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The emergence of COVID-19, caused by the SARS-CoV-2 virus, led to the pursuit of solutions for the treatment of

symptoms and/or disease. Honey has proven to be effective against viral infections, principally due to its potential

antioxidant and anti-inflammatory activities that attenuate oxidative damage induced by pathogens, and by

improving the immune system.
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1. Introduction

The value of honey is recognized all over the world. Several studies have been performed in different fields

concerning honey and its related products. These natural products have effects on the environment, biodiversity,

and human health assurance. The role of honey in health and wellbeing is well recognized, with its medicinal and

nutritious performance being extremely explored over human history. In recent years, concerns about the

environment and the preservation of the planet have increased. This had led to a search for natural products as

alternatives to processed foods and chemical foodstuffs. In this sense, honey, and its related products, such as bee

pollen, beeswax, beebread, and propolis, are natural products favored by consumers and industries. Based on

their biological properties, these products have been selected for a wide range of applications, as ingredient or as a

single product, to address old and new problems. Honey’s biological, nutraceutical and medicinal properties have

been scientifically proven, especially regarding antioxidant, anti-inflammatory, antibacterial and antidiabetic

activities, as well as for respiratory, gastrointestinal, cardiovascular, and nervous system protective effects .

The antibacterial activity of honey is one of its most valued properties. In fact, honey is increasingly used in its pure

form, or in mixtures with drugs, for the treatment of infections, burns and wounds. Its antibacterial power is mainly

attributed to its high osmolarity, acidity (low pH), and content of hydrogen peroxide (H O ) and non-peroxide

components . Consequently, different studies have been increasingly performed, involving honey and related

products, aiming to understand and prove the real health values of this natural product . Despite the high

nutritional and medical value attributed to the generality of honey products, there are differences among them that

may result in different attributes and properties. Honey can be classified as blossom or nectar honey: the first one

is produced by honeybees from the nectar of plants, while the second result from secretions of living parts of plants

or excretions of plant-sucking insects on the living parts of plants . Additionally, nectar honey can be classified

as unifloral or multifloral, depending on its predominant production from a single, or from several plant species,

respectively. Unifloral honey is considered high-quality honey, since it can attain not only specific flavor and

organoleptic properties, but also specific biological properties. Despite its essential composition of water and
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sugars (mainly fructose and glucose), honey also contains other minor compounds, namely vitamins, minerals,

enzymes, free amino acids, and numerous volatile compounds . These compounds are responsible for

conferring specific/individual organoleptic, nutritional, and biological properties, depending on the botanical origin,

geographic area, season, and technology used for honey extraction, as well as storage conditions . 

2. Honey as a Co-Adjuvant of SARS-CoV-2 Infection
Treatment

Honey and its related products are used as natural therapies for several health problems, including pulmonary and

cardiovascular disorders, diabetes, hypertension, gastrointestinal tract disorders, edema, cancer, autophagy

dysfunction, bacterial, viral, and fungal infections . These biological properties are principally due to honey’s

potential antioxidant and anti-inflammatory activities, which may not only attenuate the oxidative damage induced

by pathogens but also improve the immune system. In the specific case of viral infections, honey is employed due

to its abilities to decrease acute inflammation by promoting an immune response . In fact, honey can

modulate the molecular targets involved in cellular signaling pathways, such as apoptosis and inflammation, as

well as signaling cascades needed for virus replication and attachment to the host cells . Varicella zoster ,

rubella , influenza , herpes simplex , respiratory syncytial virus , immunodeficiency virus , viral

hepatitis A , are among the pathogens effectively inhibited by honey.

Honey is mainly composed of sugars and water, while minor compounds such as organic acids, amino acids,

enzymes, phenolic compounds, vitamins, minerals, and antioxidants, are related with its biological properties 

. The foraging activity of honeybees during honey production can lead to variations in honey composition,

and are highly dependent of the plant species visited. Additionally, seasonal, environmental, and processing

factors, as well as genus and bee species, may also influence honey composition and its biological effects .

Some research has suggested that many of the therapeutic properties of plants can be transmitted to honey, being

a transport vector for the plant’s medicinal properties . Due to its composition and biological properties, honey

and its related products are applied directly, or as components, in the treatment of several diseases. These

products have proven their virucidal effect on several enveloped viruses such as HIV, influenza virus, herpes

simplex, and varicella-zoster virus .

Among the different biological properties of honey, the most reported is its antioxidant activity. It is well known that

antioxidants can prevent cell death by draining lymphocytes, which leads to antiviral action . Corrêa and

Rogero  observed that a polyphenol-rich environment stimulates the activation of the immune system and the

mechanisms involved in tissue repair. Manuka honey, a monofloral honey derived from the nectar of the manuka

tree (Leptospermum scoparium), an indigenous plant of New Zealand, has greatly attracted the attention of

researchers due to its biological properties; especially its antimicrobial and antioxidant capacities . The

chemical composition of Manuka honey includes an abundant suite of polyphenols and other bioactive compounds

such as glyoxal and methylglyoxal (MGO), methyl syringate, and leptosis . Particularly, the α-ketoaldehyde

compound, MGO, can inhibit growth of the enveloped virus  and, together with the antiseptic effect of hydrogen

peroxide, this aldehyde increases the antibacterial effect reported for this honey . Combarros-Fuertes et al. 
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analyzed 16 different honey samples to select the best one for therapeutic purposes. The antioxidant activity, the

main bioactive compounds and the phenolic profiles were determined. The samples exhibited great variability, with

values ranging between 0.34 and 75.8 mg/100 g honey for ascorbic acid, 23.1 to 158 mg of equivalents of gallic

acid/100 g honey for total phenolics content (TPC) and between 1.65 and 5.93 mg equivalents of catechin/100 g

honey for the total flavonoid content (TFC). Forty-nine different phenolic compounds were detected. The

concentration of the phenolic compounds and their phenolic profiles varied extensively among samples (ranging

from 1.06 to 18.6 mg/100 g honey). The same was observed regarding antioxidant activity. Although the samples

with better combination of bioactive properties were avocado and chestnut honeys, all of them had great

antibacterial activity.

Different in vitro and in vivo studies have supported that flavonoids can inhibit Angiotensin-Converting enzyme

(ACE), the target binding receptor of the SARS-CoV protein, indicating that honey and related products could

exhibit a marked activity for COVID-19 treatment . However, these conclusions must be supported by

experimental studies. Moreover, due to the presence of certain compounds, such as methylglyoxal (MGO), copper,

ascorbic acid, flavonoids, nitric oxide, hydrogen peroxide, and its derivatives, honey can suppress viral growth by

inhibiting viral replication and/or virucidal activity .

The bioactivity of honey against SARS-CoV-2 infection is mainly driven by three mechanisms (Figure 1): (a) direct

virucidal properties; (b) regulation/boost of host immune signaling pathways, and (c) cure and/or improvement of

comorbid conditions.
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Figure 1.  Possible mechanisms responsible for honey bioactivity against SARS-CoV-2: (1) altering the viral

structure: interaction of honey and its major components with structural and/or non-structural proteins in the virus;

(2) binding to target receptors on the virus; (3) interrupting membrane proteins (crucial for the viral attachment and

entry into the host cells). Illustrations were made with BioRender.

2.1. Direct Virucidal Properties

The antiviral activity of honey may occur by different mechanisms. According to different researchers, honey can

inhibit viral infection by altering the structure of the surface protein, binding to target receptors on the virus, or

interrupting the membrane proteins crucial for viral attachment and entry into the host cells . Moreover, due to

the presence of several compounds, such as MGO, copper, ascorbic acid, flavonoids, nitric oxide, hydrogen

peroxide, and its derivatives, honey can suppress viral growth by inhibiting viral replication and/or virucidal activity

. Recently, a review focused on in silico, in vitro and clinical studies of honey and propolis effects on COVID-19,

highlighted the positive effect of flavonoids, such as, rutin, naringin, and quercetin, on treatment against SARS-

CoV-2. The trace element copper is a well-known inactivator of viruses, while phenolic compounds, ascorbic acid

and hydrogen peroxide inhibit viral growth by disrupting viral transcription, translation, and replication .

Regarding hydrogen peroxide, routine daily honey intake might provide protection against SARS-CoV-2 due to the
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biocidal effect of this reactive oxygen species, helping to clean the throat from virus particles. Moreover, the

physicochemical properties of honey, namely pH (that ranges between 3.5 and 4.5), osmolarity, viscosity, and

thickness, can also contribute to the antimicrobial effects reported .

2.2. Regulation/Boosting of Host Immune Signaling Pathways

Oxidative stress has a role in several pathological conditions, including neurological disorders, cancer, aging,

endocrine illness, and pathogen infection. During virus invasion, oxidative stress induces inflammatory damage,

with a consequently exacerbated immune response, the so-called cytokine storm . Most SARS-CoV-2 patients

showed elevated serum levels of C reactive protein (CRP), a marker of systemic inflammation . The production

of reactive oxygen species (ROS) and reactive nitrogen species (RNS) is generally counterbalanced by the action

of antioxidant molecules or enzymes. The antioxidant effect of honey  is mainly correlated with the content

of phenolic acids and flavonoids, sugars, proteins, amino acids, carotenes, organic acids, and water-soluble

vitamins (vitamin B1, B2, B3, B9, B12, and vitamin C) .

Nuclear factor erythroid 2-related factor 2 (Nrf2)-dependent antioxidant gene expression is noticeably reduced in

COVID-19 patients. Nrf2 stimulators may inhibit the replication of SARS-CoV-2 as well as related inflammatory

gene expression, as demonstrated for honey . As stated above, inflammatory processes are also a hallmark

of SARS-CoV-2 infection. The inflammatory markers mitogen-activated protein kinase (MAPK) and the nuclear

factor kappa B (NF-κB) induce the production of several other inflammatory factors, such as enzymes, cytokines,

proteins, and cyclooxygenase-2 (COX-2), lipoxygenase 2 (LOX-2), CRP, interleukins (IL-1β, IL-6, and IL-10), tumor

necrosis factor α (TNF-α), granulocyte–macrophage colony-stimulating factor (GM-CSF), vascular endothelial

growth factor (VEGF), macrophage inflammatory protein (MIP1), MIP1A, MIP1B, platelet-derived growth factor

(PDGF), and interferon-inducible protein 10 (IP-10) . Recent in vitro and in vivo studies have demonstrated

the anti-inflammatory mechanisms of honey. Hussein et al.  stated that honey decreases carrageenan-induced

rat paw inflammation by attenuating NF-κB translocation to the nucleus, and by inhibition of the NF-κB degradation,

with subsequent decrease of pro-inflammatory mediators COX-2 and TNF-α. Moreover, the same

researchers reported that honey also inhibited the production of the proinflammatory mediators nitric oxide (NO),

prostaglandin E2 (PGE(2)), TNF-α, and IL-6, using the same animal model .

The attachment of SARS-CoV-2 to the cell surface occurs via interaction with the ACE-2 receptor, which is present

in several cell surfaces, including lungs, heart, kidney, and arteries. Upon virus entrance, viral particles are

recognizable by pattern recognition receptors (e.g., TLR3, TLR4, and TLR7). Inside human cells, the immune

system is activated, including macrophages, natural killer cells, CD4+ and CD8+ T-cells, B-cells, neutrophils, and

dendritic cells, aimed at the destruction of SARS-CoV-2 . It has been reported that honey stimulates B-

lymphocytes and T-lymphocytes in cell culture to multiply and activate neutrophils, which induce cytokine

production, such as, IL-1, IL-6, and TNF-α and apalbumin 1 (AP-1) . A variety of honeys have been associated

with the increase of immune responses mediators . Tonks et al.  discovered a 5.8 kDA component of

Manuka honey that stimulates the production of TNF-α in macrophages via TLR4, such as blockade suppress

honey-mediated immunomodulatory effects.
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Besides all these phenomena, honey active phagocytosis and autophagy for pathogen clearance. Phagocytes are

the first line of defense of the innate immune system, it being demonstrated that honey provides a supply of

glucose essential for the “respiratory burst” of phagocytes (such as, polymorphonuclear neutrophils (PMNs) and

peripheral blood mononuclear cells (MNCs)) . On the other hand, autophagy is a highly conserved catabolic

process that allows the cell to remove long-lived proteins, lipid, unwanted or damaged cells, as well as impurities,

helping to maintain healthier cells. Different researchers have reported that flavonoids, phenolic acids and MGO

present in honey induce cell death by autophagy and by inhibition of the mTOR signaling pathway .

2.3. Cure and/or Improve Comorbid Conditions

Hyperglycemia has been found to be one of the causative risks factors of death in SARS-CoV-2 patients.

Therefore, the hypoglycemic effect of honey previously reported could be of huge importance for this condition 

. Meo et al.  stated that honey could decrease fasting serum glucose as well as triglycerides and low-density

lipoproteins (LDLs), increasing high-density lipoproteins (HDLs), the fasting C-peptide level and the 2-h

postprandial C-level.

Besides hyperglycemia, myocarditis also contributes towards the final severe outcomes observed in SARS-CoV-2

patients . Impaired lipid metabolism can lead to the elevation of total cholesterol, LDL, and triglycerides (TGs).

Excessive ROS can attack the elevated LDL to gradually form atherosclerotic plaques that can block blood supply

to the myocardium, inducing a hypoxic state that ultimately leads to the myocardial tissue necrosis .

Several in vitro, in vivo, and clinical trial studies have revealed positive honey effects against heart problems by

improving the plasma lipid profile (i.e., reduced the level of very low-density lipoprotein (VLDL), LDL, TG,

cardiovascular risk predictive index (CVPI), plasma cholesterol, TC, and HDL) , suppressing oxidation,

attenuating the elevation of cardiac damage markers (e.g., creatine kinase (CK–MB) and cardiac troponin I) as well

as aspartate aminotransferase (AST), lactate dehydrogenase (LDH), and alanine aminotransferase (ALT) .

Increasing activities of antioxidant enzymes, such as superoxide dismutase and glutathione peroxidase/reductase

, and LDL resistance to oxidation , have been observed.
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