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Abstract: The epicenter of the original outbreak in China has high male smoking rates of around
50%, and early reported death rates have an emphasis on older males, therefore the likelihood of
smokers being overrepresented in fatalities is high. In Iran, China, Italy, and South Korea, female
smoking rates are much lower than males. Fewer females have contracted the virus. If this analysis
is correct, then Indonesia would be expected to begin experiencing high rates of Covid-19 because
its male smoking rate is over 60% (Tobacco Atlas). Smokers are vulnerable to respiratory viruses.
Smoking can upregulate angiotensin-converting enzyme-2 (ACE2) receptor, the known receptor
for both the severe acute respiratory syndrome (SARS)-coronavirus (SARS-CoV) and the human
respiratory coronavirus NL638. This could also be true for new electronic smoking devices such as
electronic cigarettes and “heat-not-burn” IQOS devices. ACE2 could be a novel adhesion molecule for
SARS-CoV-2 causing Covid-19 and a potential therapeutic target for the prevention of fatal microbial
infections, and therefore it should be fast tracked and prioritized for research and investigation. Data
on smoking status should be collected on all identified cases of Covid-19.
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Little attention has been given to the role of smoking in either the transmission of the novel
coronavirus, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2, actual virus) or mortality
rate of Covid-19 (name of the disease caused). Smokers contract more respiratory ailments, including
colds (commonly rhinoviruses, but also coronaviruses) than non-smokers. Smokers also show double
the influenza rate and increased rates of bacterial pneumonia and tuberculosis [1–5]. The damage
caused to the lungs by smoking makes patients more susceptible to pulmonary infections, both bacterial
and viral [6]. Smokers are 34% more likely than non-smokers to contract the flu [6]. Han and colleagues
conclude that literature evidence showed that smoking was consistently associated with a higher risk
of hospital admissions after influenza infection [7]. Smoking is the primary etiological factor behind
chronic obstructive pulmonary disease (COPD) in the developed world, but environmental pollution
and degrading air quality are also responsible in developing countries. It is now the fourth leading
cause of death in the world [8]. Vaccination against influenza is strongly recommended for patients
with COPD, as the frequency and progression of exacerbations are strongly linked to respiratory viruses
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in 30% of cases [1]. Rubin et al. found that COPD patients who were prone to viral infections had higher
exacerbation rates, more inflammation, and loss of lung function compared to those with existing
exacerbating disease conditions [9]. Symptomatology and mortality in influenza-infected smokers
were also enhanced [9]. According to the WHO, comorbidities are associated with a high percentage
of Covid-19 related deaths [10,11]. In conjunction with the complications arising from comorbidities
in patients who smoke [12], we put forth the question of whether smoking, smoking-induced health
conditions, and comorbidities, in combination, is culminating in a high risk demographic for both
contraction of the virus and the severe presentation of Covid-19.

China has a high male smoking rate at around 50% in rural areas and is estimated to be about
44.8% overall [13]. Most of the deaths identified from the epicenter of the Covid-19 outbreak were in
men from older age groups and those with underlying conditions such as chronic respiratory disease,
cancer, hypertension, diabetes, or cardiovascular disease. The initial age distribution of Covid-19 cases
was skewed towards older age groups with a median age of 45 years (IQR 33–56) for patients who
were alive or who had an unknown outcome at the time of reporting. The median age of patients who
had died at the time of reporting was 70 years (IQR 65–81) as reported by Sun and colleagues [14].
This data was also supported by an early epidemiological study of 99 Covid-19 cases from Wuhan,
China [14].

Fatality rates are given as the percentage of the defined group with confirmed Covid-19 that died,
and therefore will not add up to 100%. The Table 1 was adapted from Coronavirus Disease (Covid-19)
Research and Statistics [15].

Table 1. Risk factor-based fatality rates of Covid-19 from early data in China.

Age group Fatality rates

0–9 years 0%
10–19 years 0.2%
20–29 years 0.2%
30–39 years 0.2%
40 - 49 years 0.4%
50–59 years 1.3%
60–69 years 3.6%
70–79 years 8%

80 years and above 14.8%

Underlying health conditions

Cardiovascular disease 10.5%
Diabetes 7.3%

Chronic respiratory disease 6.3%
Hypertension 6%

Cancer 5.6%
No underlying health conditions 0.9%

The term “coronaviruses” arose from their crown-like appearance when imaged, the Latin for
crown being corona. The distinguishing crown-like feature of coronaviruses is attributed to the presence
of large type 1 transmembrane spike (S) glycoproteins. This heavily glycosylated cell surface protein
contains two distinct functional domains (S1 and S2) which are thought to mediate host cell entry
by the virus. The S1 domain contains the angiotensin-converting enzyme-2 (ACE2) receptor-binding
domain and is responsible for first stage host cell entry [16]. The S2 domain facilitates fusion between
cell and virus membrane, required for cellular infiltration [17]. S proteins are enzymatically modified,
exposing the fusion site for cellular adhesion. This is achieved through cleavage by cellular proteases,
mediated by protein convertase called “furin” [17,18]. Furin is expressed significantly in the lungs,
and respiratory viruses also utilize this system to convert their surface proteins [17]. Although the S
protein cleavage site is less observed in coronavirus with similar genomic sequence [17], it is essential
to note that more pathogenic influenza viruses share similar cleavage sites [19].



J. Clin. Med. 2020, 9, 841 3 of 7

The ACE2 receptor provides a human cell-binding site for the S protein for the SARS-coronavirus
(SARS-CoV) [20–22] (a virus that was first identified in 2003 in a southern province of China [23–25]),
the coronavirus NL63 [20,26], and now SARS-CoV-2 [27]. Recent studies have found that the modified
S protein of SARS-CoV-2 has a significantly higher affinity for ACE2 and is 10- to 20-fold more likely
to bind to ACE2 in human cells than the S protein of the previous SARS-CoV [28,29]. This increase
in affinity may enable easier person-to-person spread of the virus and thus contribute to a higher
estimated R0 for SARS-CoV-2 than the previous SARS virus. The ACE2 protein is expressed on the
surface of lung type-2 pneumocytes [30]. It could thus act as a novel adhesion molecule for Covid-19
and be a potential therapeutic target for the prevention of fatal microbial infections in the community.

An early suggestion is that ACE2 is upregulated on the airway epithelium of smokers. Guoshuai
Cai recently reported higher ACE2 gene expression in smoker samples compared to never-smokers.
Zhao et al. observed that ACE2 is expressed explicitly in type-2 pneumocytes, in which genes regulating
viral reproduction and transmission are highly expressed [31]. This indicates that smokers may be more
susceptible to infection by SARS-CoV-2, and possibly Covid-19. We recently identified enhanced ACE2
expression in resected lung tissue from patients with COPD and healthy lung function smokers, albeit
comparably less in the latter, while entirely absent in heathy non-smoking individuals (Figure 1). ACE2
expression was quite evident in the type-2 pneumocytes, alveolar macrophages, and the apical end of
the small airway epithelium. COPD patients showed significantly higher levels of ACE2, suggesting
that COPD further exaggerates ACE2 and potential SARS-CoV-2 adhesion site. ACE2 expression could
also be true for patients with another chronic lung disease such as idiopathic pulmonary fibrosis [32].
The attachment of the virus to cell surface ACE2 protects them from immune surveillance mechanisms,
leaving them tagged to the host for relatively longer periods, thus making them an efficient carrier and
vulnerable host for future infections and spread. The eventual engulfment of ACE2 further provides
the virus access to the host cells system, thus providing a flourishing environment, not just to sustain
and proliferate but also to mutate and modify host evasion mechanisms. Previous observations using
in vivo knockout mice models suggest that SARS-CoV-2 adhesion on ACE2 could also downmodulate
the expression of ACE2 itself. This, in turn, increases the production and activation of other related
ACE enzymes. This differential modulation and the drastic reduction in ACE2 results in severe acute
respiratory failure [33,34].

Wang et al. also noted an ACE2 connection to smoking and Covid-19 [35]. The increases seen
in smokers further raises the question of whether this is also true for people engaged in waterpipe
smoking [36] and those switching over to the more recent alternatives such as electronic cigarettes and
“heat-not-burn” IQOS devices. It is essential to recognize that these devices are not “safer”, they are
still a tobacco product that produces vapor or smoke and similarly could cause infectious lung damage
as we see with traditional cigarettes [37–39].

Further research on these products and their influence on the virulence of coronaviruses is urgently
needed. Following the outbreak in New York City, Mayor Bill de Blasio announced that “If you are a
smoker or a vaper that does make you more vulnerable,” urging that now is the perfect time to quit [40].
Smokers, as a vulnerable group, must be supported to quit and should be advised to avoid areas where
they may be liable to be exposed to Covid-19, especially smokers with pre-existing respiratory health
concerns. Smokers should be prioritized for vaccination when a vaccine is developed, particularly if it
is found they are a key transmission source.
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Figure 1. Surgically resected lung tissue stained for the angiotensin-converting enzyme-2 (ACE2) 
receptor. Current smoker with chronic obstructive pulmonary disease (COPD-CS), (A) showing 
positive staining in the small airway epithelium but also apical including cilia (B) red arrows 
indicating positive staining in type-2 pneumocytes and black arrows showing alveolar macrophages 
positive for the ACE2 receptor. Normal lung function smoker (NLFS), (C) and (D) showing similar 
pattern for COPD-CS although a little less staining is observed. Normal controls (NC), (E) and (F) no 
staining observed in any of the areas. This is the first immunohistochemical human lung evidence 
for ACE2 receptor expression in smokers and patients with COPD. 

Wang et al. also noted an ACE2 connection to smoking and Covid-19 [35]. The increases seen in 
smokers further raises the question of whether this is also true for people engaged in waterpipe 
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to avoid areas where they may be liable to be exposed to Covid-19, especially smokers with pre-
existing respiratory health concerns. Smokers should be prioritized for vaccination when a vaccine is 
developed, particularly if it is found they are a key transmission source.  

Figure 1. Surgically resected lung tissue stained for the angiotensin-converting enzyme-2 (ACE2)
receptor. Current smoker with chronic obstructive pulmonary disease (COPD-CS), (A) showing positive
staining in the small airway epithelium but also apical including cilia (B) red arrows indicating positive
staining in type-2 pneumocytes and black arrows showing alveolar macrophages positive for the ACE2
receptor. Normal lung function smoker (NLFS), (C) and (D) showing similar pattern for COPD-CS
although a little less staining is observed. Normal controls (NC), (E) and (F) no staining observed
in any of the areas. This is the first immunohistochemical human lung evidence for ACE2 receptor
expression in smokers and patients with COPD.

Research on smoking and potential exacerbations of Covid-19 transmission and mortality should
include waterpipes, electronic smoking devices, and “heat-not-burn” devices, such as IQOS devices.
Further compounding this link between smoking and Covid-19 vulnerability are the comorbidities
that have been identified as a significant increased risk factor for severe and fatal Covid-19. The link
between smoking and comorbidities, such as diabetes and cardiovascular disease, have long been
established [12]. As a research community, we must ask the questions:

(1) Are COPD and other smoking-related illnesses associated with fatal Covid-19 cases?
(2) Are smokers more likely to contract and transmit SARS-CoV-2 than non-smokers?
(3) Are demographics with high smoking rates more vulnerable to Covid-19 outbreaks?

WHO and all countries should ensure that the smoking status of patients identified with Covid-19,
including deaths, is recorded and incorporated in data sets, so the smoker’s relationship to Covid-19
can be determined.
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Status data collection could be simple in four categories,

1. active smoker,
2. passive smoker (those living in households with smokers or working in smoky environments),
3. former smoker (12 months or longer abstinence),
4. non-smoker.

Governments should act to reduce smoking rates in all countries in accordance with the WHO
Framework Convention on Tobacco Control (FCTC), and initiate a stimulus package for health, as
they have done for business, at the time of this outbreak/pandemic including all communicable
pulmonary diseases and Covid-19, as it is possible that smoking exacerbates contraction, transmission,
and mortality. It appears that smoking has the potential to upregulate the ACE2 receptor, making
smokers and COPD patients more vulnerable to Covid-19. The new electronic smoking devices also
do not seem to be safer options. ACE2 thus could be a potential therapeutic target for SARS-CoV-2 and
should be prioritized for further research.

Author Contributions: All authors contributed towards the writing of the manuscript. All authors have read and
agreed to the published version of the manuscript.

Acknowledgments: Clifford Craig Foundation Launceston General Hospital, Rebecca L. Cooper Medical Research
Foundation, Cancer Council Tasmania.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Atto, B.; Eapen Mathew, S.; Sharma, P.; Frey, U.; Ammit, A.J.; Markos, J.; Chia, C.; Larby, J.; Haug, G.;
Weber, H.C.; et al. New therapeutic targets for the prevention of infectious acute exacerbations of COPD: Role
of epithelial adhesion molecules and inflammatory pathways. Clin. Sci. 2019, 133, 1663–1703. [CrossRef]

2. Eapen, M.S.; Sharma, P.; Moodley, Y.P.; Hansbro, P.M.; Sohal, S.S. Dysfunctional Immunity and Microbial
Adhesion Molecules in Smoking-Induced Pneumonia. Am. J. Respir. Crit. Care Med. 2019, 199, 250–251.
[CrossRef] [PubMed]

3. Eapen, M.S.; Sharma, P.; Sohal, S.S. Mitochondrial dysfunction in macrophages: A key to defective bacterial
phagocytosis in COPD. Eur. Respir. J. 2019, 54, 1901641. [CrossRef] [PubMed]

4. Eapen, M.S.; Sohal, S.S. Understanding novel mechanisms of microbial pathogenesis in chronic lung disease:
Implications for new therapeutic targets. Clin. Sci. (Lond.) 2018, 132, 375–379. [CrossRef] [PubMed]

5. Sohal, S.S. Inhaled corticosteroids and increased microbial load in COPD: Potential role of epithelial adhesion
molecules. Eur. Respir. J. 2018, 51, 1702257. [CrossRef] [PubMed]

6. Lawrence, H.; Hunter, A.; Murray, R.; Lim, W.S.; McKeever, T. Cigarette smoking and the occurrence of
influenza—Systematic review. J. Infect. 2019, 79, 401–406. [CrossRef]

7. Han, L.; Ran, J.; Mak, Y.W.; Suen, L.K.; Lee, P.H.; Peiris, J.S.M.; Yang, L. Smoking and Influenza-associated
Morbidity and Mortality: A Systematic Review and Meta-analysis. Epidemiology 2019, 30, 405–417. [CrossRef]

8. World Health Organisation. Chronic Obstructive Pulmonary Disease (COPD). 2020. Available online:
https://www.who.int/respiratory/copd/en/ (accessed on 11 March 2020).

9. Tuder, R.M.; Yun, J.H. It takes two to tango: Cigarette smoke partners with viruses to promote emphysema.
J. Clin. Investig. 2008, 118, 2689–2693. [CrossRef]

10. World Health Organisation. Coronavirus Disease (COVID-19) Outbreak. 2020. Available online: https:
//www.who.int/emergencies/diseases/novel-coronavirus-2019 (accessed on 5 March 2020).

11. Zheng, Y.Y.; Ma, Y.T.; Zhang, J.Y.; Xie, X. COVID-19 and the cardiovascular system. Nat. Rev. Cardiol. 2020.
[CrossRef]

12. Rojewski, A.M.; Baldassarri, S.; Cooperman, N.A.; Gritz, E.R.; Leone, F.T.; Piper, M.E.; Toll, B.A.; Warren, G.W.
Comorbidities Workgroup of the Society for Research on Nicotine and Tobacco (SRNT) Treatment Network.
Exploring Issues of Comorbid Conditions in People Who Smoke. Nicotine Tob. Res. 2016, 18, 1684–1696.
[CrossRef]

http://dx.doi.org/10.1042/CS20181009
http://dx.doi.org/10.1164/rccm.201808-1553LE
http://www.ncbi.nlm.nih.gov/pubmed/30290125
http://dx.doi.org/10.1183/13993003.01641-2019
http://www.ncbi.nlm.nih.gov/pubmed/31601722
http://dx.doi.org/10.1042/CS20171261
http://www.ncbi.nlm.nih.gov/pubmed/29439118
http://dx.doi.org/10.1183/13993003.02257-2017
http://www.ncbi.nlm.nih.gov/pubmed/29386338
http://dx.doi.org/10.1016/j.jinf.2019.08.014
http://dx.doi.org/10.1097/EDE.0000000000000984
https://www.who.int/respiratory/copd/en/
http://dx.doi.org/10.1172/JCI36536
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
http://dx.doi.org/10.1038/s41569-020-0360-5
http://dx.doi.org/10.1093/ntr/ntw016


J. Clin. Med. 2020, 9, 841 6 of 7

13. Zhi, K.; Wang, L.; Han, Y.; Vaughn, M.G.; Qian, Z.; Chen, Y.; Xie, L.; Huang, J. Trends in Cigarette Smoking
Among Older Male Adults in China: An Urban-Rural Comparison. J. Appl. Gerontol. 2019, 38, 884–901.
[CrossRef] [PubMed]

14. Sun, K.; Chen, J.; Viboud, C. Early epidemiological analysis of the coronavirus disease 2019 outbreak based
on crowdsourced data: A population-level observational study. Lancet Digit. Health 2020. [CrossRef]

15. Roser, M.; Ritchie, H.; Ortiz-Ospina, E. Coronavirus Disease (COVID-19)—Research and Statistics. 2020.
Available online: https://ourworldindata.org/coronavirus (accessed on 13 March 2020).

16. Li, F.; Li, W.; Farzan, M.; Harrison, S.C. Structure of SARS Coronavirus Spike Receptor-Binding Domain
Complexed with Receptor. Science (N.Y.) 2005, 309, 1864–1868. [CrossRef] [PubMed]

17. Coutard, B.; Valle, C.; de Lamballerie, X.; Canard, B.; Seidah, N.G.; Decroly, E. The spike glycoprotein of the
new coronavirus 2019-nCoV contains a furin-like cleavage site absent in CoV of the same clade. Antivir. Res.
2020, 176, 104742. [CrossRef] [PubMed]

18. Follis, K.E.; York, J.; Nunberg, J.H. Furin cleavage of the SARS coronavirus spike glycoprotein enhances
cell-cell fusion but does not affect virion entry. Virology 2006, 350, 358–369. [CrossRef]

19. Kido, H.; Okumura, Y.; Takahashi, E.; Pan, H.Y.; Wang, S.; Yao, D.; Yao, M.; Chida, J.; Yano, M. Role of host
cellular proteases in the pathogenesis of influenza and influenza-induced multiple organ failure. Biochim.
Biophys. Acta 2012, 1824, 186–194. [CrossRef]

20. NCBI. ACE2 Angiotensin I Converting Enzyme 2 [Homo Sapiens (Human)] Gene ID: 59272, Updated on
5-Mar-2020. 2020. Available online: https://www.ncbi.nlm.nih.gov/gene/59272 (accessed on 11 March 2020).

21. Li, W.; Moore, M.J.; Vasilieva, N.; Sui, J.; Wong, S.K.; Berne, M.A.; Somasundaran, M.; Sullivan, J.L.;
Luzuriaga, K.; Greenough, T.C.; et al. Angiotensin-converting enzyme 2 is a functional receptor for the SARS
coronavirus. Nature 2003, 426, 450–454. [CrossRef]

22. Auer, R.; Concha-Lozano, N.; Jacot-Sadowski, I.; Cornuz, J.; Berthet, A. Heat-Not-Burn Tobacco Cigarettes:
Smoke by Any Other Name. JAMA Intern. Med. 2017, 177, 1050–1052. [CrossRef]

23. Lu, R.; Zhao, X.; Li, J.; Niu, P.; Yang, B.; Wu, H.; Wang, W.; Song, H.; Huang, B.; Zhu, N.; et al. Genomic
characterisation and epidemiology of 2019 novel coronavirus: Implications for virus origins and receptor
binding. Lancet 2020, 395, 565–574. [CrossRef]

24. Ji, W.; Wang, W.; Zhao, X.; Zai, J.; Li, X. Cross-species transmission of the newly identified coronavirus
2019-nCoV. J. Med. Virol. 2020, 92, 433–440. [CrossRef]

25. World Health Organisation. SARS (Severe Acute Respiratory Syndrome). 2020. Available online: https:
//www.who.int/ith/diseases/sars/en/ (accessed on 11 March 2020).

26. Hofmann, H.; Pyrc, K.; van der Hoek, L.; Geier, M.; Berkhout, B.; Pöhlmann, S. Human coronavirus NL63
employs the severe acute respiratory syndrome coronavirus receptor for cellular entry. Proc. Natl. Acad. Sci.
USA 2005, 102, 7988–7993. [CrossRef] [PubMed]

27. Xu, X.; Chen, P.; Wang, J.; Feng, J.; Zhou, H.; Li, X.; Zhong, W.; Hao, P. Evolution of the novel coronavirus from
the ongoing Wuhan outbreak and modeling of its spike protein for risk of human transmission. Sci. China
Life Sci. 2020, 63, 457–460. [CrossRef] [PubMed]

28. National Institutes of Health, U.S.; Department of Health and Human Services. Novel Coronavirus Structure
Reveals Targets for Vaccines and Treatments. 2020. Available online: www.nih.gov/news-events/nih-research-
matters/novel-coronavirus-structure-reveals-targets-vaccines-treatments (accessed on 11 March 2020).

29. Wrapp, D.; Wang, N.; Corbett, K.S.; Goldsmith, J.A.; Hsieh, C.l.; Abiona, O.; Graham, B.S.; McLellan, J.S.
Cryo-EM structure of the 2019-nCoV spike in the prefusion conformation. Science (N.Y.) 2020. [CrossRef]
[PubMed]

30. Hamming, I.; Timens, W.; Bulthuis, M.L.; Lely, A.T.; Navis, G.; van Goor, H. Tissue distribution of ACE2
protein, the functional receptor for SARS coronavirus. A first step in understanding SARS pathogenesis.
J. Pathol. 2004, 203, 631–637. [CrossRef]

31. Zhao, Y.; Zhao, Z.; Wang, Y.; Zhou, Y.; Ma, Y.; Zuo, W. Single-cell RNA expression profiling of ACE2,
the putative receptor of Wuhan 2019-nCov. bioRxiv 2020. bioRxiv:2020.01.26.919985.

32. Sohal, S.S.; Hansbro, P.M.; Shukla, S.D.; Eapen, M.S.; Walters, E.H. Potential Mechanisms of Microbial
Pathogens in Idiopathic Interstitial Lung Disease. Chest 2017, 152, 899–900. [CrossRef]

33. Kuba, K.; Imai, Y.; Rao, S.; Gao, H.; Guo, F.; Guan, B.; Huan, Y.; Yang, P.; Zhang, Y.; Deng, W.; et al. A crucial
role of angiotensin converting enzyme 2 (ACE2) in SARS coronavirus–induced lung injury. Nat. Med. 2005,
11, 875–879. [CrossRef]

http://dx.doi.org/10.1177/0733464817716967
http://www.ncbi.nlm.nih.gov/pubmed/28653557
http://dx.doi.org/10.1016/S2589-7500(20)30026-1
https://ourworldindata.org/coronavirus
http://dx.doi.org/10.1126/science.1116480
http://www.ncbi.nlm.nih.gov/pubmed/16166518
http://dx.doi.org/10.1016/j.antiviral.2020.104742
http://www.ncbi.nlm.nih.gov/pubmed/32057769
http://dx.doi.org/10.1016/j.virol.2006.02.003
http://dx.doi.org/10.1016/j.bbapap.2011.07.001
https://www.ncbi.nlm.nih.gov/gene/59272
http://dx.doi.org/10.1038/nature02145
http://dx.doi.org/10.1001/jamainternmed.2017.1419
http://dx.doi.org/10.1016/S0140-6736(20)30251-8
http://dx.doi.org/10.1002/jmv.25682
https://www.who.int/ith/diseases/sars/en/
https://www.who.int/ith/diseases/sars/en/
http://dx.doi.org/10.1073/pnas.0409465102
http://www.ncbi.nlm.nih.gov/pubmed/15897467
http://dx.doi.org/10.1007/s11427-020-1637-5
http://www.ncbi.nlm.nih.gov/pubmed/32009228
www.nih.gov/news-events/nih-research-matters/novel-coronavirus-structure-reveals-targets-vaccines-treatments
www.nih.gov/news-events/nih-research-matters/novel-coronavirus-structure-reveals-targets-vaccines-treatments
http://dx.doi.org/10.1126/science.abb2507
http://www.ncbi.nlm.nih.gov/pubmed/32075877
http://dx.doi.org/10.1002/path.1570
http://dx.doi.org/10.1016/j.chest.2017.05.024
http://dx.doi.org/10.1038/nm1267


J. Clin. Med. 2020, 9, 841 7 of 7

34. Imai, Y.; Kuba, K.; Rao, S.; Huan, Y.; Guo, F.; Guan, B.; Yang, P.; Sarao, R.; Wada, T.; Leong-Poi, H.; et al.
Angiotensin-converting enzyme 2 protects from severe acute lung failure. Nature 2005, 436, 112–116.
[CrossRef]

35. Wang, J.; Lou, Q.; Chen, R.; Chen, T.; Li, J. Susceptibility Analysis of COVID-19 in Smokers Based on ACE2.
Preprints 2020. [CrossRef]

36. Meo, S.A.; AlShehri, K.A.; AlHarbi, B.B.; Barayyan, O.R.; Bawazir, A.S.; Alanazi, O.A.; Al-Zuhair, A.R. Effect
of shisha (waterpipe) smoking on lung functions and fractional exhaled nitric oxide (FeNO) among Saudi
young adult shisha smokers. Int. J. Environ. Res. Public Health 2014, 11, 9638–9648. [CrossRef]

37. Sohal, S.S.; Eapen, M.S.; Naidu, V.G.M.; Sharma, P. IQOS exposure impairs human airway cell homeostasis:
Direct comparison with traditional cigarette and e-cigarette. ERJ Open Res. 2019, 5, 00159–2018. [CrossRef]
[PubMed]

38. Miyashita, L.; Suri, R.; Dearing, E.; Mudway, I.; Dove, R.E.; Neill, D.R.; Zyl-Smit, R.V.; Kadioglu, A.; Grigg, J.
E-cigarette vapour enhances pneumococcal adherence to airway epithelial cells. Eur. Respir. J. 2018, 51.
[CrossRef] [PubMed]

39. McAlinden, K.D.; Sohal, S.S.; Sharma, P. There can be smoke without fire: Warranted caution in promoting
electronic cigarettes and heat not burn devices as a safer alternative to cigarette smoking. ERJ Open Res. 2019,
5, 00114-2019. [CrossRef] [PubMed]

40. Layne, N. Smoking or Vaping Increases Risks for Those with Coronavirus: NYC Mayor. 2020. Available
online: https://www.reuters.com/article/us-health-coronavirus-usa-vaping-idUSKBN20V0Z0 (accessed on
10 March 2020).

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1038/nature03712
http://dx.doi.org/10.20944/preprints202003.0078.v1)
http://dx.doi.org/10.3390/ijerph110909638
http://dx.doi.org/10.1183/23120541.00159-2018
http://www.ncbi.nlm.nih.gov/pubmed/30775377
http://dx.doi.org/10.1183/13993003.01592-2017
http://www.ncbi.nlm.nih.gov/pubmed/29437942
http://dx.doi.org/10.1183/23120541.00114-2019
http://www.ncbi.nlm.nih.gov/pubmed/31423449
https://www.reuters.com/article/us-health-coronavirus-usa-vaping-idUSKBN20V0Z0
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	References

