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Coronavirus Disease (COVID-19) has infected people in 210 nations and has been declared a pandemic on
March 12, 2020 by the World Health Organization (WHO). In the absence of effective treatment and/or
vaccines for COVID-19, natural products of known therapeutic and antiviral activity could offer an inex-
pensive, effective option for managing the disease. Benefits of products of honey bees such as honey, pro-
polis, and bee venom, against various types of diseases have been observed. Honey bees products are well
known for their nutritional and medicinal values, they have been employed for ages for various therapeu-
tic purposes. In this review, promising effects of various bee products against the emerging pandemic
COVID-19 are discussed. Products of honey bees that contain mixtures of potentially active chemicals,
possess unique properties that might help to protect, fight, and alleviate symptoms of COVID-19
infection.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Recently, the world has experienced an outbreak of a serious
infectious disease; the COVID-19 pandemic caused by severe acute
respiratory syndrome–coronavirus 2 (SARS-CoV-2). This is the
third global outbreak of a Betacoronaviruses (beta-CoVs) after
the severe acute respiratory syndrome-coronavirus (SARS-CoV) in
2002 and the Middle East respiratory syndrome-coronavirus
(MERS-CoV) in 2012 (Scival, 2018; Thoms et al., 2020). At the
beginning of March 2020, COVID-19 was classified as a pandemic
by the WHO, and has been creating a global health threat and
affecting all aspects of life with more than 81 million reported
cases and around 1.8 million death by the end of 2020, which
has now surpassing the combined number of cases and deaths of
two previously emerging coronaviruses, (WHO, 2020a).

The viruses in this class are enveloped and spherical particles
with a single stranded RNA (ssRNA) genome of 26–32 kb, the 50-
terminal two-thirds of their genome ORF1a/b encodes polypro-
teins, which form the viral replicase transcriptase complex. The
other ORFs on the one-third of the genome encode four main struc-
tural proteins: spike (S), envelope (E), nucleocapsid (N) and mem-
brane (M) proteins, as well as several accessory proteins (Li et al.,
2020). Thus, viruses are quasi alive, in that they can not replicate
themselves, but rather need the cellular apparatuses of cells in a
host organism to replicate virus particles that can then infect other
host individuals.

Coronaviruses were identified in the mid-1960 s and are known
to infect humans and a variety of animals, including birds and
mammals (Hamre and Procknow, 1966). Since 2002, two coron-
aviruses infecting animals have mutated and evolved to forms that
have caused outbreaks in humans: Severe Acute Respiratory Syn-
drome SARS-CoV) was identified in southern China in 2003
(Reilley et al., 2003) and Middle East Respiratory Syndrome
MERS-CoV) was identified in Saudi Arabia in 2012 (WHO, 2013).
Together, they have caused more than 1600 deaths. In January,
2020, the world has experienced the emergence and then rapid
dispersion of a new human pathogen that has produced a global
pandemic, and a third highly pathogenic beta coronavirus (Cui
et al., 2019; Huang et al., 2020; Ksiazek et al., 2003) with clinical
presentations resembling viral pneumonia (WHO, 2020b). Deep
sequencing analysis of the genome of viruses isolated from the
lower respiratory tract has indicated a novel coronavirus, which
was named 2019 novel coronavirus (2019-nCoV). SARS-CoV-2
has caused outbreaks of a respiratory illness known as COVID-19.

Scientists are still seeking a successful vaccine to prevent infec-
tion or effective treatments once persons are infected. Apitherapy
involves use of products of honeybees, such as honey, propolis,
bee venom, bee bread, and royal jelly for prolonging, sustaining,
and retaining health (Pasupuleti et al., 2017). Because their antivi-
ral potentials were extensively proven in previous studies, such
products are considered potential candidates for treatment of
COVID-19 in humans (Shahzad and Cohrs, 2012; Zareie, 2011).
Phenolic compounds in honey, propolis, and royal jelly, commonly
present as flavonoids, contribute to the many functional properties
of bee products, including their antioxidant, antimicrobial, antivi-
ral, anti-inflammatory, antifungal, wound healing, and cardiopro-
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tective activities (Cornara et al., 2017; Pasupuleti et al., 2017). In
this review we present current understanding of three bee prod-
ucts as antiviral defense mechanisms against COVID-19 and sug-
gest important avenues for future investigation.

2. Traditional and medical uses of honeybee products

Honeybees are master chemists and chemical engineers. Their
success in the animal kingdom is largely because of the chemistry
and the application of their products: honey, beeswax, venom, pro-
polis, pollen, and royal jelly. Three of these products, beeswax,
venom, and royal jelly, are chemically synthesized by the bees
themselves. The other three are derived from plants and are mod-
ified and engineered by the bees for their own use. Evidence from
the paintings made during the Stone Age revealed treatment of
several diseases with bee products, such as honey and propolis.

2.1. Honey

Honey has been used as a food and medicine since ancient
times. Because it has a large proportion of the simple sugar, fruc-
tose. Since it is 25% sweeter than table sugar made from sugar cane
or sugar beets, which is mostly sucrose, honey from bees has been
used as a natural sweetener (Babacan and Rand, 2007; Pataca et al.,
2007). In addition, honey is commonly used in drinks (Babacan and
Rand, 2007). Ancient scrolls, tablets and books — Sumerian clay
tablets (6200 BCE), Egyptian papyri (1900–1250 BCE), Veda (Hindu
scripture) 5000 years old, Holy Koran, Jewish and Christian Bible,
and Hippocrates (460–357 BCE) demonstrated use of honey to
treat several diseases (Ajibola et al., 2012; Mijanur Rahman et al.,
2014; Molan, 2001; Newman, 1983). Almost 1000 years ago, Avi-
cenna, the great Iranian scientist and doctor, proposed honey as
one of the best remedies for treatment of tuberculosis (Asadi-
Pooya et al., 2003). Evidence suggests that honey might have ben-
eficial effects on health including as antioxidants (Ahmed and
Othman, 2013), anti-inflammatory (Khalil et al., 2012), antibacte-
rial (Attia et al., 2008), antidiabetic (Estevinho et al., 2008), respira-
tory, gastrointestinal (Erejuwa et al., 2012), cardiovascular, and
nervous system protective effects (Ghosh and Playford, 2003). In
2007, honey received approval from the Food and Drug Adminis-
tration of the USA (FDA) for use as a topical treatment for wounds
because of its potent antimicrobial properties (Pieper, 2009).

Honey coats the inner lining of the throat and destroys poten-
tially harmful microbes while simultaneously smoothing the
throat (Gupta and Garg, 2014; Patel and Cichello, 2013). Also,
honey is more potent for suppression of cough than dextromethor-
phan and diphenhydramine (Pasupuleti et al., 2017). Chronic bron-
chitis and bronchial asthma have been treated using honey, given
orally during studies of animal models (Ghosh and Playford,
2003). Additionally, aerosolised honey has been used to effectively
treat and manage asthma in rabbits, and has been suggested to be a
promising treatment for asthma in humans (Kamaruzaman et al.,
2014). In this context, an open randomized primary care, clinical
trial has been approved to compare effectiveness of three symp-
tomatic therapies (dextromethorphan, ipratropium or honey) asso-
ciated with usual care and usual care in acute bronchitis adults
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(Cots et al., 2019). Some of these potent natural honeys are cur-
rently being used under various trade names and brands as medic-
inal substances such as Medihoney (manuka-based honey),
Revamil (blossom-based honey), and Honevo (kanuka-based
honey) in dermatological and other medical practices (Jull et al.,
2007; Kwakman et al., 2008; Semprini et al., 2016).
2.2. Propolis

Propolis is commonly known as the ‘‘bee glue,” a common term
that refers to the resinous material that the bees obtain from var-
ious plant types (Kusumoto et al., 2001). Propolis works in fixing
holes and cracks, and in beehive restoration. This is often used to
smooth the beehive’s inner surface, maintain internal temperature
(35� C) of the hive, avoid weathering and pest invasion. In addition,
propolis hards the cell wall and leads to an internal aseptic
environment. Propolis becomes generally soft and sticky when
heated. Owing to its antiseptic, anti-inflammatory, antioxidant,
antibacterial, antimycotic, antifungal, antiulcer, anticancer, and
immunomodulatory properties, Propolis and its extracts have
multiple applications in treating various diseases. It contains caf-
feic acid phenethyl ester and artepillin C with antiviral, anti-
inflammatory and immunomodulatory effects (Cornara et al.,
2017; Kusumoto et al., 2001; Pasupuleti et al., 2017; Al Naggar
et al., 2016).
2.3. Bee venom (BV)

Honeybee venom is a salty, colorless liquid containing a combi-
nation of peptides and enzymes. The major enzymes are phospho-
lipase A2, phospholipase B, hyaluronidase, phosphatase and a-
glucosidase. It also includes peptides such as melittin, apamine,
mast cell degranulating peptide, adolapine, tertiapine, secapine,
melittin F and cardiopepine (Pak, 2017; Lee et al., 2015) One of
the first natural treatments for arthritis were possibly the bee
stings. Bee venom was used for apitherapy in ancient China, India,
Egypt, Babylon and Greece (Bogdanov, 2016; Shehata et al., 2016).
The bee sting therapy was also described in the Huandi Neijing, an
ancient Chinese medical book around 500 BCE (YaoChun, 1993).
The ancient Greek doctor Hippocrates used venom from bee for
medicinal use. He identified it as Arcanum, a mysterious substance
of which he did not understand curative properties.
Table 1
Antimicrobial activity of honey bee products.

Bioactive compound Bee product Medicinal effec

Phenolic compound: propolis benzofuran Propolis Antifungal

Phenolic compound: 2,2-dimethyl-8-
prenylchromene

Propolis Antimicrobial

Phenolic compound: 4-hydroxy-3,5-diprenyl
cinnamic acid (artepillin C)

Propolis Antimicrobial, a
inflammatory, a

Phenolic compound: 3-prenyl cinnamic acid allyl
ester

Propolis Antimicrobial

Terpenoid: isocupressic acid, a labdane diterpenoid Propolis Antifungal
Terpenoid:13C-symphyoreticulic acid, a clerodane

diterpenoid
Propolis Antitumor

Phenolic acid: ellagic acid Honey Antioxidant, ch
antiproliferativ

Phenolic acid: syringic acid Honey Antioxidant, an
Flavonoid: caffeic acid phenethyl ester Honey and

propolis
Antitumor, anti
inflammatory

Phenolic acid: p-coumaric acid Honey Antigenotoxic,

Flavonoid: hesperetin Honey Antioxidant, an
Hydroxyl fatty acid, 3,10-dihydroxydecanoic acid Royal jelly anti-inflammat

immunomodul
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3. Main bioactive components of honeybee products

Recent years have seen wide application of bee products in both
traditional and modern medicine. Currently, many studies are tar-
geted toward investigating directed health benefits and pharmaco-
logical properties of bee products due to their efficacies, leading to
the increasing development of nutraceuticals and functional food
from these products (Pasupuleti et al., 2017). The concept of func-
tional food refers to food that can promote better physiological or
psychological health compared to traditional remediated and
nutritional food (Kaur and Das, 2011).

The main bioactive compounds with antimicrobial activity
among honeybee products include polyphenols and vitamins; they
occur naturally in food and confer health benefits (Pasupuleti et al.,
2017). Phenolic compounds as bioactive molecules are commonly
present as flavonoids, they contribute to the antioxidant, antimi-
crobial, antiviral, anti-inflammatory, antifungal, wound healing,
and cardioprotective activities of honeybee products (Pasupuleti
et al., 2017; ElSofany et al., 2018). The main flavonoids are
pinocembrin, rutin, quercetin, and naringenin, and caffeic acid
phenethyl ester (CAPE) as well (Cornara et al., 2017). The main
bioactive compounds with antimicrobial activity within honeybee
products are summarized (Table 1).
4. Antiviral activity of honeybee products

Of all human pathogens, since viruses can remain viable and
thus infectious in dry mucus for a long time they are the most com-
mon and also among the most difficult pathogens to treat
(Madigan et al., 2010). Since viruses can not replicate themselves,
they require a host cell, the molecular apparatus of which then
can be directed to replicate the virus. In this process when viruses
are released, lyse the host cells. Thus, destroying the virus also
means killing the host cell. Aside from interventions with drugs
that target specific viral proteins, vaccination remains the most
effective prophylactic measure of choice to avoid infection by
viruses (Madigan et al., 2010; Rémy et al., 2015). In the case of vac-
cines, antibodies are produced in the vaccinated individuals such
that initially when small numbers of a virus enter the host, before
they can infect cells and start multiplying, they are recognized and
inactivated by the antibodies that have been made to virus-specific
antigens. However, it has been proven in many studies that natural
t References

(Pasupuleti et al., 2017; Salatino et al., 2005; Viuda-Martos
et al., 2008)
(Salatino et al., 2005)

nti-
nticancer

(Cornara et al., 2017; Pasupuleti et al., 2017; Salatino et al.,
2005)
(Cornara et al., 2017; Pasupuleti et al., 2017; Salatino et al.,
2005)
(Pasupuleti et al., 2017; Salatino et al., 2005)
(Pasupuleti et al., 2017; Salatino et al., 2005)

emopreventive,
e

(Cornara et al., 2017; Pasupuleti et al., 2017)

ticancer (Pasupuleti et al., 2017)
cancer, anti (Cornara et al., 2017; Osés et al., 2020; Pasupuleti et al.,

2017; Viuda-Martos et al., 2008)
neuroprotective (Cornara et al., 2017; Osés et al., 2020; Pasupuleti et al.,

2017)
ti-inflammatory (Pasupuleti et al., 2017)
ory, antiviral,
atory

(Cornara et al., 2017)
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products like honey can mitigate microbial diseases (Mandal and
Mandal, 2011a).

Natural honey showed profound antiviral activity against
rubella virus (Zeina et al., 1996) and varicella-zoster virus (VZV)
(Shahzad and Cohrs, 2012). Potencies of various honeys against
influenza and HIV have also been reported (Ratcliffe et al., 2011;
Watanabe et al., 2014). Antiviral efficacies of honey have been
checked against the respiratory syncytial virus. A series of tests
were developed using cell cultures to assess efficacy of honey
against respiratory syncytial virus. The results indicated that honey
inhibited replication of viruses (Zareie, 2011). Additionally, the
anti-influenza activity of honey from various sources were investi-
gated (Watanabe et al., 2014). Honey in general, and particularly
Manuka honey, had potent inhibitory effects against the influenza
virus (Watanabe et al., 2014). Profound, in vitro antiviral activity of
a mixture of natural honey, ginger and garlic extracts against var-
ious strains of influenza virus was observed, moreover they
showed in their study that this mixture promotes the proliferation
of human lymphocytes (Vahed & Batool Jafri 2016).

Hydrogen peroxide, phenols and bioflavonoids, found honey
bee products are the major classes of bioactive compounds respon-
sible for their antiviral activity against various viral infections
(Charyasriwong et al., 2015). Flavonoids are major constituents of
honey and play an important role for this activity. Galangin, a fla-
vonoid has been proven to be effective against HSV and coxsackie B
virus, whereas quercetin and rutin show antiviral activity against
HSV, syncytial virus, poliovirus, and Sindbis virus (Viuda-Martos
et al., 2008). The flavonoids, alangin, quercetin and rutin that occur
in honey might be directly or indirectly linked to antiviral proper-
ties of honey (Ferreres et al., 1994; Hadjmohammadi and Nazari,
2010; Pimentel et al., 2013). Antiviral activity of honeybee prod-
ucts is summarized in (Table. 2).

The virucidal activity of bee venom against DNA and RNA
viruses; including Herpes simplex virus type-1(HSV-1), Adenovirus
type �7(adeno-7), human immunodeficiency virus (HIV) and West
Nile Virus was clearly documented (Ramadan , et al., 2009).

Potential anti COVID-19 effects of honeybees and other bee
products while require further investigations, many studies sug-
gest promising effects of bee pharmacy against COVID-19 either
by direct antiviral effects of their bioactive peroxides, flavonoids
and phenolics or indirect effects due to their immunomodulatory
effect on the host immune system and interfering with host
inflammatory response aroused by COVID-19 infection, the two
effects are going to be discussed in more details below.
Table 2
Antiviral activity of natural honey.

Types of Honey/compound Target virus

Manuka and Clover honey Varicella Zoster virus (VZV, th
pox and shingles)

Honey and thyme extract Respiratory Syncytial Virus
Manuka, buckwheat, honeydew and acacia honeys Influenza virus
Manuka, Honeydew and Rewarewa honeys Rubella virus

adenovirus and herpes simple
Multi-floral honey from UAE Herpes simplex virus and rube
Honey and Royal Jelly Herpes simplex virus type 1 (H
Mono-floral Iranian honey HIV-1

Type 1 herpes simplex virus
New Zealand medical grade kanuka honey Herpes simplex virus
Honey, Ginger and Garlic Decoction Influenza Virus
MGO (methylglyoxal) a major component of

Manuka Honey
Foot and mouth disease virus

Tualang honey (Malaysian multi-floral jungle honey) Common cold
Reduction of virus load in AID

Phenols and bioflavonoids found in honey Virus families such as retrovir
HIV virus, influenza virus, herp
virus etc
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5. Pathogenesis of COVID-19

SARS-CoV2 binds to ACE2 with high affinity as a virus receptor
to infect humans and does so through spike glycoproteins on the
surface of its membrane. With the presence of the S glycoproteins
on the surface of the virus, coronavirus is able to penetrate the
alveolar cells, such as type II pneumocytes, transferring the viral
genome for replication within the cell host. Upon the replication
of the viral material, it is released from type II pneumocytes and
causes a cascade of cytokines to be released. The cytokine storm
triggers symptoms such as dyspnea, chest tightness, etc. The initial
stages of COVID-19 manifestations present with symptoms that
often are confused with that of the common cold such as a fever,
myalgias, sneezing, stuffy nose, etc are reviewed (Moore and
June, 2020; Sun et al., 2020).

Patients infected by SARS-CoV-2 develop varying symptoms
like dry cough, fever, headache, fatigue, shortness of breath, and
diarrhea. In 5% of cases, the disease progresses and results in acute
injury to the lung (ALI) that is manifested as acute respiratory dis-
tress syndrome (ARDS), respiratory failure, heart failure, sepsis,
and sudden cardiac arrest within a few days (Huang et al., 2020;
Preskorn, 2020). SARS-CoV-2 attaches to the host cells through
binding of its spike (S) protein to Angiotensin converting
enzyme-2 (ACE2) receptors, such receptors are widely expressed
in cardiopulmonary tissues and in some hematopoietic cells,
including monocytes and macrophages (Moore and June 2020).
However, to achieve efficient fusion, S protein requires priming
by a host cellular transmembrane serine protease TMPRSS
(Preskorn, 2020; Zhou et al., 2020). Upon viral entry, the spike pro-
teins of both SARS-CoV and SARS-CoV-2 cause the internalization
and degradation of ACE2 (Fig. 1). Once, SARS-CoV-2 nucleic acid
is introduced and translated by host cell machinery, the viral pro-
tein products are processed by viral specific proteinases. Mean-
while, the nucleic acid of the virus is processed to prepare
template for further replication to synthesis new copies of the viral
nucleic acid, then the synthesized genomic RNA packaged within
nucleocapsid protein in the cytoplasm to assemble viral nucleocap-
sids, which bud into the lumen of the endoplasmic reticulum—
Golgi inter-mediate compartment ready to be released from the
cell through exocytosis to infect other cells. Studies conducted in
animal models revealed that SARS-CoV-2 can infect not only type
II alveolar cells but also other cells that can express ACE2 e.g.
myocardial cells, proximal tubule cells of kidney, bladder urothe-
lial, ileum, colon, esophagus epithelial cells, and oral mucosa cells
References

e cause of chicken (Shahzad and Cohrs, 2012; P. Zareie,
2011)
(Feás and Estevinho, 2011)
(Watanabe et al., 2014b)
(Littlejohn, 2009)

x virus
lla virus (Al-Waili, 2004)
SV-1) (Hashemipour et al., 2014)

(Behbahani, 2014)
(Ghapanchi et al., 2011)
(Semprini et al., 2019)
(Vahed and Batool Jafri, 2016)

influenza B viruses; (Ghizatullina, 1976)(Charyasriwong et al.,
2016)

(Sobhanian et al., 2014)
S patients (Wan Yusuf et al., 2019)
idae, hepadnaviridae, hespervirides,
es simplex virus, dengue virus, polio

(Kamboj, 2012)



Fig. 1. Host cell and SARS-CoV-2 viral envelope (E), membrane (M), nucleocapsid
(N), and spike (S) proteins (Source; https://www.sigmaaldrich.com/technical-
documents/protocols/biology/ncov-coronavirus-proteins.html).
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(Du et al., 2009; Hoffmann et al., 2020; Xu et al., 2020; Zou et al.,
2020). This might, in part, explain the multiple systemic presenta-
tions of COVID-19.

In response to infection with coronaviruses, due to activation of
the immune system, a cocktail of inflammatory mediators includ-
ing cytokines and chemokines including interleukin-1 b (IL-1b),
IL-2, IL-6, IL-8, granulocyte–macrophage colony-stimulating factor
(GM-CSF), both IFN-a/b, vascular endothelial growth factor (VEGF),
tumor necrosis factor (TNF), macrophage inflammatory protein
(MIP1), MIP1A, MIP1B, platelet derived growth factor (PDGF), and
interferon-inducible protein 10 (IP-10), are produced as reported
from accumulating studies and clinical evaluation of COVID-19
patients . Excessive production of these mediators contributes to
manifestation of the disease and exacerbation of pathogenesis of
COVID-19, where intensified inflammatory response and uncon-
trolled production of mediators and cytokine storm; maladaptive
cytokine release in response to infection and other stimuli; mani-
fested as loss of regulatory control of proinflammatory cytokine
production at the local and systemic levels (Ye et al., 2020), and
favor massive accumulation of inflammatory monocytes, macro-
phages and neutrophils in the lung alveoli (Channappanavar
et al., 2016; Clark and Vissel, 2017; Huang et al., 2020; Mehta
et al., 2020b) leading to cellular necrosis.
6. Potential protective role of honeybee products against
COVID-19

6.1. Honey

Honey’s general antimicrobial activity and antiviral activity are
likely due, in part, to hydrogen peroxide (H2O2) and the bee-
derived antibacterial peptide defensin-1 (Def-1) (Bucekova et al.,
2019; Weston, 2000). Based on several in vivo and in vitro studies,
other phytochemical non-peroxide components such as methyl-
glyoxal (MGO) in some kinds of honey e.g. Manuka honey, exhibit
similarly unusual enhanced antimicrobial activity (Mavric et al.,
2008). Amounts of H2O2 can vary among types of honey. More
specifically, concentrations of H2O2 affect generation of hydroxyl
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radicals from degraded H2O2 through a Fenton reaction. Oxidative
stress, which formed hydroxyl radical has been shown to be the
primary mechanism by which H2O2 in honey inhibited bacterial
cells (Brudzynski and Lannigan, (2012). In addition, hydrolysis of
H2O2 can also generate oxygen, which can accelerate auto-
oxidation of polyphenols in honey, which, when they become
pro-oxidant agents, generate more H2O2 and, in the presence of
transition metals, drive production of hydroxyl radicals from
H2O2 (Brudzynski and Lannigan, 2012). In 40% honey solutions
(pH 7.0), the content of H2O2 in blossom honey was determined
immediately after homogeneous solutions were prepared, varying
from 2.4 to 47.2 lg / g honey (Bucekova et al., 2019).

Like other respiratory viruses, including various strains of
influenza, COVID-19 spreads through tiny droplets released from
an infected person’s nose and mouth during cough (Okada et al.,
2020). One question, which has not yet been answered is exactly
how long SARA-CoV-2 (virus which causes the COVID-19 disease)
will survive outside the human body. Recent research on related
coronaviruses, including SARS (Severe Acute Respiratory Syn-
drome) and MERS (Middle East Respiratory Syndrome), found that
they can stay viable up to nine days on metal, glass and plastic
unless properly disinfected (Kampf et al., 2020). Coronaviruses
can be rapidly inactivated after disinfecting carrier surfaces with
70% alcohol, 0.5% hydrogen peroxide, or other household bleach
containing 0.1% sodium hypochlorite (Kampf et al., 2020).

Honey naturally contains hydrogen peroxide, meaning that rou-
tine daily honey intake might provide a protective measure
because of the biocidal effect of hydrogen peroxide in honey could
help to clean the throat from any virus particles. Besides H2O2,
antimicrobial potency of honey is strongly correlated with its nat-
ural physicochemical properties such as osmolarity, pH, viscosity
and thickness. Honey is characteristically acidic with a pH from
3.5 to 4.5 and this acidic pH maximizes it’s antimicrobial activity
(Mandal and Mandal, 2011b; Rao et al., 2010). The first barriers
against any microbial infection are body secretions like sweat, sal-
iva, mucus and gastric acid. Body secretions belong to the innate
immune system and form chemical barriers to microbial invasion
by infectious agents adhering to epithelial surfaces (Chaplin,
2010). Therefore, honey could imitate body secretions in develop-
ing an environment that is not conducive for microbes ’survival, in
addition to its unusual antimicrobial activity (Olaitan et al., 2007).
Taken all together. The chemical biocidal properties as well as the
physical properties of honey might help to disinfect or trap Covid-
19 virus particles before passing to the lungs (Fig. 2).

Natural honeys in general and Manuka honey in particular are
rich in phenolics and flavonoids (see Table 2), recently several
studies that predict binding affinity of naturally occurring polyphe-
nolic compounds to SARS-CoV-2 viral proteins are conducted in the
context of in silico and molecular docking studies, most of these
studies propose an expected medicinal value of polyphenols based
on their predicted binding to SARS-CoV-2 main protease (Mpro)
(Heba, 2020; Mustafa et al., 2020). Clinical investigations have to
be performed to examine the predicted medicinal potential of
these compounds. Polyphenols are existing among the bioactive
compounds of natural honey are currently under phase 3 of clinical
investigation as a treatment of COVID-19 patients (Tantawy, 2020)

6.2. Propolis

Propolis is a potent modulator of immune responses (Orsi et al.,
2000), and such effects may explain its antimicrobial and antiviral
activities to some degree. Several studies have also documented
propolis anti-inflammatory properties, likely related to the pres-
ence of phenolic acids. Caffeic acid phenethyl ester (CAPE) is con-
sidered to be a specially strong anti-inflammatory component,
capable of targeting NF-jB signaling specifically (Armutcu et al.,
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Fig. 2. Diagram indicating potential protective effects of honey against SARS-CoV-2,
which is the virus that causes Covid-19. SARS-CoV-2 is transmitted through tiny
droplets released from an infected person to another person then the virus particles
either pass to the lungs and progress as in A or trapped by honey then destroyed by
the biocidal activity of honey or pass to the gastric acid of stomach as we propose in
B.
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2015). This compound has been also found to modulate ERK MAPK
signaling in T cells and mastocytes (Cho et al., 2014), and to regu-
late PI3K/Akt pathway in different human cell lines (Li et al., 2017).
Additionally, CAPE was found to inhibit HIV-1 infection by acting
on viral integrase (Costi et al., 2004) and to suppress hepatitis C
virus replication in vitro (Zhang, 2003). On the other hand, very
few studies investigated the potential effects of propolis on coron-
aviruses (Bachevski et al., 2020a; Debiaggi et al., 1990). Propolis is
rich in phenolics and flavonoids (see Table 2), several in vitro and in
silico studies confirmed anti-coronavirus activity of propolis flavo-
noids like chrysin and kaempferol that were found to inhibit virus
replication in vitro (Debiaggi et al., 1990) and quercetin and its
derivatives that inhibit the SARS-CoV-1 and MERS-CoV main pro-
tease in vitro besides their aminopeptidase activity and their ability
to modulate the unfolded protein response (UPR) utilized by the
virus to complete the replication cycle (Bachevski et al., 2020b;
Berretta et al., 2020; Polansky and Lori, 2020; Sahlan et al., 2020;
Scorza et al., 2020; Shaldam, n.d.; Syed and Saleem, 2004). Taken
together and based on recent and previous findings about propolis
immunomodulator and antiviral activity, it could be used as adju-
vant therapy to control the severe inflammatory reaction espe-
cially the cytokine storm associated with COVID-19 infection
aside from the protective effects of propolis phenolics and flavo-
noids against COVID-19.
6.3. Bee venom

Bee venom and its two main components (melittin and PLA2)
are well known to have antimicrobial activity and can thus be used
as complementary antibacterial agents (Perumal Samy et al., 2007;
Socarras et al., 2017; Zolfagharian et al., 2016). Such compounds
exert their effects on bacteria by inducing pores through their
membranes which lead to cleavage and then lysis (Leandro et al.,
2015). Nevertheless, studies investigating BV’s antiviral activity
are still scarce. Bee venom can arouse the immune system
(Cherniack and Govorushko, 2018) and promote the differentiation
of human regulatory T cells (Caramalho et al., 2015), which play a
crucial role in the eradication of SARS-CoV and limiting its patho-
genesis (Chen et al., 2010). A recent study investigated BV antiviral
potential and came out with interesting findings both in vivo and
in vitro. This study showed that BV and melittin have significant
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antiviral effects against numerous enveloped viruses (vesicular
stomatitis virus, influenza A virus, herpes simplex virus, etc.) and
nonenveloped viruses (enterovirus-71 and coxsackie virus)
in vitro (Uddin et al., 2016). The study also showed that melittin
protected mice that were exposed to lethal doses of influenza A
H1N1 virus. Bee venom and its constituent melittin have been
shown to induce immunity through substantial upregulation of
Th1 cytokines (IFN-c and IL-12) and several forms of immune cells,
including CD3 + CD8+, CD4 + CD8 + and cd T cells, which not only
reduced the viral load but also reduced the incidence of interstitial
pneumonia in pigs infected with PRRSV (Lee et al., 2015). However,
this effect, which could be very significant for SARS-CoV-2 related
pneumonia, was only achieved when bee venom was administered
through the nasal or rectal pathway (Lee et al., 2015).

A survey of 5115 beekeepers and 121 bee venom-treated
patients conducted by the Hubei Province apitherapy clinic, the
COVID-19 epicenter in China found that none of the beekeepers
had symptoms associated with COVID-19, the current and devas-
tating pandemic (Yang, 2020). Moreover, his team followed 121
patients of who had received bee apitherapy for two months, with-
out any other protective measures. None of the apitherapists, nor
the investigated patients were infected by SARS-CoV-2, although
they had close contact with immediate family members with con-
firmed SARS-CoV-2 Infection. These people have one thing in com-
mon: they develop a tolerance to bee sting (Yang, 2020). Therefore,
bee venom might potentiate the immune system and reduce the
susceptibility to SARS-CoV infection (Yang, 2020).
7. Conclusions and recommendations

Bee products and bee venom are well known of their nutritional
and medicinal values, they have been employed since ages for dif-
ferent therapeutic purposes. In this review, we comprehensively
discussed the promising effects of different bee products against
the emerging pandemic COVID-19, bee products possess unique
criteria and harbor a magic cocktail of phytomedicines that help
to protect, to fight, and to alleviate COVID-19 infection.

Honey has been recommended by the National Institute for
Health and Care Excellence (NICE) and Public Health England
(PHE) as a first line treatment for cough due to upper respiratory
tract infection, which is the main well identified COVID-19 symp-
tom (Wölfel et al., 2020), on the other hand variable concentrations
of Manuka honey surprisingly found to modulate the release of
cytokines, chemokines and matrix-degrading enzymes that regu-
late inflammatory and immune responses (Minden-Birkenmaieret
al., 2019), currently drugs that quiet cytokine storms and soften
the hyperinflammation are greatly considered to protect from
acute respiratory distress syndrome (ARDS) the major cause of
death due to serious COVID-19 infection (Mehta et al., 2020a).
Therefore, we recommend honey as a potential compatible
antiseptic prophylaxis to help protect against the virus. Honey
might safely disinfect the throat and trap virus particles, beside a
major advantage that it has no side effects and of great nutritional
value. Furthermore, research into the active ingredients that
impart antiviral potency to honey and greater understanding of
how those chemicals cause their effects on viruses might help
direct development of effective antiviral drugs with potentially
fewer side effects. We may even consider diluted solution of natu-
ral honey as a home-made antiseptic for hands, skin and mucous
membranes or as a mouth gargle since honey is completely safe
and widely used as sweetener in several pharmaceutical
preparations.

Propolis contains a concentrated dosage of therapeutic flavo-
noids and phenolic compounds that interfere with maturation
and replication machinery of the virus in one hand and mitigate
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the exaggerated inflammatory response of COVID-19 on the other
hand. Propolis belongs to the safest ecological therapies, investiga-
tional studies and confirmed anti-corona effects of chemical ingre-
dients of propolis highlight the necessity for further investigations
covering the prophylactic effect of propolis in high-risk groups,
especially individuals in close contact with COVID-19 patients,
and validating the anti-corona effects of propolis.

As a powerful immune modulator, bee venom should be taken
in consideration, it enhance the differentiation of T regulatory
immune cells, it works like a protective vaccine that puts the
immune system in a standby state to interfere with the virus.
Finally, we reconsider bee product in general as a treasure trove
to fight COVID-19.
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