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Abstract
The COVID-19 pandemic caused a change in our society and put health systems in crisis worldwide. Different risk factors 
and comorbidities have been found that increase the risk of mortality when acquiring this infection. The use of alternative 
devices to the cigarette like the electronic cigarettes, the vapers have been studied widely and generators of great contro-
versy since it has been discovered that they also produce different pulmonary affections. When developing the SARS-CoV2 
infection, different theories have been generated about the greater predisposition to a worse prognosis of people who use 
electronic cigarettes; however, the information on this continues in discovery. A group of experts made up of oncologists, 
infectologists, pulmonologists, and epidemiologists met to review the literature and then generate theories about the impact 
of electronic cigarettes on SARS-CoV2 infection.
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Introduction

COVID-19 is a coronavirus outbreak that initially appeared 
in Wuhan, China, but it has already evolved into a pan-
demic spreading rapidly worldwide [1]. As of 4 April 2020, 
a total number of 1,201,591 cases of COVID-19 have been 
reported, including 64,703 deaths, the majority of which 
have been reported in China Italy (15.362), Spain (11.947), 
and France (7.560) [2]. Information from China, where 
COVID-19 originated, shows that people who have cardio-
vascular and respiratory conditions caused by tobacco use, 

or otherwise, are at higher risk of developing severe symp-
toms [3]. Research on 55,924 laboratory-confirmed cases 
in China shows that the crude fatality ratio for COVID-19 
patients is much higher among those with cardiovascular 
disease, diabetes, hypertension, chronic respiratory disease 
or cancer than those with no pre-existing chronic medical 
conditions [4]. This demonstrates that these pre-existing 
conditions may contribute to increasing the susceptibility 
of such individuals to COVID-19.

Smoking is also detrimental to the immune system and 
its responsiveness to bacterial and viral pathogens, making 
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smokers more vulnerable to infectious diseases [5]. Previ-
ous studies have shown that smokers are twice more likely 
than non-smokers to contract influenza and have more 
severe symptoms, while smokers were also noted to have 
higher mortality in the previous MERS-CoV outbreak [6, 7]. 
Recently, Zhang et al. [8] presented clinical characteristics 
of 140 patients with COVID-19. The results showed that 
among severe patients (n = 58), 3.4% were current smokers 
and 6.9% were former smokers, in contrast to non-severe 
patients (n = 82) among which 0% were current smokers and 
3.7% were former smokers, leading to an OR for an adverse 
event of 2.23; (95% CI 0.65–7.63; p = 0.2). In addition, Guan 
et al. reported in an epidemiological analysis that those who 
either needed mechanical ventilation, admission to an ICU 
or died, 25.5% were current smokers and 7.6% were for-
mer smokers. In contrast, in the group of patients that did 
not have these adverse outcomes, only 11.8% were current 
smokers and 1.6% were former smokers (no statistical analy-
sis for evaluating the association between the severity of 
the disease outcome and smoking status was conducted in 
that study) [9]. From this limited information, it has been 
possible to calculate that the smokers were 1.4 times more 
likely (RR 1.4, 95% CI 0.98–2.00) to have severe symptoms 
of COVID-19 and approximately 2.4 times more likely to 
be admitted to an ICU, need mechanical ventilation or die 
compared to non-smokers (RR 2.4, 95% CI 1.43–4.04) [10].

In the US, approximately 3.7% of adults use electronic 
cigarettes (EC), and 1.8 million adolescents also vape, and 
this number is rising. Lung-induced injury (VpALI) is a 
well-recognized entity. So far, now we know that COVID-
19 also affect younger people; in a cohort of Chinese Center 
for Disease Control and Prevention comprised of 44,500 
cases, 87% of patients were between 30 and 79 years old 
[11]. In another Chinese cohort, only 2.6% of the patients 
were under 20 years old. Out of 9241 cases diagnosed in 
South Korea, approximately 6.3% were in the same range 
of age (≈580 cases), [12] distribution that in Italy reaches 
a case-fatality rate of 0.7% (575 patients aged between 30 
and 50 years old). In the study for China cited above, there 
was a mortality of 0.6% for individuals between the ages of 
10 and 40 years (190 cases) [13]. While mortality is rela-
tively low for young patients, deaths still occur, and EC use 
may be a potential risk factor similar to what happens with 
tobacco. Considering the mortality estimates for the young-
est and the risk index for smokers, it is possible that for the 
estimated 93,530 deaths from COVID-19 expected in the 
US for August 2020 (https ://covid 19.healt hdata .org/), about 
≈1400 will be young EC consumers.

Molecular analysis has begun to shed light on how 
SARS-CoV-2 infections occur. Like a related coronavirus 
that emerged in 2003, SARS-CoV-2 enters human cells by 
binding to the extracellular domain of Angiotensin Con-
verting Enzyme 2 (ACE2) [14, 15]. Importantly, ACE2 is 

both necessary and sufficient for infection by SARS-CoV-2: 
ACE2-targeting antibodies block viral uptake in permissive 
cells while transgenic expression of human ACE2 allows 
viral entry in non-human cells. ACE2 normally functions in 
the renin-angiotensin system (RAS) by cleaving the vaso-
constrictive hormone angiotensin-II into the vasodilator 
angiotensin [16]. Sequestration of ACE2 by coronavirus 
dysregulates the RAS pathway, contributing to morbidity. 
In addition, ACE2 levels are capable of influencing disease 
progression [17].

Recently, Smith et  al. found that smoker’s lung 
expresses ~ 40–50% more ACE2 compared to tissue from 
non-smokers, being the samples with the highest recep-
tor expression, those belonging to smokers who reported 
the highest exposure index in number of pack-years [17]. 
For instance, among smokers undergoing thoracic surgery, 
patients who had smoked more than 80 pack-years exhibited 
a ~ 100% increase in ACE2 expression relative to patients 
who had smoked less than 20 pack-years [17, 18]. Further-
more, multivariate linear regression analysis on this dataset 
further confirmed that smoking history was a significant 
predictor of ACE2 expression even when controlling for a 
patient’s age, sex, race, and body-mass index [17].

Otherwise, contemporary analysis has been geared 
towards the constituents of E-liquids/E-juice or vaping 
products like Vitamin-E (alpha-tocopherol) acetate (VEA) 
which is being implicated as the likely ‘exogenous’ source 
of lipids in these ECs-user subjects [19, 20], and perhaps a 
causal factor, because it was detected in the bronchoalveolar 
lavage fluids (BALF) of several cases with e-cigarette or 
vaping product use associated lung injury (EVALI) [21, 22]. 
For e-liquids, VEA (retinoic acid) is used as an additive to 
dissolve/dilute THC oils along with mineral, and triglycer-
ide medium chain oil, and is also used as a thickening agent 
for other non-THC e-liquids. Thus far, in a nationwide US 
study, VEA, natural oil (coconut derivate), and terpene have 
been identified in 94%, 2%, and 3% of EVALI patient BALF 
samples, respectively [23]. The absence of these compounds 
in healthy comparators makes VEA the potential causative 
agent for EVALI. VEA or its oxidant/radical derivatives is 
harmful when inhaled/vaporized interfering with phospho-
lipids and surfactant of the epithelial lining fluid, event that 
triggers a severe lipoid pneumonitis [24].

In a chronic format, exposure to inhaled nicotine and 
other irritants generated by ECs disrupts RAS homeostasis 
through inhibition of local compensatory mechanisms, lead-
ing to increased susceptibility to cardiovascular and pulmo-
nary distress, hypothetically increasing the risk generated 
by COVID-19, similar to the way it does in tobacco smok-
ers. By other hand, among EC users, a significant increase 
in MUC4, a membrane-anchored mucin, and an increase 
in the ratio of secretory mucins MUC5AC to MUC5B has 
been reported compared to non-users [21]. A cross-sectional 

https://covid19.healthdata.org/
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study suggested inflammasome complex proteins, caspase-1 
and apoptosis-associated speck-like protein containing cas-
pase activation and recruitment domain (ASC), which pro-
mote cellular pyroptosis, are elevated in the BALF of EC 
consumers [25]. In deep biological single cell analysis dem-
onstrated that ACE2 expression increased among smokers 
in both MUC5AC goblet cells and SCGB1A1 club cells, 
increasing the probability of SARS-CoV-2 adhesion and 
favoring its alveolar damage [17].

In patients with EVALI, there was a higher concentra-
tion of serum C-reactive protein (CRP) [26], finding that is 
reproduced in patients with respiratory distress syndrome 
(ARDS) related to severe COVID-19. Recently, Luo et al. 
described the usefulness of CRP in COVID-19, finding that 
this marker exhibits a sensitivity of 90.5%, a specificity of 
77.6%, a positive predictive value of 61.3%, and a negative 
predictive value 95.4%. In the same study, a subgroup analy-
sis revealed that CRP retained a robust accuracy to predict 
adverse outcome in patients with different disease severity 
(AUC 0.832, p < 0.001 and AUC 0.989, p < 0.001) and rep-
resent an independent discriminator of severe/critical illness 
on admission (AUC 0.783, p < 0.001) [27].

Some studies have reported increased inflammatory cell 
influx in the lung of patients with EVALI, including signifi-
cantly altered expression of early growth response (EGR1), 
ZBTB16, PIGR, PTGS2, and FKBP5 compared to the occa-
sional EC users with reduced CSF-1, CCL26, and eotaxin-3 
levels that are essential for the mucosal host-defense [28, 

29]. In another study, Lerner et al. demonstrated increased 
BALF IL-6 and CCL2 levels following EC aerosol exposure 
[30], one of the pillars of SARS-CoV-2-induced alveolar 
damage. Furthermore, the binding of SARS-CoV-2 to the 
Toll-Like Receptor (TLR) causes the release of pro-IL-1β 
which is cleaved by caspase-1, followed by inflammasome 
activation and production of active mature IL-1β which is a 
mediator of lung inflammation, fever and fibrosis. Suppres-
sion of pro-inflammatory IL-1 family members and IL-6 
have been shown to have a therapeutic effect in many inflam-
matory diseases, including severe viral infections. Several 
compounds has the ability to suppress innate and acquired 
immune response and also has the capacity to inhibit inflam-
mation by acting on IL1 and 6, IL17, and 18. This cytokines 
inhibits class II histocompatibility complex (MHC) mole-
cules and inflammation in inflammatory diseases by sup-
pressing MyD88 and subsequently IL-1β, IL-6, TNF and 
CCL2 [31].

Pod-based e-juices and flavors also induce cellular toxic-
ity with identification of several toxic chemicals [32], hence 
this will render users susceptible to further damage as seen 
in EVALI cases. Similarly, Wang et al. reported dysregulated 
lung repair following EC exposure due to higher levels of 
Angiopoietin-1 and CXCL5 with lower MMP3 levels, indi-
cating the involvement of the tissue-remodeling pathways 
[33, 34]. Other rodent model studies have shown potential 
of DNA damage, adduct formation, and genotoxicity/car-
cinogenicity of EC and vaping product aerosols, additive 

Fig. 1  The double hit effect



8 Clinical and Translational Oncology (2021) 23:5–9

1 3

findings to the fibrosis damage generated by coronaviruses. 
Figure 1 generates an explicative hypothesis about the “dou-
ble hit effect” generated by exposure to ECs plus SARS-
CoV-2 infection in the lung.

The factors that mediate susceptibility to SARS-CoV-2 
infections are poorly understood. We speculate that the 
increased expression of ACE2 in the lungs of smokers 
and EC consumers could partially contribute to the severe 
cases of COVID-19 that have been observed. Despite the 
fact that COVID-19 disease generates higher mortality in 
older adults, people younger than 50 years exposed to toxic 
inhalants such as EC should be considered as patients with 
pulmonary immunosuppression and, therefore, seen as being 
at higher risk of infection severity. There is currently insuf-
ficient evidence to confirm this relationship, but different 
opinions and trends have already been reported around the 
world regarding the increased risk of mortality in young 
people with active EC when infected with COVID-19. Just 
a week ago, the CDC (Center for Disease Control, Atlanta, 
US) reported that young adults under age 44 make up a big 
part of COVID-19 hospitalizations in the US, and health 
providers questions whether the vaping epidemic might have 
contributed to this [35].

We strongly recommend that than doctors linked to 
tobacco cessation programs and the World Health Organi-
zation (WHO) rapidly advance their efforts to reduce smok-
ing and EC consumption, especially during COVID-19 pan-
demic. It is important that The Framework Convention on 
Tobacco Control (FCTC) Secretariat issue expeditious and 
useful recommendations that allow public health decision-
making for the protection of young people suffering from 
SARS-CoV-2 infection while actively using ECs. Similarly, 
lines of research about this topic must be prioritized by pub-
lic health agencies.
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