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Alcohol misuse is long established as a contributor to the pathophysiology of the lung. The intersection of
multi-organ responses to alcohol-mediated tissue injury likely contributes to the modulation of lung in
response to injury. Indeed, the negative impact of alcohol on susceptibility to infection and on lung
barrier function is now well documented. Thus, the alcohol lung represents a very likely comorbidity for
the negative consequences of both COVID-19 susceptibility and severity. In this review, we present the
known alcohol misuse ramifications on the lung in the context of the current coronavirus pandemic.

Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

The coronavirus disease 2019 (COVID-19) has become a
pandemic with over 34 million people infected worldwide and
more than 1 million deaths at the time of this writing (https://
coronavirus.jhu.edu). COVID-19, caused by the betacoronavirus
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), is
spread through respiratory droplets. The most common symptoms
of COVID-19 are fever, dry cough, dyspnea, and fatigue, although
asymptomatic infections are widely recognized as well (Ren et al.,
2020). Other than those individuals with a pre-existing condition,
morbidity and mortality appear to be greatest in men, older per-
sons, and, in some reports, cigarette smokers (Grasselli et al., 2020;
Wu &McGoogan, 2020). The pathogenesis of SARS-CoV-2 infection
can be described in two phases: in the first phase, an initial innate
defense occurs in an attempt to provide lung defense. This is fol-
lowed by a subsequent second phase of inflammation-associated
tissue injury. In susceptible people, SARS-CoV-2 infection can
progress to severe viral pneumonia and can lead to acute respira-
tory distress syndrome (ARDS). ARDS is a severe, diffuse inflam-
matory lung injury that often requires mechanical ventilation. In
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response to such a “cytokine storm”, uncontrolled hyper-
inflammation can result in multi-organ failure.

Very little is known about how heavy alcohol intake might in-
fluence COVID-19 infection. While less than 15% of consumed
alcohol enters the lung, exhalation is nonetheless a significant
process for alcohol excretion, as evidenced by the common use of
the breathalyzer test to reliably estimate blood alcohol levels
(Borkenstein & Smith, 1961). Heavy alcohol intake profoundly
changes pulmonary innate and adaptive immunity, leading to
higher rates of viral pneumonia (de Roux et al., 2006), influenza A
infection (Greenbaum et al., 2014), respiratory syncytial virus (RSV)
infection (Jerrells et al., 2007; Wyatt et al., 2019), and bacterial
pneumonia (Cappa & Coleman, 1923; Fern�andez-Sol�a et al., 1995;
Saitz, Ghali, & Moskowitz, 1997). In the 1918 influenza pandemic,
heavy alcohol intake was recognized as a risk factor for poor out-
comes (Oxford, 2000). Many recent publications describing COVID-
19 patients failed to include alcohol use history (Bhatraju et al.,
2020; Wu & McGoogan, 2020). Further complicating this omis-
sion is the need to make distinctions between those effects that are
seen in the acute setting of intoxication versus those that would be
expected from chronic, longstanding alcohol exposure.
Increased alcohol intake during the COVID-19 outbreak

Over half of the population surveyed in China reported increases
in depression, anxiety, or stress in response to COVID-19 (Wang
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et al., 2020). During social isolation, alcohol use disorders (AUDs)
increased in Hubei province compared to other provinces in China
due to COVID-19 outbreak (Ahmed et al., 2020). Hubei experienced
a 10-fold increase in hazardous drinking compared to other prov-
inces with fewer restrictions (Ahmed et al., 2020). In the United
States, late April 2020 alcohol sales exhibited a 477% increase in
sales compared to the same week in April 2019 (Nielsen Retail
Measurement Services, 2020). Social isolation and loneliness have
long been recognized as a predisposing factor for problem drinking
(Allen, Peterson,&Whipple,1981). Depending upon local economic
conditions during the COVID-19 pandemic, people may initially
consume less alcohol due to financial constraints, but eventually
increase alcohol use as a consequence of elevated stress over time
(Rehm et al., 2020).

Alcohol intake has been implicated in at least one COVID-19
outbreak (Mungmungpuntipantip & Wiwanitkit, 2020). In Thailand,
15 people in their 20s gathered for a farewell party. Eleven of them
drank alcohol out of a single glass and all developed COVID-19within
aweek. Four other individuals at the party who did not drink did not
develop the illness. Other large gatherings involving heavy alcohol
intake such as the Mardi Gras in Louisiana also may have led to out-
breaks and accelerated spread of the disease (Schuchat, 2020).

Another way alcohol can encourage infection is through myths
that drinking alcohol can protect against COVID-19 infection. A
myth was propagated in Iran that gargling or drinking alcoholic
beverages would disinfect the mouth or inside of the body and
prevent infection by killing the virus. Because alcohol production is
not legal in Iran, it is typically obtained through the black market.
At least 180 people in Iran died drinking black market alcohol that
was contaminated with methanol, with over 2500 seeking medical
care (Delirrad & Mohammadi, 2020). The myth that alcohol pre-
vents COVID-19 infection prompted the World Health Organization
(World Health Organization, 2020) and the National Institute on
Alcohol and Alcoholism (National Institute on Alcohol Abuse and
Alcoholism, 2020) to release statements that heavy alcohol intake
does not prevent COVID-19.

AUDs and the lung

Theongoingpandemic is increasinghazardousdrinkingbehaviors
inavarietyofways. In spiteof a recent report thatheavyalcohol intake
is not associated with COVID-19 hospitalization in the United
Kingdom (Hamer, Kivim€aki, Gale,& Batty, 2020), there are numerous
ways inwhich alcoholmisuse should be problematic in the context of
COVID-19 infection (Testino, 2020). Alcohol has a negative impact on
lung innate defense and response to injury (Yeligar&Wyatt, 2019). It
has long been known that alcohol impairs the ability of the lung to
fight infection (Yeligar, Chen, et al., 2016). The lung is exposed tomore
than 11000 liters of air per day, based on averageminute ventilation.
This air contains viral particles, bacterial components such as lipo-
polysaccharide, dust, particulate matter, and pollutants. The healthy
lung utilizes a complex system to protect itself from such environ-
mental toxicants involving physical barriers such as cough and
mucociliary clearance to help rid itself of these pathogens and pol-
lutants. Once the mechanical barriers are breached, lung immune
effector substances and cells exist to accomplish clearance. Heavy
alcohol intake can have a detrimental effect on each of these protec-
tive mechanisms, making it likely that substantial and long-term
alcohol intake contributes to poor outcomes with COVID-19. We
will review each of these mechanisms in turn.

Lung function

A hallmark symptom of COVID-19 infection is dyspnea, or
shortness of breath. Alcohol is already associated in some
12
circumstances with dyspnea (Cardet et al., 2014), thus suggesting
the risk for increased dyspnea in the AUD patient with COVID-19.
Because exhalation of alcohol is the primary route of lung excre-
tion, diminished removal of alcohol from the lungs of a COVID-19
infected individual could potentially result in increased exposure
to direct alcohol impairment of lung innate defenses or elevated
production of alcohol metabolites in lung injury.

Mechanical clearance

Although alcohol is long known to suppress coughing (Calesnick
& Vernick, 1971), the first line of defense against inhaled infectious
agents is typically ascribed to mucociliary clearance. The large air-
ways are lined with ciliated andmucus-producing airway epithelial
cells. Cilia beat in a coordinated manner to propel mucus contain-
ing trapped particles out of the lung to the oropharynx. Such
clearance is not passive, as increases in cilia motion are regulated by
the action of cyclic nucleotides localized to the ciliary axoneme
(Wyatt, Forg�et, & Sisson, 2003). Heavy alcohol consumption un-
couples this cyclic nucleotide pathway in cilia preventing any in-
crease in cilia beat frequency (Wyatt & Sisson, 2001). If the heavy
drinker also smokes cigarettes, which occurs frequently (DiFranza
& Guerrera, 1990), the cilia may be actively slowed through the
action of protein kinase C epsilon (Wyatt et al., 2012), an enzyme
upregulated in the airway ciliated cells of older persons (Bailey,
Kharbanda, Katafiasz, Sisson, & Wyatt, 2018). Indeed, both the
duration and intensity of respiratory viral infection are increased in
animal models of cigarette smoke and alcohol co-exposure (Wyatt
et al., 2019). It is not known how heavy alcohol intake affects mucus
quantity or quality in the lung. However, duodenal goblet cell hy-
perplasia has been reported in those with AUDs (Lev, Thomas, Parl,
& Pitchumoni,1980), making it possible that pulmonary goblet cells
are also affected. Combined with the co-morbidity of cigarette
smoking, AUDs would very likely result in compromised host me-
chanical clearance under conditions of SARS-CoV-2 exposure,
particularly in older individuals.

Antimicrobial agents in the airway lining fluid

If a virus evades mucociliary clearance, the next layer of pul-
monary defense is antimicrobial peptides. The human cathelicidin,
LL-37, is produced by epithelial cells and neutrophils in a vitamin D-
dependentmanner. It has been shown to provide protection against
influenza A (Tripathi et al., 2013). Recently, it has been speculated to
play an important anti-microbial role against SARS-CoV-2, as
vitamin D deficiency is a putative risk factor for COVID-19 (Crane-
Godreau, Clem, Payne, & Fiering, 2020; Grant et al., 2020; Panfili
et al., 2020). In vitro, human airway epithelial cells have been
shown to produce lower levels of LL-37 after alcohol exposure in
response to CYP2E1-generated reactive oxygen species (ROS) pro-
duction, impacting vitamin D metabolism (Ogunsakin, Sriyotha,
Burns, Hottor, & McCaskill, 2019). This lower airway level of LL-37
has the potential to impair the innate immune response to vi-
ruses such as COVID-19.

Once the viral particles have passed through the airways
without being cleared, they enter the alveolus. The alveolus is the
site where pneumonia and ARDS develop. When the viral particles
enter the airways and alveolae, they are met by surfactants. The
surfactant protein D (SP-D) is known to bind to the Spike protein of
SARS-CoV-1 (Leth-Larsen, Zhong, Chow, Holmskov,& Lu, 2007), the
virus that caused the SARS outbreak in 2002. When the Spike
protein is bound by SP-D, it is unable to interact with ACE2 to infect
cells. Heavy alcohol intake, especially in conjunctionwith smoking,
can lead to protein adduction that alters its function (McCaskill
et al., 2011). When it is adducted, it can also change the
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inflammatory response of alveolar macrophages (Sapkota,
Kharbanda, & Wyatt, 2016). Furthermore, decreased expression of
lung surfactant has been shown in animal models of chronic
alcohol (Lazic et al., 2007). This suggests that alcohol decreases lung
surfactant mRNA, which may negatively impact host defense
against viral infection.

Another important antimicrobial in mucosal surfaces such as
the lung is secretory immunoglobulin A (sIgA). While little is
currently known about the role of sIgA in COVID-19, some studies
have identified the presence of serum IgA against SARS-CoV-2 in
COVID-19 patients (Okba et al., 2020) and, in some cases, elevated
IgA was demonstrated in bronchoalveolar lavage fluid (Du et al.,
2008; Lu et al., 2010). Such reports point to examining the sIgA
mucosal immunity response in COVID-19 patients (Moreno-Fierros,
García-Silva, & Rosales-Mendoza, 2020). Again, alcohol could have
a negative impact on any sIgA response to COVID-19, as individuals
with AUD demonstrate decreased production of lung sIgA to some
antigens (Sapkota et al., 2017).
Immune and inflammatory mediators

SARS-CoV-2 infection often leads to a “cytokine storm”

involving the release of pro-inflammatory cytokines (e.g., TNF-a, IL-
6, IL-1, IL-8, and MCP-1). To further complicate matters, the COVID-
19-mediated cytokine storm is not self-limiting. In fact, the
macrophage-derived “eicosanoid storm”, which is characterized by
the release of pro-inflammatory bioactive lipid mediators, such as
prostaglandins and leukotrienes, often follows the initial cytokine
storm. This rapid and severe inflammatory condition is thought to
contribute to rapid systemic organ failure observed in critically ill
COVID-19 patients. In addition, the effects of alcohol upon activa-
tion of danger-associated molecular pattern signaling cascades
(DAMPS) may be important (Harris, Mcalister, Willoughby, &
Sivaraman, 2019). Viral pulmonary infections such as influenza
have been shown to activate the receptor for advanced glycation
end products (RAGE) that are heavily expressed on the alveolar
epithelium (Andersson, Ottestad, & Tracey, 2020). Alcohol-
dependent activation of DAMPS in tissue may contribute to poor
pulmonary prognosis in people experiencing COVID-19.

Similarly, the airways of individuals with AUDs have higher
levels of inflammatory cytokines and chemokines at baseline,
including CXCL8, IL-1b, IL-5, IL-6, IL-12, GM-CSF, IFNg, and CCL2
(Camargo Moreno, Lewis, Kovacs, & Lowery, 2019). Likewise, alve-
olar macrophages from those with AUDs also express higher levels
of inflammatory cytokines, including TNF-a, CXCL8, CXCL10, and
CCL5 (O'Halloran et al., 2016). These data suggest that chronic
smoldering inflammation caused by chronic alcohol use could
exacerbate the acute inflammatory response to viral infection.
Alveolar macrophage function

Alveolar macrophages play an essential role in defending the
lung from viral infection. Mice that lack alveolar macrophages have
more severe hypoxia and respiratory failure in response to influ-
enza viral infection (Schneider et al., 2014). The role of macro-
phages in host defense against SARS-CoV2 is ill defined. The current
data suggest that macrophages contribute to systemic hyper-
inflammation, also known as macrophage activation syndrome
(MAS) or secondary hemophagocytic lymphohistocytosis (sHLH),
which is seen in COVID-19 subjects. Specifically, post-mortem an-
alyses of hilar and subscapular lymph nodes, as well as spleens
from patients who died from COVID-19, demonstrate increased
numbers of ACE2-expressing CD68þCD169þ macrophages in both
the lymph nodes and spleen. In addition, SARS-CoV-2
13
nucleoprotein antigen was detected in the macrophages and was
associated with upregulation of IL-6 (Feng et al., 2020).

Heavy alcohol use significantly reduces lung macrophage cyto-
kine production (Standiford & Danforth, 1997) and profoundly af-
fects alveolar macrophage function (Mehta & Guidot, 2012;
Rimland & Hand, 1980). Those with heavy alcohol use are unable
to efficiently phagocytose infectious particles. This is because
alcohol decreases glutathione availability in the lung (Brown,
Harris, Ping, & Gauthier, 2004), which leads to increased oxida-
tive stress (Liang, Harris, & Brown, 2014) and PPARg activation
(Yeligar, Mehta, Harris, Brown, & Hart, 2016). Alcohol further im-
pairs macrophage function following engulfment, as antigen pre-
sentation, as well as lymphocyte numbers, are reduced by alcohol
(Molina, Happel, Zhang, Kolls, & Nelson, 2010). In comparison,
circulating monocytes from alcohol-abusing subjects express TNFa
receptors and spontaneously produce TNFa (Gobejishvili et al.,
2006). In addition, alcohol-associated monocytes stimulated by
LPS release even higher levels of TNFa than monocytes from
healthy subjects. Alcohol-using patients also exhibit elevated sys-
temic levels of other cytokines (e.g., IL-6, IL-8, and IL-18) and che-
mokines produced by circulatingmonocytes and liver macrophages
(Afford et al., 1998; Fisher, Neil, Williams, & Adams, 1999).

Collectively this suggests that alcohol use not only impairs the
pulmonary macrophage response to SARS-CoV2 by inhibiting
cytokine production, viral phagocytosis, and antigen presentation,
but that it may also significantly contribute to MAS by increasing
the inflammatory capacity of circulating and liver macrophages.

Neutrophil recruitment

Neutrophils are one of the first cells recruited to the lungs in
response to infection, including viral infection (Galani& Andreakos,
2015). Specifically, SARS-CoV2, as well as other pandemic viruses,
including influenza H1N1, SARS-CoV, and Middle East respiratory
syndrome (MERS) coronavirus, are associated with neutrophilic
infiltration at sites of infection and development of ARDS (Perlman
& Dandekar, 2005). Alcohol has a direct toxicity on the bone
marrow to impair the production of neutrophils (Perlino &
Rimland, 1985). In fact, alcohol users with severe bacterial infec-
tion often present with granulocytopenia (Perlino & Rimland,
1985). Apart from diminished numbers of neutrophils, alcohol
use also results in profound defects in neutrophil recruitment to
sites of inflammation or infection, phagocytic activity, and activity
of both superoxide and elastase (Stoltz et al., 1999). Thus, in chronic
heavy alcohol use, neutrophils are slow to be recruited and
neutrophilic inflammation is slow to resolve in bacterial lung in-
fections (Molina et al., 2010).

Interestingly, it has been shown that sera from patients with
COVID-19 have elevated levels of specific markers of neutrophil
extracellular traps (NETs; i.e., cell-free DNA, myeloperoxidase-DNA,
and citrullinated histone H3). This may be clinically important, as
both cell-free DNA andmyeloperoxidase-DNA levels were higher in
hospitalized patients receivingmechanical ventilation as compared
with hospitalized patients breathing room air (Zuo et al., 2020).
Similar trends are seen in patients with influenza A infection, as
high levels of NETs predict a poor prognosis (Zhu et al., 2018).
Additionally, sera from individuals with COVID-19 triggered NET
release from control neutrophils in vitro. Recently, alcohol has also
been shown to impair the production of NET, as well as NET-
mediated killing of both Gram-negative and Gram-positive bacte-
rial pathogens (Jin, Batra, & Jeyaseelan, 2017), suggesting that
alcohol may be protective, at least in regard to COVID-19-mediated
NET release and NETosis. Similar results have been seen in
influenza-infected mice, as inhibition of NETosis leads to protection
from lethal infection. The benefits of blocking or reducing
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neutrophils in alcohol-consuming individuals, however, may be
limited as removal of neutrophils from influenza-infected mice led
to higher viral titers and lethality (Meyerholz et al., 2008).

Alveolar barrier function

The alveolar barrier prevents edema in the alveoli by restricting
the diffusion of large solutes and facilitating gas exchange
(Burnham, Halkar, Burks, & Moss, 2009). Chronic alcohol ingestion
increases the alveolar barrier permeability. Tight junctions are
responsible for the barrier and regulate the diffusion of solutes
between cells (Zhang, Li, Young, & Caplan, 2006). Alcohol de-
teriorates the proteins occludin and zonula occludins 1 (ZO-1),
which are integral for tight junctions (Zhang et al., 2006). When
occludin and ZO-1 deteriorate, this deterioration disrupts the tight
junction's integrity and allows it to become leakier.

An increase in permeability in the alveoli barrier leads to higher
chances of acute lung injury (ACI). A leakier tight junction from
alcohol abuse increases water, sodium, and protein levels in the
alveolar space (Zhang et al., 2006). Zinc deficiency in response to
chronic alcohol consumption has been associated with loss of
barrier function (Skalny, Skalnaya, Grabeklis, Skalnaya, & Tinkov,
2018). This causes a higher likelihood of an edematous injury. Pa-
tients with ACI or increasedwater in their lungs face higher chances
of acquiring ARDS, which is more severe and can be fatal (Zhang
et al., 2006).

Pulmonary capillary leak in response to COVID-19 infection has
also been reported (Bahloul et al., 2020). Again, zinc status in the
lung has been suggested to be important in the maintenance of
capillary integrity, further underscoring the importance of under-
standing the impact of alcohol on zinc utilization in lung (Skalny
et al., 2020).

AUDs and lung disease

ARDS

The most severe form of COVID-19 infection results in acute
respiratory distress syndrome (ARDS). ARDS is characterized by
severe hypoxemia and bilateral diffuse infiltrates on chest roent-
genogram. Most patients with ARDS require high levels of oxygen
or mechanical ventilation. A clear disconnect exists between an
early report of severe COVID-19 and ARDS, which failed to find an
alcohol use association (Liu et al., 2020), and the established risk
factor of chronic, heavy alcohol use in developing ARDS (Inciardi
et al., 2020). Heavy alcohol use also predisposes those with ARDS
to develop multi-system organ failure (Wilke, Kaiser, Ferency, &
Maisch, 1996).

Alcohol increases the mortality and severity of ARDS. Alcohol
abuse alters the oxidative stress response and causes the lung to be
more susceptible to edematous stress by increasing the alveolar
barrier permeability (Esper, Burnham, & Moss, 2006). By
decreasing glutathione (GSH), it impairs the immune response of
the lungs. With higher oxidative stress, GSH levels are lower, and
oxygen radical levels increase. Alveolarmacrophage phagocytosis is
hindered due to the increase in free oxygen radicals, and the cells
cannot rid themselves of the toxic oxidants (Brown et al., 2004).
Severity andmortality of ARDS increasewhen alcohol has increased
alveolar barrier permeability and lowered GSH levels.

Chronic heavy alcohol use predisposes the lung to these changes
by depleting GSH stores (Guidot & Roman, 2002). GSH is an anti-
oxidant that detoxifies oxidant radicals and protects tissues from
oxidant injury (Rahman & MacNee, 2000). Alcohol is metabolized
through the cytochrome p450 system. Acetaldehyde is the major
by-product, which induces oxygen radical generation and lipid
14
peroxidation (Brown et al., 2004). Increased oxygen radicals and
lipid peroxidation lead to a decrease in GSH concentration. Without
high GSH levels, the lungs are more susceptible to oxidative stress
because they cannot control the detoxification and excretion of
toxic oxidants, increasing the likelihood of ARDS (Brown et al.,
2004).
COPD

An early meta-analysis of individual reports reveals that severe
COVID-19 is associated with COPD (Lippi & Henry, 2020). In fact,
COPD is the single greatest predictor of comorbidity for severe
COVID-19 leading to ICU admission (Jain & Yuan, 2020). Cigarette
smoking is an established cause of COPD, and one putative mech-
anism for increased COVID-19 risk is the smoking-induced upre-
gulation of ACE2 in lung (Brake et al., 2020). However, alcohol use is
prevalent in smokers and alcohol itself has been shown to be an
independent risk factor for COPD (Nihlen, Greiff, Nyberg, Persson,&
Andersson, 2005; Siu, Udaltsova, Iribarren, & Klatsky, 2010; Tabak
et al., 2001). Studies examining alcohol or its metabolites on
ACE2 have yet to be reported.
PAH

Unusual vasculature endothelial pathologies are being observed
with COVID-19 (Ackermann et al., 2020). It is not yet clear whether
pulmonary arterial hypertension (PAH) is a risk factor for severe
COVID-19 (Farha, 2020), although management of PAH in the
context of coronavirus infection is a concern (Ryan et al., 2020). As
with several chronic disease states, excessive alcohol consumption
is associated with hypertension (Sterling et al., 2020). The inter-
section of alcohol, COVID-19, and pulmonary hypertension remains
to be explored.
HIV

High-risk alcohol misuse is an established problem in the HIV
population (Justice et al., 2006; Lewden et al., 2005). Such alcohol
misuse is known to be associated with poor outcomes related to
lung infections in HIV patients (Jolley, Alkhafaf, Hough, & Welsh,
2016). Recent studies implicate the effect of alcohol on altering
gut microbiota as a mechanism for this HIV-associated suscepti-
bility to lung infection (Samuelson et al., 2019). Not surprisingly, a
recent meta-analysis showed that existing immunosuppression is
associatedwith a 3.3-fold increased risk of severe COVID-19 disease
(Gao, Chen, Liu, Shi, & Tian, 2020).
Conclusion

Alcohol affects nearly every cell in the lung. Most of these
changes potentially put those that drink heavily at higher risk for
COVID-19 infection, and more severe pneumonia or ARDS. More
research is needed to help us understand how to better treat those
with alcohol use disorders with COVID-19.
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May, Thierry, & Chêne, Genevi�eve (2005). Causes of death among human im-
munodeficiency virus (HIV)-infected adults in the era of potent antiretroviral
therapy: Emerging role of hepatitis and cancers, persistent role of AIDS. Inter-
national Journal of Epidemiology, 34(1), 121e130. https://doi.org/10.1093/ije/
dyh307

Liang, Y., Harris, F. L., & Brown, L. A. S. (2014). Alcohol induced mitochondrial
oxidative stress and alveolar macrophage dysfunction. BioMed Research Inter-
national. https://doi.org/10.1155/2014/371593, 2014, 371593.

Lippi, G., & Henry, B. M. (2020). Chronic obstructive pulmonary disease is associated
with severe coronavirus disease 2019 (COVID-19). Respiratory Medicine, 167,
105941. https://doi.org/10.1016/j.rmed.2020.105941

Liu, M., Gao, Y., Shi, S., Chen, Y., Yang, K., & Tian, J. (2020). Drinking no-links to the
severity of COVID-19: A systematic review and meta-analysis. Journal of Infec-
tion, 81(2), e126ee127. https://doi.org/10.1016/j.jinf.2020.05.042

Lu, Baojing, Huang, Yi, Huang, Li, Bao, Li, Zheng, Zhenhua, Chen, Ze, Chen, Jianjun,
Hu, Qinxue, & Wang, Hanzhong (2010). Effect of mucosal and systemic im-
munization with virus-like particles of severe acute respiratory syndrome
coronavirus in mice. Immunology, 130(2), 254e261. https://doi.org/10.1111/
j.1365-2567.2010.03231.x

McCaskill, M. L., Kharbanda, K. K., Tuma, D. J., Reynolds, J. D., DeVasure, J. M.,
Sisson, J. H., & Wyatt, T. A. (2011). Hybrid malondialdehyde and acetaldehyde
protein adducts form in the lungs of mice exposed to alcohol and cigarette
smoke. Alcoholism: Clinical and Experimental Research, 35(6), 1106e1113. https://
doi.org/10.1111/j.1530-0277.2011.01443.x

Mehta, A. J., & Guidot, D. M. (2012). Alcohol abuse, the alveolar macrophage and
pneumonia. The American Journal of the Medical Sciences, 343(3), 244e247.
https://doi.org/10.1097/MAJ.0b013e31823ede77

Meyerholz, D. K., Edsen-Moore, M., McGill, J., Coleman, R. A., Cook, R. T., &
Legge, K. L. (2008). Chronic alcohol consumption increases the severity of
murine influenza virus infections. The Journal of Immunology, 181(1), 641e648.
https://doi.org/10.4049/jimmunol.181.1.641

Molina, P. E., Happel, K. I., Zhang, P., Kolls, J. K., & Nelson, S. (2010). Focus on: Alcohol
and the immune system. Alcohol Research & Health, 33(1e2), 97e108.

Moreno-Fierros, L., García-Silva, I., & Rosales-Mendoza, S. (2020). Development of
SARS-CoV-2 vaccines: Should we focus on mucosal immunity? Expert Opinion
on Biological Therapy, 20(8), 831e836. https://doi.org/10.1080/
14712598.2020.1767062

Mungmungpuntipantip, R., & Wiwanitkit, V. (2020). Sharing alcoholic drinks and a
COVID-19 outbreak. Alcohol and Alcoholism, 55(4), 343. https://doi.org/10.1093/
alcalc/agaa028

National Institute on Alcohol Abuse and Alcoholism. (2020). Alcohol and covid 19.
https://www.niaaa.nih.gov/alcohol-and-covid-19.

Nielsen Retail Measurement Services. (2020). Total US all outlets combined including
convenience and liquor stores.

Nihlen, U., Greiff, L. J., Nyberg, P., Persson, C. G., & Andersson, M. (2005). Alcohol-
induced upper airway symptoms: Prevalence and co-morbidity. Respiratory
Medicine, 99(6), 762e769. https://doi.org/10.1016/j.rmed.2004.11.010

O'Halloran, E. B., Curtis, B. J., Afshar, M., Chen, M. M., Kovacs, E. J., & Burnham, E. L.
(2016). Alveolar macrophage inflammatory mediator expression is elevated in
the setting of alcohol use disorders. Alcohol, 50, 43e50. https://doi.org/10.1016/
j.alcohol.2015.11.003

Ogunsakin, O., Sriyotha, P., Burns, T., Hottor, T., & McCaskill, M. (2019). Diallyl di-
sulfide inhibits ethanol-induced pulmonary cell vitamin D and antimicrobial
peptide cathelicidin depletion. Alcohol, 80, 99e108. https://doi.org/10.1016/
j.alcohol.2018.12.003

Okba, Nisreen M. A., Müller, Marcel A., Li, Wentao, Wang, Chunyan,
GeurtsvanKessel, Corine H., Corman, Victor M., Lamers, Mart M., Reina, S.
16
Sikkema, de Bruin, Erwin, & Chandler, Felicity D. (2020). Severe acute respira-
tory syndrome coronavirus 2 � specific antibody responses in coronavirus
disease patients. Emerging Infectious Diseases, 26(7), 1478e1488. https://doi.org/
10.3201/eid2607.200841

Oxford, J. (2000). Influenza A pandemics of the 20th century with special reference
to 1918: Virology, pathology and epidemiology. Reviews in Medical Virology,
10(2), 119e133. https://doi.org/10.1002/(sici)1099-1654(200003/04)10:2<119::
aid-rmv272>3.0.co;2-o

Panfili, F., Roversi, M., D'Argenio, P., Rossi, P., Cappa, M., & Fintini, D. (2020). Possible
role of vitamin D in Covid-19 infection in pediatric population. Journal of
Endocrinological Investigation, 1. https://doi.org/10.1007/s40618-020-01327-0

Perlino, C. A., & Rimland, D. (1985). Alcoholism, leukopenia, and pneumococcal
sepsis. American Review of Respiratory Disease, 132(4), 757e760. https://doi.org/
10.1164/arrd.1985.132.4.757

Perlman, S., & Dandekar, A. A. (2005). Immunopathogenesis of coronavirus in-
fections: Implications for SARS. Nature Reviews Immunology, 5(12), 917e927.
https://doi.org/10.1038/nri1732

Rahman, I., & MacNee, W. (2000). Oxidative stress and regulation of glutathione in
lung inflammation. European Respiratory Journal, 16(3), 534e554. https://
doi.org/10.1034/j.1399-3003.2000.016003534.x

Rehm, Jürgen, Kilian, Carolin, Ferreira-Borges, Carina, Jernigan, David,
Monteiro, Maristela, Parry, Charles. D. H., Sanchez, Zila M., & Manthey, Jakob
(2020). Alcohol use in times of the COVID 19: Implications for monitoring and
policy. Drug and Alcohol Review, 39(4), 301e304. https://doi.org/10.1111/
dar.13074

Ren, Li-Li, Wang, Ye-Ming, Wu, Zhi-Qiang, Xiang, Zi-Chun, Guo, Li, Xu, Teng,
Jiang, Yong-Zhong, Xiong, Yan, Li, Yong-Jun, Li, Xing-Wang, Li, Hui, Fan, Guo-
Hui, Gu, Xiao-Ying, Xiao, Yan, Gao, Hong, Xu, Jiu-Yang, Fan, Yang, Wang, Xin-
Ming, Wu, Chao, Chen, Lan, Liu, Yi-Wei, Liu, Bo, Yang, Jian, Wang, Xiao-Rui,
Dong, Jie, Li, Li, Huang, Chao-Lin, Zhao, Jian-Ping, Hu, Yi, Cheng, Zhen-Shun,
Liu, Lin-Lin, Qian, Zhao-Hui, Qin, Chuan, Jin, Qi, Cao, Bin, & Wang, Jian-Wei
(2020). Identification of a novel coronavirus causing severe pneumonia in hu-
man: A descriptive study. Chinese Medical Journal, 133(9), 1015e1024. https://
doi.org/10.1097/cm9.0000000000000722

Rimland, D., & Hand, W. L. (1980). The effect of ethanol on adherence and phago-
cytosis by rabbit alveolar macrophages. The Journal of Laboratory and Clinical
Medicine, 95(6), 918e926.

de Roux, Andr�es, Cavalcanti, Manuela, Marcos, Maria Angeles, Garcia, Elisa,
Santiago, Ewig, Mensa, Jos�e, & Torres, Antoni (2006). Impact of alcohol abuse in
the etiology and severity of community-acquired pneumonia. Chest, 129(5),
1219e1225. https://doi.org/10.1378/chest.129.5.1219

Ryan, John J., Melendres-Groves, Lana, Zamanian, Roham T., Oudiz, Ronald J.,
Chakinala, Murali, Rosenzweig, Erika B., & Gomberg-Maitland, Mardi (2020).
Care of patients with pulmonary arterial hypertension during the coronavirus
(COVID-19) pandemic. Pulmonary Circulation, 10(2). https://doi.org/10.1177/
2045894020920153, 2045894020920153.

Saitz, R., Ghali, W. A., & Moskowitz, M. A. (1997). The impact of alcohol-related
diagnoses on pneumonia outcomes. Archives of Internal Medicine, 157(13),
1446e1452.

Samuelson, D. R., Siggins, R. W., Ruan, S., Amedee, A. M., Sun, J., Zhu, Q. K.,
Marasco, W. A., Taylor, C. M., Luo, M., Welsh, D. A., & Shellito, J. E. (2019). Alcohol
consumption increases susceptibility to pneumococcal pneumonia in a hu-
manized murine HIV model mediated by intestinal dysbiosis. Alcohol, 80,
33e43. https://doi.org/10.1016/j.alcohol.2018.08.012

Sapkota, M., Burnham, E. L., DeVasure, J. M., Sweeter, J. M., Hunter, C. D.,
Duryee, M. J., Klassen, L. W., Kharbanda, K. K., Sisson, J. H., Thiele, G. M., &
Wyatt, T. A. (2017). Malondialdehyde-Acetaldehyde (MAA) protein adducts are
found exclusively in the lungs of smokers with alcohol use disorders and are
associated with systemic anti-MAA antibodies. Alcoholism: Clinical and Experi-
mental Research, 41(12), 2093e2099. https://doi.org/10.1111/acer.13509

Sapkota, M., Kharbanda, K. K., & Wyatt, T. A. (2016). Malondialdehyde-Acetalde-
hyde-adducted surfactant protein alters macrophage functions through scav-
enger receptor A. Alcoholism: Clinical and Experimental Research, 40(12),
2563e2572. https://doi.org/10.1111/acer.13248

Schneider, C., Nobs, S. P., Heer, A. K., Kurrer, M., Klinke, G., van Rooijen, N., Vogel, J., &
Kopf, M. (2014). Alveolar macrophages are essential for protection from respi-
ratory failure and associated morbidity following influenza virus infection. PLoS
Pathogens, 10(4), Article e1004053. https://doi.org/10.1371/
journal.ppat.1004053

Schuchat, A. (2020). Public Health response to the initiation and spread of
pandemic COVID-19 in the United States, february 24eapril 21, 2020. MMWR.
Morbidity and Mortality Weekly Report, 69(18), 551e556. https://doi.org/
10.15585/mmwr.mm6918e2

Siu, S. T., Udaltsova, N., Iribarren, C., & Klatsky, A. L. (2010). Alcohol and lung airways
function. The Permanente Journal, 14(1), 11e18.

Skalny, Anatoly V., Rink, Lothar, Ajsuvakova, Olga P., Aschner, Michael,
Gritsenko, Viktor A., I Alekseenko, Svetlana, Svistunov, Andrey A.,
Petrakis, Demetrios, Spandidos, Demetrios A., & Jan, Aaseth (2020). Zinc and
respiratory tract infections: Perspectives for COVID-19. International Journal of
Molecular Medicine, 46(1), 17e26. https://doi.org/10.3892/ijmm.2020.4575

Skalny, A. V., Skalnaya, M. G., Grabeklis, A. R., Skalnaya, A. A., & Tinkov, A. A. (2018).
Zinc deficiency as a mediator of toxic effects of alcohol abuse. European Journal
of Nutrition, 57(7), 2313e2322. https://doi.org/10.1007/s00394-017-1584-y

https://doi.org/10.1371/journal.ppat.1006637
https://doi.org/10.1007/s00408-016-9920-1
https://doi.org/10.1007/s00408-016-9920-1
https://doi.org/10.1097/01.mlr.0000228003.08925.8c
https://doi.org/10.1016/j.alcohol.2007.07.006
https://doi.org/10.1016/j.imbio.2006.12.001
https://doi.org/10.1016/j.imbio.2006.12.001
https://doi.org/10.1159/000198441
https://doi.org/10.1093/ije/dyh307
https://doi.org/10.1093/ije/dyh307
https://doi.org/10.1155/2014/371593
https://doi.org/10.1016/j.rmed.2020.105941
https://doi.org/10.1016/j.jinf.2020.05.042
https://doi.org/10.1111/j.1365-2567.2010.03231.x
https://doi.org/10.1111/j.1365-2567.2010.03231.x
https://doi.org/10.1111/j.1530-0277.2011.01443.x
https://doi.org/10.1111/j.1530-0277.2011.01443.x
https://doi.org/10.1097/MAJ.0b013e31823ede77
https://doi.org/10.4049/jimmunol.181.1.641
http://refhub.elsevier.com/S0741-8329(20)30291-3/sref52
http://refhub.elsevier.com/S0741-8329(20)30291-3/sref52
http://refhub.elsevier.com/S0741-8329(20)30291-3/sref52
http://refhub.elsevier.com/S0741-8329(20)30291-3/sref52
http://refhub.elsevier.com/S0741-8329(20)30291-3/sref52
https://doi.org/10.1080/14712598.2020.1767062
https://doi.org/10.1080/14712598.2020.1767062
https://doi.org/10.1093/alcalc/agaa028
https://doi.org/10.1093/alcalc/agaa028
https://www.niaaa.nih.gov/alcohol-and-covid-19
http://refhub.elsevier.com/S0741-8329(20)30291-3/sref56
http://refhub.elsevier.com/S0741-8329(20)30291-3/sref56
https://doi.org/10.1016/j.rmed.2004.11.010
https://doi.org/10.1016/j.alcohol.2015.11.003
https://doi.org/10.1016/j.alcohol.2015.11.003
https://doi.org/10.1016/j.alcohol.2018.12.003
https://doi.org/10.1016/j.alcohol.2018.12.003
https://doi.org/10.3201/eid2607.200841
https://doi.org/10.3201/eid2607.200841
https://doi.org/10.1002/(sici)1099-1654(200003/04)10:2<119::aid-rmv272>3.0.co;2-o
https://doi.org/10.1002/(sici)1099-1654(200003/04)10:2<119::aid-rmv272>3.0.co;2-o
https://doi.org/10.1007/s40618-020-01327-0
https://doi.org/10.1164/arrd.1985.132.4.757
https://doi.org/10.1164/arrd.1985.132.4.757
https://doi.org/10.1038/nri1732
https://doi.org/10.1034/j.1399-3003.2000.016003534.x
https://doi.org/10.1034/j.1399-3003.2000.016003534.x
https://doi.org/10.1111/dar.13074
https://doi.org/10.1111/dar.13074
https://doi.org/10.1097/cm9.0000000000000722
https://doi.org/10.1097/cm9.0000000000000722
http://refhub.elsevier.com/S0741-8329(20)30291-3/sref68
http://refhub.elsevier.com/S0741-8329(20)30291-3/sref68
http://refhub.elsevier.com/S0741-8329(20)30291-3/sref68
http://refhub.elsevier.com/S0741-8329(20)30291-3/sref68
https://doi.org/10.1378/chest.129.5.1219
https://doi.org/10.1177/2045894020920153
https://doi.org/10.1177/2045894020920153
http://refhub.elsevier.com/S0741-8329(20)30291-3/sref71
http://refhub.elsevier.com/S0741-8329(20)30291-3/sref71
http://refhub.elsevier.com/S0741-8329(20)30291-3/sref71
http://refhub.elsevier.com/S0741-8329(20)30291-3/sref71
https://doi.org/10.1016/j.alcohol.2018.08.012
https://doi.org/10.1111/acer.13509
https://doi.org/10.1111/acer.13248
https://doi.org/10.1371/journal.ppat.1004053
https://doi.org/10.1371/journal.ppat.1004053
https://doi.org/10.15585/mmwr.mm6918e2
https://doi.org/10.15585/mmwr.mm6918e2
http://refhub.elsevier.com/S0741-8329(20)30291-3/sref77
http://refhub.elsevier.com/S0741-8329(20)30291-3/sref77
http://refhub.elsevier.com/S0741-8329(20)30291-3/sref77
https://doi.org/10.3892/ijmm.2020.4575
https://doi.org/10.1007/s00394-017-1584-y


K.L. Bailey, D.R. Samuelson and T.A. Wyatt Alcohol 90 (2021) 11e17
Standiford, T. J., & Danforth, J. M. (1997). Ethanol feeding inhibits proinflammatory
cytokine expression from murine alveolar macrophages ex vivo. Alcoholism:
Clinical and Experimental Research, 21(7), 1212e1217.

Sterling, Stacy A., Palzes, Vanessa A., Lu, Yun, Kline-Simon, Andrea H.,
Parthasarathy, Sujaya, Ross, Thekla, Joseph, Elson, Weisner, Constance,
Maxim, Clara, & Chi, Felicia W. (2020). Associations between medical conditions
and alcohol consumption levels in an adult primary care population. JAMA
Network Open, 3(5), Article e204687. https://doi.org/10.1001/
jamanetworkopen.2020.4687

Stoltz, D. A., Zhang, P., Nelson, S., Bohm, R. P., Jr., Murphey-Corb, M., & Bagby, G. J.
(1999). Ethanol suppression of the functional state of polymorphonuclear leu-
kocytes obtained from uninfected and simian immunodeficiency virus infected
rhesus macaques. Alcoholism: Clinical and Experimental Research, 23(5),
878e884.

Tabak, C., Smit, H. A., Rasanen, L., Fidanza, F., Menotti, A., Nissinen, A., Feskens, E. J.,
Heederik, D., & Kromhout, D. (2001). Alcohol consumption in relation to 20-
year COPD mortality and pulmonary function in middle-aged men from three
European countries. Epidemiology, 12(2), 239e245. https://doi.org/10.1097/
00001648-200103000-00018

Testino, G. (2020). Are patients with alcohol use disorders at increased risk for
Covid-19 infection? Alcohol and Alcoholism, 55(4), 344e346. https://doi.org/
10.1093/alcalc/agaa037

Tripathi, S., Tecle, T., Verma, A., Crouch, E., White, M., & Hartshorn, K. L. (2013). The
human cathelicidin LL-37 inhibits influenza A viruses through a mechanism
distinct from that of surfactant protein D or defensins. Journal of General
Virology, 94(Pt 1), 40e49. https://doi.org/10.1099/vir.0.045013-0

Wang, Cuiyan, Pan, Riyu, Wan, Xiaoyang, Tan, Yilin, Xu, Linkang, & Cyrus. (2020).
Immediate psychological responses and associated factors during the initial
stage of the 2019 coronavirus disease (COVID-19) epidemic among the general
population in China. International Journal of Environmental Research and Public
Health, 17(5), 1729. https://doi.org/10.3390/ijerph17051729

Wilke, A., Kaiser, A., Ferency, I., & Maisch, B. (1996). Alcohol and myocarditis. Herz,
21(4), 248e257.

World Health Organization. (2020). Alcohol and Covid 19: What you need to know.
http://www.euro.who.int/__data/assets/pdf_file/0010/437608/Alcohol-and-
COVID-19-what-you-need-to-know.pdf?ua¼1.

Wu, Z., & McGoogan, J. M. (2020). Characteristics of and important lessons from the
coronavirus disease 2019 (COVID-19) outbreak in China: Summary of a report of
72 314 cases from the Chinese center for disease control and prevention. Journal
of the American Medical Association, 323(13), 1239e1242. https://doi.org/
10.1001/jama.2020.2648
17
Wyatt, T. A., Bailey, K. L., Simet, S. M., Warren, K. J., Sweeter, J. M., DeVasure, J. M.,
et al. (2019). Alcohol potentiates RSV-mediated injury to ciliated airway
epithelium. Alcohol, 80, 17e24. https://doi.org/10.1016/j.alcohol.2018.07.010

Wyatt, T. A., Forg�et, M. A., & Sisson, J. H. (2003). Ethanol stimulates ciliary beating by
dual cyclic nucleotide kinase activation in bovine bronchial epithelial cells.
American Journal Of Pathology, 163(3), 1157e1166. https://doi.org/10.1016/
S0002-9440(10)63475-X

Wyatt, T. A., & Sisson, J. H. (2001). Chronic ethanol downregulates PKA activation
and ciliary beating in bovine bronchial epithelial cells. American Journal of
Physiology - Lung Cellular and Molecular Physiology, 281(3), L575eL581. https://
doi.org/10.1152/ajplung.2001.281.3.L575

Wyatt, T. A., Sisson, Joseph H., Allen-Gipson, Diane S., McCaskill, Michael L.,
Boten, Jessica A., DeVasure, Jane M., Bailey, Kristina L., & Poole, Jill A. (2012). Co-
exposure to cigarette smoke and alcohol decreases airway epithelial cell cilia
beating in a protein kinase Cε-dependent manner. American Journal Of Pathol-
ogy, 181(2), 431e440. https://doi.org/10.1016/j.ajpath.2012.04.022

Yeligar, S. M., Chen, M. M., Kovacs, E. J., Sisson, J. H., Burnham, E. L., & Brown, L. A.
(2016). Alcohol and lung injury and immunity. Alcohol, 55, 51e59. https://
doi.org/10.1016/j.alcohol.2016.08.005

Yeligar, S. M., Mehta, A. J., Harris, F. L., Brown, L. A. S., & Hart, C. M. (2016). Perox-
isome proliferatoreactivated receptor g regulates chronic alcohol-induced
alveolar macrophage dysfunction. American Journal of Respiratory Cell and Mo-
lecular Biology, 55(1), 35e46. https://doi.org/10.1165/rcmb.2015-0077OC

Yeligar, S. M., & Wyatt, T. A. (2019). Alcohol and lung derangements: An overview.
Alcohol, 80, 1e3. https://doi.org/10.1016/j.alcohol.2019.01.002

Zhang, L., Li, J., Young, L. H., & Caplan, M. J. (2006). AMP-activated protein kinase
regulates the assembly of epithelial tight junctions. Proceedings of the National
Academy of Sciences of the United States of America, 103(46), 17272e17277.
https://doi.org/10.1073/pnas.0608531103

Zhu, Liuluan, Liu, Lu, Zhang, Yue, Pu, Lin, Liu, Jingyuan, Li, Xingwang, Chen, Zhihai,
Yu, Hao, Wang, Beibei, & Han, Junyan (2018). High level of neutrophil extra-
cellular traps correlates with poor prognosis of severe influenza A infection. The
Journal of Infectious Diseases, 217(3), 428e437. https://doi.org/10.1093/infdis/
jix475

Zuo, Yu, Yalavarthi, Srilakshmi, Shi, Hui, Gockman, Kelsey, Zuo, Melanie,
Madison, Jacqueline A., Blair, Christopher, Weber, Andrew, Barnes, Betsy J., &
Egeblad, Mikala (2020). Neutrophil extracellular traps (NETs) as markers of
disease severity in COVID-19. MedRxiv. https://doi.org/10.1101/
2020.04.09.20059626. Preprint.

http://refhub.elsevier.com/S0741-8329(20)30291-3/sref80
http://refhub.elsevier.com/S0741-8329(20)30291-3/sref80
http://refhub.elsevier.com/S0741-8329(20)30291-3/sref80
http://refhub.elsevier.com/S0741-8329(20)30291-3/sref80
https://doi.org/10.1001/jamanetworkopen.2020.4687
https://doi.org/10.1001/jamanetworkopen.2020.4687
http://refhub.elsevier.com/S0741-8329(20)30291-3/sref82
http://refhub.elsevier.com/S0741-8329(20)30291-3/sref82
http://refhub.elsevier.com/S0741-8329(20)30291-3/sref82
http://refhub.elsevier.com/S0741-8329(20)30291-3/sref82
http://refhub.elsevier.com/S0741-8329(20)30291-3/sref82
http://refhub.elsevier.com/S0741-8329(20)30291-3/sref82
https://doi.org/10.1097/00001648-200103000-00018
https://doi.org/10.1097/00001648-200103000-00018
https://doi.org/10.1093/alcalc/agaa037
https://doi.org/10.1093/alcalc/agaa037
https://doi.org/10.1099/vir.0.045013-0
https://doi.org/10.3390/ijerph17051729
http://refhub.elsevier.com/S0741-8329(20)30291-3/sref87
http://refhub.elsevier.com/S0741-8329(20)30291-3/sref87
http://refhub.elsevier.com/S0741-8329(20)30291-3/sref87
http://www.euro.who.int/__data/assets/pdf_file/0010/437608/Alcohol-and-COVID-19-what-you-need-to-know.pdf?ua=1
http://www.euro.who.int/__data/assets/pdf_file/0010/437608/Alcohol-and-COVID-19-what-you-need-to-know.pdf?ua=1
http://www.euro.who.int/__data/assets/pdf_file/0010/437608/Alcohol-and-COVID-19-what-you-need-to-know.pdf?ua=1
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1016/j.alcohol.2018.07.010
https://doi.org/10.1016/S0002-9440(10)63475-X
https://doi.org/10.1016/S0002-9440(10)63475-X
https://doi.org/10.1152/ajplung.2001.281.3.L575
https://doi.org/10.1152/ajplung.2001.281.3.L575
https://doi.org/10.1016/j.ajpath.2012.04.022
https://doi.org/10.1016/j.alcohol.2016.08.005
https://doi.org/10.1016/j.alcohol.2016.08.005
https://doi.org/10.1165/rcmb.2015-0077OC
https://doi.org/10.1016/j.alcohol.2019.01.002
https://doi.org/10.1073/pnas.0608531103
https://doi.org/10.1093/infdis/jix475
https://doi.org/10.1093/infdis/jix475
https://doi.org/10.1101/2020.04.09.20059626
https://doi.org/10.1101/2020.04.09.20059626

