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Abstract : COVID-19 was first of all found in China and from there it spread out throughout the world in 
the first quarter of 2020. On January 30, 2020, World Health Organization treated this as a matter of a 
Public Health Emergency of international concern. Subsequently on March 11, 2020 it was declared a 
pandemic. The cause of COVID - 19 disease was a virus named as Severe Acute Respiratory Syndrome 
Coronavirus type-2 (SARS-CoV-2) which infects the patient by binding to the angiotensin converting 
enzyme-2 (ACE-2) receptor expressed in several organs including lungs, heart, kidney and intestine. The 
infection spreads by expulsion of virus from the infected person through their respiratory systems in to 
the environment as the pathogens penetrate in to the respective host by inhalation. A number of studies 
conducted by scientists in China, Italy and USA point out the role of increasing level of air pollutants in 
fast transmission of SARS-CoV-2 and severity of the disease COVID 19. PM  and PM  (Particulate 10 2.5

Matter) play a vital role in spread of virus as they remain in the air for enough time  and act as vector or 
carrier for the virus and may carry the pathogens for long distances and deeper in to the lungs. Besides 
PM, pesticides, aerosol containing carbon mono oxide, nitrogen oxides, ozone, heavy metals, and organic 
chemicals induce oxidative stress which can disrupt the function of respiratory epithelial barrier. These 
pollutants may also induce inflammation and thereby increasing the susceptibility for the virus and 
lethality among COVID-19 patients.

Occurrence and severity of COVID -19 disease influenced by toxic environment in adults is suggested 
through epidemiological evidence. There may be various reasons for this such as-reduced innate 
immunity by pollutants provides the easy way for entry of virus and presence of enough number of ACE-2 
receptors on the respiratory surface of adults in comparison to nose of a child. Thus a child is less prone to 
getting infected by COVID -19 in comparison to the adults.

Recent research studies of COVID-19 observed that the vulnerability of the virus is less among the 
children in comparison to adult population. This observation is important in the light of the fact that 
children are generally more vulnerable than adults to the adverse consequences of air pollution. It was 
suggested that trained innate immunity and increased immune microenvironment due to increased 
lymphocytes, T and B cells, NK cells protect the children, Universal BCG vaccination and prior infection 
with other viruses of coronavirus family in children may provide cross protection to SARS-CoV-2.
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Introduction

In the present scenario, man-made activities are 
deteriorating the environment globally. Heavy 
industrialization is the root cause of increasing 
environmental pollutants such as airborne particulate 
matter, industrial chemicals, heavy metals, strong 
oxidants such as environmentally persistent free 
radicals (EPFRs), gases (CO, NOX, O , CO ). Use of 3 2

pesticides in agriculture, add on some organic 
compounds in environment such as polychlorinated 
biphenyls (PCBs), dioxins, organochlorines, 
organophosphates, carbamates etc., which find their 

way into human beings through food chain. 
Urbanization leads to habitat destruction of many 
biota (flora as well as fauna). Live animal trade and 
intense livestock farming somehow detrimental to 
ecosystems and contribute to polluting the 
environment. The present paper is aimed to take note 
of the current information about how these 
environmental factors induce the transmission and 
lethality of COVID-19 among population. The paper 
is based on the review of studies focused on some 
cities of Italy, China & USA. Coronavirus disease 
2019 (COVID-19) is the disease targeting directly 



respiratory system.

Causal organism is a 'virus named as Severe Acute 
Respiratory Syndrome coronavirus type 2 (SARS-
CoV-2), as classified by coronovirus study Group 
(CSG) of the International Committee on Taxonomy 
of  Viruses (ICTU)' (Yu et al., 2020).

On March 11, 2020 the epidemic of SARS-CoV-2 
infection was declared as a pandemic due to its fast 
transmission globally (Gautret et al., 2020). This was 
first wave of COVID-19, which was followed by 
second wave in March 2021.

SARS-CoV-2 particles are spherical having spike 
proteins projecting from their surface (Melanthota et 
al., 2020). The virus has high affinity for the receptors 
found on human respiratory surface (Zhang et al., 
2020). These receptors (angiotensin-converting 
Enzyme 2 ACE 2) fuse with spikes present on the 
surface of the SARS-CoV-2virus; following 
structural changes in the virus (Xu et al., 2020).Viral 
structural proteins assemble at the host cell 
membrane to form mature viral progeny, which are 
released through the secretary vesicles via exocytosis 
(Li et al., 2019) & ready to infect surrounding cells. 
This is the way the virus SARS-CoV-2 gets its entry 
into human alveolar cells or human respiratory 
system (Xiu et al., 2020).

Other sites of SARS-CoV-2 infection include body 
organs with ACE-2 receptors, which are lower 
respiratory tract, heart, liver, intestinal tract and 
kidney (Chioechetti et al., 2020; Dhama et al., 2020).

Airborne Transmission of SARS-CoV-1 and 
SARS-CoV-2

Expulsion of virus from infected person through their 
respiratory system into environment from there the 
pathogens penetrate in to the receptive host by 
inhalation.

It may spread mainly by three routes: (1) 21% by 
aerosol, which is a suspension of solid or liquid 
particles within a gas phase (long distance), (2) 29% 
by close contact among individuals by droplets or 
saliva and (3) 50% by contact with surfaces (formite 
route) (Lie et al. 2018). Air pollutants make suitable 
environment for transmission of virus at greater 
distances and also could increase susceptibility and 
severity of COVID-19 patient symptoms.

Particulate matter (PM) and Viral Transmission

Presence of gases such as carbon mono oxide (CO), 
Nitrogen oxides (NOX), Ozone (O ) Volatile organic 3

compounds (VOCs), gaseous forms of metals along 
with contaminating particles or Particulate matter 
(PM) in the atmosphere are main pollutants affecting 

SARS CoV-2. 

The term 'Particulate matter' (PM) as defined by 
Environmental Protection Agency (EPA 2021), 
indicates the set of particles dispersed in the air. 
(Particulate matter (PM) is mixture of Sulphates, 
Nitrates, Elemental Carbon, Organic Carbon and 
Crustal Material). They remain in the air for enough 
time and may be diffused & transported for long 
distances. PM is classified as PM 10 and PM 2.5 
based on a diameter of less than 10 micrometers and 
2.5 micrometers, respectively.Wild fire is main 
source of their emission. In Lombardy (North of 
Italy), diesel combustion and solid biomass burning 
are responsible for 15% and 50% of their production 
respectively (Naeher et al., 2007).

PM can adsorb other  substances  such as 
hydrocarbons, heavy metals thus increasing their 
toxicity (Mantecca et al., 2012). Metals supposed to 
accumulate on PM are Mercury (Hg), Chromium 
(Cr), Cadmium (Cd), Arsenic (As), Lead (Pb) and 
Uranium. (Kim et al., 2015).

Owing to their small size they are inhalable 
corpuscles thus affecting respiratory and cardio 
vascular system (Cassee et al., 2011).

Particulate matter (PM) present in environment act as 
a transport vector or carrier for virus and along with 
toxicants. First, PM design a micro environment 
suitable for persistence of virus, thus, increasing 
spread of virus in the aerosol (Setti et al., 2020).

Micro-organisms and other polluting particles 
adsorbed by PM also get their entry into host. 
Inhalation transports the particles deep into the lungs, 
especially those smaller than 2.5 microns (PM 2.5 
and ultrafine particles UFPs) and this allows the entry 
of virus in to respiratory tract and infect the host. 
Italian Society of Environmental Medicine (SIMA) 
considers PM as an important carrier associated with 
the spread of COVID-19 (Setti et al., 2020). To 
observe and analyze the effect of increasing level of 
air pollution on rapid increase in COVID-19's 
contagion and role of PM in the spread of virus, 
several studies in different parts of world have been 
carried out. Three world areas with high number of 
COVID-19 infected people were found: China, from 
where pandemic started, Italy and the USA, all 
having very high level of air pollutants. For this 
reason, this review is focused on these areas to find a 
possible correlation in air pollution and COVID -19's 
contagion.

This possible correlation should be investigated at 
two levels (A) Long Term Exposition - when high 
level of air pollution made the population more 
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sensitive to COVID-19. (B) Short term exposition – 
Which was to test sensitivity of virus in the condition 
of high level of air pollution during the period when 
virus appeared.

During studies on COVID-19 transmission, it was 
found that long term or Chronic exposure to 
a t m o s p h e r i c  p a r t i c l e s  ( P M ) ,  i n c r e a s e d 
hospitalization, mortality, damage in Cardio vascular 
and respiratory system among COVID-19 patients. 
(Kampa and Castanas, 2008). In Beijing (China) 
organisms exposed to air pollutants were tested in a 
metagenomics analysis for a period of high smog 
level. The presence of viral particles (0.1% in both 
PM 10 and PM 2.5) were observed. It was found that 
quantity of pathogens in respiratory tract is directly 
proportional to concentration of pollutants (Cao et 
al., 2014).

Occurrence and severity of COVID-19, due to PM 
was observed in several areas of USA, exposed to 
higher levels of air pollution. It was found that higher 
incidence and mortality rates from PM 2.5 were 
associated with an 8% increase in risk of death (Wu et 
al., 2020).

Pansini and Fornacca (2020) investigated the 
geographical expansion of infection & correlated it 
with the annual indexes of air quality. They observed 
from Sentinel -5 Satellite orbiting around China, Italy 
and the USA different pollutants in the atmosphere 
(PM , PM , Carbon mono oxide, Nitrogen Dioxide 10 2.5

and Ozone) & concluded a positive correlation 
between COVID -19 infections and air quality 
variables. Higher mortality was reported with PM , 2.5

Carbon mono oxide and Nitrogen dioxide values.

In case of Italy, Fattorini and Regoli (2021) and 
Contccini et al. (2020) also found the similar results.

Above authors concluded that long term exposure of 
air pollutants increased the severity of COVID-19 in 
up to 71 Italian provinces, providing further evidence 
that long-term exposure to air pollution became a 
mean for the spread of virus.

Pansini and Fornacca (2021) associating several 
annual satellite and ground indexes of Air quality in 
China, Iran, Italy, Spain, France, Germany, United 
Kingdom & USA with COVID-19 infection, 
suggested a positive correlation between high level of 
pollutants in the atmosphere and COVID-19 
infection.

PM exposure significantly increases lethality in 2.5 

COVID-19 patients (Wu et al., 2020).

Po Valley, the foremost place of polluted air in Europe 
and in Lombardy high concentration of PM was 

reported before the COVID-19 pandemic. (ESA,  
2020).

Air quality in Italy and China was analyzed by 
Frontera et al. (2020) and PM & Nitrogen dioxide 2.5 

levels were found particularly high. Martelletti and 
Martelletti (2020) also confirmed the results. 
Accelerated COVID-19 spread was suggested along 

3
with high frequency of PM  (exceeding 50 μg/m ) by 10

Setti et al. (2020). Zhu et al. (2020) reported high 
value of six daily measured air pollutants (PM , 10

PM , SO , CO, NO , O ) associated with COVID-19 2.5 2 2 3

positive cases in 120 cities in China between 23 Jan 
2020 and 9 Feb 2020 (Short term exposition). 

Coccia (2020) reported, more than 75% of infected 
individuals and about 81% of deaths of first wave of 
COVID-19 pandemic in Italy were in industrialized 
region with high levels of air pollution. These were 
results from February to August 2020.

Role of O , CO, NO  in transmission of SARS-3 2

CoV-2 

Several authors reported a relationship between 
Ozone (O ) and Nitrogen dioxide (NO ) and COVID-3 x

19. Ozone was importantly found correlated in 
flagging SARS-CoV-2 transmission (Loli and 
Vivone, 2020). Main source of CO, NO is crop 2 

residue burning.
3

1g/m Carbon mono-oxide present in atmosphere was 
found to be responsible for 15.11% increase in the 
daily count of confirmed COVID-19 cases (Zhu et al., 
2020).

Wood Smoke, a source for Carbon monoxide 
suppresses respiratory immunity even on inhalation 
at a relatively low level, which results increased 
susceptibility to viral infections as well as several 
types of lung diseases (Sarigiannis et al., 2015). This 
is of particular importance in case of SARS-CoV-2 
infection as the target organ in this case is respiratory 
system. 

COVID-19 transmissions accelerated with increase 
of CO (Carbon mono-oxide), NO  (Nitrogen Oxide) 2

and O  (Ozone) levels in the atmosphere (Zhu et al., 3

2020).

In Italy, Spain, France and Germany increased 
mortality due to COVID-19 was reported on long 
term exposure to NO  (Nitrogen Oxide) by Ogen 2

(2020). 

Positive correlation between Nitrogen Dioxide and 
COVID-19 was reported by Frontera et al. (2020) and 
by Martelletti and Martelletti (2020) in Italy and 
China.
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Correlation of Pesticides, other organic chemicals 
and heavy metals with SARS-CoV-2 infection

Organophosphorus insecticides are absorbed by skin 
as well as by respiratory and gastrointestinal tract. 
They act via a common mechanism of disrupting 
negative feedback control of cholinergic regulation in 
lungs, thus promoting neurogenic inflammation in 
lungs. Synergism with allergen sensitization has also 
been reported, particularly with fungicides exposure 
(Hermandez et al., 2011). Pollution induced 
inflammation resulting in more severe COVID- 
disease (Menendez, 2020). 

Organochlorine, Organophosphates, Carbamates and 
several other herbicides exert immunotoxic effect. 
These pesticides can induce release of pro-
inflammatory mediators from macrophages thereby 
inducing oxidative stress.

Oxidative stress impairs respiratory epithelial barrier 
function (Benmarhnia, 2020) and induces a 
microenvironment in lungs which is immune 
suppressive (Lee et al., 2014; Saravia et al., 2014; 
Sussan et al., 2015; Jaligama et al., 2017) resulting 
more severe COVID disease (Menendez , 2020). 

Heavy metals (particularly Lead) are also 
immunotoxic substance which can impair immune 
system and there may be higher risk of inflammatory 
disorders; increasing incidence of infectious disease, 
autoimmunity and cancer (Bornstein et al., 2020).

Other toxic metals Cadmium (Cd) and Mercury (Hg) 
have been reported to decrease immune responses 
and to increase the risk of infectious disease (Bulka et 
al., 2020; Emeny et al., 2019; Prins et al., 2009).

Organic Compounds polychlorinated biphenyls 
(PCBs), dioxins and polyfluoro alkyl substances 
(PFAS) also play an important role in suppressing the 
immune system (Costa et al., 2013; Diamanti-
Kandarakis et al., 2009; Fenga et al., 2014; Gascon et 
al., 2012; Mokarizadeh et al., 2015).

On their exposure risk of lower respiratory tract 
infection and other infections later in childhood are 
increased (Goudarzi et al., 2017; Granum et al., 2013; 
Impenen et al., 2017) while exposure to PCBs and 
dioxins increase upper respiratory tract infection 
during infancy (Stolevik et al., 2013).  

These exposures to immunotoxic substances reduce 
anti-viral innate immune responses may could 
increase the risk of COVID-19.

SARS CoV-2 Infection among the Children

Peter D. Sly et al. (2021) reported in their study 
occurrence of the disease COVID-19 among the 
children.

> 32% in children (Age group between 15-17 years)

> 27% in children (Age group between 10-14 years)

> 15% in children (Aged < 1 years)

> 11% in children (Age between 1-4 years)

> 15% in children (Age between 5-9 years) 

(Source: MMWRMorb Mortal Wkly Rpt. 2020)

This observation is important in the light of the fact 
that children are generally more vulnerable than 
adults to the adverse consequences of air pollution.

It suggests that there may be different modes to 
explain the interaction between SARS CoV-2 
infection and air pollution in children and in adults. 
Immune system of children seems efficient to 
eliminate virus than adults. Children have a strong 
innate immune response from birth having intrinsic 
elevation of lymphocytes, including T, B and NK 
cells. (Cristiani et al., 2020). A Strong immune 
microenvironment in their lungs as their T-cells are 
relatively native and untrained, having a greater 
capacity to respond to new viruses, thereby 
preventing a strong immune and inflammatory 
response in the lungs; may protect children from 
severe disease (Muyayalo et al., 2020).

Children are usually main reservoir for seasonal 
corona viruses & bacteria (Lambert, 2012).

This prior infections may provide cross protection to 
SARS-CoV-2.

Nose of Child contain fewer ACE-2 receptors (the 
binding site of  SARS CoV-2) so they are less prone 
to infection (Tosif et al., 2020).

Conclusion

Atmosphere rich in air pollutants such as air borne 
particulate matter, gases, namely, Carbon monoxide 
(CO), Nitrogen oxide (NO ), Ozone (O ), industrial 2 3

chemicals, heavy metals, pesticides and some other 
toxic organic chemicals play a vital role in the 
transmission of SARS CoV-2 & severity of disease 
COVID-19, directly or indirectly (Frontera et al. 
2020).

As respiratory surface is the first target of Particulate 
Matter  (PM),  two mechanisms have been 
demonstrated to be induced in lungs after PM 
exposure, both in humans & experimental models 
(Mantecca et al., 2009): 1) Oxidative stress: - 
Production of free radicals that induce damage of 
cells; and 2) Inflammation: - PM induces activation of 
immune response and thus cell enters in an 
inflammatory state. This cellular condition facilitates 
the attack of viruses and increases the severity of 
COVID-19 patients.
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PM may have played a carrier role for COVID-19 as 
they remain in air for enough time and can adsorb 
other toxicants, thereby causing lethality in COVID-
19 patients.

This hypothesis could explain the positive correlation 
between COVID-19, the PM concentration and high 
mortality rate in polluted areas.

Oxidative stress induced by other air pollutants can 
impair respiratory epithelial barrier function, reduce 
innate immune antiviral responses, impair 
macrophage function resulting in more severe 
COVID disease (Menendez et al., 2020), PM being 2.5 

smaller size particles may carry SARS-CoV-2 deeper 
into the lungs (Comunian et al., 2020). Innate 
immune responses are modified by air pollutants 
initiated via toll-like receptors (Bauer et al., 2012).

In children, however, severity of COVID-19 disease 
in polluted environment was not found as among 
adults. It was suggested that due to strong innate 
immunity, prior infection with coronavirus family 
made them less prone to COVID-19 disease.

SARS CoV-2 binds to the angiotensin converting 
Enzyme 2 (ACE 2) receptors, present on the surface 
of lungs, arteries, heart, kidney and intestine cells. It 
regulates blood pressure by catalyzing the cut of the 
vasoconstrictor peptide: angiotensin2, into 
angiotensin 1-7, which is a vasodilator and anti-
inflammatory molecule. (Hayashi et al., 2020).

As blood pressure (BP) increases with age, so to 
compensate or regulate the BP body expresses a 
greater number of ACE 2 on cell membranes, thereby 
providing more receptive sites for SARS-CoV-2. But 
the nose of a child has less number of ACE 2 receptors 
which make them less prone to virus.

When ACE 2 is over-expressed following exposure to 
PM , it could increase probability of COVID-19 2.5

infection, as ACE 2 is the entry key for the virus.

All above mentioned studies conclude that both long-
term & short-term exposure to high levels of 
pollutants suppress immune system or protection 
mechanism of our body. In this way, immunotoxic 
elements are correlated to increase in occurrence of 
COVID-19 disease & its severity worldwide. New 
research findings show that environmental toxicants 
make the habitat within human ecosystem favourable 
for pathogens.
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