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Abstract

Since the endocannabinoid system is involved in immune
function, the effect of cannabinoid intake on infectious con-
ditions is questioned for several years and is of particular in-
terest in the COVID 19 pandemia. Some data suggest that
the immunomodulatory effect of cannabinoids may affect
the course and severity of SARS-CoV-2 infection. Given the
large number of cannabinoids consumers in the community,
this commentary presents the current knowledge on the po-
tential impact of cannabinoids and endocannabinoids on
bacterial and viral infection courses namely SARS-CoV-2 dis-
ease. Practical recommendations, which can be drawn from

the literature, are given. ©2020S. Karger AG, Basel

Introduction

Since the end of the year 2019, the world is confronted
with a new epidemic, later pandemic, due to a previously
unidentified coronavirus, SARS-CoV-2, resulting in a
wide range of clinical, mainly respiratory manifestations,
called coronavirus disease 2019 (COVID-19). This infec-
tion can lead to severe complications and is associated

with a significant mortality rate, especially in the elderly
and those with comorbid disorders. However, sometimes
fatal complications can also arise in apparently healthy
persons, and there is an urgent need to understand the
role of immune reactions in this new disease. Indeed,
while immune responses, especially the innate part, is vi-
tal for the control and resolution of coronavirus infec-
tions, and loss of control can lead to immunopathogen-
esis. Acute inflammatory reactions and cytokine storms
have been ascribed a possible role in critically ill CO-
VID-19 patients by a number of studies showing elevated
plasma levels of many cytokines and chemokines in pa-
tients with COVID-19 [1-4].

A possible association between nonsteroidal anti-
inflammatory drug (NSAID) use and worsening of viral
or bacterial infection was raised by the French Minister.
He based his warning on a detailed report of the French
pharmacovigilance authorities ANSM 2018. The recom-
mendation to limit NSAID use during SARS-CoV-2 in-
fection was then widely adopted.

Based on in vitro data, it was suggested that one of the
mechanisms involved in the worsening of NSAID infec-
tion could be related to inhibition of fatty acid amide
hydrolase (FAAH) by NSAIDs. Yet, FAAH is the en-
zyme responsible for the degradation of anandamide
(AEA), one of the main mediators of the endocannabi-
noid (EC) system (ECS) and a possible key player in the
worsening of bacterial infections — particularly during
sepsis [5].
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The question, therefore, arises whether AEA and ECS
increase the severity of viral or bacterial infections, and
whether the consumption of cannabis or cannabis deriv-
atives/synthetic products could influence this risk. In this
commentary, we address the question of the potential im-
pact of cannabinoids on COVID-19 severity.

Organization of the ECS

The ECS is composed of EC, enzymes for EC synthesis
and degradation, including FAAH, and their targets can-
nabinoid receptor 1 (CB1) and cannabinoid receptor 2
(CB2), which are widely distributed in the body. CB1 is
mainly located in the central nervous system (CNS),
whereas CB2 is rather expressed outside the CNS, name-
ly in the immune system. Cannabinoid receptors are ac-
tivated by different ligands, which can either be endoge-
nous, such as ECs (lipids derived from arachidonic acid),
or exogenous, such as phytocannabinoids (present in
Cannabis sativa L. and derived products) or synthetic
compounds [6]. The most studied ECs are AEA and 2-ar-
achidonoylglycerol (2-AG). More than 100 phytocanna-
binoids have been identified in C. sativa L. [7], the main
psychoactive component of which is A°-tetrahydro-
cannabinol (THC). Another major phytocannabinoid
component of C. sativa L. quantitatively speaking is can-
nabidiol (CBD), which is regarded as nonpsychotropic.
Arachidonyl-2-chloroethanolamide (ACEA) is a synthet-
ic cannabinoid agonist [6].

Among the numerous phytocannabinoids described,
some have a known mechanism of action involving ECS.
For example, THC is a partial CB1 and CB2 agonist [8].
Cannabinol is a partial CB2 agonist and a weak CB1 ago-
nist [9, 10]. Cannabigerol and cannabichromene inhibit
the reuptake of AEA [9, 11]. CBD is a noncompetitive
negative allosteric modulator of CB1, i.e., it lowers the af-
finity of THC and 2-AG for CB1 [12]. In addition, it in-
hibits the uptake and metabolism of AEA [13]. The pre-
cise mechanism of action of many phytocannabinoids,
such as cannabivarin, cannabinodiol, or cannabielsoin on
ECS is not yet fully understood [10].

Link between ECs and the Immune System

The wide expression of CB2 in the immune system and
to a lesser extent CB1 suggests that cannabinoid recep-
tors, once activated, may be involved in immune system
functions [14]. In addition, AEA and 2-AG can modulate
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inflammation without necessarily binding to their recep-
tors owing to their arachidonic acid-containing structure,
which make them precursors of anti-inflammatory
lipids [6].

According to a number of experimental studies in ro-
dents, activation of CB1 is crucial for the development of
an effective innate immune response during bacterial in-
fection, while activation of CB2 prevents further inflam-
mation-related damage during sepsis by an immunosup-
pressive effect [6]. For instance, a higher mortality and
higher concentrations of pro-inflammatory cytokines
(TNF-a and IL-6) are observed in sepsis in non-CB2-ex-
pressing mice compared to controls [15]. It has thus been
postulated that the ECS could be used as a potential ther-
apeutic target for the treatment of sepsis [6]. Its activation
could also avoid organ damage due to excess inflamma-
tion, particularly in the lungs, which are among the most
vulnerable organs in sepsis [16]. Indeed, activation of
CB2 decreases septic lung lesions in mice by promoting
autophagy and by inhibiting the release of inflammatory
mediators [16]. In addition, in vitro, selective activation
of CB2 has been shown to modulate monocyte migration
[17, 18] and to inhibit TNF-a in a dose-dependent man-
ner [18]. It may play a role in chronic inflammatory dis-
eases such as rheumatoid arthritis [17] or multiple scle-
rosis [18].

In case of viral infections, such as human immunode-
ficiency virus (HIV) or Theiler virus (a murine virus of the
picornavirus family), in vitro and in vivo studies showed
suppression of proinflammatory cytokines and an in-
crease in anti-inflammatory cytokines related to AEA and
2-AG[6,19,20].In a mouse model of respiratory syncytial
virus (RSV) infection, CB2 activation reduced the signs of
infection by modulating the immune system [21]. In mice,
the administration of a CB1 agonist reduced pulmonary
complications in case of RSV infection, whereas the ad-
ministration of a CB1 antagonist led to an accumulation
of immune cells in the peribronchial and perivascular
spaces compared to the control group [22].

In humans, few studies have examined possible asso-
ciations between ECS and immune responses. For exam-
ple, a genetic polymorphism in CB2 (CBQ63R), a com-
mon missense mutation that reduces maximum EC-in-
duced responses of CB2 [15], has been associated with an
increased risk of hospitalization in young children infect-
ed with RSV (n = 83), with a 2-fold significantly increased
risk of developing severe acute respiratory tract infection
in children carrying the Q allele (OR = 2.148; 95% CI:
1.09-4.22) and a 3-fold significantly increased risk of QQ
genotype carriers (OR = 3.28; 95% CI: 1.22-8.71) [21].
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Effect of Cannabinoids and Cannabis on the
Immune System

CBD inhibits the migration of murine macrophages in
vitro and in vivo by activating CB2 in a dose-dependent
manner [23]. Numerous in vitro and in vivo studies, con-
ducted on animal and human cells, suggested that CBD
has immunosuppressive and anti-inflammatory proper-
ties due either to direct inhibition of microglial, innate,
and T cells, or by inducing apoptosis of regulatory T cells
or myeloid-derived suppressor cells [24]. Among other
mechanisms, immune system modulation of CBD is
thought to be mediated through activation of TRPV1
[24], regulation of FAAH, and indirect action on CBl
[25]. However, the administration of phytocannabinoids
in experimental models revealed conflicting results. In
the 1970s, experimental studies in rodents showed great-
er lethality of bacterial endotoxins with an additive toxic-
ity when co-administered with very high THC dosages
[26]. In contrast, more recent in vitro and animal studies
suggest that extracts of C. sativa have bactericidal activity
on gram-positive and gram-negative bacteria and certain
fungi [6, 27].

Long-term daily use of cannabis has been associated
with fibrosis progression in cases of hepatitis C [28]. Ar-
achidonyl-2-chloroethanolamide, a relatively selective
agonist of CB1, leads to facilitation of hepatitis C viral
replication in hepatocyte cultures in vitro in association
with CB1 overexpression and higher 2-AG levels [29].
Concerning THC, it has been associated with the pres-
ence of increased extracellular herpes simplex virus in
vitro [30, 31] and an increased mortality in mice [32]
and guinea pigs [33] with vaginal herpes simplex virus
infection. THC has also been associated with increased
HIV replication and influenza virus load in animal
models.

In humans, cannabis use is not associated with a re-
duction in peripheral CD4 counts or loss of HIV control
in cross-sectional studies [34]. A pilot study conducted
on healthy volunteers (n = 10) revealed that a single dose
of 30 mg of water-soluble or lipid-soluble CBD signifi-
cantly reduced the TNF level in peripheral blood mono-
nuclear cells stimulated with bacterial lipopolysaccha-
ride 90 min after administration. This was not the case
in nonstimulated cells or for IL-10 production [35]. In
a double-blind, placebo-controlled trial, 14-week oral
treatment with CBD (20 mg/kg/day) for drug-resistant
seizures in 120 children and young adults with the Dravet
syndrome resulted in a nonsignificant increase in upper
respiratory tract infections and pyrexia in the CBD group

Cannabinoids and COVID-19

compared to the placebo group (11 vs. 8 and 15 vs. 8%,
respectively) [36]. In another double-blind placebo-con-
trolled trial in patients with the Dravet syndrome (n =
190), the CBD group (oral CBD solutions of 10 or 20 mg/
kg/day) demonstrated pyrexia in 22-23% of patients
compared to 17% of patients receiving placebo [37]. Fi-
nally, the use of add-on (20 mg/kg) oral CBD daily in
patients with seizures associated with the Lennox-
Gastaut syndrome for 14 weeks was associated with viral
infections (pneumonia: n = 4) almost exclusively by sub-
jects with concomitant use of clobazam while no cases
were reported in the placebo group [38]. Still, the as-
sumption was made that this could be the result of a
CBD-clobazam interaction promoting somnolence and
broncho-aspirations and not necessarily an impact of
CBD on immunity [39].

The Role of ECS, Cannabinoids, and Cannabis in
SARS-CoV-2 Infection

To date, no scientific studies have evaluated the role of
EC, cannabinoids, and cannabis in the evolution of SARS-
CoV-2 infection. Also, no epidemiological data are avail-
able on the incidence of COVID-19 in persons taking
medical or nonmedical cannabinoids.

In the French government’s recommendations con-
cerning COVID-19, the consumption of inhaled canna-
bis products was mentioned as potentially promoting the
onset of coughing and thus increasing transmission of the
virus, particularly in the case of asymptomatic infections,
as well as in intensifying COVID-19 respiratory symp-
toms. In addition, cannabis can alter the vigilance level
and thus may aggravate central symptoms of COVID-19,
such as fatigue and confusion [40].

Recent rumors suggested a positive impact of nicotine
(smoked sometimes in combination with cannabis) on
COVID-19 [41]. These findings are debated and should
be confirmed by clinical studies [42, 43], but could repre-
sent a potential confounder in the relation between can-
nabis and COVID-19.

Conclusion

ECS has a modulating effect on the immune system,
but people taking cannabinoids or cannabis are not con-
sidered immunosuppressed. No studies are currently
available on the incidence and course of SARS-CoV-2 in-
fection (COVID-19) in persons taking cannabinoids.
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Preexisting nonmedical consumption of cannabinoids
should not be increased, rather decreased, for the dura-
tion of the COVID-19 pandemic considering the poten-
tial respiratory complications. Sharing a joint should be
avoided since this might be a potential way of transmit-
ting the virus. Also, “over-the-counter” CBD cannot be
recommended since the impact on immunity in case of
SARS-CoV-2 infection is not clear.

Continuation or discontinuation of therapeutically
prescribed cannabinoids should be discussed on a case-
by-case basis with the prescribing physician taking each
patient’s individual risk-benefit ratio into account.

Given the large-scale, worldwide consumption of can-
nabinoids, either medical or not, it appears crucial to im-
prove preclinical and clinical knowledge on cannabinoids
and COVID-19.

In order to confirm an immunomodulatory effect of
cannabinoids and a potential interaction with SARS-
CoV-2, in vitro and in vivo experimental models are re-
quested. From a clinical point of view, epidemiological
studies (with case-control design) and retrospective data
about the consumption of cannabinoids by patients with
SARS-CoV-2 infection are needed in order to suggest a
potential influence of cannabinoids on disease progres-
sion and severity. Such studies should pave the way for a

more accurate assessment of the risk-benefit balance. In
the absence of safety issues and in case of potential ex-
perimental positive targets, corresponding randomized
prospective early phase 2 studies should confirm a pos-
sible benefit in well-designed trials.
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