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Abstract

Despite current controversies, some reports show a paradoxical mitigating effect associated with smoking in individuals with
symptomatic COVID- |9 compared to the general population. To explain the potential mechanisms behind the lower number of
hospitalized COVID-19 patients, it has been hypothesized that cigarette smoking may reduce the odds of cytokine storm and
related severe inflammatory responses through cholinergic-mediated anti-inflammatory mechanisms. Japanese scientists have
recently identified a potential mechanism behind the lower numbers of COVID-19 cases amongst smokers compared to non-
smokers. However, we believe that this mitigative effect may be due to the relatively high concentration of deposited energy of
alpha particles emitted from naturally occurring radionuclides such as Po-210 in cigarette tobacco. Regarding COVID- 19, other
researchers and our team have previously addressed the anti-inflammatory and immune-modulating effects of low doses of
ionizing radiation. MC-simulation using the Geant4 Monte Carlo toolkit shows that the radiation dose absorbed in a spherical
cell with a radius of .9 um for a single 5.5 MeV alpha particle is about 5.1 Gy. This energy deposition may trigger both anti-
inflammatory and anti-thrombotic effects which paradoxically lower the risk of hospitalization due to COVID-19 in smokers.

Keywords
radioactivity, smoking, tobacco, COVID-19, hospitalization, severity

'School of Medicine, Shiraz University of Medical Sciences, Shiraz, Iran

ZBevelacqua Resources, Richland, WA, USA

3Department of Nuclear Engineering, School of Mechanical Engineering, Shiraz University, Shiraz, Iran

*Pediatric Infection Control Dept, School of Medicine, Yasuj University of Medical Sciences, Yasuj, Iran

sRadioIogy Department, School of Paramedical Sciences, Shiraz University of Medical Sciences, Shiraz, Iran

®Medical Physics and Engineering Department, School of Medicine, Shiraz University of Medical Sciences, Shiraz, Iran
"Department of Radiation Oncology Edward Hines Jr VA Hospital Hines, IL, USA

8Department of Radiation Oncology, Stritch School of Medicine, Loyola University, Chicago, IL, United States

Received 3| October 2021; accepted | January 2022

Corresponding Authors:
Seyed Mohammad Javad Mortazavi, Medical Physics and Engineering Department, School of Medicine, Shiraz University of Medical Sciences, Shiraz |, Iran.
Email: mortazavismj@gmail.com

James S. Welsh, Department of Radiation Oncology Edward Hines Jr VA Hospital Hines, lllinois and Department of Radiation Oncology, Stritch School of
Medicine, Loyola University, Chicago, IL 60502, USA.
Email: shermanwelsh@gmail.com

@ @ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use,

reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and
Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).



https://us.sagepub.com/en-us/journals-permissions
https://doi.org/10.1177/15593258221075111
https://journals.sagepub.com/home/dos
https://orcid.org/0000-0002-5465-8313
https://orcid.org/0000-0003-0139-2774
mailto:mortazavismj@gmail.com
mailto:shermanwelsh@gmail.com
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage

Dose-Response: An International Journal

The purpose of this paper is to outline the perplexing con-
nection between smoking and COVID-19. It is not intended to
advocate or endorse smoking, which has known negative
health consequences. The paper offers a hypothetical mech-
anism as well as some information of potential interest in the
treatment of smokers who have contracted or are just pre-
senting symptoms of COVID-19.

Addressing a Controversy

Smoking is the global leading cause of respiratory diseases.’
COVID-19, the disease caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), became a deadly
pandemic without any widely accepted specific treatment after its
identification in 2019. There are some reports suggesting
smoking increases the severity of COVID-19.> However, other
reports paradoxically show a mitigative effect might be asso-
ciated with patients smoking at a lower rate in individuals with
symptomatic COVID-19 compared to the general population or a
decreased severity of COVID-19 disease and death.®

Moreover, a causal effect of smoking on the risk of severe
COVID-19 is reported by some researchers,” but Paleiron
et al. have reported that current smoking status can be as-
sociated with a lower risk of developing severe COVID-19.'°
However, they noted that smoking cannot be considered as
efficient protection against infection and stated that the
mechanisms behind the decreased susceptibility of smokers to
SARS-CoV-2 require further research. Given this consider-
ation, here we present some possible protective mechanisms
of action of smoking in COVID-19.

Protective Mechanisms of Action

To explain the reason for the lower number of hospitalized
patients, it has been hypothesized that cigarette smoking may
have preventative effects on cytokine storm and severe related
inflammatory responses through cholinergic-mediated anti-
inflammatory mechanisms.'' In Ttaly, the very low number of
COVID-19 patients who are smokers suggests that there is not a
significant positive relationship between smoking and the
prevalence of severe COVID-19."? It has also been reported that
the lower numbers of COVID-19 cases amongst smokers might
be due to the effects of nicotine. It should be noted that nicotine
has previously been reported to downregulate the ACE-2 re-
ceptor.* However, other reports contradict the protective effects
of nicotine, as claimed in some rep01'ts,14’]5 and show that the
effect of being a current smoker is possibly very small.'®

Recently Proposed Mechanisms

Researchers at Hiroshima University have identified a po-
tential mechanism behind the lower numbers of COVID-19
cases amongst smokers compared to non-smokers.'” They
reported that cigarette smoke extract (CSE) may suppress the
expression of the angiotensin-converting enzyme 2 (ACE-2)

receptor, (the receptor for SARS-CoV-2), which in turn would
result in lower cellular entry of the virus (by decreasing
available binding sites for the virus), thereby limiting the
progression of the disease.'’

However, other researchers believed cigarette smoking may
be related to COVID-19 through the link between nicotine and
higher ACE-2 expression in different groups of cells such as lung
and airway epithelium.'®?' Moreover, Voinsky et al have re-
ported that due to higher bronchial TMPRSS4 levels (which
codes for a protease that primes COVID-19 virus for entering
cells), smokers are more susceptible to COVID-19 infection risk
than non-smokers.”? Therefore, there is ongoing controversy
over the effect of smoking on ACE-2 expression.

While the lower numbers of COVID-19 cases amongst
smokers has been linked to nicotine, the report published by
Hiroshima University introduces the potential effects of poly-
cyclic aromatic hydrocarbons (PAHs) and activation of aryl-
hydrocarbon receptors (AHRs). However, we believe that the
lower numbers of COVID-19 cases amongst smokers can be due
to the high concentration of deposited energy of alpha particles
emitted from naturally occurring radionuclides such as Po-210 in
cigarette tobacco.”> There are more than 6000 identified chemical
compounds in tobacco and tobacco smoke.'***” The presence of
radioactive polonium-210 (*'°Po) and lead-210 (*'°Pb) in tobacco
and tobacco smoke was identified a long time ago (Figure 1).

Radiation Energy Deposition

The activity of the alpha-emitting radionuclide 2'°Po is es-
timated to range from 5.5 to 17.8 mBg/cigarette with the mean
value of 12.0 mBg/cigarette. 2'°Pb which is also present in
cigarette smoke can also emit alpha particles.”®*’ Besides
210py, there are other radionuclides in cigarette smoke such as
238U, 232Th, 226Ra, 228Ra, 214Bi, and 40K.**>*! Due to the
relatively high activity of '°Po and *'°Pb in tobacco, smoking has
been reported to increase the internal intake of both of these
radionuclides and that results in an increase in the internal ra-
diation dose, which may promote development of lung can-
cer.>** However, other researchers and our team have previously
addressed the anti-inflammatory and immune-modulating effects
of low doses of ionizing radiation.*>>® Given this consideration,
smokers are constantly exposed to low doses of high linear energy
transfer (LET) alpha particles due to inhalation of radionuclides
such as *'°Po and ?'°Pb in cigarette smoke.*”*' Therefore, the
anti-inflammatory effects of localized radiation via alpha particles
as well as the effect of low doses of radiation on reducing the risk
of thrombosis are possibly involved in the lower number of
hospitalized smokers than expected.>***

Mont Carlo Simulation

MC simulation, using Geant4 Monte Carlo toolkit [29], shows
that the radiation dose absorbed in a spherical cell with a
radius of .9 um for a single 5.5-MeV alpha particle is about
5.1 Gy. Figure 2 shows the trajectory of alpha particles
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Figure 1. The presence of radioactive polonium-210 and lead-210 in tobacco and cigarette smoke leads to exposure of the alveolar epithelial
cells that line the small, spongy sacs (alveoli) to alpha particles that in turn leads to dense deposition of radiation energy in these cells. This
phenomenon may trigger both anti-inflammatory and anti-thrombosis effects and eventually lower the risk of hospitalization due to COVID-19.

Figure 2. Monte Carlo simulation of the passage of 5.5 MeV alpha particles through a spherical volume of water as a cell with a radius of

0.9 um.

through a spherical cell of water. The alpha particles were
emitted from a circular plane with a radius of .9 um toward the
cell. The extension of Geant4-DNA [30] was used to define a
suitable model of physical interactions in micrometer scale. For

alpha particles, the physics package of “G4EmDNAPhy-
sics_option2” includes G4DNAlonElasticModel, G4DNA-
MillerGreenExcitationModel, = G4DNARuddlonisationModel,
and G4DNADingfelderChargeDecrease
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Model for nuclear scattering (100 eV1 MeV), electronic ex-
citation (.1400 MeV), ionization (0400 MeV), and electron
capture (.1400 MeV), respectively. For electrons, the im-
plemented physics models are G4DNABornExcitationModel,
G4DNA ChampionElasticModel, G4DNABomlonisationModel,
G4DNAMeltonAttachmentModel, and G4DNASanche
ExcitationModel for electronic excitation (9 eV1 MeV),
elastic scattering (7.4 eV1 MeV), ionization (11 eV1 MeV),
molecular attachment (413 eV), and vibrational excitation
(2100 eV), respectively. The default energy cutoff for elec-
trons is 7.4 eV, below which the transport of electrons would
stop and their remaining energy would be deposited locally
[31].

Conclusion

Although the effects of smoking on suppressing the SARS-
CoV-2 receptor are not definitively established, it appears
possible that positive effects might occur for light smoking
activity (smoking 1-39 cigarettes per week). This effect is
attributed to the presence of radioactive polonium-210 and
lead-210 in tobacco and cigarette smoke. The associated alpha
emission from these naturally occurring radionuclides leads to
exposure of the alveolar epithelial cells that line the alveoli.
This energy deposition may trigger both anti-inflammatory
and anti-thrombosis effects and eventually lower the risk of
hospitalization due to COVID-19.
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