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Abstract

Background: The possibility of cannabidiol (CBD) to be used as an antiviral or to treat viral diseases has received

limited attention so far, despite the growing number of claims that CBD could be used for the treatment of viral

infection-related conditions.

Aim and Methods: Therefore, we systematically retrieved and critically evaluated the scientific literature avail-

able on PubMed and the claims on the Internet, to assess the current state of knowledge on the use of CBD in

viral diseases, and to provide suggestions for future research directions.

Results: PubMed search referenced two original articles supporting the use of CBD for the treatment of hepatitis

C and Kaposi sarcoma and one article reporting the ability of CBD to reduce neuroinflammation in a virus-

induced animal model of multiple sclerosis. Internet search found 25 websites claiming more indications for

CBD. Remarkably, those claims were provided mostly by commercial websites and were not supported by ap-

propriate scientific references.

Conclusion: Although preclinical studies suggest the potential effectiveness of CBD in viral diseases such as hep-

atitis C and Kaposi sarcoma, clinical evidence is still lacking. Anecdotal experiences of CBD use retrieved on the

Internet, on the other side, lack any support from sound scientific evidence, although they might in some cases

provide suggestions for conditions associated with viral infections that may deserve proper assessment in well-

designed clinical trials.
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Introduction

Cannabis (Cannabis sativa L., fam. Cannabaceae) and
its derivatives are currently credited with treating a va-
riety of medical conditions, including pain in adults,
chemotherapy-induced nausea and vomiting, and spas-
ticity associated with multiple sclerosis (MS).1 Many
medical applications of cannabis and cannabinoids are
related to their anti-inflammatory activity,which is, how-
ever, a double-edged sword under certain conditions.
Particularly in viral infections, the anti-inflammatory ac-
tivity of D9-tetrahydrocannabinol (D9-THC),2 the main
component of cannabis, may jeopardize host immune
responses to acute viral infections, leading to disease
progression and death in the worst case.3,4 Nonetheless,
D
9-THC may be beneficial in viral infections where the

host inflammatory response is pathogenic,3 although its
psychoactive and addictive potential is a significant lim-
itation to its therapeutic development.

Cannabidiol (CBD) is one of the main cannabinoids
found in the cannabis plant that, unlike D

9-THC, is
devoid of psychotropic effects and addictive potential.5

Long neglected, CBD is currently gaining traction
as a therapeutic vector for a vast range of patho-
logical conditions.6 Recently, Epidiolex�, a CBD-only
drug, has been approved by Food and Drug Adminis-
tration (FDA) to treat seizures in children with in-
tractable forms of epilepsy.7 Since then, researchers
have begun to search for more therapeutic applications
for CBD.
Fragmentary evidence points to a possible use of CBD

in viral infections. Indeed, several plant-derived com-
pounds do have proven antiviral activity across a broad
array of different chemical groups and structures.8,9 The
main point is that plant secondary metabolites have
evolved to become antimicrobial, and this includes
many phenol-based compounds, such as those with
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terpenoid moieties.10 Despite the lack of research specif-
ically on phytocannabinoids, there is a lot of scientific
data on terpenoids.9,10 There is also a lot on the known
targets of CBD, for instance, around its ability to induce
apoptosis in mammalian cells.11 Apoptosis is well known
to be a critical component of host responses to viral infec-
tions.12 On the basis of this background, we critically
reviewed the scientific literature to examine the current
state of knowledge on the use of CBD in viral infections,
and to provide suggestions for future research directions
and perspectives. Since CBD-based products are popular
and easily available to the general public,13 and the Inter-
net is increasingly used as a source of health-related infor-
mation,14 we also consulted the Internet for anecdotal
evidence or claims that CBD is being used or reported
as an antiviral or in general as an aid in viral diseases.

Methods

This systematic review follows the guidelines validated by
PRISMA, the Preferred Reporting Items for Systematic
Reviews and Meta-analyses.

Systematic review of the scientific literature

PubMed was searched to retrieve any relevant studies
supporting the antiviral activity of CBD. Searches were
conducted inMarch 2019 without restriction of language
or years. Search algorithm was obtained by combining
terms related to ‘‘cannabidiol’’ with those related to
‘‘viral infections’’ or ‘‘virus’’ as shown in Table 1. Referen-

ces identified through this process were subsequently
scanned for selection criteria. Inclusion criteria included
studies of the antiviral activity of pure CBD. Excluded
topics included review articles, duplicates, and studies
of synthetic analogs, enriched extracts, or metabolites
of CBD. Thereafter, reference lists of the included articles
were screened for additional reports.

Internet search

DuringMay 2019, we searched DuckDuckGo without re-
striction of language and years for anecdotal evidence or
signals that CBD is being used or reported as antiviral,
using the ‘‘cannabidiol virus’’ search string. Thereafter,
supporting references retrieved from the included web-
sites were screened for additional records. The choice of
DDG as search engine, among others, was dictated by
the goal of ensuring the reproducibility of our search re-
sults, as strongly recommended elsewhere.15DDG distin-
guishes itself from other search engines by not profiling
its users and by showing all users the same search results
for a given search term.

Results

Systematic review of the scientific literature

Full details of the search strategy are summarized in
Figure 1. PubMed referenced 77 articles, only 3 of
which were relevant to this review (Table 2). The
complete list of articles retrieved along with reasons
for exclusion is presented as Supplementary Table S1.

Table 1. Search Algorithm for PubMed Screening

CBD (https://www.ncbi.nlm.nih.gov/mesh/?term=cannabidiol)
Virus (https://www.ncbi.nlm.nih.gov/mesh/?term=virus)
Viral infections (https://www.ncbi.nlm.nih.gov/mesh/?term=viral + infections)

CBD Virus diseases
Cannabidiol-3-monomethyl ether Viral infections
5-(1,1-dimethylheptyl)cannabidiol Virus
Nabiximols Viruses
6†-azidohex-2†-yne-cannabidiol Influenza A virus
Cannabidiol (abn-cbd,(-)-4-(3-3,4-trans-p-menthadien-
(1,8)-yl)olivetol)

HSV

4-(3-3,4-p-menthadien-(1,8)-yl)olivetol Respiratory syncytial virus
Desoxycannabidiol Epstein–Barr virus
Cannabidiol hydroxyquinone Hepatitis A virus
Cannabidiol dimethyl ether HBV
HUF-101 HCV

Influenza B virus
Influenza A virus
Dengue virus
Zika virus
Ebola virus
Encephalomyelitis
Chikungunya virus
HIV

CBD, cannabidiol; HBV, hepatitis B virus; HCV, hepatitis C virus; HSV, herpes simplex virus.
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The most recent article reports an in vitro study sug-
gesting a direct antiviral effect of CBD against hepatitis C
virus (HCV), but not against hepatitis B virus (HBV).16

Researchers cultured HepG2 2.2.15 or Huh7.5 cell lines
to generate HBV and HCV, respectively. After days of
culture in the presence of up to 10lM CBD, CBD
concentration-dependently inhibited HCV replication
by up to 86.4% (EC50= 3.163lM). The HCV inhibitory
effect of CBD at 10lM was comparable to that of inter-
feron alpha (IFN-a) 10 IU/mL, used as a positive control.
Remarkably, CBD 10lM was less cytotoxic than IFN-a
10 IU/mL. On the other hand, comparison with sofos-
buvir using the same experimental model showed less
efficacy and more cytotoxicity.

The other study shows an indirect antiviral action of
CBD against Kaposi’s sarcoma-associated herpesvirus
(KSHV) using a model of KSHV-infected human der-
mal microvascular endothelial cells (HMVECs).17

HMVECs were pretreated with various concentra-
tions of CBD, followed by infection with KSHV.
After 48 h of culture, results showed that CBD up to
10lM did not affect the efficiency with which KSHV
infected HMVECs, but it reduced KSHV-infected
cells proliferation (IC50 = 2.08 lM) and enhanced apo-
ptosis (EC50 = 1.04 lM). In addition, CBD treatment
was able to prevent the transformation of normal
cells into KSHV-associated cancers. The observed ef-
fects of CBD occurred through inhibition of the expres-
sion of KSHV viral G protein-coupled receptor,
chemokine growth-regulated protein a, vascular endo-
thelial growth factor receptor 3, and vascular endothe-
lial growth factor C.
The last article supports the use of CBD to re-

verse the deleterious effects of neuroinflammation
induced by Theiler’s murine encephalomyelitis virus
(TMEV).18 Using the model of TMEV-induced

FIG. 1. Strategy for PubMed search.
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demyelination in mice, Mecha et al.18 showed that
subchronic treatment with CBD (5mg/kg) decreased
leukocyte infiltration and microglia activation in the
brain of TMEV-infected mice, improving motor
symptomatology and the neuroinflammation in the
chronic phase of infection. Interestingly, when ad-
ministered for 10 days to mice immediately after in-
fection with TMEV, CBD exerted long-lasting
effects on the onset of symptoms, impairing the
chronic phase of the disease, restoring motor function
and reversing neuroinflammation. The study does not
provide any experimental evidence of direct or
indirect antiviral effect of CBD. The observed anti-
inflammatory effects of CBD involved, at least in
part, the activation of adenosine A2A receptors.

Internet review

Full details of the search strategy are summarized in Fig-
ure 2. In total, 179 references were identified, 24 of
which were deemed potentially relevant to this review
based on the screening of their content (Table 3).
One reference was added after the screening of sup-
porting references of the included websites. The com-
plete list of the websites retrieved along with reasons
for exclusion is provided as Supplementary Table S2.
Excluded records were websites linked to the articles al-
ready retrieved on PubMed, website pages that did not
report claims on antiviral effects of CBD, duplicate ref-
erences, and nonfunctional website pages.

Most of the selected websites claim benefits of using
CBD for the treatment of several viral diseases, including

Table 2. Summary of the Effects of Cannabidiol in Viral Infections

Experimental model Methods Effects
Positive
controls Mechanism References

HepG2 2.2.15 cells Real-time quantitative
TaqMan PCR assay

No effect on HBV replication Lamivudine N/A Lowe et al.16

MTS based assay Significant cytotoxicity at
10 lM for 6 days

N/A Lowe et al.16

Huh7.5 cells Renilla Luciferase Assay
System

Significant inhibition of HCV
replication in a
concentration-dependent
manner

IFN-a and
sofosbuvir

N/A Lowe et al.16

CytoTox-1 reagent Slight cytotoxicity at 10 lM
for 72 h

N/A Lowe et al.16

KSHV-infected
HMVECs;
Kaposi sarcoma tissue
samples

Fluorescence No effect on the modulation
of the infection

N/A N/A Maor et al.17

MTS based assay Inhibition of the
proliferation

N/A N/A Maor et al.17

TUNEL method Induction of apoptosis N/A N/A Maor et al.17

Immunohistochemistry;
Western blot;
ELISA

Prevention of the
transformation of normal
cells to KSHV-associated
cancers

N/A Inhibited expression of
vGPCR in cutaneous Kaposi
sarcoma lesions;
Decreased GRO-a and IL-8;
Decreased VEGF-C, VEGF-D,
and VEGFR-3

Maor et al.17

TMEV-induced
demyelinating disease-
susceptible female
SJL/J mice;
Murine brain
endothelial cells
(b.end5);
Rat astrocytes prepared
from postnatal Wistar
pups;
Nervous tissue
(prefrontal cortex and
spinal cords) or from
cell cultures using
RNeasy mini columns

Activity cage coupled
to a Digiscan Analyzer

Amelioration of motor
deficits

N/A Decreased microglial
activation and production of
the proinflammatory
cytokine IL-1b;
Decreased TNFa and IL-1b
mRNA induction in the spinal
cord

Mecha et al.18

Microscopy Decrease of leukocyte
infiltration in the brains

N/A Reduced leukocyte adhesion
to endothelial cells;
Inhibition of VCAM-1
production;
Reduction of CCL2, CCL5,
and CCR2 mRNA induction in
the prefrontal cortex;
Activation of adenosine A2A
receptors

Mecha et al.18

CCL, C-C chemokine ligand; CCR2, C-C chemokine receptor type 2; ELISA, enzyme-linked immunosorbent assay; GRO-a, chemokine growth-
regulated protein a; IFN-a, interferon alpha; IL, interleukin; KSHV, Kaposi’s sarcoma-associated herpesvirus; mRNA, messenger RNA; MTS, 3-(4,5-
dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium; N/A, not available; TMEV, Theiler’s murine encephalomyelitis
virus; TNFa, tumor necrosis factor alpha; TUNEL, terminal deoxynucleotidyl transferase dUTP nick end labeling; VCAM-1, vascular cell adhesion protein
1; VEGF, vascular endothelial growth factor; vGPCR, viral G protein-coupled receptor.

4 MABOU TAGNE ET AL.

D
o
w

n
lo

ad
ed

 b
y
 U

n
iv

er
si

ty
 o

f 
T

ec
h
n
o
lo

g
y
, 
S

y
d
n
ey

 C
A

U
L

 f
ro

m
 w

w
w

.l
ie

b
er

tp
u
b
.c

o
m

 a
t 

0
1
/2

0
/2

0
. 
F

o
r 

p
er

so
n
al

 u
se

 o
n
ly

. 



oral and genital herpes (n = 8), shingles (n = 3), hepati-
tis C (n = 3), colds and flu (n = 3), HIV/AIDS (n = 2),
Ebola (n= 2), and infectious mononucleosis (n = 1).
Those claims were provided by commercial websites
(n= 11), education platform (n = 8), online media
(n= 1), and LinkedIn (n = 1). In most cases, however,
the reported benefits of CBD for viral infections were
not supported by appropriate scientific references.

Other references reviewed were blogs (n = 3) or dis-
cussion forum (n = 1), where users could share and
compare their views, beliefs, and experiences of CBD
use in viral infections. Remarkably, in a discussion
forum,* many claims were made about the benefits of
CBD in the treatment of shingles. Reported comments
of users include the following: ‘‘CBD boasts consider-
able anti-inflammatory qualities. CBD also protects
nerve cells from further damage from the shingles
virus, and from future attacks. CBD will not cure shin-
gles but can help with pain’’ posted by Elle Hayes on
November 14, 2017; ‘‘Without a doubt CBD oil is

the only thing that actually helped and shortened
the life span of my shingles outbreak’’ posted by Cat
Lennon on February 18, 2019; ‘‘CBD can help relieve
the symptoms of pain caused by shingles as well as re-
duce inflammation and protect nerve cells’’ posted by
Jules S. on September 26, 2018; ‘‘CBD may help’’
posted by Katy Did, on December 27, 2017; ‘‘Quality
CBD capsules or oil can provide effective relief for
shingles. It can help with the nerve pain and inflam-
mation. A quality CBD balm can also help with skin
pain’’ posted by Mark Mallen, on January 30, 2018;
‘‘CBD has shown in studies that it may be able to
help reduce your sensitivity to pain. Putting a CBD
hemp oil topical on your shingles may be able to help
decrease the inflammation which is another way that
CBD can help with the pain’’ posted by Selim Reza
on December 28, 2018.
The alleged benefits of CBD for the treatment of viral

infections were most often explained by its well-known
anti-inflammatory and analgesic effects rather than a di-
rect antiviral activity. Particularly in Ebola, the alleged
benefits of CBD were backed by its pharmacological

FIG. 2. Strategy for Internet search. DDG, DuckDuckGo.

*https://www.quora.com/Does-CBD-help-with-shingles
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properties, which according to Reznik et al., could im-
prove the mental and somatic health of patients suffer-
ing from post-Ebola sequelae.19

Various dosage forms of CBD have been reported,
including mainly ointments, creams, and pills. Interest-
ingly, one reference announced that a study of hemp-
based topical CBD oil using the TherOZap� device
was underway to determine the efficacy of CBD in
inactivating Zika and West Nile viruses.20

Discussion

This systematic review sought to examine the current
state of knowledge on the use of CBD in viral diseases.
We first searched for scientific literature and found
very little references to the antiviral effects of CBD.
Then, we turned to the Internet and retrieved addi-
tional and rare instances of benefits of CBD in the
treatment of viral infections.

PubMed search shows that currently available scien-
tific literature provides only circumstantial evidence
that CBD has a direct effect on HCV replication and
indirect antiviral action against KSHV infection.16,17

Together, these findings suggest that CBD may be a
novel targeted candidate for the treatment of hepatitis
C and Kaposi sarcoma. This is to be welcomed as these
pathological conditions affect millions of people globally
and offer limited therapeutic options to patients so
far.21,22 Importantly, the observed in vitro effects of
CBD occur at concentrations achieved in humans
with well-tolerated therapeutic doses of Epidiolex
(up to 20mg per kg of body weight per day),23 suggest-
ing that these findings might be easily translated into
clinics. However, there is evidence that, other cannabi-
noids such as D9-THC may instead enhance infection
and replication of KSHV and promote KSHV-induced
endothelial transformation.24

In addition to its antiviral activity onHCVandKSHV,
CBD was found to reverse the deleterious effects of neu-
roinflammation in TMEV-infected mice.18 Indeed, fol-
lowing intracranial inoculation of TMEV, susceptible
mouse strains developed a chronic demyelinating dis-
ease similar to MS.25 This study actually does not pro-
vide any evidence for a direct antiviral effect of CBD,
nonetheless it suggests the ability of CBD to affect the
neuroinflammatory events underlying the pathogenesis
of MS. Although MS cannot by any means be consid-
ered a viral disease, several lines of evidence suggest
the contribution of some human viruses in its etiology
and pathogenesis.26 Cannabinoids, including CBD, are
currently used to treat symptoms of pain and spasticity

in MS,27 and recently, they are gaining increasing inter-
est for their immunomodulating properties that might
affect the immunoinflammatory mechanisms underly-
ing MS pathogenesis and progression.28 Available evi-
dence thus strongly warrants preclinical and clinical
studies aimed at establishing the potential of CBD as
an immunomodulating agent in MS, considering its ef-
fects on the immune system and on other factors con-
tributing to MS, possibly including viral infections.
Searching the Internet for claims about conventional

as well as alternative therapeutics is nowadays of para-
mount importance, in view of the extensive and contin-
uously increasing use of the Internet by common
people to retrieve health-related information.14 Our
DDG search on the Internet found more indications
for CBD, including in the treatment of oral and genital
herpes, HIV/AIDS, cold and flu, shingles, hepatitis C,
Ebola, mononucleosis, progressive multifocal leukoen-
cephalopathy, and West Nile and Zika fevers. Report-
edly, the antiviral potential of CBD lies in the fact
that it may affect both the innate and adaptive immune
cells functions29,30 and host inflammatory responses
play a critical role in the pathogenesis of these viral dis-
eases. However, apart from hepatitis C, there is a very
real lack of scientific evidence supporting the other al-
leged antiviral properties of CBD.
Claims about the benefits of using CBD in viral infec-

tions were largely reported by CBD online retailers and
most often appear to be a biased interpretation of the sci-
entific literature or a dishonestmanipulation of the infor-
mation for commercial purposes. For instances, the
purported benefits of CBD use in hepatitis C appear to
be extrapolated from a single in vitro study in which
CBD showed to inhibit HCV replication.16 Overall,
this situation comes to be problematic when desperate
patients, because of the limited therapeutic options
they have for their condition, are embracing very enthu-
siastically these claims. Indeed, misleading claim raises
significant public health concerns, as it may keep some
patients from accessing appropriate, well-established an-
tiviral therapies or looking out for possible risks associ-
ated with CBD use.31 In addition, since CBD-based
products are generally easier to obtain over the counter
by the general public, physicians may be confronted
with the effects of CBD—and thus the possibility of un-
wanted interactions with standard therapies—even
when they do not prescribe it themselves.
On the other side, however, claims about the use of

CBD in oral and genital herpes, shingles, and Ebola are
plausible on the basis of the anti-inflammatory and
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analgesic properties of CBD32 and therefore deserve
proper attention by the scientific community. For in-
stance, in Ebola, CBD has been proposed to improve
the mental and somatic health of patients suffering
from post-Ebola sequelae.19 In addition, ameliorating
inflammation, which is common in these condi-
tions,33–35 could be beneficial for patients. Likewise,
the anecdotal claims retrieved in an online forum con-
cerning the symptomatic benefits of CBD in shingles-
associated inflammation and pain, despite being
based just on the personal experience of one subject,
suggest the opportunity to consider testing CBD in
clinical trials as an add-on therapeutic for shingles-
related distress.
Although preliminary results achieved so far are en-

couraging, much remains to be done before CBD reaches
the marketplace as a treatment for viral diseases. Cur-
rently, there is no evidence from properly designed clin-
ical trials to support the use of CBD for the treatment of
hepatitis C and Kaposi sarcoma. Only well-powered
double-blind randomized, controlled clinical trials on
the efficacy of pure CBD are useful to recommend
CBD as a help for patients with viral infections. In addi-
tion, current evidence supporting the use of CBD in vir-
ally induced pathological conditions is confined to only
two in vitro and one in vivo studies, which overall are
poorly predictive of definitive outcomes in humans.
Therefore, additional studies are needed to validate or
consolidate current preclinical evidence, and to assess
the efficacy of CBD in patients with the aforementioned
viral diseases.
Procuring CBD even for research purpose still re-

mains a daunting task in some parts of the globe, due
to restrictive national regulations.36 Although World
Health Organization has recently withdrawn CBD
from the international drug control treaties, many reg-
ulatory authorities such as FDA have denied to update
their restrictive position.37 Another concern with CBD
research is that CBD-based products purchased online
or in shops have not been subject to the same level of
regulatory scrutiny before reaching the marketplace
as conventional therapies. Therefore, their purity, qual-
ity, and dosage may be unreliable.38

In conclusion, the plausibility of CBD use for HCV
and KSHV is there, but the current state of evidence
is limited and only supports consolidating existing
preclinical evidence through additional studies or
doing clinical trials, not recommending its use. Claims
about the other apparent antiviral effects of CBD
abound and should push us to investigate the real ben-

efit of CBD to overcome biases inherent in anecdotal
evidence. In particular, putative usefulness of CBD in
the post-Ebola syndrome19 or for shingles-associated
inflammation and pain is plausible considering the
established pharmacology of CBD but needs proper
assessment in well-designed clinical trials. Meanwhile,
CBD sellers should stop promoting claims that are not
backed by scientific evidence. Misleading claims rep-
resent both a threat to public health and a violation
of consumer access to accurate information. Large in-
ternational collaboration is needed to regulate online
shopping and enable consumers to make an informed
purchase.
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18. Mecha M, Feliú A, Iñigo PM, et al. Cannabidiol provides long-lasting

protection against the deleterious effects of inflammation in a viral model

of multiple sclerosis: a role for A2A receptors. Neurobiol Dis. 2013;59:

141–150.

19. Reznik SE, Gardner EL, Ashby CRJ. Cannabidiol: a potential treatment for

post Ebola syndrome? Int J Infect Dis. 2016;52:74–76.

20. Luminar Media Group. Testing to begin on TherOZap� working proto-

type & topical cannabidiol oil against the Zika andWest Nile viruses. 2017.

Available at https://www.globenewswire.com/news-release/2017/04/18/

961774/0/en/Luminar-Media-Group-Inc-Testing-to-Begin-on-TherOZap-

Working-Prototype-Topical-Cannabidiol-Oil-against-the-Zika-and-West-

Nile-Viruses.html (last accessed December 16, 2019).

21. Lebbe C, Garbe C, Stratigos AJ, et al. Diagnosis and treatment of Kaposi’s

sarcoma: European consensus-based interdisciplinary guideline (EDF/

EADO/EORTC). Eur J Cancer. 2019;114:117–127.
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Abbreviations Used

D
9-THC¼D

9-tetrahydrocannabinol

CBD¼ cannabidiol

CCL¼C-C chemokine ligand

CCR2¼C-C chemokine receptor type 2

DDG¼DuckDuckGo

ELISA¼ enzyme-linked immunosorbent assay

FDA¼ Food and Drug Administration

GRO-a¼ chemokine growth-regulated protein a

HBV¼ hepatitis B virus

HCV¼ hepatitis C virus

HMVECs¼ human dermal microvascular endothelial cells

HSV¼ herpes simplex virus

IFN-a¼ interferon alpha

IL¼ interleukin

KSHV¼ Kaposi’s sarcoma-associated herpesvirus

mRNA¼messenger RNA

MRSA¼methicillin-resistant Staphylococcus aureus

MS¼multiple sclerosis

MTS¼ 3-(4,5-dimethylthiazol-2-yl)-5-(3-

carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-

tetrazolium

N/A¼ not available

TMEV¼ Theiler’s murine encephalomyelitis virus

TNFa¼ tumor necrosis factor alpha

TUNEL¼ terminal deoxynucleotidyl transferase dUTP

nick end labeling

VCAM-1¼ vascular cell adhesion protein 1

VEGF¼ vascular endothelial growth factor

vGPCR¼ viral G protein-coupled receptor
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