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SUMMARY

The COVID-19 pandemic is a severe respiratory disease caused by
the emergence of a new coronavirus, SARS-CoV-2, that very quickly
spread in the human population. Fine particulate matter (PM) gener-
ated from combustion engines have been described as toxic to hu-
man health. Recent events stressed that high concentrations of
PM of air pollution might favor the spread of SARS-CoV-2. Autumn
approaches, air pollution will be accentuated because of weather
condition. The risk of a second outbreak of Covid-19 pandemic is
highly probable. Elucidating the role of PM of air pollution in the
spread of the virus is thus urgent and crucial.

The current COVID-19 outbreak has
been caused by the emergence of a
new coronavirus, SARS-CoV-2 (severe
acute respiratory syndrome coronavirus
2), that very quickly spread in human
population. This COVID-19 outbreak
was declared a pandemic by the World
Health Organization (WHO) and con-
tinues to spread in the world after its
emergence nine months ago. The
expectation that rising temperatures in
summer can reduce and even stop the
spreading of the virus became unfortu-
nately disillusioned. On February 20,
2020, the region of Lombardy in north-
ern Italy declared its first cases of SARS-
CoV-2. The region very quickly became
the pandemic epicenter in Europe.
Considering the heavy industrial devel-
opment of this region, it was suggested
that high air pollution may be a major
factor in the aggressive spread of the
virus.'?

Fine particulate matter (PM) generated
from combustion engines have been
described as toxic to human health
and the environment. A direct relation-
ship has been established between res-
piratory diseases and PM generation in
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or around highly industrialized cities. "
Recent events and consequent studies
suggested that high concentrations of
PM of air pollution might favor the
spread of SARS-CoV-2. Scientific works
from around the globe have discussed
the likelihood that high concentrations
of PM may have been one of the major
causes for the important outbreak that
has hit several industrialised regions
such as Wuhan and northern ltaly. The
scientific community has thus been
invited to pay more attention to
airborne transmission of SARS-CoV-2.
A recent paper by Bontempi refutes
the above mentioned hypothesis, citing
that no clear correlation exists between
PM levels and the transport of SARS-
CoV-2.° Navigating through such con-
flicting information highlights the need
to provide concrete answers regarding
the role of PM pollution amid this
pandemic: is PM of air pollution a vec-
tor of COVID-19 pandemic? Do interac-
tions between PM and SARS-CoV-2
affect the survival and infective power
of the latter? Do resulting hybrid PM-vi-
rus particles represent a possible trans-
mission route of the virus? (Figure 1)
Elucidating the transmission factors
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that foster the spread of a viral infection
is of prime importance to stop the viral
outbreak and to improve the disease
control. An insight into these questions
is needed and can be applied to other
viruses in general in order to determine
their potential effect on the global hu-
man population.

Autumn is approaching, and air pollu-
tion will be accentuated because weather
conditions. A second outbreak of COVID-
19 is highly probable. The investigation of
an efficient vaccine is still in progress.
The present opinion article clearly under-
lines the possible relationship between
the PM pollution and SARS-CoV-2 and
other viral strains spreading. It aims at
providing a warning to the general popu-
lation and political deciders about the
dangers of high pollution levels amid
the current pandemic. It may also provide
ideas to limit the propagation of
COVID-19 and subsequently the fatalities
related to contracting the virus. Finally,
we envision that this opinion article will
certainly attract particular interest from
academia to pay more attention to the
study of the possible relationship be-
tween the PM pollution and SARS-CoV-
2 spreading.

Direct and Indirect Routes of Virus
Transmission

The fast transmission of SARS-CoV-2
between individuals and the fact that
the population is so easily infected
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Figure 1. Schematic Representation of the Potential Role of PM as Vectors of SARS-CoV-2

alleviated questions regarding the
transmission routes and viability of
SARS-CoV-2 in contrast with other vi-
ruses. Aerosol mode constitutes a ma-
jor transport and transmission route of
viruses in general. Gormley et al.
showed that a
plumbing system constitutes a route
of pathogen cross-transmission. In their
test-rig, they
noticed that the turbulence caused by

building’s sanitary

recreated  full-scale
a toilet discharge was sufficient to aero-
solise pathogens, thus opening a way
for their transmission from one part of
the building to another through U-
traps.” The stability of pathogens in
aerosol form has been extensively
described in the literature. One partic-
ular study by Van Doremalen et al.
confirmed the viability of MERS-CoV in
aerosol form under different environ-
mental conditions. It was also reported
that when generated by an infected
camel in a confined space, virus-loaded
aerosols constitute a transmission route
of the virus to humans.”

The airway transmission of viruses goes
beyond aerosol form. In fact, aerosols
sediment eventually onto inert surfaces
(fomites), thus initiating an indirect
transmission route. In their recent
work, Van Doremalen et al. extensively
discussed the viability of SARS-CoV-1

and SARS-CoV-2 on inert surfaces
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such as plastic, metal, and wood. They
found that both viruses remain viable
and infectious for hours in aerosol
mode and for days when deposited
onto surfaces.® It is known that ambient
temperature and humidity conditions
favor a long stability of SARS-coronavi-
ruses in aerosol and on fomites.

In short, the works mentioned above
state that aerosols possibly constitute
both direct and indirect transmission
routes of viruses to humans. Viruses
retain their viability and infectiousness
when in aerosol form or on the surfaces
of fomites, including fine sediment-
based PM. However, no studies on the
interaction of viruses with PM, neither
in aerosol mode nor on surfaces, have
been reported to date. Questions
regarding the interaction of SARS-
CoV-2 with PM, its viability and its
contagiousness remain unanswered
and should be addressed. First, it is
necessary to provide insight on PMs
and their accompanied health hazards
prior to addressing any existing rela-
tionship between PM and viruses.

Exposure to PM and Accompanied
Health Risks

Fine PM generated from combustion
processes are typically composed of
carbon atoms and their mean average
size lies below 10 pm (PM1q). Their for-
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mation/aggregation mechanisms have
been extensively described in the liter-
ature and their release into the atmo-
sphere has been directly linked to
health hazards. For instance, Maitre
et al. investigated the effect of PM inha-
lation from polluted urban air on coro-
nary diseases. They stated that particles
smaller than 10 pm are deposited in the
airways when inhaled whereas finer par-
ticles (<2.5 pm) may reach the pulmo-
nary alveoli, accumulate there, or even
pass directly into the blood circulation
and have vascular effects (<0.1 um).”
Recent works by Conticini et al.® and
Borro et al.” claimed that a subject’s
exposure to both PM; s and PMg leads
to a chronic inflammatory stimulus that
weakens the cilia and upper airways de-
fenses and increases the number of
potential “virus” docking sites on the
surface of respiratory cells, thus favor-
ing infectivity. It is therefore clear that
PM exposure weakens the biological
barriers, rendering the host more
vulnerable toward external agressors.
Is there an interaction between PM
and external aggressors such as vi-
ruses? Could such an interaction result
in a PM-virus hybrid, and would this
hybrid be a vector of the virus?

Is PM of Air Pollution a Vector of
COVID-19 Pandemic?

To answer this question, we have pro-
ceeded in analyzing literature works
that were dedicated to establishing a
relationship between PM and SARS-
CoV-2. One specific region has made
headlines when it came to establishing
such a correlation: Lombardy, northern
Italy. The region of Lombardy is an indus-
trial hub where metal products, textile,
wood, and wood products are manufac-
tured. Industrial activities and the trans-
port sector participate in releasing high
levels of PM with varying diameters
(PMqo, PMys) and other pollutants
(NO,, SO,, etc.). Public accessible data
show that the annual average concentra-
tion of PM1owas 52.5 pg/m? in Milan (the
capital of the region) and 45.4 pg/m?
in other densely populated areas of
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Guangdong provinces. '’

Lombardy. Furthermore, 95% of daily
values recorded in Milan exceeded the
limit of 20 pg/m?®. ltaly is definitely not
the only country where high air pollution
levels have been recorded. Data
collected from industrial cities in the
world (e.g., Warsaw, Lanzhou, Hong
Kong, Seoul, Chicago, and Pittsburg)
follow similar trends to those of Lom-
bardy. A recent work by Conticini et al.
stated that

polluted areas (such as Lombardy and

communities  living in
Emilia Romagna) are more predisposed
to die of Covid-19 because of a weak-
ened health status. They claimed that a
subject’s exposure to both PM;s and
PM;o leads to systemic inflammation.
This leads to a chronic inflammatory
stimulus that weakens the cilia and upper
airways defenses and facilitate virus inva-
sion by allowing virus reaching lower air-
ways.” In this respect, Borro et al.
confirmed that prolonged exposition to
PM s of the population in north Italy pro-
motes a pro-inflammatory milieu in the
airways, which further increases the num-
ber of potential SARS-CoV-2 docking
sites on the surface of respiratory cells,
thus favoring infectivity. It is true that
PMs affect the health status of subjects,
exposing them to a high risk of contract-
ing the virus.”

PMs have been previously labeled as
possible virus vectors. Reche et al. identi-
fied the presence of viruses in marine
aerosols and Saharan dust and measured
viruses to bacteria ratios in both types of
aerosols (52-fold to 28-fold, respectively).
They showed that ratios of viruses were
the highest in marine aerosols and that
air masses directly affected their propor-
tion and residence time in the atmo-
sphere.’” Cui etal. utilized publicly acces-
sible data on SARS statistics and air
pollution indices collected in multiple
Chinese CITIES. They demonstrated a
direct correlation between SARS-CoV-1
case fatalities and short-term exposure
to ambient air pollution and hypothe-
sized that exposure to air pollutants,
such as PM;o, might not only influence
the prognosis of SARS but also lead to
increased risk of death (Figure 2).""

These findings alimented an emerging
mindset where an association between
exposure to air pollution and COVID-19
infection seemed inevitable. A position
paper published by Setti et al. claimed
that the rapid spread of COVID-19
observed in selected regions of northern
Italy is supposedly related to PM;q pollu-
tion because of airborne particles able to
serve as carrier of pathogens. Their claims
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were based on the analysis of compiled
meteorological data (satellite and surface
collected) and COVID-19 data (infections,
fatality cases, etc.) collected in the Lom-
bardy region of northern Italy (Figure 3)."?
As a result, a cascade of works based on
data analysis have emerged from around
the world as to address the question at
hand. In particular, works conducted by
Wu et al. and Travaglio et al. analyzed
data collected in the United States'?
and England'?® and showed positive asso-
ciations/correlations between the expo-
sure to different air pollutants and the
number of Covid-19 infections and fatal-
ities. Without any doubt, these studies
put into light a correlation between air
pollutants and COVID-19 cases while
stopping short of establishing pollutants
as vectors of SARS-CoV-2, which in fact
is the question at hand. This has been
clearly stated by Bontempi in his analysis
of data collected in Lombardy and Pied-
mont regions where a high number of
cases was registered. The study showed
that cities that suffered from the most se-
vere event of PMyq pollution (Torino and
Alessandria), in the 20 days before the
Italian sanitary crisis, had low infection
cases (0.01% and 0.03%, evaluated on to-
tal population on March 12). Bontempi
concluded that “direct correlations be-
tween...high quantities of PM10 and the
diffusion of COVID-19 are not evident.””

All the above-mentioned studies focus
on the analysis of medical data and
meteorological factors and data. While
some of them label PM of air pollution
as vectors of viruses, it is clear that
data analysis has, in this case, its limita-
tions in proving the role of PM in partic-
ular and air pollutants in general as
SARS-CoV-2.
Even though studies showed that ge-
netic material of SARS-CoV-2 might be
associated with PM obtained from high-
ly infected areas, none of them investi-

vectors of infectious

gated whether the virus was infectious
or not. In addition, no study of virus-
PM surface interactions have been con-
ducted to date. As mentioned in most
of the literature works discussed in this
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Figure 3. Potential Correlation between the Concentration of PM¢ and the Spread of Covid-19
Cases in Italy

(A) Infection spread trends in Northern and Southern regions in Italy and (B) PM1q concentration
levels and limit value exceedances in Province of Brescia in February 2020."?

article, there is an urgent need for
experimental and in vitro results that
could confirm or disprove if PM are
indeed vectors of SARS-CoV-2 in partic-
ular, and viruses in general.
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