EDITORIALS

Vaping and Respiratory Viruses: The End for ENDS?

The use of electronic cigarettes (e-cigarettes, or electronic
nicotine delivery systems [ENDS]), otherwise known as “vaping,”
has been on the rise worldwide (1). The proponents of the
e-cigarette have touted it as a “healthier” alternative, or simply a
replacement, in traditional cigarette smoking cessation attempts
(1). However, the short- and long-term effects of e-cigarettes
remain poorly understood and understudied. Importantly, with
the rapid rise of its use, especially among younger generations,
and also spurred by mental stresses during the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic,
studies of its effects on human health are ever more crucial in
ensuring that users are not in fact using a more harmful
alternative (2).

As e-cigarette usage is a relatively new practice, studies
to assess its effects, especially long-term ones, on human
respiratory health remains a challenge. Early reports had shown
that the use of e-cigarettes contributes to respiratory epithelium
cell death and damage, immune cell death, and altered
inflammatory responses (3-5) (Figure 1). In addition, the
e-cigarette liquid has also been shown to increase inflammation
and susceptibility to viral infection in primary human airway
cells (6). Currently, in the midst of the SARS-CoV-2 pandemic,
there is renewed interest in the relationship between tobacco
products and susceptibility to respiratory viruses, especially
those that can cause severe diseases such as influenza viruses
and SARS-CoV-2 (7). Recent findings suggested that e-cigarette
usage may also contribute to an increase in susceptibility to
viral infection, as it alters the antiviral immune response (8).
The study by Wu and colleagues found increased susceptibility
of primary human airway cells to viruses (6), but that work was
done using the liquid of e-cigarettes, and direct studies
assessing the association between e-cigarette use and viral
susceptibility has been lacking.

In this issue of the Journal, Rebuli and colleagues
(pp. 126-137) begin to address this by reporting on a series of
experiments comparing cigarette and e-cigarette users with
nonsmokers in terms of their responses to live attenuated
influenza virus (LAIV) vaccine, a surrogate for viral infection
(9). To assess the systemic effects of e-cigarette use and antiviral
responses, the group recruited volunteers and inoculated them
with the FluMist LAIV vaccine (Figure 1). They then followed
up by collecting nasal lavage fluid (NLF), nasal biopsy samples,
and nasal epithelial lining fluid for comparison of responses
between the groups. Following inoculation, they found no
change in NLF viral loads between groups, a result that differed
from a previous study possibly because of the lower average
number of cigarettes smoked (10). However, the mucosal IgA
levels in NLF values did differ significantly, such that influenza-

specific IgA levels were lower in both cigarette and e-cigarette
groups, an indication of impaired humoral immunity against the
virus and/or vaccine.

The group then assessed the nasal epithelial gene expression
changes following LAIV inoculation between the groups using
their nasal biopsy samples. The assessment allowed the
comparison of how the e-cigarette usage group fared in terms of
their antiviral responses. The time points of Day 1 and Day 8
postinoculation allowed assessment of both early innate and late
adaptive changes in response to the LAIV vaccine. Interestingly,
the e-cigarette group was found to fare worst among the groups.
Although both the cigarette and e-cigarette groups exhibited
suppressed response genes, the e-cigarette group experienced a
greater suppression. In addition, the e-cigarette group also showed
consistent suppression in their cytokine profile, in which key
antiviral cytokines including IFNv, IL-6, and IL-12p40 were
markedly reduced. The general finding from the gene expression
and cytokine profiles suggested that innate epithelial responses,
initial cross-talk between epithelium and innate immune cells,
and potentially the cell-mediated and humoral immune responses
were all suppressed by e-cigarette usage. With a blanket
suppression of the antiviral responses following LAIV
inoculation, it is hence not surprising that the accompanying
covariate analysis identified tobacco products, specifically
e-cigarettes in this study, to interact and influence host
antiviral defenses against LAIV. Overall, the findings from this
study suggest that e-cigarette use suppresses physiological
anti-influenza responses. As responses to viral pathogens
tend to be similar, it is possible that e-cigarettes might also
increase susceptibility to other respiratory viruses, but that would
need to be confirmed by further study. Nevertheless, this study
convincingly shows that protection against influenza conferred by
the LAIV vaccine was markedly reduced, as manifested by the
lowered IgA production in the e-cigarette group. This finding is
important as it may also affect efficacy of other vaccines such as
the SARS-CoV-2 vaccines currently in development and testing
pipelines.

In summary, this study provides novel information regarding
the effects of e-cigarette use on antiviral responses, which is
important in the context of the current SARS-CoV-2 pandemic.
Findings from this study set the baseline of e-cigarette usage
and respiratory viral infections, which may be relevant to the
development of public health policies regarding e-cigarette usage.
Future studies can build upon this to assess viral susceptibility using
live virus infection, as although LAIV retains the ability to replicate,
it does not possess certain virulence factors that may alter the course
of infection. Live infections can be tested in physiologically relevant
models, such as the air-liquid interface human airway epithelial
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Figure 1. Effects of electronic cigarettes on potentiating susceptibility toward respiratory viruses. ALl =air-liquid interface; e-cigarette = electronic
cigarette; LAIV =live attenuated influenza virus; NB =nasal biopsy; NELF =nasal epithelial lining fluid; NLF =nasal lavage fluid.

cells (hAECs), which is an established model for respiratory viral
infections (11-13). The hAECs model subjected to e-cigarette
vapor followed by infection could be suitable for comparing viral
load after infection, providing a more accurate assessment of
susceptibility toward respiratory viruses. That assessment can
also be extended to include a comparison of epithelial-immune
cross-talk via immune cell coculture models of hAECs (14).
Susceptibility to other viruses that cause milder infection,

such as rhinoviruses (15), can be assessed using live virus
inoculation in human subjects. Finally, the authors rightly point
out the need for causative verification via longitudinal studies

in e-cigarette users to compare their frequency and severity of
viral infections with nonsmokers. These future studies will likely
confirm the detrimental effects of e-cigarettes identified in

this study, thereby underscoring the public health threat they
may pose. ll
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