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Abstract

We discuss the implications of possible contagion of COVID-19 through e-cigarette aerosol (ECA) for prevention and

mitigation strategies during the current pandemic. This is a relevant issue when millions of vapers (and smokers) must

remain under indoor confinement and/or share public outdoor spaces with non-users. The fact that the respiratory flow

associated with vaping is visible (as opposed to other respiratory activities) clearly delineates a safety distance of 1-2

meters along the exhaled jet to prevent direct exposure. Vaping is a relatively infrequent and intermittent respiratory

activity for which we infer a mean emission rate of 79.82 droplets per puff (6-200, standard deviation 74.66) comparable

to mouth breathing, it adds into shared indoor spaces (home and restaurant scenarios) a 1% extra risk of indirect

COVID-19 contagion with respect to a “control case” of existing unavoidable risk from continuous breathing. As a

comparative reference, this added relative risk increases to 44-176% for speaking 6-24 minutes per hour and 260% for

coughing every 2 minutes. Mechanical ventilation decreases absolute emission levels but keeps the same relative risks.

As long as direct exposure to the visible exhaled jet is avoided, wearing of face masks effectively protects bystanders

and keeps risk estimates very low. As a consequence, protection from possible COVID-19 contagion through vaping

emissions does not require extra interventions besides the standard recommendations to the general population:

keeping a social separation distance of 2 meters and wearing of face masks.
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1. Introduction

The current COVID19 pandemic has intensified scientific interest in aerial pathogen transmission through bioaerosols,

which are classified conventionally as “droplets” or “aerosols” for aqueous respiratory droplets with diameters above and

below a 5 mm cut off. Direct transmission of the SARS-CoV-2 virus through “droplets” across short distances is a fact

acknowledged by the public health community and ratified by the WHO and the CDC [1]. Indirect transmission across

larger distances by “aerosols” has also been observed (especially in hospital wards [2]), but its scope and frequency

remain controversial [3,4,5]. However, we shall avoid this excessively simplified (and merely conventional) binary

classification into “droplets” vs “aerosols”, with the term droplets (without quotation marks) denoting generic respiratory

droplets of any given diameter.

There is a comprehensive scientific literature on aerial pathogen transmission, mechanisms of respiratory droplet

generation, viral transport and dynamics of respiratory droplets emitted by different respiratory activities, such as

respiration [6], vocalization [7], coughing [8] and sneezing [9]. However, there is no empiric evidence of aerial transmission

of the SARS-CoV-2 virus (or any pathogen) through environmental e-cigarette aerosol (ECA) or environmental tobacco

smoke (ETS) exhaled by infected vapers or smokers. In order to address this lack of evidence and proper elaborate

research, a comprehensive study [10] was undertaken to infer and assess rigorously and extensively the plausibility, scope

and risks of pathogen transmission through exhaled ECA (previous literature consisted of only three obscure opinion

pieces [11,12,13]). In the present paper we consider and extend the findings of this study in order to contribute to the

setting up of guidelines for public policies on vaping and smoking in the context of containment, prevention and mitigation

strategies in the COVID-19 pandemic. We believe this is a relevant mission, given the fact that these policies affect

millions of vapers and smokers (and those around them), who need to share indoor and outdoor spaces at varying levels of

home confinement and mobility constraints, including compulsory domestic confinement in the form of complete or partial

lockdowns, closure of non-essential enterprises, restaurants, colleges, leisure activities, mass gatherings. 

The global response to the pandemic has produced the loss of millions of jobs [14] massive confinement in many

jurisdictions, but conditions have varied in time and in the geography.  Some economies have partly reopened, at least

temporarily, when containment measures seem to have reduced contagion rates, permitting relaxation of involuntary

confinement, but most jurisdictions retain different degrees of economic activity limits with varying social contact limitations

(for a review of global public policies see [15]).  

The social effects and rapid changes associated with the COVID-19 pandemic have produced specific psychosocial

problems that have impacted negatively the mental health of the population living under these strict steps. Forced isolation

has contributed to anxiety, depression [16], factors which should probably lead to a rise in the intake of psychoactive

stimulants, alcohol, cigarettes and nicotine products in certain individuals to alleviate tension and negative feelings. These

situations provide a framework to understand the need for evidence-based arguments to address relevant issues on

smoking and vaping in the context of the COVID-19 pandemic.   

Concern on the possible virus transmission through exhaled ECA or ETS is perfectly legitimate but needs to be placed in

its proper context, specifically in reference to transmission through other respiratory activities within prevention and

containment measures to address the COVID-19 pandemic. Our aim is to contribute useful knowledge that can aid health

authorities and those responsible for public policy planning to better understand how to improve the life and welfare of
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millions of vapers and smokers (and their families) currently under this global pandemic hardship. Regrettably, this

legitimate concern has prompted some public health authorities to overreact by enacting smoking and vaping bans in

outdoor public open spaces, as for example in Spain [17,18]. This is an overzealous and invasive protective measure that

lacks evidence or scientific justification and whose public health benefit is doubtful.

The following disclaimers must be issued: this article does not deal with health risks or potential hazards resulting from

exposure to ECA that are not directly linked to COVID-19, with emphasis on its potential contagion through respiratory

droplets transported by its exhalations. While our main interest is focused on the effects of possible SARS-CoV-2

transmission through exhaled ECA, under certain nuances some aspects of our assessments and discussion apply to ETS

(see section 6).

 

2. Smoking and vaping as risk factors for COVID-19

Although the main topic of this paper is to examine the possibility and scope of COVID-19 contagion through exhaled ECA

and ETS, it is necessary to comment on the legitimate questions about the possible association between smoking and

vaping vs infection among vapers and smokers and the various stages of COVID-19 related disease.  it is also necessary

to review the literature investigating how smokers and vapers cope under the specific conditions of the pandemic.

The WHO [19] and several studies [20,21,22] have identified smoking as a risk factor for COVID-19. This is a rational

assumption, as smoking is a major factor leading to reported vulnerability conditions for COVID-19, such as cardiovascular

ailments, diabetes or chronic lung disease [23,24]. While several studies [25,26,27] have shown a significant under-

representation of smokers among subjects diagnosed with COVID-19 admitted to hospitals, a systematic meta-analysis

[28] has reported that few smokers are actually admitted to hospitals, but that once hospitalized they face a higher risk for

severe outcomes than non-smokers. These findings have prompted research [29,30] to explore the possibility that nicotine

may provide a protective effect by interfering with the biochemistry of viral infection or the deadly overreaction of the

immune system, since more severe outcomes of hospitalized smokers might be consistent with their sudden termination of

nicotine consumption once admitted to hospitals. However, there is also skepticism on the outcomes of studies showing

underrepresentation of smokers among hospitalized patients [31,32], while the nicotine protective hypothesis remains so

far untested.  Therefore, the interrelation between smoking, nicotine and COVID-19 remains so far inconclusive.

Several sources have argued that vaping is also a risk factor for COVID-19 [33,34,35], mostly on the basis of very indirect

evidence of lung inflammatory processes reported from in vitro research, animal models and physiological harms detected

in pulmonary tissue extracted from small samples of human vapers, all of whom are former or current smokers (see [36] for

a review of these studies and [37] for critical appraisal). To claim that these findings provide strong evidence that vaping is

a risk factor for COVID-19 seems to be inconsistent with the apparent absence of vapers among registries of hospitalized

or seriously ill COVID-19 patients. In fact, as compared to reports of smoking and other comorbidities, vaping habits among

hospitalized COVID-19 patients have not been collected up to this date in epidemiological studies.

A recent study by the University of Stanford [38], based on a self-reported internet survey collecting data among young

people aged 13 to 24 years up to 14 May, reported that ever e-cigarette use (exclusive and dual use of tobacco cigarettes)

increases five-fold their odds of a positive COVID-19 result in a PCR test with respect to never users. However, as a

contrast, actual vapers have the same odds for a positive COVID-19 result as never users (thus suggesting lack of

Qeios, CC-BY 4.0   ·   Article, January 14, 2021

Qeios ID: A0N3D8.5   ·   https://doi.org/10.32388/A0N3D8.5 3/21



biological plausibility). Also, the extrapolation of the surveyed sample to the USA population weighed by the 2018 census

is inconsistent with the number of tests performed in this age group at the time of the study (see [39] for criticism of this

article and the authors’ response).  

There are very few studies on smoking/vaping consumer habits during the COVID-19 pandemic. The associations

between vaping and self-reported diagnosed/suspected COVID-19 was examined recently by a research team from the

University College London [40], based on cross-sectional data from the longitudinal online study of UK adults: the HEalth

BEhaviour during the COVID-19 pandemic (HEBECO) study. They found no association between diagnosed/suspected

COVID-19 among never, current, and ex-vapers. Other findings:

Among recent ex-vapers, 17.4% quit vaping as precaution for COVID-19, but 40.7% considered taking up vaping again

since COVID-19, mostly out of stress and boredom.

Among current vapers: 50% did not change vaping habits, 40% increased consumption and 10% decrease

consumption. 

Another study on smoking and vaping habits under COVID-19 was conducted by an Italian team [41]. The study is based

on a self-reporting internet questionnaire on a sample of 1925 participants: exclusive cigarette smokers, dual users of

cigarette and e-cigarettes, dual users of cigarette and heated tobacco products, former smokers, exclusive users of e-

cigarette, exclusive users of heated tobacco products and never smokers.  The main findings are

Dual users of cigarette and e-cigarette and exclusive cigarette smokers perceived that their daily consumption has

slightly decreased.

Most exclusive cigarette smokers have considered quitting but most exclusive e-cigarette users have not considered

stopping the use of e-cigarettes.

About one third of former smokers declared thoughts about starting to smoke again

In spite of their limitations (being cross sectional self-reported surveys), these studies illustrate how COVID-19 may

contribute to the reinforcement of various intentions or behavioral trends.  Many smokers continued to smoke, despite

being aware of the harms from smoking (even ex-smokers declared intentions to smoke again). A continuous stream of

troubling media reports and attempts by health authorities to discourage the use of e-cigarettes described as a COVID-19

risk factor [42], persuaded some vapers to consider stopping vaping or to decrease consumption, but a substantial number

of vapers kept vaping and even increased consumption. These behaviors and behavioral patterns are likely to reflect a

balance between fears of infection or serious illness (often fed by the media or health authorities [42]) and the need to cope

with cravings and tension in pandemic circumstances. These are significant issues that require further research.

3. Exhaled ECA as a visible respiratory flow: direct exposure

The physical and chemical properties of exhaled ECA are essential to infer its capacity to transmit the SARS-CoV-2 virus

through the transport of respiratory droplets. We include here a review of these issues. Readers interested in technical

details are advised to consult [10] and references cited therein.   

Since about 90% of inhaled ECA is retained by the respiratory system [43], ECA is a strongly air diluted aerosol, whose

particulate phase is made of submicron liquid droplets (i.e. diameters below 1 mm) composed of propylene glycol (PG),

vegetable glycerin (VG), nicotine and water [44], with similar composition for its gas phase. As opposed to the “airborne”

pathogen transmission for other respiratory activities, vaping involves an “ECA-borne” transmission carried by a different
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fluid in which respiratory droplets would be accompanied by a far larger number of ECA droplets (bioaerosols particle

numbers are in general far fewer than in non-biological aerosols [45]). 

The diameter distributions of ECA droplets peak at submicron values [10]. This should also hold for respiratory droplets

that would be transported by ECA (see next section).  The few larger ECA and respiratory droplets leave the flow of the

carrier fluid at a rate that depends on their size and follow ballistic trajectories. The larger ones (typical diameters over

20 mm) rapidly settle on the ground or deposit on surfaces before evaporation, while intermediate ones (typical diameters

2-20 mm) might evaporate before settling and remain buoyant longer times. Having little inertia, submicron droplets follow

the flow of the carrier fluid, which for the involved distance scales and temperature gradients can be considered to a good

approximation as isothermal. Optical properties of liquid droplets in large numbers (light scattering, see [10]) make the flow

of ECA a visible cloud [45], i.e. the droplets act as visual tracers of the associated respiratory flow. In fact, aerosols with

submicron droplets (like ECA) approximately evolve like gases with its particles behaving as molecular contaminants and

are thus widely used to visualize respiratory flows [46] (even tobacco smoke has been used for this purpose [47]).  

The fact that exhaled ECA offers an effective visualization of the expired flow is a very significant property

that distinguishes vaping (and smoking) from other respiratory activities potentially transmitting pathogens. This property

has an important psychological dimension: bystanders seeing the expiratory flow potentially carrying pathogens can

instinctively (without scientific training and without undertaking laboratory experiments or computations) position

themselves to avoid direct exposure, something impossible or very hard to do with other expirations that are invisible. This

is also relevant for safety and precautionary concerns, as visualization makes it absolutely clear that direct exposure risk

distances are in the range 1-2 meters but only in the direction of the exhaled jet, with individuals placed in other directions

only facing an indirect exposure risk (whether they wear face masks or not). Nevertheless, it is prudent to maintain a 2

meters separation distance from everyone vaping if you don't wear a face mask.

The instinctive appreciation of the above-mentioned direct exposure distance and direction was rigorously corroborated in

[10] by modeling exhaled ECA as an intermittent turbulent jet, made of ECA diluted in air, evolving into an unstable puff. As

long as the exhalation lasts the jet trusts ECA and its accompanying respiratory droplets (which are also submicron, see

next section) in the direction of the exhaled jet. From estimated exhalation velocities between 0.3 m/s and 3 m/s and

assuming a horizontal exhalation, the model predicts a distance reach for the exhaled jet/puff system between 0.5 to 2

meters. 

The dynamical parameters inferred above assume the low intensity ‘mouth to lung’ (MTL) vaping style practiced by vast

majority (80-90%) of vapers, involving a mouth hold before lung inhalation and using low powered devices (either starter

kits, closed systems or pods). However, 10-20% of vapers practice the more intense ‘direct to lung’ style using high

powered tank devices. As show in [10], this style involves larger exhalation velocities and distance spreads of over 2

meters. In this paper we will only consider the MTL style, as it is the most representative of vapers worldwide. 

Another factor that needs to be considered is the potential effects on respiratory droplets due to the bactericidal and

virucidal properties of glycols contained in ECA, such as PG and VG, which have been tested experimentally. A review of

the data (see [10]) reported in these experiments indicates that environmental disinfection by these glycols is unlikely to

occur under typical e-cigarette use conditions. While there is no experimental evidence that disinfection by these glycols

would work on the SARS-CoV-2 virus, there is also no evidence nor theoretical reasons to assume that these compounds
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(or other compounds present in ECA) could somehow enhance its infective action. Nonetheless, suitable studies should

be established to assess these possibilities even outside the context of vaping.

 

4.  Indirect exposure in shared indoor spaces  

Once the fluid injection terminates (exhalation ends) the ECA jet becomes a highly turbulent roughly ellipsoidal puff that is

rapidly disrupted by turbulent mixing from entrained surrounding air, with the trusted ECA and respiratory droplets drifting

into the surroundings, carried by indoor air currents and remaining buoyant for long times (hours), thus leading to indirect

exposure. To estimate indirect exposure through droplet dynamics it is necessary to incorporate into the model the effects

of turbulent air mixing and thermal convection, as well as (ideally) more realistic conditions, such as a ventilation regime,

heat emission from people and furniture and moving sources, all of which requires more advanced theoretical modeling

and computational methods of fluid mechanics (as for example in [48]). A more complete study would also have to

consider environmental effects (especially temperature and relative humidity) on the dispersing droplets and even the viral

particles themselves (see a review on available evidence on the SARS-CoV-2 virus [49,50]). Instead, we examined

indirect exposure in shared indoor spaces through a simplified exponential risk model based on the rates of expired viral

load through various respiratory activities of actual SARS-CoV-2 data. 

4.1  Respiratory droplets that should be carried by vaping  

To infer and evaluate indirect exposure risk from expiratory activities we need observational data on their expired volume,

rates of respiratory droplet emission and droplet diameters. This data exists for breathing, vocalizing, coughing and

sneezing, but not for vaping and smoking.  Given the lack of experimental evidence on these parameters for exhaled ECA,

we need to resort to appropriate respiratory proxies that resemble vaping and on which such evidence exists. To

accomplish this task we undertake the following steps (see [10] for details): 

 

1. We examine the data on respiratory mechanics of cigarette smoking as a proxy to infer and estimate the exhaled

volume and other respiratory parameters of vaping. This is justified, as most vapers are ex-smokers or current smokers,

2. Since vaping involves mouth inhalation by suction through a mouthpiece, we review the available literature on the

effects of the inspiration/expiration routes and of mouthpieces and nose clips on respiratory mechanics. 

3. Considering the data from the previous steps, we evaluate the exhalation velocities associated with vaping and notice

that they are comparable to measured velocities of mouth breathing. This suggests that mouth breathing can be

considered as an appropriate proxy to estimate droplet emission from vaping.

 

The data from cigarette smoking and mouth breathing gathered by these steps suggests that vaping should:

 

release on average a tidal volume of 700-900 cm3 exhaled ECA diluted in air,  

produce low emission rates: 6-200 (mean 79.82, standard deviation 74.66) respiratory droplets per puff, overwhelmingly

in the submicron range (hence, they should be really droplet nuclei as droplets of this size evaporate instantaneously

once exhaled).
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Submicron respiratory droplet nuclei possibly transported by ECA fall in the range of diameters denoted in medical

literature as “aerosols”. There are claims that these small droplets might play an important (so far unaccounted) role in

spreading the SARS-CoV-2 virus [51,52], as there is evidence that this spread has occurred [2] and it is known (from

droplet dynamics) that they remain buoyant for long periods (hours) and drift long distances (meters). These claims could

be further supported by the detection of SARS-CoV-2 viral RNA in ventilation systems of hospital rooms [53], as well as by

experimental evidence showing that SARS-CoV-2 virus in aerosol droplets remains viable and stable for 3 hours

[49,50,54]. However, these were highly idealized experiments in which the artificially generated bioaerosol might not be an

accurate simulation of droplets (especially small ones or their nuclei) generated in the respiratory system. Their airborne

evolution in closed chambers might be unrepresentative of realistic conditions in indoor and outdoor environments. Also,

detected RNA of SARS-CoV-2 does not necessarily indicate the presence of a viable infectious virus [55]. Therefore, the

scope and frequency of COVID-19 contagion from this type of droplets (which would be the type transported by ECA)

remain controversial (see [4,5])

 

4.2   Relative risk model

 

Given the parameters inferred above, we assessed in [10] the risk of SARS-CoV-2 contagion through indirect exposure to

respiratory droplets in shared indoor spaces by means of a simplified adaptation (which incorporates vaping) of the

exponential dose-response reaction model of Buonanno, Morawska and Stabile, henceforth BMS [56] (see also [57]). BMS

base their analysis on the notion of an infective quanta: the droplet dose necessary to infect 63% of exposed individuals,

with the basic quantity defined as the rate of emitted quanta per hour ERq, proportional to the viral load (RNA copies per

mL) taken from collected data on the SARS-CoV-2 virus, the total volume of exhaled droplets (in mL), the breathing

frequency and the exhalation rate.  To evaluate ERq for different expiratory activities, MBS use available observational

data on emission rates and droplet diameters for breathing and speaking, which we adapt for vaping. 

 

However, ERq also depends on the duration of the expiratory activity. Breathing involves low amounts of emitted quanta,

but it carries on continuously and is not suspended while people talk or cough, and also when they vape or smoke. Talking

and coughing emit significantly higher values of ERq than breathing, but are of short duration, while vaping is also of short

intermittent duration and emits just slightly higher ERq than breathing (but very close). Typically, vaping involves 160-200

puffs per day (in a 16 hours journey), which means 2 minutes employed in 10-13 breaths per hour among the roughly total

average 600-1400 breaths per hour for average adults in rest breathing. 

 

As a consequence of its low intensity and intermittent nature (each puff is roughly one breath long), vaping adds every hour

just a minuscule (roughly 1%) increase of emitted quanta on top of those quanta emitted by continuous (unavoidable) rest

breathing, which can be considered as the baseline “control” state. As a reference, normal speech for 6 minutes in one

hour adds roughly 44% extra infective quanta over this control state. 

 

BMS use an analytic expression for the exponential risk model and consider probability distributions and Montecarlo
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simulations to account for individual variability of infective parameters and susceptible individuals. Instead, we define in

[10] a relative risk of indirect exposure with respect to the above-mentioned control state as the quotient of ERq associated

with a given expiratory activity with respect to ERq for breathing, considering for every expiratory activity (speaking,

coughing and vaping) the fraction of breaths per the hour it lasts. We also simplify the model of BMS by considering only

mean values (50% percentiles) of their probability distributions. Under these assumptions, our quotient that defines the

relative exposure risk provides a good approximation to the analytic expression of BMS and to the risk model of their

earlier paper [57].

 

Assuming that the submicron respiratory droplets from vaping (and other expirations) have been spread uniformly through

an indoor space and considering recent data used by BMS on SARS-CoV-2 viral load and other infection parameters, as

well as their data on droplet size and emission rates and our adaptation of this data to vaping, we evaluated in [10] these

relative risks for a home and restaurant scenarios (12 and 3 hours total exposure) with natural and mechanical ventilation.

The resulting values of added risks computed with respect to the control case are: 

 

1% for vaping (160 daily puffs, 16 hour journey)  

44 % for continuous speaking 10 % of time (6 minutes every hour), up to 176 % for speaking 40 % of time (24 minutes

every hour)   

over 260 % for coughing 30 times per hour.

 

Notice that these are relative risks with respect to a control state defined by continuous breathing without vaping, speaking

or coughing. As a consequence, these results hold for both scenarios and ventilation regimes, though the absolute number

of emitted quanta vary significantly depending on the exposure time, volume of indoor space, number of susceptible

individuals and type of ventilation regime (natural and mechanical). We find that mechanical ventilation decreases

absolute risk for indirect exposure by an order of magnitude for each activity. We display in figure 1 a sketch of the area of

direct exposure for breathing, vaping, speaking and coughing, together with the relative risks for indirect exposure with

respect to the control state of continuous breathing. Notice that only vaping allows for the direct visibility of the area of

direct exposure
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Figure 1. Direct and indirect exposure to various respiratory activities. The figure displays a sketch of the area of

direct exposure for droplet emitters not wearing a face mask and masked bystanders. Notice that the droplet emission is

visible only for vaping, making it easy for bystanders to avoid direct exposure to it. The percentages in the right hand side

denote risks of indirect exposure with respect to the control state of continuous breathing. 

 

5.  Face masks

We did not assume universal wearing of face masks in the analysis of the previous section. While this assumption is well

justified in a home in family scenario in which masks are rarely worn, it is important to discuss its implications in scenarios

where universal wearing of face masks is recommended and complied with. Nevertheless, it is important to remark that

even at the lower level of protection without face masks the analysis of [10] shows that vaping in a shared indoor

space adds only a minuscule additional risk (1%) to indirect exposure with respect to those risks already existing from

continuous breathing. However, as we show in this section, bystanders wearing face masks should be reasonably well

protected once placing themselves outside the area of direct exposure that (in the case of vaping) is clearly visible and

delineated by the exhaled jet (see figure 1).  

Since vaping requires an (at least temporary) removal of the vaper’s face mask, there could be concerns that in shared
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spaces where universal face mask wearing is recommended the exposure to vaping exhalations could necessarily

represent a significant (and worrying) increase of contagion risk to bystanders, even if the latter wear face masks. The key

argument behind these concerns is the notion that mask protection against pathogens carried by respiratory droplets is

only effective when it is reciprocal (i.e. both the droplet emitter and receiver wear masks). Accordingly, vaping would not

meet this protective criterion because of the removal of the face mask. This increase of risk to bystanders (even if wearing

face masks) when there is no reciprocal masking has been widely conveyed in web pages and public messaging

propagating preventive information and resources to address risks of COVID-19 contagion [58]. Concern for this risk is the

main argument behind the outdoor ban on vaping and smoking by the Spanish authorities [17,18]. As we argue below, this

argumentation is unsustainable once we undertake a more realistic risk evaluation.

 

It is known that N95 respirators afford effective protection to wearers [59], but empiric evidence on inward mask protection

from external emissions for the wearer (that would support the need for reciprocal masking) in the most commonly used

surgical masks is scarce, as most studies on mask filtration efficiency deal with outward emission by masked subjects

[60,61]. Inward penetration of a stream of virus transported through artificially generated aerosols into surgical masks worn

by mannequins was examined in two experimental studies. In [62] penetration from the nebulizer stream into the mask

worn by a mannequin located at close range was 67% compared with less than 10% into the N95 respirator. Virus

penetration (in terms of virus titer) into the mask worn by a receiving mannequin was measured in [63] to be significantly

higher (53%) when the emitting mannequin was not wearing a mask compared to 24% when both wore surgical masks

(penetration was 5% with an unmasked emitter and the receiver wearing a fitted N95 respirator). However, the separation

distance is crucial: in [63] measurements were performed at 50 cm separation, with percentages roughly decreasing by

half when made at 1 meter separation.

 

The experiments in [62,63] described above provide (in spite of their idealization) empiric support for the preference of

reciprocal mask wearing at close range, especially for surgical masks. While not measured in [63], it is evident that droplet

penetration would decrease even further at separation distances beyond 1 meter. Thus, the available empiric evidence

supporting a significant loss of protection to a receiving bystander by the lack of reciprocal mask wearing is strictly valid

only when he/she is located in the area of direct exposure. As a consequence, the lack of reciprocal face mask wearing (by

the need for face removal to vape) does not invalidate our risk analysis, which is explicitly valid for bystanders placing

themselves away from the visible direct exposure range (< 2 meters within the exhaled jet), with all those located

everywhere else in the vicinity subjected only to indirect exposure, a situation not contemplated in these experiments (and

also not contemplated in info-graphs and announcements in media conveying information and resources as in [58]). 

 

Direct exposure to pathogens associated with vaping would occur from a stream of droplets transported by the exhaled

ECA jet, whereas indirect exposure is associated with droplets that are rapidly dispersed by turbulent air currents after the

exhaled jet transporting them evolves into an unstable turbulent puff. Wearing a mask is much more protective for

bystanders under this indirect exposure to droplets (most of them submicron nuclei denoted usually as “aerosols”)

dispersed in a much larger air volume, even if they can drift for extended times along erratic trajectories. The protection
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afforded by a face mask against exposure to these small droplet nuclei is necessarily much more efficient, and not

comparable, to the protection afforded against direct exposure characterized by a rapidly moving directional stream of

droplets localized in the much smaller volume of the exhaled jet (all this besides the fact that the scope of SARS-CoV-2

transmission through “aerosols” is still uncertain and controversial). 

 

In fact, to know whether the emitter is masked or not loses relevance under the conditions of indirect exposure to

submicron droplet nuclei (i.e. aerosols”) in large spaces. While an emitter can be identified in a home scenario with few

household family members, in larger micro environments (restaurant terrace or outdoors) an emitter might be very hard (or

impossible) to identify among the many occupants, so that the risk evaluation in practical terms rests mostly on the

protective gear worn by the receiver. 

 

If face masks are universally worn in a home scenario (an extremely unusual situation) or in any other shared indoor or

outdoor space it would be necessary to recalculate the risk assessment undertaken in [10], since the baseline control state

of continuous breathing would involve a lower level of emission of infective quanta (depending on the outward filtration

efficiency of the masks). However, while the intermittent emission from a vaper not wearing a mask (while vaping) remains

the same, the face masks worn by everybody else would protect them from indirect exposure to this emission. As we have

argued, invoking a sharp increase of risk for a lack of reciprocal masking makes no sense in large open spaces and can be

reasonably handled by recommending bystanders to wear face masks and avoid the area of direct exposure (see figure 1).

It can be argued that vapers could remain mask-free for periods longer than the duration of intermittent puffs when vaping,

but this depends on the incentives that the social context to induce them (or for those who eat and drink) to remain mask-

free. We discuss this issue in section 7.2.

 

6.  Vaping vs smoking

Like ECA, ETS (environmental tobacco smoke) is also an aerosol whose particulate matter lies overwhelmingly in the

submicron range. However, its solid and liquid particles (the TAR: tobacco aerosol residue) and its gas phase are

characterized by a considerably higher level of chemical complexity and toxicity than ECA gas phase and particles

(droplets made of PG, VG, nicotine and water [44]). Unlike ECA, whose only source is the mainstream emission from the

exhalation of the vaper, ETS has two sources: in addition to the mainstream emission from the exhalation of the smoker,

approximately 80% of the aerosol mass emitted into the environment comes from the side stream emission from the

cigarette's burning/smouldering tip [64].

 

As far as the characteristics of potentially carried respiratory droplets, distance for direct exposure and indirect exposure

risks to SARS-CoV-2, the results obtained in [10] (summarized in previous sections) apply only to mainstream ETS, as

side stream emissions do not come from the respiratory system.  As a consequence, pathogen transmission (including

SARS-CoV-2) is a truly minor issue among health hazards from indoor exposure to ETS.

We emphasize that mitigation and prevention policies must bear in mind that, aside for SARS-CoV-2 transmission, vaping

and smoking in indoor spaces represent completely different exposure risks.  Studies of exhaled ECA that express
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concern on health risks from exposure to its “particles” [65] or from their deposition in the respiratory system [66], often

overlook the fact that these “particles” are liquid droplets made of low toxicity compounds: PG, VG, nicotine and water [44].

There is no evidence of harm to bystanders exposed to exhaled ECA derived from inhaling these droplets, which are not

comparable with particulate matter of combustible sources like ETS or air pollution, even if their number densities and

diameters might be comparable.  

While ETS is a serious indoor pollutant (specially in poorly ventilated spaces), exhaled ECA poses negligible health risk to

bystanders. This assessment follows not only from the much higher content of toxicants in the particulate and gas phases

of ETS (especially side stream emissions), but from the duration of the exposure, a crucial factor that determines the total

load of inhaled toxicants. Bystanders are exposed to exhaled ECA in indoor spaces for very short periods, as its mean life

is 10-20 seconds per exhalation, while their exposure to ETS is of long duration with mean life up to 40 minutes per

exhalation (see [67,68]).  This significant difference follows from their distinct physicochemical properties: ECA droplets

rapidly evaporate into the rapidly diluting and dispersing supersaturated gas phase.  As a contrast, both phases of ETS

have a large non-volatile content that does not evaporate, but ages and lingers long periods in the environment, with its

solid and liquid particles slowly settling gravitationally or depositing in surfaces and walls [67,68].

 

7.  Implications for prevention and containment policies

7.1    Home confinement 

The home scenario is especially relevant to assess COVID-19 transmission from vaping and other expiratory activities

during home confinement, which is the indoor scenario that has affected most of the population in the current pandemic at

global scale. Home confinement is relevant, not only when containment measures have required a strict mandatory

lockdown, but also under less strict conditions of a mitigating strategy which allows for a partial reopening of economic

activity, but still advises the population to stay at home as long as possible. 

The pandemic has been characterized by a broad geographical and temporal variance in the severity of conditions, with

increasing rates of infection and hospitalization leading to restrictions on social and business practices, closure of

restaurants, bars, shops and non-essential industries, both of which suggest a rise in the proportion of the population at

least partially under home confinement. For example, this was reported in a survey conducted in an important jurisdiction

like New York City between September and November across 46 thousand data points, showing that 73.84 % of new

COVID-19 cases come from in-home meetings, 7.81 % from healthcare delivery and just 1.43 % from bars and restaurants

[69]. 

The home scenario fits the indoor conditions that large numbers of vapers and smokers (and their families) must endure for

a range of large periods under home confinement in which face masks are not usually worn. The 2 meters separation to

avoid direct exposure and the risk assessment for indirect exposure, summarized in previous sections, provide valuable

contextual information for safety policies in this scenario (face mask wearing is not an issue as they are seldom worn at

home). Vaping with the average frequency of 160-200 puffs in a 16 hour journey only adds a minuscule (∼ 1%) extra

contagion risk by indirect exposure with respect to the control case scenario of continuous breathing. It is therefore crucial

that preventive measures should take into account that recommending abstention from vaping at home merely produces a

negligible improvement in protection, with the potentially undesired effect of increasing the level of stress and anxiety of

Qeios, CC-BY 4.0   ·   Article, January 14, 2021

Qeios ID: A0N3D8.5   ·   https://doi.org/10.32388/A0N3D8.5 12/21



vapers and their families under confinement. Containment and prevention strategies should also take into account that

promoting abstinence from vaping at home makes no sense when speaking (whose abstinence is not advised by a

sensible policy) exposes household members to a substantially greater increase in relative risk (44 % to 176 %for

speaking 6 and 24 minutes every hour).

As we commented in section 6, containment and prevention measures must distinguish between exhaled ECA and ETS.

While exposure to ETS under home confinement can be hazardous pollutant for vulnerable individuals (specially in poorly

ventilated spaces), it is not an important transmission vector for COVID-19. 

 

7.2    Restaurants and outdoor environments

The prohibition of vaping inside homes has not been proposed by prevention or containment strategies (it would be an

extremely ineffective and invasive action that would not increase safety), though many jurisdictions have banned vaping in

publicly shared indoor spaces before the current pandemic: restaurants, bars, malls, bus and train terminals, airports, etc.

However, vaping is typically tolerated outdoors and often in enclosed or open terraces adjacent to bars and restaurants,

areas that may not be closed to the public under less extreme pandemic conditions.

 

As opposed to home scenarios where face masks are seldom worn, prevention and mitigation measures strongly

encourage universal face mask wearing in all publicly shared indoor and outdoor spaces, a suggestion that is usually

taken up by the public in most countries and regions with fair implementation. As we argued in section 5, the increase of

risk due to the temporary face mask removal needed to vape is practically inconsequential if bystanders wear face masks

and avoid the area of direct exposure (the visible exhaled jet, see figure 1). However, the frequency and consequences of

face mask removal depend on the incentives for this in specific contexts of social interaction. We can broadly highlight the

following representative contexts: 

 

A bar or restaurant terrace where vaping is allowed.  While keeping the recommended 1.5-2.0 meters separation

distance, a convivial atmosphere provides a lot of incentives to remove face masks (necessary for eating and drinking).

People eating and drinking tend to speak to each other. If pandemic containment conditions become sufficiently relaxed

to tolerate the risk involved when mask-less patrons spray respiratory droplets while eating, drinking and speaking, then

there is no reason to object to the convivial spraying by vaping happening at the same time (if vaping is allowed),

especially considering that it involves a lesser contribution to a possible contagion than speaking, coughing or even

continuous breathing for extended periods without mask wearing. While vaping would seem to represent a higher

contagion risk because it is visible (while droplet emissions from speaking and cough are invisible), it is precisely the

opposite: its visibility is what makes it safer because it clearly delineates its area of direct exposure (as shown in figure

1). 

 

Open outdoor spaces. For example, walking in the street or a park, or in a large volume covered space, like a stadium

or a mall (assuming that vaping is allowed). Contagion risks significantly decrease with respect to those of indoor

spaces, as droplet emissions are rapidly scattered and dispersed by the surrounding circulating air. Vapers in this
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scenario have much more incentives to wear face masks while not vaping (which involves 10-15 breaths per hour).

Also, it is far easier in large open spaces for bystanders wearing masks to keep a recommended safe distance and to

avoid the visible range of direct exposure delineated by the exhaled jet.

=

We remark that keeping a reasonable separation distance is as important for preventing contagion as face mask wearing,

as the most commonly used masks (surgical or cotton) are far from achieving full efficiency in blocking direct exposure to

emitted droplets. Mask usage for extended periods can be extenuating and cannot be rigidly maintained and enforced 100

% of time in shared spaces, thus tolerating a margin of extra exposure due to intermittent face mask removal or adjustment

is unavoidable and even necessary for civilized coexistence.

 

It is important to mention that vaping also involves contagion risks not related to aerial transmission, as it necessarily

requires touching and tampering with a device inserted in the mouth and there is evidence of viral transmission through

surfaces and fomites [49,50]. Vaping could also involve fomite contamination when touching and manipulating the mask to

remove it in order to vape. However, the same risks of transmission through fomites are present in everyday activities,

especially while drinking or eating, and even when manipulating the mask out of fatigue and discomfort for prolonged

wearing without participating in any specific activity. These risks are unavoidable and can be easily tackled by simple

hygiene prevention. There is no rational reason to emphasize these risks and to assign to them special concern only when

vaping or smoking are involved.

 

Considering the points raised above, to prohibit vaping in fully open outdoor spaces alluding mask removal or possible

fomite transmission has a weak and extremely speculative justification, more so in open spaces like restaurant terraces or

outdoors. Unfortunately, the Inter-Territorial Council of the National Health System in Spain has precisely invoked in its

positioning document [18] the need for protection of the public from COVID-19 contagion on these weak basis to justify a

nationwide ban on smoking and vaping in all outdoor spaces (even fully open spaces) where an interpersonal separation

distance of 2 meters cannot be guaranteed, an intervention that is evidently unenforceable and subject to potential abuse

and conflict.

 

Spanish health authorities do not provide empiric evidence that actual COVID-19 contagion through vaping or smoking

exhalations has occurred nor a coherent technical justification supporting its plausibility, but nevertheless they invoke the

precautionary principle to justify the enforcement of this ban at least for the duration of the pandemic. As we demonstrate in

this paper on the basis of our rigorous analysis in [10] and further arguments described in sections 5 and 7, the visibility of

the exhaled jet allows bystanders wearing face masks to avoid the risk for direct exposure (identified as the main

contagion route), with the same masks protecting them from indirect exposure. To target exhalations from vaping and

smoking as especially dangerous contagion vectors for COVID-19 is an extreme and invasive implementation of the

precautionary principle that lacks a proper scientific basis derived from current knowledge on droplet dynamics and

emissions of expiratory activities carrying the SARS-CoV-2 virus (or any other pathogen). 
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8.  Conclusion

Since a significant number of vapers have quit smoking by taking up vaping, it is crucial that mitigation and prevention

strategies do not lead to an environment (with or without confinement) that may cause these ex-smokers to relapse to

smoking. This could happen if they (and/or their family members) become misinformed by exaggerated or misleading

claims about vaping, like unsubstantiated claims that link vaping and COVID-19, or using the crisis of lung injuries that

occurred in the USA in 2019 (the so-called “EVALI” or “e-cigarette, vaping lung injury” crisis) to issue the false claim that it

is equally (or more) harmful than smoking. Vapers may also relapse to smoking if vaping shops are ordered to close while

cigarettes remain accessible in convenience stores, as has happened in many jurisdictions [70,71,72] but not in others

[73]. As commented before, cravings and anxiety can be undesired psychological byproducts of long term confinement and

can increase consumption among smokers and vapers, or induce ex-smokers or ex-vapers to relapse. In this case, it is

preferable to favor the increase of consumption or the relapse to e-cigarettes, the less harmful product.

The risk for direct and indirect COVID-19 contagion from indoor vaping expirations does exist and must be taken into

consideration. However, this risk must be understood with reference to its potential to transport respiratory droplets in the

context of markers and parameters of other expiratory activities. Therefore, as far as protection against the SARS-CoV-2

virus is concerned, vaping does not require particular additional interventions, other than those already suggested for the

general public, in the home scenario or in shared social spaces: social distance and face masks. Vapers should be

advised to be alert to non-vapers' issues and worries while sharing indoor spaces or dwellings or when near to other

residents, to use low-powered devices for low-intensity vaping for increasing safety and to keep a high standard of hygiene

when using their devices. Vapers, however, also deserve sensitivity, courtesy and tolerance.

 

Competing interests

 

RAS has no competing interests to declare.

 

EG is currently employed by Myriad Pharmaceuticals, an independent company that manufactures e-liquids and vaping

devices in New Zealand. She also provides consultancy work on research and development, regulatory affairs support,

and formulation to several independent vaping companies in the Pacific Region. In the past she has worked for several

pharmaceutical companies, including GlaxoSmithKline and Genomma Lab. She is also a member of the standards

committee of the VTANZ and UKVIA.

 

RP is full time employee of the University of Catania, Italy. In relation to his work in the area of tobacco control and

respiratory diseases, RP has received lecture fees and research funding from Pfizer, GlaxoSmithKline, CV Therapeutics,

NeuroSearch A/S, Sandoz, MSD, Boehringer Ingelheim, Novartis, Duska Therapeutics, and Forest Laboratories. He has

also served as a consultant for Pfizer, Global Health Alliance for treatment of tobacco dependence, CVTherapeutics,

NeuroSearch A/S, Boehringer Ingelheim, Novartis, Duska Therapeutics, Alfa-Wassermann, Forest Laboratories, ECITA

(Electronic Cigarette Industry Trade Association, in the UK), Arbi Group Srl., and Health Diplomats. RP is the Founder of

the Center of Excellence for the acceleration of Harm Reduction at the University of Catania (CoEHAR), which has

Qeios, CC-BY 4.0   ·   Article, January 14, 2021

Qeios ID: A0N3D8.5   ·   https://doi.org/10.32388/A0N3D8.5 15/21



received a grant from Foundation for a Smoke Free World to develop and carry out 8 research projects. RP is also

currently involved in the following pro bono activities: scientific advisor for LIAF, Lega Italiana Anti Fumo (Italian acronym

for Italian Anti Smoking League) and Chair of the European Technical Committee for standardization on Requirements

and test methods for emissions of electronic cigarettes (CEN/TC 437; WG4)

 

 

References

[1] WHO. The impact of the COVID-19 pandemic response on other health research. Bulletin of the World Health

Organization. doi: http://dx.doi.org/10.2471/BLT.20.257485, 2020, Vols. 98:625-631; CDC, Scientific Brief: SARS-CoV-2

and Potential Airborne Transmission, https://www.cdc.gov/coronavirus/2019-ncov/more/scientific-brief-sars-cov-2.html

[2] ] Y. Liu, Z. Ning, Y. Chen, M. Guo, Y. Liu, N. K. Gali, L. Sun, Y. Duan, J. Cai, D. Westerdahl, et al., Aerodynamic

analysis of sars-cov-2 in two Wuhan hospitals, Nature 582 (7813) (2020) 557–560

[3] L. Morawska, J. Cao, Airborne transmission of sars-cov-2: The world should face the reality, Environment International

(2020) 105730

[4] M. Jayaweera, H. Perera, B. Gunawardana, J. Manatunge, Transmission of covid-19 virus by droplets and aerosols: A

critical review on the unresolved dichotomy, Environmental Research (2020) 109819.

[5] E. Y. Shiu, N. H. Leung, B. J. Cowling, Controversy around airborne versus droplet transmission of respiratory viruses:

implication for infection prevention, Current opinion in infectious diseases 32 (4) (2019) 372–379

[6] B. Bake, P. Larsson, G. Ljungkvist, E. Ljungström, A. Olin, Exhaled particles and small airways, Respiratory research 20

(1) (2019) 8

[7] S. Asadi, A. S. Wexler, C. D. Cappa, S. Barreda, N. M. Bouvier, W. D. Ristenpart, Aerosol emission and superemission

during human speech increase with voice loudness, Scientific reports 9 (1) (2019) 1–10

[8] Zayas, G., Chiang, M.C., Wong, E. et al. Cough aerosol in healthy participants: fundamental knowledge to optimize

droplet-spread infectious respiratory disease management. BMC Pulm Med 12, 11 (2012)

[9] Han, Z. Y., Weng, W. G., & Huang, Q. Y. (2013). Characterizations of particle size distribution of the droplets exhaled by

sneeze. Journal of the Royal Society Interface, 10(88), 20130560

[10] Sussman, R. A. Golberstein, E. and Polosa, R. Aerial transmission of SARS-CoV-2 virus (and pathogens in general)

through environmental e-cigarette aerosol.

 medRxiv 2020.11.21.20235283;      doi: https://doi.org/10.1101/2020.11.21.20235283

[11] Ahmed, N., Maqsood, A., Abduljabbar, T., & Vohra, F. (2020). Tobacco Smoking a Potential Risk Factor in

Transmission of COVID-19 Infection. Pakistan journal of medical sciences, 36(COVID19-S4), S104–

S107. https://doi.org/10.12669/pjms.36.COVID19-S4.2739

[12] Ali Ehsan Sifat, Saeideh Nozohouri, Heidi Villalba, Bhuvaneshwar Vaidya and Thomas J. Abbruscato Journal of

Pharmacology and Experimental Therapeutics October 8, 2020, JPET-MR-2020-000170;

DOI: https://doi.org/10.1124/jpet.120.000170

[13] Mahabee-Gittens, E. M., Merianos, A. L., & Matt, G. E. (2020). Letter to the editor regarding:“an imperative need for

research on the role of environmental factors in transmission of novel coronavirus (COVID-19)”—secondhand and

Qeios, CC-BY 4.0   ·   Article, January 14, 2021

Qeios ID: A0N3D8.5   ·   https://doi.org/10.32388/A0N3D8.5 16/21

https://www.cdc.gov/coronavirus/2019-ncov/more/scientific-brief-sars-cov-2.html
https://doi.org/10.1101/2020.11.21.20235283
https://doi.org/10.12669/pjms.36.COVID19-S4.2739
https://doi.org/10.1124/jpet.120.000170


thirdhand smoke as potential sources of COVID-19. Environmental science & technology, 54(9), 5309-5310.

[14] ILO Monitor: COVID-19 and the world of work. 2nd ed. Geneva: International Labour Organization; 2020. Available

from: https:// www .ilo .org/ wcmsp5/ groups/ public/ @ dgreports/ @ dcomm/ documents/ briefingnote/ wcms _740877 .pdf

[cited 2020 Jul 1]

[15]  S. Hsiang, D. Allen, S. Annan-Phan, K. Bell, I. Bolliger, T. Chong, H. Druckenmiller, L. Y. Huang, A. Hultgren, E.

Krasovich, et al., The effect of large-scale anti-contagion policies on the covid-19 pandemic, Nature 584 (7820) (2020)

262–267

[16]  Mental health and psychosocial considerations during the COVID-19 outbreak. Geneva: World Health Organization;

2020. Available from: https:// www .who .int/ docs/ default -source/ coronaviruse/ mental -health -considerations .pdf ?

sfvrsn = 6d3578af _2  [cited  2020  Jul  1].

[17] Martinez, Josefa Cantero. The conversation.com. [Online] August 17, 2020 (in

Spanish) https://theconversation.com/prohibicion-de-fumar-en-calles-y-terrazas-por-la-covid-19-una-medida-difusa-y-

temporal-144555;  

[18] Official positioning by The Inter-Territorial Council of the National Health System of Spain  (In Spanish) 

https://www.mscbs.gob.es/ciudadanos/proteccionSalud/tabaco/docs/Posicionamiento_TyR_COVID19.pdf

[19] WHO. Smoking and COVID-19. Scientific Brief. https://www.who.int/news-room/commentaries/detail/smoking-and-

covid-19

[20] Vardavas CI, Nikitara K, COVID-19 and smoking: A systematic review of the evidence  Tob. Induc. Dis.

2020;18(March):20 [link] DOI: https://doi.org/10.18332/tid/119324

 

[21] Patanavanich, R., & Glantz, S. A. (2020). Smoking is associated with COVID-19 progression: a meta-analysis.

Nicotine & Tobacco Research

 

[22] Karanasos, A., Aznaouridis, K., Latsios, G., Synetos, A., Plitaria, S., Tousoulis, D., & Toutouzas, K. (2020). Impact of

smoking status on disease severity and mortality of hospitalized patients with COVID-19 infection: a systematic review and

meta-analysis. Nicotine & tobacco research

 

[23] Surveillances, V. (2020). The epidemiological characteristics of an outbreak of 2019 novel coronavirus diseases

(COVID-19)—China, 2020. China CDC Weekly, 2(8), 113-122.

 

[24] Docherty, A. B., Harrison, E. M., Green, C. A., Hardwick, H. E., Pius, R., Norman, L., & Merson, L. (2020). Features of

20 133 UK patients in hospital with covid-19 using the ISARIC WHO Clinical Characterisation Protocol: prospective

observational cohort study. bmj, 369.

 

[25] Farsalinos, K., Barbouni, A., & Niaura, R. (2020). Systematic review of the prevalence of current smoking among

hospitalized COVID-19 patients in China: could nicotine be a therapeutic option?. Internal and Emergency Medicine, 1-8

 

Qeios, CC-BY 4.0   ·   Article, January 14, 2021

Qeios ID: A0N3D8.5   ·   https://doi.org/10.32388/A0N3D8.5 17/21

https://theconversation.com/prohibicion-de-fumar-en-calles-y-terrazas-por-la-covid-19-una-medida-difusa-y-temporal-144555
https://www.mscbs.gob.es/ciudadanos/proteccionSalud/tabaco/docs/Posicionamiento_TyR_COVID19.pdf
https://www.who.int/news-room/commentaries/detail/smoking-and-covid-19
https://doi.org/10.18332/tid/119324


[26] Israel, A., Feldhamer, I., Lahad, A., Levin-Zamir, D., & Lavie, G. (2020). Smoking and the risk of COVID-19 in a large

observational population study. medRxiv

 

[27] Hippisley-Cox J, Young D, Coupland C, et al. Risk of severe COVID-19 disease with ACE inhibitors and angiotensin

receptor blockers: cohort study including 8.3 million people. Heart Epub ahead of print: [please include Day Month Year].

doi:10.1136/heartjnl-2020-317393

 

[28] Farsalinos, K., Barbouni, A., Poulas, K., Polosa, R., Caponnetto, P., & Niaura, R. (2020). Current smoking, former

smoking, and adverse outcome among hospitalized COVID-19 patients: a systematic review and meta-analysis.

Therapeutic advances in chronic disease, 11, 2040622320935765

 

[29] Farsalinos, K., Angelopoulou, A., Alexandris, N., & Poulas, K. (2020). COVID-19 and the nicotinic cholinergic system.

European Respiratory Journal

 

[30] Farsalinos, K., Niaura, R., Le Houezec, J., Barbouni, A., Tsatsakis, A., Kouretas, D.,& Poulas, K. (2020). Nicotine and

SARS-CoV-2: COVID-19 may be a disease of the nicotinic cholinergic system. Toxicology Reports. 

 

[31] Wenzl, T., Smoking and COVID-19 - A review of studies suggesting a protective effect of smoking against COVID-19,

EUR 30373 EN, Publications Office of the European Union, Luxembourg, 2020, ISBN 978-92-76-22062-6 (online),

doi:10.2760/564217 (online), JRC121837

 

[32] Jackson SE, Brown J, Shahab L, et al COVID-19, smoking and inequalities: a study of 53 002 adults in the UK

Tobacco Control Published Online First: 21 August 2020. doi: 10.1136/tobaccocontrol-2020-055933

[33] S.A. Glantz, Reduce your risk of serious lung disease caused by corona virus by quitting smoking and vaping. 

https://tobacco.ucsf.edu/reduce-your-risk-serious-lung-disease-caused-corona-virus-quitting-smoking-and-vaping

[34] Tanya Lewis. Smoking or Vaping May Increase the Risk of Severe Coronavirus Infection. Scientific American. 17

March. https://www.scientificamerican.com/article/smoking-or-vaping-may-increase-the-risk-of-a-severe-coronavirus-

infection1/

[35] McAlinden KD, Eapen MS, Lu W, et al. COVID-19 and vaping: risk for increased susceptibility to SARS-CoV-2

infection?. Eur Respir J 2020; in press (https://doi.org/10.1183/13993003.01645-2020)

[36] J.E. Gotts et al.  What are the respiratory effects of e-cigarettes? BMJ

2019;366:l5275. doi: https://doi.org/10.1136/bmj.l5275

[37] Polosa R, O’Leary R, Tashkin D, Emma R & Caruso M (2019) The effect of e-cigarette aerosol emissions on

respiratory health: a narrative review, Expert Review of Respiratory

Medicine. https://www.tandfonline.com/doi/full/10.1080/17476348.2019.1649146

[38] Shivani Mathur Gaiha, Jing Cheng, Bonnie Halpern-Felsher. Association Between Youth Smoking, Electronic

Cigarette Use, and COVID-19. Journal of Adolescent Health. doi: https://doi.org/10.1016/j.jadohealth.2020.07.002, 2020

Qeios, CC-BY 4.0   ·   Article, January 14, 2021

Qeios ID: A0N3D8.5   ·   https://doi.org/10.32388/A0N3D8.5 18/21

https://tobacco.ucsf.edu/reduce-your-risk-serious-lung-disease-caused-corona-virus-quitting-smoking-and-vaping
https://www.scientificamerican.com/article/smoking-or-vaping-may-increase-the-risk-of-a-severe-coronavirus-infection1/
https://doi.org/10.1136/bmj.l5275
https://www.tandfonline.com/doi/full/10.1080/17476348.2019.1649146


[39] See the section Letter to the editor, Journal of Adolescent Health. Volume 68, ISSUE 1, P213, January 01, 2021.

https://www.jahonline.org/article/S1054-139X(20)30565-6/fulltext.

[40] Associations between vaping and Covid-19: cross-sectional findings from the HEBECO study; Dimitra Kale,

Aleksandra Herbec, Olga Perski, Sarah E Jackson, Jamie Brown, Lion Shahab medRxiv 2020.12.01.20241760;

doi: https://doi.org/10.1101/2020.12.01.20241760

[41] Caponnetto P, Inguscio L, Saitta C, Maglia M, Benfatto F, Polosa R. Smoking behavior and psychological dynamics

during COVID-19 social distancing and stay-at-home policies: A survey. . Health Psychol Res. . doi:

10.4081/hpr.2020.9124, 2020, 8(1):9124.

[42] New Evidence on Substance Use Disorders and COVID-19 Susceptibility, N. Volkow, NIDA. 

https://www.drugabuse.gov/about-nida/noras-blog/2020/10/new-evidence-substance-use-disorders-covid-19-susceptibility

[43] G. St. Helen, C. Havel, D. A. Dempsey, P. Jacob III, N. L. Benowitz, Nicotine delivery, retention and pharmacokinetics

from various electronic cigarettes, Addiction 111 (3) (2016) 535–544 

[44] D. Gregory, E. A. Parmentier, T. Irene, S. Ruth, Tracing the composition of single e-cigarette aerosol droplets in situ by

laser-trapping and raman scattering, Scientific Reports (Nature Publisher Group) 10 (1)

[45] L. S. Ruzer, N. H. Harley, Aerosols handbook: measurement, dosimetry, and health effects, CRC press, 2012; see also

W. C. Hinds, Aerosol technology: properties, behavior, and measurement of airborne particles, John Wiley & Sons, 1999

[46] Z. Ai, C. M. Mak, N. Gao, J. Niu, Tracer gas is a suitable surrogate of exhaled droplet nuclei for studying airborne

transmission in the built environment, in: Building Simulation, Springer, 2020, pp. 1–8 

[47] J. K. Gupta, C.-H. Lin, Q. Chen, Characterizing exhaled airflow from breathing and talking, Indoor air 20 (1) (2010) 31–

39

[48] V. Vuorinen, M. Aarnio, M. Alava, V. Alopaeus, N. Atanasova, M. Auvinen, N. Balasubramanian, H. Bordbar, P. Erasto,

R. Grande, et al., Modelling aerosol transport and virus exposure with numerical simulations in relation to SARS-CoV-2

transmission by inhalation indoors, Safety Science 130 (2020) 104866

[49] Fiorillo, L.; Cervino, G.; Matarese, M.; D’Amico, C.; Surace, G.; Paduano, V.; Fiorillo, M.T.; Moschella, A.; La Bruna, A.;

Romano, G.L., et al. COVID-19 Surface Persistence: A Recent Data Summary and Its Importance for Medical and Dental

Settings. In Int J Environ Res Public Health, 2020; Vol. 17, p 3132

[50] Cervino, G.; Fiorillo, L.; Surace, G.; Paduano, V.; Fiorillo, M.T.; De Stefano, R.; Laudicella, R.; Baldari, S.; Gaeta, M.;

Cicciù, M. SARS-CoV-2 Persistence: Data Summary up to Q2 2020. In Data, 2020; Vol. 5, p 81

[51] L. Morawska, D. K. Milton, It is time to address airborne transmission of coronavirus disease 2019 (covid-19), Clinical

Infectious Diseases.

[52] L. Morawska, J. Cao, Airborne transmission of sars-cov-2: The world should face the reality, Environment International

(2020) 105730

[53] P. Y. Chia, K. K. Coleman, Y. K. Tan, S. W. X. Ong, M. Gum, S. K. Lau, X. F. Lim, A. S. Lim, S. Sutjipto, P. H. Lee, et

al., Detection of air and surface contamination by sars-cov-2 in hospital rooms of infected patients, Nature communications

11 (1) (2020) 1–7

[54] N. Van Doremalen, T. Bushmaker, D. H. Morris, M. G. Holbrook, A. Gamble, B. N. Williamson, A. Tamin, J. L. Harcourt,

N. J. Thornburg, S. I. Gerber, et al., Aerosol and surface stability of SARS-CoV-2 as compared with sars-cov-1, New

Qeios, CC-BY 4.0   ·   Article, January 14, 2021

Qeios ID: A0N3D8.5   ·   https://doi.org/10.32388/A0N3D8.5 19/21

https://doi.org/10.1101/2020.12.01.20241760
https://www.drugabuse.gov/about-nida/noras-blog/2020/10/new-evidence-substance-use-disorders-covid-19-susceptibility


England Journal of Medicine 382 (16) (2020) 1564–1567

[55] J. Bullard, K. Dust, D. Funk, J. E. Strong, D. Alexander, L. Garnett, C. Boodman, A. Bello, A. Hedley, Z. Schiffman, et

al., Predicting infectious SARS-CoV-2 from diagnostic samples, Clinical Infectious Diseases 

[56] Buonanno, G., Morawska, L., & Stabile, L. (2020). Quantitative assessment of the risk of airborne transmission of

SARS-CoV-2 infection: prospective and retrospective applications.

[57] G. Buonanno, L. Stabile, L. Morawska, Estimation of airborne viral emission: quanta emission rate of sars-cov-2 for

infection risk assessment, Environment International (2020) 105794

[58] #MaskUpUtah: Wear a Mask to Protect Others. Intermountain Healthcare. COVID-19 Information and Resources. 

https://intermountainhealthcare.org/covid19-coronavirus/mask-up-utah/

[59] Bałazy, A., Toivola, M., Adhikari, A., Sivasubramani, S. K., Reponen, T., & Grinshpun, S. A. (2006). Do N95 respirators

provide 95% protection level against airborne viruses, and how adequate are surgical masks?. American journal of

infection control, 34(2), 51-57.

[60] N. H. Leung, D. K. Chu, E. Y. Shiu, K.-H. Chan, J. J. McDevitt, B. J. Hau, H.-L. Yen, Y. Li, D. K. Ip, J. M. Peiris, et al.,

Respiratory virus shedding in exhaled breath and efficacy of face masks, Nature medicine 26 (5) (2020) 676–680

[61] S. Asadi, C. D. Cappa, S. Barreda, A. S. Wexler, N. M. Bouvier, W. D. Ristenpart, Efficacy of masks and face coverings

in controlling outward aerosol particle emission from expiratory activities, Scientific reports 10 (1) (2020) 1–13

[62] Bowen, L. E. Does that face mask really protect you?. Appl. Biosaf.15, 67–71 (2010).

[63] Ueki H, Furusawa Y, Iwatsuki-Horimoto K, Imai M, Kabata H, Nishimura H,Kawaoka Y. 2020. Effectiveness of face

masks in preventing airborne transmission of SARS-CoV-2. mSphere 5:e00637-

20.https://doi.org/10.1128/mSphere.00637-20

[64] Centers for Disease Control and Prevention (US); National Center for Chronic Disease Prevention and Health

Promotion (US); Office on Smoking and Health (US). How Tobacco Smoke Causes Disease: The Biology and Behavioral

Basis for Smoking-Attributable Disease: A Report of the Surgeon General. Atlanta (GA): Centers for Disease Control and

Prevention (US); 2010. 3, Chemistry and Toxicology of Cigarette Smoke and Biomarkers of Exposure and Harm. Available

from: https://www.ncbi.nlm.nih.gov/books/NBK53014/

[65] Grana, R., Benowitz, N., & Glantz, S. A. (2014). E-cigarettes: a scientific review. Circulation, 129(19), 1972-1986

[66] Protano, C., Manigrasso, M., Avino, P., & Vitali, M. (2017). Second-hand smoke generated by combustion and

electronic smoking devices used in real scenarios: Ultrafine particle pollution and age-related dose assessment.

Environment international, 107, 190-195.

[67] T. Zhao, C. Nguyen, C.-H. Lin, H. R. Middlekauff, K. Peters, R. Moheimani, Q. Guo, Y. Zhu, Characteristics of

secondhand electronic cigarette aerosols from active human use, Aerosol Science and Technology 51 (12) (2017) 1368–

1376.

[68] D. Martuzevicius, T. Prasauskas, A. Setyan, G. O’Connell, X. Cahours, R. Julien, S. Colard, Characterization of the

spatial and temporal dispersion differences between exhaled e-cigarette mist and cigarette smoke, Nicotine and Tobacco

Research 21 (10) (2019) 1371–1377

[69] 74% of New York’s COVID spread is coming from at-home gatherings 

https://www.6sqft.com/74-of-new-yorks-covid-spread-is-coming-from-at-home-gatherings/

Qeios, CC-BY 4.0   ·   Article, January 14, 2021

Qeios ID: A0N3D8.5   ·   https://doi.org/10.32388/A0N3D8.5 20/21

https://intermountainhealthcare.org/covid19-coronavirus/mask-up-utah/
https://www.ncbi.nlm.nih.gov/books/NBK53014/
https://www.6sqft.com/74-of-new-yorks-covid-spread-is-coming-from-at-home-gatherings/


[70] Berg, C. J., et al. Vape shop and consumer activity during COVID-19 non-essential business closures in the USA.

Tobacco control, p. tobaccocontrol-2020-056171

[71] Karolien Adriaens, Dinska Van Gucht, Sven Van Lommel, Frank Baeyens. (2020). Vaping during the COVID-19

lockdown period in Belgium. Qeios. doi:10.32388/SBVQ47.2

[72] UKVIA expresses disappointment over closure of vape stores following lockdown announcement 

https://www.betterretailing.com/products/ukvia-expresses-disappointment-over-closure-of-vape-stores-following-lockdown-

announcement/

[73] A Scientist Persuaded Italy to Exempt Vape Shops From COVID-10 Lockdown

https://filtermag.org/italy-vaping-coronavirus/

Qeios, CC-BY 4.0   ·   Article, January 14, 2021

Qeios ID: A0N3D8.5   ·   https://doi.org/10.32388/A0N3D8.5 21/21

https://www.betterretailing.com/products/ukvia-expresses-disappointment-over-closure-of-vape-stores-following-lockdown-announcement/
https://filtermag.org/italy-vaping-coronavirus/

	Aerial transmission of the SARS-CoV-2 virus through environmental e-cigarette aerosol: implications for public policies
	Abstract


