
Could the smoking gun in the fight
against COVID-19 be the (rh)ACE-2?

To the Editor:

Two interesting publications in the European Respiratory Journal recently by RUSSO et al. [1] and LEUNG
et al. [2] discuss the possible role of nicotine in this pandemic and the “furious pursuit for better
therapeutics”.

Not surprisingly, the angiotensin-converting enzyme 2 (ACE-2) is known to be the likely host receptor for
the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Further, at a basic level, cellular
mechanisms of nicotinic receptor activity promote SARS-CoV-2 entry and proliferation in epithelial cells
through co-expression of ACE-2. Hence, this is the theory postulated by OLDS and KABBANI [3] for how
nicotine consumption represents a special risk factor in coronavirus disease 2019 (COVID-19).

On the other hand, and very surprisingly, Changeux et al. [4] hypothesise that the nicotinic receptor also
plays a key role in the pathophysiology and might represent a target for the prevention and control of
COVID-19 infection. Again, on a basic level, the hypothesis is that the SARS-CoV-2 virus is a nicotinic
agent which competes with nicotine for the receptor. The backbone of this hypothesis proposes that under
controlled settings, nicotinic agents (such as nicotine patches) could provide an efficient treatment for an
acute infection such as COVID-19.

So, tenuously, is the argument centred around the need for data about alternative nicotine delivery systems
and their risk/benefit ratio in relation to COVID-19 [5]? Possibly, but are there perhaps other ways…?

Soluble ACE-2 might impact viral spread, since binding to soluble receptor has been shown to block
SARS-CoV-2 entry. BATLLE et al. [6] argue that, if given in its soluble form as an appropriate recombinant
ACE-2 protein, this may represent a new tool to combat the spread of COVID-19.

Similarly, GUO et al. [7] opined that exogenous supplement of recombinant human (rh)ACE-2 might be a
brilliant idea in the treatment of COVID-19. Here the soluble ACE-2 may act as the bait to neutralise the
spike protein on the surface of the SARS-CoV-2, thus inhibiting entry. Further, GUO et al. [7] referenced a
recent study that demonstrated fusion protein of rhACE-2 (with an Fc fragment) showing high affinity
binding to the receptor-binding domain of SARS-CoV-2. This, again, provides a basis for further drug
development as fusion protein technology has been very successfully deployed in various therapeutic areas,
such as rheumatology and haemophilia.
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COVID-19 and the nicotinic cholinergic
system

To the Editor:

We have read with great interest the paper by LEUNG et al. [1] published in the European Respiratory
Journal, the correspondence by RUSSO et al. [2], and also the subsequent comment by the first group [3].
Both research teams are reporting increased angiotensin-converting enzyme 2 (ACE-2) expression in
airways of current smokers and those with COPD, with important implications for coronavirus disease
2019 (COVID-19) patients. Since ACE-2 has been shown to be the main receptor utilised by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) to enter the host cells [2], the authors conclude that
nicotine is a risk factor for COVID-19. RUSSO et al. [2] have shown that nicotine upregulates ACE-2
through α7-nAChRs which are present in neuronal and non-neuronal cells. LEUNG et al. [3] provided
further evidence in support of this hypothesis and propose the repurposing of α7-nAChR antagonists for
the pandemic (e.g. methyllycaconitine, α-conotoxin), expecting that such treatment will alter ACE-2
expression and prevent SARS-CoV-2 entry.

While this hypothesis is based on laboratory experiments, it is not supported by clinical data. Recent
observations on the prevalence of smoking among hospitalised COVID-19 patients have raised some
important issues. Many studies, while based on preliminary data and subject to several limitations (e.g.
lack of adjustment for confounding factors, possibility for inability to report, inaccurate recording or
under-reporting of the smoking status), suggest that the proportion of hospitalised COVID-19 patients
who are current smokers is by far lower than expected based on population smoking rates [4, 5]. In one
study, smoking was associated with lower odds of hospitalisation for COVID-19 after adjusting for
covariates [6].

To further address this issue, we calculated the pooled prevalence of current smoking in 11 published case
series (table 1), nine from China and two from the USA [5–15], and compared it to the expected
prevalence based on gender-adjusted and gender- and age-adjusted population smoking rates in each
country by estimating the prevalence odds ratio (POR) using random effects meta-analysis. Due to the lack
of data on patients’ age distribution, the age-adjustment for the expected smoking prevalence was
calculated by assuming that all patients were aged ⩾65 years, since lower smoking prevalence is observed
in the elderly compared to younger adult age groups. Population smoking prevalence information was
derived from the World Health Organization 2018 Global Adult Tobacco Survey [16] for China, and from
the US Centers for Disease Control and Prevention (for gender adjustment) [17] and Statista (for gender
and age adjustment) [18]. The pooled prevalence of smoking was 5.3% (95% CI 3.2–8.0%), while the
gender adjusted POR was 0.16 (95% CI 0.12–0.23; p<0.001) and the gender- and age-adjusted POR was
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TABLE 1 Studies used to estimate the pooled prevalence and the prevalence odds ratio of current smoking among hospitalised coronavirus disease 2019 patients

Country Patients n Age Males % Females % Smokers n Smokers %
(95% CI)

Expected smokers % Prevalence odds ratio (95% CI)

Gender-
adjusted

Gender and
age-adjusted¶

Gender-adjusted Gender and
age-adjusted¶

CDC [5]# USA 1494 27 1.8 (1.2–2.6) 13.7% 8.8% 0.12 (0.08–0.17) 0.19 (0.13–0.29)
GUAN et al. [7] China 1085 47 (35–58) 58.1% 41.9% 137 12.6 (10.6–14.6) 30.2% 27.3% 0.36 (0.28–0.44) 0.39 (0.31–0.48)
CHEN et al. [8] China 274 62 (44–70) 62.4% 37.6% 12 5.4 (2.4–8.3) 32.3% 29.0% 0.10 (0.05–0.19) 0.11 (0.06–0.21)
ZHOU et al. [9] China 191 56 (46–67) 62.3% 37.7% 11 5.8 (2.5–9.1) 32.3% 29.0% 0.14 (0.07–0.27) 0.15 (0.08–0.30)
MO et al. [10] China 155 54 (42–66) 55.5% 44.5% 6 3.9 (0.9–6.9) 29.0% 26.2% 0.11 (0.04–0.26) 0.11 (0.05–0.28)
ZHANG et al. [11] China 140 57 (25–87) 50.7% 49.3% 2 1.4 (0.0–3.3) 26.6% 24.3% 0.04 (0.01–0.18) 0.05 (0.01–0.19)
WAN et al. [12] China 135 47 (36–55) 53.3% 46.7% 9 6.7 (2.5–10.9) 27.9% 25.4% 0.20 (0.09–0.43) 0.21 (0.10–0.46)
LIU et al. [13] China 78 38 (33–57) 50.0% 50.0% 5 6.4 (0.1–11.8) 26.3% 24.1% 0.20 (0.07–0.58) 0.22 (0.08–0.61)
HUANG et al. [14] China 41 49 (41–58) 73.2% 26.8% 3 7.3 (0.0–15.3) 37.5% 33.3% 0.14 (0.04–0.54) 0.16 (0.04–0.61)
ZHANG et al. [15] China 645 35±14.2

47±14
50.9% 49.1% 41 6.4 (4.6–8.5) 26.7% 24.4% 0.20 (0.14–0.28) 0.21 (0.15–0.30)

PETRILLI et al. [6] USA 1999 62 (50–74) 62.6% 37.4% 104 5.1 (4.2–6.1) 14.0% 9.2% 0.33 (0.26–0.42) 0.54 (0.42–0.69)
Total (pooled) 4743 330 5.3 (3.2–8.0) 0.16 (0.12–0.23) 0.20 (0.14–0.30)

Random-effects meta-analysis was used. Data for age are presented as median (interquartile range) or mean±SD. Data on population smoking prevalence were derived from the World
Health Organization 2018 Global Adult Tobacco Survey for China, and from the US Centers for Disease Control and Prevention for gender-specific smoking prevalence and Statista for
gender specific smoking prevalence in adults aged ⩾65 years for the USA. #: no data about patients’ age and gender was available; thus, the unadjusted population prevalence of
smoking in the USA was used to calculate the expected number of smokers; ¶: since the age distribution of patients was not available, age-adjusted smoking prevalence was calculated
for all studies by assuming that all patients were aged ⩾65 years.
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0.20 (95% CI 0.14–0.30; p<0.001). Despite the many limitations, these observations need to be taken into
consideration. Recently, a hypothesis that the nicotinic cholinergic system may be involved in COVID-19
infection was presented, based on the fact that several of the symptoms and clinical signs of COVID-19,
including the cytokine storm, could be explained by dysfunction of the cholinergic anti-inflammatory
pathway [19]. α7-nAChRs are potentially involved in modulating pro-inflammatory cytokine secretion and
suppressing the cytokine storm [20, 21]. Additional clinical manifestations of COVID-19 (such as anosmia
and thromboembolic complications) can also be associated with dysfunction of the nicotinic cholinergic
system [19].

In conclusion, the observations of a low smoking prevalence among hospitalised COVID-19 patients,
despite the important limitations, together with the hypothetical links between dysfunction of the nicotinic
cholinergic system and clinical manifestations of the disease raise some important research questions,
considering that nicotine is a cholinergic agonist. The interaction between SARS-CoV-2 and the nicotinic
cholinergic system should be further examined and any proposal for the repurposing of α7-nAChR
antagonists should be approached with caution, since it could potentially propagate the cytokine storm
and adversely affect the prognosis. Obviously, smoking cannot be considered protective for COVID-19 (or
any other disease), but pharmaceutical nicotine products are widely available and their role in COVID-19
should be explored.
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COVID-19 and vaping: risk for increased
susceptibility to SARS-CoV-2 infection?

To the Editor:

With great interest we read and commend the study done by RUSSO et al. [1], highlighting their findings
that nicotine induces an increase in angiotensin-converting enzyme 2 (ACE-2) expression in human
bronchial epithelial cells (HBEpC) and is mediated by α7-subtype nicotinic receptors (α7-nAChR). It
raises the concern that all electronic nicotine-delivery systems may put users at greater risk of succumbing
to coronavirus disease 2019 (COVID-19).

We [2], along with LEUNG et al. [3], have shown that ACE-2 expression is upregulated in the small airway
epithelia of smokers and patients with COPD. In particular, we observed increased ACE-2 expression in
type-2 pneumocytes and alveolar macrophages along with the small airway epithelium of smokers
compared to healthy never-smokers [2]. Similar studies are yet to be done in the context of electronic
cigarettes (e-cigarettes), heat-not-burn devices (IQOS) or waterpipe exposure to human airways. ACE-2 is
the binding site for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), mediating entry of the
virus into cells [4]. Binding affinity between the spike proteins of the virus and ACE-2 on respiratory cells
has been identified to be much higher than any previously identified human coronavirus. The significance
of such overexpression of ACE-2 in smokers should not be ignored. COVID-19 and progression of severe
pneumonia may be more likely to occur in smokers, particularly in those that have smoking-related
comorbidities [5]. We are beginning to elucidate the role of traditional cigarette smoking and
nicotine-driven changes to the lungs in the context of coronavirus transmission and susceptibility.
Cigarette smoke has been identified and linked to increasing expression of the binding site for the cause of
the 2020 pandemic (SARS-CoV-2) via mediating nicotine receptors. With this, an avoidable and
potentially gigantic risk-factor has emerged for COVID-19, as the pandemic continues to claim ultimate
grasp over the year of 2020.

Here, we bring to the discussion whether the increased susceptibility and virulence of SARS-CoV-2 via
α7-nAChR and the upregulation of small airway ACE-2 expression may also be relevant for those who
vape using nicotine-based e-cigarettes. E-cigarette vapour studies, although in their infancy, have already
shown that they can enhance the virulence and inflammatory profile of pathogens such as Streptococcus
pneumoniae, among other deleterious biological effects [6]. Vaping intensifies pneumococcal adherence
through an increase in platelet-activating factor receptor expression, ultimately rendering those who vape
with an increased risk of pneumonia [7, 8]. We, among others, have previously shown that e-cigarettes and
IQOS are not “safer”, as having a vast pro-inflammatory response [9]. We compared cigarette smoke
versus e-cigarette and IQOS on airway epithelial and smooth muscle cells [9]. All tested pathological
biomarkers were elevated in cells exposed to e-cigarette aerosols and IQOS, which included chemokine
CXCL8, extracellular matrix proteins and markers of mitochondrial dysfunction. We found these products
toxic to the cells, evident from decreased cellular viability and integrity. More devastatingly, vaping also
interfered with cellular energetics. Our results further substantiate current research that e-cigarettes and
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IOQS are indeed detrimental with increases in oxidative stress, inflammation, infections and airway
remodelling in the lungs of these device users. As the scientific evidence mounts, confirming the fears that
e-cigarettes and IQOS are strongly associated with the development and progression of debilitating lung
diseases [10], now may be the prime time to include all electronic nicotine delivery systems in the
vocalisation of concerns concerning tobacco-related death and disease.

We recirculate the simple notion that the lungs are not designed for the chronic inhalation of anything but
air and that the indication for a smoking- and nicotine-induced increase in ACE2 is more evidence to the
stacking weight of toxicity that tobacco is for humanity. Given the role of the nicotine receptor, vaping
may also lead to the upregulation of ACE-2. Research in this area will be invaluable in the development of
e-cigarette research and providing trusted, peer-reviewed and real evidence for the youth of the 2020s. We
strongly recommend that the World Health Organization and countries act to advance their efforts to
reduce smoking, vaping and waterpipe use. During a pandemic it is difficult to focus on anything other
than the immediate threat. The “primacy of rescue” has overwhelmed preventive action. Additional
research into the relationship of smoking, and all electronic nicotine delivery systems to the infection,
transmission and progression of COVID-19 is required. Progress towards easily identifying those
susceptible to severe disease or capable of asymptomatic transmission are important goals for managing
the disease at a community level. COVID-19 is a dress rehearsal for the next pandemic, and the next, and
the one after that: the new norm.
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Smoking, ACE-2 and COVID-19: ongoing
controversies

From the authors:

The three letters from D. Lutchman, K.D. McAlinden and co-workers, and K. Farsalinos and co-workers
together capture the divergence in opinion on the impact of smoking on coronavirus disease 2019
(COVID-19) and whether the angiotensin-converting enzyme 2 (ACE-2) receptor mediates this
relationship. At the heart of this controversy is whether smoking reduces or increases the risk of
contracting COVID-19. K. Farsalinos and co-workers, through analysis of the pooled prevalence of current
smoking across 11 case series determined that current smoking status was significantly lower than
expected gender- and age-adjusted prevalence in COVID-19 patients. That smoking could potentially be
protective against COVID-19 has not gone unnoticed by the public. Since late April, multiple media
outlets have reported on this possibility, prompting the World Health Organization (WHO) to release a
warning on 4 May, 2020, on tobacco use during this pandemic [1]. While we do not dispute that the
prevalence of smoking in COVID-19 cases has been surprisingly low across the world, we would echo
WHO’s advice, based on emerging evidence that outcomes in COVID-19 are worse in patients who do
smoke. An analysis conducted by KILLERBY et al. [2], of 220 hospitalised and 311 nonhospitalised patients
with COVID-19 patients across six acute care hospitals and associated outpatient clinics in metropolitan
Atlanta, Georgia, for instance, demonstrated that smoking was an independent risk factor for COVID-19
hospitalisation, carrying an odds ratio of 2.3 (95% CI 1.2–4.5). A recent meta-analysis has also shown that
smokers have a relative risk of 1.34 (95% CI 1.07–1.67) of having more severe disease or experiencing
refractory or progressive disease [3]. While smoking may not necessarily increase one’s risk for contracting
COVID-19, the biological and inflammatory cascade that occurs upon severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection may be particularly devastating for a smoker.

K.D. McAlinden and co-workers raise the possibility that a similar effect could be occurring in patients
who vape. Certainly, the risks of significant pulmonary injury with vaping are now well-described in the
literature [4], and the multiple ways that vaping can cause cellular damage and impede the lung’s response
to infection are clearly delineated by the authors. The theoretical possibility that vaping could prime the
lung for SARS-CoV-2 infection is still hypothetical, given that to date none of the epidemiological studies
have reported on vaping prevalence amongst their COVID-19 patients. Several demographic factors,
however, make such estimates unlikely to be obtained with much precision. For instance, consider the
landscape of e-cigarette use in China, the first epicentre of COVID-19. A 2018 survey of 10233 individuals
in five Chinese cities found that only 0.9% had used e-cigarettes within the past 30 days [5]. Only 0.2% of
those 65 years and older reported e-cigarette use within the past 30 days compared to 1.5% of those in the
15–24 year age range. Similarly, in 2016, of 32931 adults included in the US National Health Interview
Survey, 1.0% of those over 65 years reported current e-cigarette use compared to 4.6% of the 18–44 year
age group [6]. Older age groups, the ones more likely to have severe COVID-19, present to a hospital, and
therefore be captured by epidemiologists in their surveys, are therefore less likely to report current vaping.
On the other hand, it may be difficult to ascertain the prevalence of vaping in younger age groups who are
much more likely to vape, but also much more likely to have mild or asymptomatic COVID-19 infections
that are not captured, either for their failure to present to a healthcare provider or the constraints placed
on available tests in resource-limited settings. Nonetheless, we would argue for hospitals to capture these
data as best they can and hope that data for mild cases in younger outpatients begin to be reported from
around the world. Similar to smoking, it is possible that vaping may still be associated with worse
outcomes, if not necessarily being a risk factor for contracting infection in the first place.

Finally, as D. Lutchman notes, if the culprit player for worse outcomes in smokers in this pandemic is the
heightened ACE-2 receptor in the airway epithelium, soluble ACE-2 might be a therapeutic option. Indeed,
we would agree with the excitement for this approach as this was the subject of a recent study by MONTEIL
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et al. [7], which showed that human recombinant soluble ACE-2 (hrsACE-2) reduced SARS-CoV-2 viral
loads in infected Vero-E6 cells by a factor of 1000–5000. hrsACE-2 also inhibited SARS-CoV-2 infections
of kidney and vascular organoids. hrsACE-2 is now under phase 2 investigation in Europe as a therapeutic
agent for COVID-19 (ClinicalTrials.gov: NCT04335136). Whether such a therapy will be helpful for the
smokers and patients with COPD who display higher levels of ACE-2 in their airways and may suffer
worse outcomes from COVID-19 remains to be determined.
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