., 2020) and stroke (Tsatsakis et al., 201Bbjthermore, this
knowledge has also been valuable for moleculamtete anti-cancer therapy (Liu et
al., 2018).
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ACE2 expression has been shown to be upregulatedfégtion with SARS-CoV-2

(Wang and Cheng, 2020). However, the relation betw&CE2 and SARS-CoV-2

virulence is complex and it is attracting extremeeiest currently (Hoffmann et al.,
2020), following concern about the potential abilif some anti-hypertensive drugs,
such as ACE-inhibitors and angiotensin-receptock#es (ARBS) to increase Covid-
19 severity and case fatality rate (Day, 2020; gheat al.,, 2020). This is a clear
example of environmental toxins laying the groundwior increased susceptibility to
COVID-19 (and other viral diseases), and subseqtreatments exacerbating the
severity of COVID-19, and is why elimination of tkavironmental toxin is the much

preferred route.

On the other hand, the relation between ACE2 leaald SARS-CoV-2 virulence
might go in both directions, i.e. both high and I8E2 activity could theoretically
increase Covid-19 severity (Guo et al., 2020). &ftee, more research is urgently
needed about the interaction between the ACE-itdfldiRB use and the
susceptibility to increased Covid-19 severity. Qbagonal studies are currently
underway on this issue, and need to be expanddtielmeantime, caution has been
suggested by scientific and professional societlesut any modifications to current
anti-hypertenive drug therapy based on ACE-inhisiend ARBSs in people with high
blood pressure, in the absence of convincing @irevidence of their benefits against

severity of Covid-19 (Fang et al., 2020; ESC, 2020)

It has been posited that the antimalaric drugsrofglaine and hydroxychloroquine
reduce glycosylation of ACE2, thus preventing SAB®/-2 from binding to host
cells (Devaux et al., 2020). Chloroquine has alsenbshown to inhibit quinone
reductase 2, an enzyme that functions prominentlysialic acids biosynthesis

(Olofsson et al., 2005) and critical componentdigdnd recognition (Kwiek et al.,
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2004). Many trials have recently been initiatectlom real clinical usefulness of these
drugs, which have been suggested to be useful iy dserapy and even in the
prevention of Covid-19. However, based on theialggthed and potentially very
serious side effects, these drugs should not biated until there is clear evidence of

their efficacy for the treatment of Covid-19.

In addition, given that SARS-CoV-2 entry into theshcells is mainly mediated by
the endocytic pathway, chloroquine seems effedtivblocking endocytosis and/or
inducing viral entrapment into the lysosome. Thdtetacan be achieved by
neutralizing the endosomal pH, thus favoring viersdosome fusion, inhibit

lysosomal protease activity, and prevent the clgavad S protein and therefore viral
entry into the host cell (Yang et al., 2004). Cbtine may also thwart viral protein
maturation, block the recognition of viral antigelmg dendritic cells, and increase
cytotoxic CD8 T-cell activity to viral antigens. In addition,itocks phosphorylation

(activation) of the p38 mitogen-activated proteindse (MAPK) and caspase-1 (Steiz
et al., 2003) in THP-1 cells, both of which areuieed for SARS-CoV-2 and other
viruses replication (Briant et al., 1998). Moreqvehloroquine affects immune
system activity by mediating an anti-inflammatossponse, which might reduce
damage due to the cytokine storm. Chloroquine itilh-1 mMRNA expression in

THP-1 cells, reduces ILflrelease, IL-1 and |IL-6 cytokines in
monocytes/macrophages, and tENIFNB, IFNy, TNFo, IL-6 and IL-12 gene

expression (Devaux et al., 2020). Lysosomotropientégy ammonia chloride and
bafilomycin A, have been found to reduce the tdacion on 293/hACE2 cells by
SARS-CoV-2 S, and thus inhibit the SARS-CoV-2 eninto cells through

endocytosis (Villamil Giraldo et al., 2014; Ou &t 2020).
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Finally, the newly-introduced anti-viral agent Reesvir was found to be beneficial
against SARS and MERS in animal models (Holshue.e2020). Remdesivir is an
adenosine analogue, antagonizing adenosine for Bé&pendent RNA polymerase,
causing their premature viral RNA termination (Steaet al., 2017). However, as
Remdesivir is a prodrug, it has to be metaboliredrder to reach its active form GS-
441524. lts clinical significance was proved durithg West African Ebola virus

epidemic of 2013-2016 and the Kivu Ebola epidemi018 (Warren et al., 2015).
Given its promising effectiveness against previcosona-viruses, Remdesivir has
also been tested against COVID-19. According teowuar studies, favorable outcome
is to be expected from animal use given the imwfficiency of the drug (Wang et
al., 2020). Although Remdesivir has led to quickoneeries in symptoms of Covid-19
patients in a clinical trial, results from its Peaa$l trial involving severe Covid-19

patients are expected to be available soon.

6. Approaches and challenges to tackle the Covid-19 epidemics/pandemics

It is well understood that COVID-19 outbreak andrent policies are based on
regulations; the main strategy worldwide mirrorsl @xpands the strategy used in the
prior SARS pandemic to limit the spread of the mamit: ‘Stay at home’/quarantine.
This approach primarily does not account for humeal-life needs scenarios, lacks
realism as a directive for subsequent new viratl@pics or pandemics, does not
provide the protections afforded by ‘herd immundges not meet current and future
needs in health and safety of the global populatiand adversely impacts

development of production and economy worldwidee Tnly advantages are 1)
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flattening the contagion curve through social daistag and lockdowns and 2)

avoiding hospitals (and Intensive Care Units) aeimed by Covid-19 cases.

The global spending on cancer therapies, cholddtesering drugs, malaria, spina
bifida and anencephaly, osteoporosis, vaccine rmarke diabetes nowadays exceeds
$ 5 trillion USD and, according to WHO is expectedgrow at a compound annual
growth rate of 5% in the next ten years period (WRQ019a). According to WHO,
the global total 2019 health cost is about 10idnllUSD, 10% of Gross National
Product (GDP) and 1,080 USD per capita (WHO, 201%bg total global cost for
COVID-19 will be unknown for months, and it willkily have a substantial

secondary cost burden for decades.

As health authorities are developing effective meas to stem the health effects of
COVID-19, uncertainties remain regarding both theusthost interaction and the
evolution of the epidemic. The spatial-temporatdeas of the pandemic, the attempts
to conceal the origin and the first medical datamfrWuhan, the route and the
difference of the spread of the virus, the criteisad to assign deaths to the COVID-
19 category, the reduced mortality-to-incidenceoras testing rises and more patients
are identified, the non-observance of individualtpction measures and treatment of
mild Covid-19 cases in new temporary hospitals, ititensified competition and
mutual accusations between USA and China, the dhccientific data on treatment
and vaccine, difficulties in verification of allegj@r attempted biological attacks by
the use of living- biologically modified - viral agts, all raise insecurity and

reasonable questions worldwide.

As of mid-March, 2020, many countries in the wode on partial lockdown to

control the pandemic (COVID-19) spread, and they @flective ‘treatments’ at this

29



time are good hygiene (washing hands), wearing skjmend quarantine. Although
guarantine may reduce the spread of the virusay rmpose the self-medication at
home for chronic diseases without medical diagnasts treatment, increase the risk
of adverse complications of cardiovascular, meiap@utoimmune and psychiatric
diseases, shifting thus the health cost from pytmaviders to patients. Scientists in
fields of public policy have presented combinedtitat and strategic treatment
approaches that aimed at preventing and revers@y10-19 and other diseases,
including treatment repurposing as well. Optimaihg tactical and strategic approach
components would be implemented in parallel, tovjol® benefit from the synergies
of the combined approach This combined approachldvallow the vulnerable to

survive the near-term potentially lethal effects ARS-CoV-2 exposure through
tactical treatments, and would allow the most vidb&e and the larger population to
be more resistant to future viral attacks of appey through strategic treatments

(Kostoff, 2020).

7. Effects of diet on immune system and role of nutrient supplements on infected

vulnerable groups

The immune system is remarkably dynamic throughiifet in relation to its

components’ number and its function. Interestinglger adults exhibit a decline in
immune function -known as immunosenescence- reguiti increased susceptibility
to infectious diseases and a higher risk of sercausplications than younger people,
reflecting altered acquired and innate immunity o@ke et al., 2019). Aging is
associated with altered T cell function, decreaskegmic output and thymic
involution, and reduced numbers of naive T cellerghs et al., 2002) and
micronutrient deficiencies. All these elements pl&gy roles in increasing
inflammation and its resulting morbidity and moittal (Salanitro et al., 2012).
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Immune function may be improved in immune competahilts, particularly those
over 65 years old, by restoring deficient micromutts, such as vitamins A, C, D, E,
B2, B6, and B12, folic acid, iron, selenium, andczio optimal (Maggini et al., 2018).
Adequate intake and bodily levels of these microents has been shown to be
critical in reducing risks stemming from inflammatoand non-communicable

diseases (Miles et al., 2008).

Nutritional modulation of the immune system is abssociated with reduction or
delayed onset of immune-mediated chronic diseaSeseral micronutrients and
dietary components have been shown to play speuifes in the development and
maintenance of an effective immune system. For @kanarginine is necessary for
the nitric oxide generation by macrophages, andmiit A and zinc are known
regulators of cell division. Vitamin E is both antiaxidant (Lee and Han, 2018) and
protein kinase C activity inhibitor (Childs et &019). Dietary and supplementation
interventions enriching the gut microbiome, suchths use of probiotics and
prebiotics (Hill et al., 2014), may be needed ttplenhancing or restoring a healthy
gut microbiome. In additiordiets lacking vegetables may decrease the diveo$ity
nutrients reaching the gut microbiome. This in talters epithelial integrity resulting
in increased permeability or ‘leaky gut’, allowirigpmune cells within the gut-
associated lymphoid tissue to be directly exposéadttaluminal nutrients or elements
of the gut microbiota. A great example of altereat germeability induced by
micronutrient status is that of vitamin D. Spedaflg, vitamin D-deficient diets are
found to be responsible for increased epitheliamgability due to dysfunctioning
tight junctions, resulting in both acute and cheogut inflammation (Bischoff et al.,
2014; Sassi et al., 2018). Optimal probiotic baateromposition has been shown to

effectively reduce inflammation, characterized bguction of proinflammatory Thl
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and Th17 cytokines, such as IL-17 and lisNand concomitant increases in the levels
of inflammation-resolving cytokine, such as IL-1®aftiago-Lopez et al., 2018). On
the other hand, prebiotics can be used not onbBubstrates for bacterial metabolism
but also to enhance barrier function. The unpdeallenportance of natural and well-
balanced diets has been also highlighted vis-anf@nt formula consumptions. It is
well established that breastfeeding affords passweunity to the infant via transfer
of antibodies, growth factors, and cytokines to dffspring (Torres-Castro et al.,
2018; Plaza-Diaz et al., 2018). Breastmilk is alsoriched with microbiota
thatpromote the maturation of gut-associated lyngphissue (Donovan et al., 2016),
playing a key role in development of the immuneteaysduring thymus maturation,
particularly for T cell function. In breastfed imts, complementary feeding with
prebiotics for optimal microbiome maintenance hasrbproposed (McKeen et al.,

2019).

The Western-type diet (described as a diet richpliocessed sugars, trans- and
saturated- fats, but low in complex carbohydratdé®rs, micronutrients, and other
bioactive molecules such as polyphenols and omggay8insaturated fatty acids) has
been shown to predispose to inflammation, likely ibgreasing the uptake of
lipopolysaccharide (LPS) from gut microbes secondar altered gut permeability
and increased leakiness (Vardavas et al.,, 20119cKer and Lindseth, 2018).
Although activation of TLR4 by LPS may cause inffaatory response, a number of
nutrients, such as long-chain omega 3 polyunsatdfatty acids, have been shown to
thwart TLR4 activation, thus attenuating inflammat{Rogero and Calder, 2018). In
contrast, a Mediterranean-type diet, which is iicltertain foods (vegetables, fruit,
nuts, legumes, fish, ‘healthy’ dietary fats suchviagin olive oil), has been shown to

be associated with lower risk for chronic diseaseduding cancer, cardiovascular
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disease, and neurological disorders (Dinu et &182 These effects have been
attributed to immune-modulation and the anti-inflaatory properties of various
polyphenols and other bioactive compounds inheti@ihese foods, especially fruits
and vegetables (Yahfoufi et al., 201Butrients from genetically modified organisms
(GMOs) affect the adaptive immune response bectdugseellular ability for specific
recognition of a genetically modified protein ishkang. There is no ‘memory’ on
repeated exposure, resulting in allergic reactiofiserved in consumers after
consuming modified plants. One example is the fi@Bidr maize, which was
engineered with genetic information froBacillus thuringiensis to increase the
plant’s resistance to various insects (Nawaz eR@ll9; Tsatsakis et al., 2017; Zhang
et al., 2016). Except for xenobiotic and GMOs aiaricity, there are genetic hazards
arising from the inserted gene, its expressed proper se, and secondary or
pleiotropic effects on other gene expression. Tasilts in disruption of natural

genes in the manipulated organism (Bawa and Anifeq12013).

Micronutrients, such as Zn and Selenium, have itapbicatalytic and structural roles
as co-factors in numerous proteins involved bothadaptive and innate immune
response (Ibs and Rink, 2003). Significantly, sefgnteins regulate immunity in
numerous infectious diseases, including human inodeficiency virus infection

(Avery and Hoffmann, 2018).

Under acute infections, such as COVID-19, glutandaersumption rate by immune
cells increases, especially in rapidly dividing Igebf the immune cells. Thus,
glutamine supplementation in critically ill patiens necessary (Cruzat et al., 2018).
Finally, the activation of vitamin D nuclear recept(VDR) by 1,25(0OH)2D3
(calcitriol, the active form of vitamin D) is foungb enhance both the innate and
adaptive immune response (Wang et al., 2004). ddmnisbe very important in cases of
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infectious diseases in the elderly, such as CO\W@Dvthere the patient is probably

suffering from exhausted vitamin D.
8. Discussion

Atmospheric pollutants from power plants, industrigansport, fuel combustion of
military missiles and aircrafts, weapon of masgrdetion such as chemical, nuclear
and biological weapons (Petrakis et al., 2016)caepafts, electromagnetic fields
(Kostoff and Lau, 2017) and irradiation from nucl@geapons, nuclear power plants
and modern technology radiation (Kostoff, 2019; #éfs et al., 2020) are

environmental factors that seriously harm healtlihahans, and other forms of life
(Malagoli et al., 2010)Historically, viruses may have been used in thet pas

biological weapons. Today, despite the ‘Biologiaatl Toxins Weapons Convention'
that entered into force in 1975, it is known thany countries are still working on

and stockpiling biological weapons (Christopheraét 1997). Chemicals, metals,
particulate matter, nanoparticles, anthropogerimmate change, and increased UVB
radiation disrupt health, ecosystems and environmEmese toxins, along with the
toxic modern lifestyle and smoking, constitute deal man-made environment for the
development, and spread, of modern diseases, inglutle new viral epidemics /

pandemics that occurred during the two last decéelgsare 5).
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Figure 5. The common mechanisms through which exposure to different

stressors and viruses leads to inhibition of immune system

We have described the common intracellular mechanithat environmental and
anthropogenic pollutants, as well as the SARS-Cp\s2 for their immunotoxicity

and mechanism-based treatment approadBasic and applied immunotoxicology
can enhance public health and provide significaiviaatages in the prevention and

treatment of epidemics / pandemics and chronicades

While several animal species may harbor SARS-Coth&,precise animal reservoir
has yet to be confirmed. It seems likely that aespinutation, which probably
occurred in late November 2019, triggered transoms®f the virus to humans
(Cascella et al., 2020The current anti- SARS-CoV-2 therapies used in spatients
have been unable to counteract disease progresstito save patients’ lives. Since
the S2 subunit of SARS-CoV-2 is highly conservédould be a target for antiviral
(anti-S2) drugs; however, the potential for viralitations may be responsible for
future disease relapses (Cascella et al., 2020)hitnstudy, we emphasize that in
addition to the urgent measures that are necedsainterrupt the coronavirus
transmission from farming animals to humans, theralso a need to improve the
current global strategy for energy management dhdrdactors that may adversely
affect the immune system of the human, and theliabyease the risk of both
infectious and chronic-degenerative diseases. Expes to large classes of
xenobiotics have a triple impact on the immune esystFirst, xenobiotics promote
immunomodulatory effects in immune cells. Secorehobiotics increase the range of
immunotoxicity of human-associated micro-organisonsnew viral and microbial

attacks. Third, xenobiotics may reduce vaccineadiy.
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Global health cost and COVID-19 effects on the d@tonomy, health systems, and
production are massive currently, and will be faoren massive when a final
accounting is performed. We recommend applicatidn n@assive COVID-19
screening tests as an important step for propeylyetording the extent of the
COVID-19 outbreak and, through evidence-based ctives actions, 2) delaying the
spread of the pandemic. Given the guidance of et authorities to transfer
COVID-19 patients into hospitals only when presamtiever and dyspnea, it appears
that for all admitted patients, and especially U patients, the inflammosome is
already at an advanced stage precluding effeatdagrhent. Accordingly, novel AhR-
mediated immunotherapies for a plethora of immuwsmeaiated diseases/disorders

should be pursued.

Conclusively, additional common safety factors neede added when calculating
COVID-19 prevalence and infectivity, including thepoperation of healthcare
providers and the scientific community experts. Tike of a self-managed qualitative
and quantitative evaluator for COVID-19 spreadis® a realistic suggestion, keeping
in mind that the increased incidence in COVID-19boeak in Italy, Spain, Iran,

Turkey, USA and United Kingdom appears to haveaseclcorrelation to probably
inadequate and delayed implementation of unifortivieas measures, despite the
socio-economic, racial, demographic, cultural addiaistrative characteristics of
each country. New investigations into both genetimd environmental fields of

immunotoxicology will advance our understandingimmune function, provide the

foundation for the development of novel immunotpergics and, more importantly,

decrease the effect of immunological risk factors.

Conclusion
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This paper highlights that environmental-relatededses (e.g., energy-metabolism-
immune mediated obesity, type Il diabetes, metabsjyindrome and cancers) and
infectious diseases (e.g., parasitic, influenzacoronavirus-related epidemic or
pandemic) share the same pathogenic mechanisre atdlecular level, particularly
the AhR pathway. Viral epidemics and pandemicsddition to causing significant
morbidity and mortality, can challenge societalsture and healthcare. As novel
viruses continue to emerge, novel therapies andeptative measures must be
sought. Understanding and optimizing host cell theahd viral infectivity parameters

are critical steps for any successful cytolytioiogy.

Xenobiotics immunotoxicity, and immune deficiencygvition or dysregulation
affect immunological development, and induce immdependent diseases that are
transmitted transgenerationally to offspring. Thestblong term therapy to mitigate
the effects of anthropogenic pollutants relatedmionune deficiency and fatal viral
outbreaks is to introduce much more stringent &g on the emissions resulting
from unabated introduction of modern technologiaes iour environment, our

workplace, and our daily life.
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In addition, integrated chemical management, ecan@and political measures to
reduce industrial pollution, greenhouse gases hardetfects of climate change on
human and environmental health (the ‘one healtldl}ganew technology systems
should continue to provide positive outcomes fomume system function and
chronic disease prevention, as well as for regtricof viral and bacterial invasion
and aggressiveness. Currently, the public healthsares based on social distancing,
appropriate quarantine, and increase of COVID-Eymbstic tests globally are the
necessary options for our defense against the SB&®52 pandemic, although they

don’t contribute to the potentially protective ‘demmunity’.
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