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Abstract

Entry receptor for SARS-CoV-2 is expressed in nasal epithelial cells, and nasal delivery pathway can be a key feature of
transmission. Here, a possibility of interaction of SARS-CoV-2 with air pollution particulate matter (PM) was considered. It
was shown in our recent studies that water-suspended plastic and wood smoke aerosol PM and carbon-containing nanoparticles
from burning organics can interact with the plasma membrane of brain nerve terminals presumably due to their lipid components.
COVID-19 patients have neurological symptoms, viral particles were found in the brain, SARS-CoV-2 enters the cells via fusion
of lipid viral envelope with the plasma membranes of infected cells, and so viral envelop can contain lipid components of the host
neuronal membranes. Therefore, interaction of SARS-CoV-2 envelope with PM is possible in water surrounding. After drying,
PM can serve as a carrier for transmission of SARS-CoV-2 immobilized at their surface. Moreover, PM and SARS-CoV-2 per se
can enter human organism during nasal inhalation, and they both use the same nose-to-brain delivery pathways moving along
axons directly to the brain, influencing the nervous system and exocytosis/endocytosis in nerve cells. Thus, PM can aggravate
neurological symptoms of SARS-CoV-2 and vice versa, due to their identical nose-to-brain delivery mechanism and possible
interference of neuronal effects. In addition, different types of PM because of their ability to interact with the plasma membranes
of nerve cells can facilitate unspecific SARS-CoV-2 entrance to the cells, and can influence envelope features of SARS-CoV-2.
Detailed studies are required to analyze interaction of SARS-CoV-2 with PM.
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Introduction

The coronavirus disease 2019 (COVID-19) is provoked by
one of the highly pathogenic human coronaviruses (CoVs),
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) (World Health Organization 2020a, b). Virions of
coronaviruses measure ~ 120 nm in diameter (The Editors of
Encyclopaedia Britannica 2020). Assembled intracellular
SARS-CoV-2 virions were between 70 and 90 nm inside of
Vero cells (Kim et al. 2020).
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COVID-19 has rapid transmission rates (Behla et al. 2020).
Literature data regarding ways of SARS-CoV-2 transmission
are contradictory and still debated. Transmission of SARS-
CoV-2 via aerosol droplets naturally produced by human is
plausible, since the virus can remain viable and infectious in
aerosols for hours, and beside that SARS-CoV-2 is viable on
surfaces up to days (Doremalen et al. 2020). Entry receptor for
SARS-CoV-2, angiotensin-converting enzyme 2 (ACE2)
(Behla et al. 2020), and entry-associated protease TMPRSS2
are greatly expressed in nasal goblet and ciliated cells, and so
nasal carriage was suggested to be a key feature of transmis-
sion (Sungnak et al. 2020). Alternatively, SARS-CoV-2-
containing aerosol droplets can land on surfaces and people
by touching these contaminated surfaces become infected
(World Health Organization 2020a, b). SARS-CoV was de-
tected in wastewater, but a low stability in the environment
was suggested, and also CoVs and in particular SARS-CoV-2
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were identified in the fecal of infected patients, and so a pos-
sibility of waterborne transmission needs to be analyzed (La
Rosa et al. 2020).

CoVs are large enveloped non-segmented positive-sense
RNA viruses (Li et al. 2020). Viral envelopes consist of pro-
teins and lipid components, and enveloped viruses require the
fusion of their lipid envelope with the host cell membrane to
entry the infected cells (Millet and Whittaker 2018). CoVs
display a large degree of plasticity regarding the entry path-
ways that can occur at the plasma membrane and through the
endocytic pathway (Millet and Whittaker 2018). Protein com-
ponents of SARS-CoV-2 envelope are in the focus of current
research, in particular spike glycoprotein (S), which belongs
to class I fusion protein, and is responsible for both binding to
the receptor on the host cell and the fusion of host and viral
membranes (Belouzard et al. 2012).

In this study, we have suggested that lipid constituents of
the viral envelope can be very important for unspecific inter-
action of viral particles with different surfaces, including air
pollution particulate matter (PM). It should be emphasized
that this interaction capability can be inherent mainly to
enveloped viruses. Recently, it was confirmed that air pollu-
tion PM can travel across border for a long distance and inha-
lation with fine and ultrafine PM (the aerodynamic diameter is
less than 2.5 pm and 0.1 pum, respectively) is associated with
many diseases, including neurological ones (Landrigan et al.
2018).

Based on our recent studies on interaction of different types
of nano- and micro-sized particles, including water-suspended
fine and ultrafine smoke aerosol PM, with the plasma mem-
brane of brain nerve terminals, presumably their lipid compo-
nents (Borysov et al. 2020; Shelestov et al. 2020; Borisova
2019), we supposed that air pollution PM can interact in water
surrounding with envelope of SARS-CoV-2 composed of vi-
ral proteins and membrane fragments of infected nerve cells.
Arguments in favor of this suggestion were analyzed.

Presentation of the concerns

Possibility of interaction of air pollution PM with
envelope of SARS-CoV-2 and its uncontrolled
transmission

Patients with COVID-19 have respiratory distress and neuro-
logic signs. A growing body of evidences demonstrates that
neurotropism is a common feature of CoVs, and transfection
of SARS-CoV-2 is accompanied with neurological symp-
toms, and SARS-CoV-2 invades the central nervous system
inducing neurological diseases (Li et al. 2020). In both pa-
tients and experimental animals, the CoV infection has been
found in different brain regions (Netland et al. 2008; Li et al.
2016, 2020), and in transgenic for ACE2 mice, the brain was a

@ Springer

main target organ for infection (Netland et al. 2008). Detailed
analysis of neurologic manifestation of patients with COVID-
19 in Wuhan, China, was performed (Mao et al. 2020). In this
study, manifestations of the central nervous system, i.e., diz-
ziness, headache, impaired consciousness (which includes the
change of consciousness level (somnolence, stupor, coma),
and content (confusion and delirium)), acute cerebrovascular
disease, ataxia, and seizure, and also manifestations of the
peripheral nervous system, i.e., taste, smell, vision impair-
ment, and nerve pain, as well as skeletal muscular injury were
examined. It was shown that 36.4% of COVID-19 patients
had neurologic symptoms, which were more common in se-
vere infected patients (45.5%) (Mao et al. 2020). In the mice
infected with low inoculum doses of MERS-CoV, virus par-
ticles were identified in the brain only (not in the lung) (Li
et al. 2016; Li et al. 2020). It is urgent to understand whether
SARS-CoV-2 can provoke neuronal injury leading to the
acute respiratory distress (Li et al. 2020).

In our earlier studies, a capability of fine/ultrafine water-
suspended plastic and wood smoke PM and different types of
micro- and nano-sized particles to interact with the plasma
membrane of brain nerve terminals, and so to disturb a plasma
membrane integrity and key synaptic characteristics, was
shown (Borysov et al. 2020; Shelestov et al. 2020). It was
revealed that water-suspended plastic and wood smoke PM
depolarized the plasma membrane (Borysov et al. 2020;
Shelestov et al. 2020), and carbon nano-sized particles from
burning organics (the main components of air pollution PM),
as well as maghemite nanoparticles affected the membrane
integrity, thereby increasing leakage of excitatory and inhibi-
tory neurotransmitters, glutamate, and GABA, respectively,
and enhancing their ambient levels in nerve terminal prepara-
tions (Borisova et al. 2015; Borisova et al. 2016; Borisova
et al. 2017; Borisova 2018, 2019). In particular, maghemite
nanoparticles (0.75 mg/ml) did so by 36%, and carbon nano-
sized particles (1.0 mg/ml) by 47% (Borisova 2019).
Whereas, natural aluminosilicate particles (Pozdnyakova
et al. 2017) did not alter significantly the integrity of the plas-
ma membrane of nerve terminals. Therefore, different types of
air pollution PM demonstrated various efficacies to interact
with and affect the integrity of the cellular plasma membranes.
Interaction of above particles and nerve terminals occurred
mainly due to their lipid components that were confirmed by
parallel experiments using the artificial planar lipid membrane
(Borisova 2019).

CoVs have envelopes composed of viral proteins and
membrane fragments of infected cells. As the central nervous
system, and in particular, synaptic transmission are targeted
by SARS-CoV-2 (Li et al. 2020), its envelope can contain
lipid components of the host neuronal membranes. Taking
into account that definite types of air pollution PM can interact
with the plasma membrane of nerve cells (Borysov et al. 2020;
Shelestov et al. 2020; Borisova et al. 2015; Borisova et al.
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2017; Borisova 2018, 2019), it can be suggested that SARS-
CoV-2 due to presence of neuronal membrane fragments in
their envelopes can also interact with PM in water surrounding
in a similar way. Air pollution PM and SARS-CoV-2 can form
complex in water surrounding, where PM after drying can
serve as a carrier for both short- and long-distance transporta-
tion of the virus, including outdoor and indoor one. Therefore,
a possibility of unspecific interaction of SARS-CoV-2 enve-
lope with air pollution PM and so its transmission and trans-
fection being immobilized at the PM surface were considered.
Different envelope compositions and size of viruses can influ-
ence their capability and efficiency to form complex with PM.
Despite the fact that PM concentrations in the air were de-
creased due to reduced anthropogenic activity during quaran-
tine, residual PM can be enough to perform carrier service for
SARS-CoV-2; moreover, exact virus infection doses are still
not identified.

There are non-numerous literature data that can be consid-
ered in support of this suggestion. The effect of fine dust
concentrations in the air in the Republic of Korea (2016—
2017) on the incidence of viral respiratory infections caused
by the human coronavirus, respiratory syncytial virus, human
metapneumovirus, adenovirus, rhinovirus, human bocavirus,
human parainfluenza virus, and influenza virus was investi-
gated. It was concluded that when the weekly average con-
centration of fine dust increased, the incidence of infections by
the human coronavirus, human metapneumovirus, adenovi-
rus, human bocavirus, human parainfluenza virus, and influ-
enza also increased (Cheon et al. 2019). In the USA, the ma-
jority of the positive cases of highly pathogenic avian influ-
enza (HPAI) HSN2 might have received airborne virus carried
by fine air pollution PM, and these results provide insights
into the risk of airborne transmission of HPAI virus via fine
dust particles (Zhao et al. 2019). In Beijing, China, association
between daily PM2.5 (PM with size lesser than 2.5 pum) and
influenza-like illness ILI risk was investigated using a gener-
alized additive model. A strong positive relationship between
PM2.5 and ILI risk at the flu season was established, but the
effect of PM2.5 differed across age groups (Feng et al. 2016).
Simply moving around in buildings was considered a signif-
icant source of human exposure to PM, potentially contami-
nated with Sin Nombre virus (SNV), during spring and sum-
mer seasons (Richardson et al. 2013). In 2003, investigation of
SARS-CoV-1 victims revealed that patients were twice to die
in regions where air pollution was high rather than low, and
even in moderately polluted regions, the risk of dying was
84% higher (Niranjan 2020). Kabir et al. (2020) underlined
that besides air pollution, several environmental factors, e.g.,
temperature and humidity, can influence the COVID-19 trans-
mission pattern (Kabir et al. 2020). SARS-CoV’s transmissi-
bility is comparable with that of influenza virus, the occur-
rence of which markedly elevates with high relative humidity
and low temperatures (Park et al. 2020; Kabir et al. 2020).

Also, further studies are needed to test solar ultraviolet radia-
tion sensitivity of environmental SARS-CoV-2 (Seyer and
Sanlidag 2020) (Fig.1).

Air pollution PM can module SARS-CoV-2 viability and
its interaction with the cells

The question arose whether or not immobilization at the surface
of different types of air pollution PM can influence SARS-CoV-
2 viability. Literature data showed that SARS-CoV-2 was more
stable on plastic and stainless steel surfaces, and viable virus was
detected up to 72 h after application to these surfaces (Doremalen
et al. 2020). In this context, it can be suggested that immobiliza-
tion of SARS-CoV-2 at the surface of definite types of air pol-
lution PM can potentially favor virus viability.

SARS-CoVs, and in particular SARS-CoV-2, recognize
ACE2 as a host binding receptor for viral S protein
(Sungnak et al. 2020). It can be hypothesized that definite
types of air pollution PM can facilitate SARS-CoV-2 entrance
to the cells, when the virus acts as a component of PM com-
plex. Plastic and wood smoke aerosol PM, and especially their
carbon components, can be of special attention because they
considerably disturb the properties and integrity of the cellular
plasma membrane (Borysov et al. 2020; Shelestov et al.
2020). Acting as a complex with this PM, SARS-CoV-2 can
cross the cellular plasma membranes and reach the cytoplasm
avoiding specific ACE2-dependent mechanism of viral trans-
mission. Vice versa, this PM per se due to ability to interact
with cellular membranes can influence SARS-CoV-2 enve-
lope properties. Therefore, potential increase/decrease in viral
viability during interaction with different types of air pollution
PM was suggested, where PM immobilizing virus can be a
carrier for its transmission through the cellular membranes.

Air pollution PM can enhance neurological symptoms
and influence trans-synaptic transfer of SARS-CoV-2

On one hand, during nasal inhalation, air pollution PM reaches
olfactory caves and moves along axon of olfactory nerves direct-
ly to the brain avoiding the blood-brain barrier (Oberddrster et al.
2005). On the other hand, CoV-induced neurological symptoms
may have resulted from movement of viral particles through
axons that consequently targets synaptic neurotransmission (Li
et al. 2020). Using transgenic mice, it has been shown that
SARS-CoV and MERS-CoV administrated intranasally can rap-
idly spread transneuronally from the olfactory bulb to connected
brain areas causing neuronal loss (Netland et al. 2008; Li et al.
2016; Li et al. 2020). In this context, nose-to-brain delivery is a
common pathway of air pollution PM and CoVs (Fig. 2).
Increasing evidence shows that CoVs may first invade pe-
ripheral nerve terminals and then gain access to the central
nervous system via a synapse-connected route (Li et al.
2020). Also, some CoVs are able to spread via a synapse-
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Fig. 1 Interaction of air pollution
PM with CoVs and uncontrolled
transmission
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connected route to the medullary cardiorespiratory center
from the mechanoreceptors and chemoreceptors in the lung
and lower respiratory airways (Netland et al. 2008; Li et al.
2020). Ultrastructural studies have demonstrated that transfer
of HEV 67N between neurons occurred via the clathrin-
mediated endocytic/exocytic pathway (Li et al. 2013). The
trans-synaptic transfer has been well documented for CoVs
and avian bronchitis virus (Li et al. 2020). Inside the cells,
SARS-CoV-2 was observed in a wide range of intracellular
organelles, especially in vesicles (Kim et al. 2020). SARS-
CoV-2 release does not require cell lysis, and thus the virus
might exploit existing secretory pathways (Sungnak et al.
2020). It has been suggested that animal death may have re-
sulted from dysfunction and/or death of infected neurons,
which are an extremely susceptible target for SARS-CoV
(Netland et al. 2008).

Air pollution
particulate matter

Nose-to-brain
delivery pathway

It was demonstrated in our recent studies that water-
suspended smoke PM influenced exocytosis in nerve terminals.
In particular, plastic smoke PM (Borysov et al. 2020) and
carbon-containing nanoparticles from burning organics
(Borisova etal. 2015; Borisova et al. 2017) decreased an exocytic
release of neurotransmitters glutamate and GABA from brain
nerve terminals. Presumably, nano-sized smoke PM and
carbon-containing nanoparticles can enter synaptic vesicles in
nerve terminals, thereby impairing neurotransmitter storage and
exocytic release. It can be speculated that when the synaptic
machinery does not receive required neurotransmitters from the
exocytic release, it can provoke more intensive stimulation of
release episodes via different regulatory mechanisms, thereby
aggravating synaptic transmission damage.

Air pollution PM influencing exocytosis in nerve terminals
can in turn change transfer of CoVs between neurons. In case of

Fig. 2 Interference of the nose-to-brain delivery pathways of air pollution PM and SARS-CoV-2 and their effects in brain nerve terminals
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Fig. 3 Important milestones: a chronologic timeline diagram

synaptic neurotransmission modulation, they can act indepen-
dently and/or as a complex SARS-CoV-2-PM (Fig. 2). It should
be noted that viral particles are larger than synaptic vesicles,
which are approximately 40 nm in diameter. It is more plausible
that SARS-CoV-2-PM may have disturbed synaptic vesicle
recycling during exo-/endocytosis. Facilitation of membrane ac-
tivity of the viral particles can be expected when they act as a
complex with definite types of PM (for instance, nano-sized
plastic and wood smoke PM, which have already possessed these
properties) that in turn may have more pronounced effects on
exocytosis and vesicle recycling.

Therefore, air pollution PM and CoVs have the same
nose-to-brain delivery pathways and target synaptic
transmission, and so their neurological effects can inter-
fere and aggravate each other and can be additive or
even synergetic (Fig. 2). A chronologic timeline diagram
of important research milestones is presented in Fig. 3.

Conclusions

In summary, a possibility of SARS-CoV-2 envelope to
interact in water surrounding with air pollution PM, which
in turn becomes a carrier for short- and long-distance virus
transmission, including outdoor and indoor one, was

suggested. Besides that, definite types of PM can facilitate
SARS-CoV-2 transportation across the cellular plasma
membranes and can influence viability of SARS-CoV-2
immobilized at their surface. PM and CoVs per se can enter
human organism during nasal inhalation, and they both use
the same nose-to-brain delivery pathways, and exocytosis
for trans-synaptic transfer that can favor interference of
their neurological effects. Detailed studies are required to
confirm or decline above suggestions regarding air pollu-
tion PM and SARS-CoV-2 interaction.
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