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Abstract 

The World Health Organisation (WHO) announced on the 11th March 2020, a pandemic 

caused by a novel beta-coronavirus SARS-CoV-2, designated COVID-19. The virus emerged 

in December 2019 in Wuhan, China has spread across the world to be classed as a global 

pandemic. The traditional use of medicines from plants can be traced back to 60,000 years. 

Global interest in development of drugs from natural products has increased greatly during the 

last few decades. Essential oils (EOs) have been studied through the centuries and are known 

to possess various pharmaceutical properties. In the present review, we have highlighted the 

current biology, epidemiology, various clinical aspects, different diagnostic techniques, 

clinical symptoms, and management of COVID-19. An overview of the antiviral action of EOs 

along with their proposed mechanism of action and in silico studies conducted, are described. 

The reported studies of EOs antiviral activity highlight the baseline data about the additive, 

and/or synergistic effects among primary or secondary phytoconstituents found in individual 

oils, combinations or blends of oils and between EOs and antiviral drugs. It is hoped that further 

research will provide better insights of EOs potential to limit viral infection and aids in 

providing a solutions through natural, therapeutically active agents. 
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Abbreviations: 

ACE2, angiotensin receptor 2; ARDS, acute respiratory distress syndrome; COPD, Chronic 

obstructive pulmonary disease; CoV, coronavirus; COVID-19, CoronaVirus Infectious 

Disease 2019; CT, chemotypes; ECDPC, The European Centre for Disease Prevention and 

Control; ECMO, extracorporeal membrane oxygenation; EO, essential oil; ERK, extricellular 

signal-regulated kinase; FDA, US Food and Drug administration; GC-MS, gas 

chromatographu-mass spectrometry; HCV, hepatitis C virus; HMPC, community herbal 

mongraphs; HSP, heat shock protein; LPS, lipopolysaccharide; IAV, influenza A virus; IKK, 

inhibitor of nuclear factor-κB (IκB) kinase (IKK); IL, interleukins; Mpro, main protease; 

MAPK, mitogen activated protein kinase; MERS-CoV, middle-east respiratory syndrome-

coronavirus; NF-κB, nuclear factor kappa light chain enhancer of activator B cells; NO, nitric 

oxide; iNOS, inducible nitric acid synthase; Pep, cyclic peptide; PRR, pattern recognition 

receptor; RA, rheumatoid arthritis; SARS, severe acute respiratory syndrome; SLE, systemic 

lupus erythematosus; SKP2, s-phase kinase-associated protein 2; TNF-a, tumour necrosis 

factor alpha; TPA, Tetradecanoyl-phorbol acetate; WHO, The World Health Organisation; 
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Introduction 

The World Health Organisation (WHO) announced a pandemic on the 11th March 2020 caused 

by a novel beta-coronavirus SARS-CoV-2. The virus first observed in Wuhan, China in 

December 2019. It emerged that this virus had spread across the entire world to be classed as 

a global pandemic. The virus was later renamed as CoronaVirus Infectious Disease (COVID)-

19 by a panel experts from the WHO [1]. Patients infected with COVID-19 present with similar 

symptoms to previous SARS outbreaks such as malaise, cough and fever [2]. The symptoms 

of patients infected with this virus range from mild cold symptoms to respiratory and multiple 

organ failure, acute respiratory distress syndrome (ARDS) and sepsis leading to death. 

Essential oils (EOs) are a complex mixture of volatile compounds that are naturally 

produced by plants and harvested from the organic matter such as stems, roots, leaves and 

flowers. EOs are stored in the secretory cells, canals, cavities, and glandular trichomes of 

plants. EOs are produced through a secondary metabolism mechanism which provides 

protection to the plant from pathogens. EOs have been studied through the centuries and are 

known to possess antibacterial, antifungal, antiviral and insecticidal properties [3]. Nearly 

18,000 plant species produce EOs from different angiosperm families such as Rutaceae, 

Lamiaceae, Asteraceae, and whilst there are ~3000 EOs, only around 300 are produced for the 

commercial market [4, 5]. EOs have mainly been used in medicine, foods, perfume and 

cleaning products. The use of traditional medicines from plants can be traced back to 60,000 

years and their clinical use varies between countries [6]. In medicine, many compounds from 

plants remain undiscovered. For example, taxol was first isolated from the Pacific yew tree, 

Taxus brevifolia and was approved by the Food and Drug Administration (FDA) for ovarian 

cancer treatment in 1992 [7]. Geranyl acetate (1), d-carvone (2) and d-limonene (3) have been 

used in perfumes, as fragrances in cleaning products and in solvents [8]. In addition, EOs have 

also been employed in dental care in fluoride- containing toothpaste and treatments [9, 10]. 
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Hence, the effect of the EOs aides in preventing dental caries through their antimicrobial 

properties. Also, a drug based on a compound extracted from Chinese herbs, bicyclol (4,4′-

dimethoxy-5,6,5′,6′-bis methylenedioxy-2-hydroxymethyl-2′-methoxycarbonyl biphenyl) (4), 

provides protection against viral hepatitis infection and also has anti-oxidant activity [11]. The 

major constituents and source of fragrance in EOs are from terpenes and phenylpropanoids 

[12]. These organic molecules have a considerable potential role in biomedical applications as 

antivirals, antimicrobials and antifungals [13]. The focus of this review is to explore the 

antiviral potential and possible applications of EOs in the fight against COVID-19. 

 

     
 
 

Biology of Coronavirus 

Coronaviruses (CoVs) are enveloped, positive-sense single-stranded RNA viruses, part of the 

Coronavirinae subfamily which comprises of 4 genera: Alphacoronavirus, Beta-coronavirus, 

Delta-coronavirus and Gamma-coronavirus [14]. These have been found in a number of 

animals including snakes, birds and bats. The delta- and gamma-coronaviruses have been 

mainly shown to infect birds while, the alpha- and beta-coronaviruses can cause infections in 

humans and animals [15]. The beta-coronaviruses are considered to be the most pathogenic 

group and consist of the SARS-CoV, SARS-CoV-2 and MERS-CoV originating in animals 

such as bats and camels [15-17]. Many viruses remain silent in the host such as in zoonotic and 

avian hosts, and this is the case for beta-coronaviruses. The response to the viral infection 

varies according to the host and species. For example, avian species such as birds and chickens 
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may present with respiratory infections, where as in pigs and cows they present with enteritis. 

The different strains of coronaviruses such as HKU1, OC43, 229E and NL63 have been shown 

to infect humans causing symptoms ranging from rhinorrhea, a cough affecting the upper 

respiratory tract to more severe symptoms such as bronchitis, severe cough and lower 

respiratory infections. Secondary infections caused by bacteria account for 50% of mortality 

in patients with SARS-CoV-2 [18] 

The coronaviruses are particles with a size of 120-160 nm in diameter and spherical in 

shape, and are decorated with large spikes at their surface, presenting a crown-like/corona 

appearance [19]. This has been demonstrated using cryo-electron microscopy conducted by a 

number of groups working on coronaviruses [20, 21]. The genome of coronaviruses is one of 

the largest of the RNA viruses, being ~30kb in size [19]. The virus has spiky glycoproteins, S-

spike proteins, N-nucleocapsid protein within the phospholipid bilayer and non-structural 

proteins. At the core of the virus is the nucleocapsid comprising the RNA and nucleocapsid 

protein (Figure 1). Most of the coronaviruses that are potentially harmful to humans include a 

human coronavirus (hCoV) 223E, middle-east respiratory syndrome (MERS) coronavirus, b 

severe acute respiratory syndrome (SARS) coronavirus (CoV), and the current one causing the 

pandemic across the world, SARS CoV-2 [22]. In chickens, the gamma coronavirus also known 

as the infectious bronchitis virus (IBV) causes respiratory infection, kidney and gut problems. 

The transmission of the virus is through chicken faecal and droplets or aerosols in the air. The 

delta and gamma coronaviruses tend to infect avian species. Recent genome studies 

investigating sequence similarity have shown that SARS-CoV-2 is ~96% homologous to the 

bat CoV RaTG13 sequence [23]. These results suggest that the bat could be the natural host of 

SARS-CoV-2 transmission to humans. Several studies indicate that the SARS-CoV-2 uses a 

similar point of entry, the receptor angiotension enzyme 2 (ACE2), to the SARS-CoV [23].  
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Epidemiology of COVID-19 

The epidemic, as an unknown acute respiratory tract infection, was first reported on the 12th 

December 2019, as possibly originating in a seafood market in Wuhan, China. A number of 

teams have now indicated that bats are a potential source of SARS-CoV-2 [24, 25]. However, 

the specific origin of SARS-CoV-2 remains to be determined. Previous studies of CoV 

demonstrate that bats naturally carry CoV-like viruses such as SARS and MERS [26-28]. 

Human transmission of SARS-CoV-2 occurs between family, close relatives and friends who 

are in close proximity with an infected person or carrier. A study in January 2020 of patients 

who travelled to Wuhan shows that ~31.3% had travelled to Wuhan city and ~72.3% of patients 

had come into contact with people in Wuhan [29].  

Many centres around the world including the WHO, the European Centre for Disease 

Prevention and Control (ECDPC), Johns Hopkins University and Medicine, Centres of Disease 

Control and Prevention (CDC, USA) have been reporting daily updates on the current situation 

of the COVID-19 pandemic. Figures from the ECDPC indicate that there were globally 

6,136,085 cases of COVID-19 on 1st June 2020 and approximately, 371,857 deaths were 

reported in the same period. As of 1st June 2020, the global number of stood at; USA 

(1,790,191), Brazil (514,8490), Russia (405,843), UK (274,762), Spain (239,429), Italy 

(233,429), India (190,535), Germany (181,815), Peru (164,476), Turkey (163,942), France 

(151,753), Iran (151,466), Chile (99,688), Canada (90,936, Mexico (90,664), Saudi Arabia 

(85,261), China, Hong Kong SAR and Macau SAR (84,147), and Pakistan (72,460) (Figure 2). 

It would be opportune to note that the USA remains the leading-country in terms of corona-

related deaths (104,383), even overtaking China (4,638). Other countries reporting significant 

deaths include the UK (38,489), Italy (33,415), Brazil (29,314), France (28,802), Spain 

(27,127), Mexico (9,930), Belgian (9,467), Germany (8,511), Iran (7,797), India (5,394), 

Turkey (4,540), Peru (4,506), and Russia (4,693) (Figure 3).  
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Clinical aspects of COVID-19 

COVID-19 mainly affects the upper respiratory tract through air-borne droplets or aerosols, 

tracheal secretions or direct contact with an infected individual [30, 31]. Other possible routes 

could include contaminated surfaces or swabs with faecal matter or blood [32]. The lung 

alveolar epithelial cells and small intestine enterocytes highly express the ACE2 receptor [33]. 

Current figures indicate that the period of incubation varies from 1-14 days, usually 3-7 days. 

Unlike other SARS, COVID-19 is mostly contagious during the 3-7 day period [34]. The older 

population and those presenting with underlying conditions such as Diabetes, cardiovascular 

disease etc. are more vulnerable to infection. These diseases may provide an opportunity to 

explore alternative therapeutic approaches based on plant extracts and EOs that have shown 

activities in these areas. However, the median age of infected persons was between 46-59 years 

with a higher number of male patients compared to female (54-59% male compared to 41%-

46% female) [29, 30, 35]. Most children or younger adults infected with SARS-CoV-2 show 

mild influenza-like symptoms and few presenting with the more life-threatening ARDS, 

causing multiple organ and respiratory failure [36].  

 

Diagnostics and clinical symptoms of COVID-19 

A number of traditional techniques have been employed in the earlier studies including Koch’s 

postulates and electron microscopy of the SARS-CoV-2 morphology [37]. Another study using 

computer tomography (CT) imaging of the chest of COVID-19 patients revealed that 51.8% 

patients had patchy bilateral shadowing and 56.4% of patients had a ground-glass opacity or 

no clinical CT features [38]. Thus, CT imaging is not a reliable way to diagnose for the presence 

of COVID-19. The current diagnosis used in the clinic is real-time PCR of nasal and throat 
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swabs from suspected patients. This method is highly sensitive but there are limitations to 

qPCR due to the possibility of false-negatives and false-positives [39].  

The most common symptoms of COVID-19 patients presenting to the clinic include 

fever, dry cough, tiredness, respiratory problems, headache and sore throat [29]. In a few cases, 

patients experienced other symptoms such as diarrhoea and vomiting. A majority of patients 

from Hubei presented with a fever and cough [35, 36, 40]. Upper respiratory and 

gastrointestinal symptoms were observed in fewer patients. This indicates some differences 

between COVID-19 to MERS-CoV, SARS-CoV and influenza [31, 41-43]. The more severe 

symptoms of ARDS, multiple organ failure, was observed in the older population and those 

with underlying health conditions such as chronic obstructive pulmonary disease, 

cardiovascular disease, hypertension and diabetes [36]. Clinical analysis of the blood revealed 

that around 80% of patients presented with normal or slightly lower white blood cell counts 

and 72.3% had lymphocytopenia [29, 44]. In the more severe cases, blood counts showed that 

lymphocytes were lower or decreasing while neutrophil and creatinine levels were elevated 

[36]. Furthermore, the cytokine and inflammatory factors such as tumour necrosis factor-a 

(TNF-a) and interleukins (IL-6 and IL-10) were increased [36]. Data are emerging to suggest 

that patients with severe SARS-CoV2 may have a cytokine storm syndrome [45] and testing 

of these patients might allow alignment and a personalised treatment route.  

 

Current therapy and treatments in the pipeline 

To date, there is no effective antiviral treatment for COVID-19 available to the clinic. The main 

treatments offered to COVID-19 patients alleviate symptoms and provide respiratory support. 

A majority of patients have received oxygen therapy while patients with refractory respiratory 

failure had extracorporeal membrane oxygenation (ECMO), as recommended by the WHO and 

approved by the US Food and Drug Administration (FDA) for up to 6 hours’ treatment [46, 
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47]. An emerging treatment given to a few patients is convalescent plasma transfusion which 

appears to be reducing mortality from COVID-19 [48-51].  

In the past, treatment of SARS-CoV and MERS-CoV have provided invaluable 

information about therapy for patients with coronaviruses [14]. Many of the antiviral drugs and 

steroid therapies such as ganciclovir (5), ribavirin (6), and neuramidase inhibitors had few or 

detrimental effects on patients affected by CoV [14]. Remdesivir (GS-5734), a nucleoside 

analogue prodrug, has demonstrated promising therapeutic activity due to its broad-spectrum 

and in vitro activity against CoVs and COVID-19 (EC50 of 0.77 µM and EC90 of 1.76 µM) 

[52, 53]. In a mouse model with MERS-CoV lung infection, remdesivir (7) prevented lung 

haemorrhage and reduced viral load [54]. Remdesivir has been successfully used in the clinic 

to treat a US patient [55] and is currently under clinical trial in patients with COVID-19 

(NCT04365725, NCT04280705, NCT04257656 NCT04292730, NCT04292899, 

NCT04292730, NCT04252664) [56]. Some repurposed drugs that are being explored for 

COVID-19 treatment such as chloroquine (8). Chloroquine and hydroxychloroquine (9) were 

developed as treatment of malaria and chronic inflammatory diseases such as rheumatoid 

arthritis (RA) and systemic lupus erythematosus (SLE) [57, 58]. The anti-viral mechanisms of 

chloroquine and hydroxychloroquine are not clearly understood. There are several mechanisms 

proposed for the action of chloroquine and hydroxychloroquine. It has been shown that 

chloroquine can block the pH-dependent steps of viral replication and prevent the infection by 

SARS-CoV in vitro [57, 59]. In addition, chloroquine has been observed to exert 

immunomodulatory effects through the attenuation of TNF-a and IL-6 to block the 

autophagy/lysosomal pathway and may affect the viral replication pathway [60-62]. A number 

of studies have demonstrated that chloroquine may inhibit the glycosylation status of the host 

receptors and thus modulating viral entry [53, 59]. The combination of chloroquine and 

remdesivir used in vitro has shown promising results in treating COVID-19 [53]. 
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Hydroxychloroquine has been shown to have in vitro activity and a lower EC50 = 6.14 µM for 

COVID-19 compared to chloroquine EC50 = 23.90 µM [63]. Nonetheless, the safety and 

efficacy of chloroquine/hydroxychloroquine still needs to be critically assessed in the treatment 

of CoV. 

  

 

 

Alternative treatments under development include the use of protease inhibitors such as 

ritonavir (10) and lopinavir (11) which have previously been used as therapeutic agents against 

human immunodeficiency virus (HIV) and have shown promise in treating other CoV (MERS-

CoV and SARS-CoV) [64-66]. Recently, it has been shown that COVID-19 infection was 

significantly lowered in a Korean study of ritonavir and lopinavir treatment [67]. However, a 

clinical trial of severe cases of COVID-19 in China revealed that there was no improvement in 

the time of recovery and mortality in patients who had received ritonavir and lopinavir 

treatment compared to normal care [68]. Nevertheless, evidence indicated some improvement 

if treatment was given earlier, within 12 days of symptoms [68]. Further studies are required 
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to assess the early treatment with ritonavir and lopinavir against COVID-19. Clinical trials into 

other antivirals such as oseltamivir (12), darunavir (13), nitazoxanide (14), arbidol (15), 

nafamostat (16), cobistat (17), favipiravir (18) interferon beta-1A are also under way. However, 

the use of antivirals in the clinic can cause moderate to severe side effects in some patients. 

Common side effects include gastrointestinal disturbances, diarrhoea and vomiting while more 

severe effects include retinopathy and cardiomyopathy [69]. In previous treatment regimes for 

SARS-CoV and MERS-CoV, corticosteroids were used to lower the cytokine levels in affected 

patients with little evidence of benefit [70-73]. A high proportion of mortality of patients 

infected with SARS-CoV, MERS-CoV and SARS-CoV2 is due to inflammatory responses. 

Some studies in a rat model of diabetes showed that the anti-inflammatory drug ibuprofen 

caused an elevation in the levels of ACE2, which suggests that these drugs may promote the 

pathway of virus infection [74, 75]. Some studies have indicated a correlation between the 

levels of ACE2 and the risk of COVID-19 infection [76]. Evidence shows that the immune 

response to SARS-CoV-2 infection is a two-stage process [77]. In the first stage, the incubation 

and non-severe phases, the immune response is activated in eliminating the virus and 

preventing the virus replication from escalating. Anti-inflammatory treatment could provide 

additional support for the patient in the first stage. The second stage results in damage to the 

lungs and possibly the cytokine storm [45], meaning that this might not be the appropriate point 

to treat patients with anti-inflammatories. Nevertheless, there are many plants that demonstrate 

anti-inflammatory activity and could therefore aid in reducing the severity of, and mortality 

from, SARS-CoV-2 [78].  



 13 

 

 

 

 

 

NH

O
N

O
N

SOH

NH O

O
S

N

10 11

OH

NH
O

O

NH

NO
NH

O

O O

NHO
O NH2

12

OH

NH

O

O

O

O

N SO2

NH2

13

NHO

S N

O

O

O2N

14

N
H

O
O

SBr

OH

N

15

O

O

N NH2

NH2

NH2

NH 16

N

N
H

F

O

NH2

O

18

NH
NH

OO S

N

O

NH

N
O

NO

N
S

17



 14 

Essential oils and their potential for treating COVID-19  

EOs and their bioactive compounds may provide an undiscovered source for the development 

of therapeutic treatments and combination therapy for viral infections. EOs and their isolated 

compounds have been demonstrated to have antiviral, antibacterial and antifungal properties 

against a wide range of antimicrobial strains [13, 79, 80]. EOs have been shown to present a 

broad spectrum of antimicrobial action against gram positive and negative bacteria, RNA and 

DNA viruses. They have also demonstrated efficacy against drug resistant microbial pathogens 

[79]. They have been shown to have wound healing properties [81], anti-inflammatory 

properties and suppression of infection in lung machrophages [82] and have been found to be 

active against viral and bacterial infections responsible for respiratory illness [83]. EOs have 

been shown to possess antiviral properties against influenza and SAR-CoV [84, 85]. 

 EO activity may be higher than that of individual compounds in the oils [82] and that 

of the combinations of either EOs alone or EOs used in combination with drugs. The latter 

have demonstrated both additive and synergistic action against virus and/or bacterial infection 

[86]. Further studies of the additive and synergistic action between compounds within oils and 

combinations of oils will help better understand their mechanism of action and potential use 

for antimicrobial infections. Small molecules from EO extracts are readily available in bulk 

quantities from plants and the distillation of EO from plants is a very reliable and affordable 

method [3]. Many EOs and their isolated active compounds have clear toxicological profiles 

typically lower than synthetic drugs. The combination of a low toxicological profile, potential 

for bioengineering of simple structures, and a broad spectrum against antimicrobial resistant 

strains make EOs valuable alternatives to synthetic compounds and potential candidates for 

drug development. These properties also make EOs and their isolated compounds optimal for 

repurposing of existing drugs derived from EOs and the development of combination therapy, 

using combinations of EOs and their isolated compounds with current drugs. EOs also 
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represent good potential candidates for combination therapy and early administration due to 

their ability to address multiple effects of viral illness and reduce both viral load and secondary 

illness for patients. 

EOs’ capacity to influence multiple stages of viral cycle provides further potential to 

act against the emerging virus. Therapeutically, targetting only SARS-CoV-2 may not address 

all the symptoms. This highlights the need for the development of alternative therapies [87]. 

EOs potential to prevent illness overwhelming the patient by reducing viral load, addressing 

secondary infection, and immunomodulating the inflammatory response, is of upmost 

importance in treatment of patients suffering from SARS-CoV-2. 

 

What are essential oils? 

EOs are volatile secondary metabolites produced by plants and used in the pharmaceutical 

industry, medicines, therapeutic treatment, cosmetics and the food industry [13, 88]. These oils 

are complex mixtures of organic volatile compounds, mostly of low molecular weight and 

partly at vapor state at room temperature [88]. EOs’ secondary metabolites include terepenoids, 

shikimates, polyketides and alkaloids [88]. Although containing two or three main compounds 

at 20-70%, they are very complex mixtures of typically 20 to 60 bioactive compounds 

including terepenes, terpenoids and phenylpropanoids [13]. EOs can contain over 330 

compounds including alcohols, ethers or oxides, ketones, aldehydes, esters, amines, phenols 

and terepenes [88]. EOs are extracted by hydrodistillation, steam distillation, organic solvents, 

dry distillation and mechanical pressing. More recently, extraction using supercritical fluids 

and microwaves has been employed [89, 90]. Supercritical fluid extraction of EOs using with 

CO2 have shown higher percentages of oxygenated monoterpenes and higher antioxidant levels 

than hydrodistillation [90].  
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 Plant terpenoids, monoterpens and diterpenes are produced in the methyl-erithrytol 

pathway, sesquiterpenes are produced via the mevalonate pathway, and phenylpropanoids are 

produced via the shikimic pathway [88]. EO extracts include small molecule drugs that are 

found in high concentrations in multiple EOs. These drugs include sequeiterpenes and the 

compounds cineole (19) and eugenol (20). Sesquiterpenes from EOs have demonstrated anti-

inflammatory and immunomodulatory activity and present an opportunity for developing new 

anti-inflammatory drugs that do not exhibit undesirable side effects [91]. Cineole (1,8-cineole) 

a compound found in lavender, eucalyptus and other EOs, has known mucolytic, 

bronchodilating and anti-inflammatory properties, showing benefits for pulmonary function fin 

patients with chronic obstructive pulmonary disease (COPD) [92]. In addition, it reduces cough 

frequency in the treatment of acute bronchitis [93]. Eugenol is present in several plants 

including clove, cinnamon, basil and bay. Its antiviral activity includes inhibiting influenza A 

virus (IAV), and as an inhibitor of Ebola virus in vitro [94]. 

 

 Identification of EOs combines the botanic classification of source material and plant 

part with chemical analysis of the oils. Differences in the oils’ composition are a consequence 

of  plant species and variety, plant parts used, geographic location of production and extraction 

method [88]. A chemical analysis of EOs by gas chromatography–mass spectrometry (GC-

MS) are used to identify the oils’ composition and compound percentage enabling a 

comparison against mass spectra retention times with reference standards. EO chemotypes 

(CTs) are named after the main constituent or constituents differentiating oils from the same 

botanic species with distinct chemical compositions. Pharmaceutical grade EOs use 

O
OH

O

19 20

OH

21



 17 

standardised profiles of EO compounds and their accepted percentage range. Standardised or 

pharmaceutical grade EO profiles are published by the European Medical Agency and in the 

European Pharmacopeia. Listed drug compounds from EOs include eucalyptol (1,8-cineole) 

and thymol (21). They feature in pubchem online with extensive reference to their clinical use, 

drug interactions and safety.  

 Commercial EOs can be grouped basis of plant types or botanic families with similar 

aroma or traditional medicinal use. EOs from Lamiaceae are represented largely by 

Mediterranean herbs such as thyme, sage, hyssop, marjoram, lavender, basil, rosemary and 

oregano. Citrus fruit EOs extracted from flowers, twigs and fruit include orange, lemon, 

pettigraine, neroli, and bergamot. A citrus aroma can be found in herbs of Melissa or lemon 

balm and lemongrass. EOs from tree resins include frankinscense, myrrh, benzoin and 

sandalwood. Tree species of eucalyptus and tea tree and other important EOs include garlic, 

cinnamon, clove, star anise, niaouli and ravensara. Variation in plant’s production of different 

compounds and their quantities are a result of differing growing conditions. The differences 

are also due to their varying function to attract pollinators, protect against herbivores and act 

as a response to stress [3]. Cultivation of selected plant varieties for EO can enhance the 

principal bioactive properties or compounds used in drug production. Cultivated varieties of 

chamomile have shown chemical profiles with much higher levels of (-)-α-bisabolol (22) and 

chamazulene (23) [95]. 

 
 
 
 
 

 

OH
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Anti-viral biological properties of essential oils 

In silico studies of molecular docking 

EOs’ compounds selected from plants with known antiviral properties have demonstrated 

potential activity against SARS-CoV-2 in in silico studies [96-98]. EOs’ potential for inhibition 

of binding to the angiotensin-converting enzyme 2 (ACE2) receptor has been assessed by 

analysis of molecular docking. More than one host-cell receptor has been reported as being 

recognised by the viral spike protein of SARS-CoV-2 [99, 100]. In silico studies have shown 

EO compound potential for inhibition of the ACE2 protein used by SARS-CoV-2 to bind to 

cells. This influence on the ACE2 protein demonstrates the capacity for blocking the viral 

docking process to prevent the virus entering the cells [97, 98, 100, 101]. 

In a recent study, Thuy and colleagues investigated the inhibitory effects of garlic EO 

compounds on the ACE2 protein [96]. They showed that 18 active substances, including 17 

organosulfur compounds, had strong interactions with the amino acids of the ACE2 protein 

and the main coronavirus protease (Mpro) [96]. Using molecular docking, this study reported 

an inhibitory effect of the compounds against the host receptor ACE2 protein and the Mpro of 

SARS-CoV-2. Allyl disulfide and allyl trisulfide, which form 51% of garlic EO content, 

presented the strongest antiviral activity. The results indicate that 17 compounds identified in 

garlic EO display synergistic action in the inhibition of ACE2 and Mpro proteins suggesting the 

potential for garlic EO as an antiviral for coronavirus [96]. Using molecular dynamics 

simulation, a study of the compounds such as isothymol (24), thymol (21), limonene (3), p-

cymene (25) and γ-terpinene (26), from Ammoides verticillata EO, showed a good result for 

the isotymol ACE2 docked complex [97] (Table 1). This study targeted the blocking activity 

of ACE2 as a receptor for SARS-CoV-2. The results show that isothymol is a functional 

inhibitor of ACE2 activity and that the components of EOs’ Ammoides verticillata are 

promising inhibitors to the ACE2 receptor of SARS-CoV-2 [97]. 
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An in silico study of 1,8 cineole (Eucalyptol) from eucalyptus EO found the compound 

to be a potential inhibitor of SAR-CoV-2 infection by affecting the docking mechanism [98]. 

The results indicated that 1, 8-cineole has high binding affinity and that Mpro and 1,8-cineole 

complexes form hydrophobic interactions, hydrogen bond interactions and strong ionic 

interactions [98]. The findings suggest the potential of 1,8-cineole as a inhibitor of SARS-

COV-2 [98]. 

 

The potential of natural product compounds potential to block the cell-surface heat 

shock protein A5 (HSPA5), also termed GRP78 or BiP, has been assessed by analysing 

molecular docking of the small molecule compounds binding to HSPA5 SBDb. Study results 

show a high to moderate binding affinity for the four phytoestrogens (Diadiazin (27), Genistein 

(28), Formontein (29), and Biochanin A (30)), chlorogenic acid (31), linolenic acid (32), 

palmitic acid (33), caffeic acid (34), caffeic acid phenethyl ester (35), hydroxytyrosol (36), cis-

p-Coumaric acid (37), cinnamaldehyde (38), thymoquinone (39) [101]. The four 

phytoestrogens are found in Cicer arietinum. Hydroxytyrosol is the bioactive component of 

olive leaf extract and both linolenic acid and palmitic acid are found in sunflower and other 

vegetable oils [101, 102]. The polyphenols caffeic acid and p-Coumaric acid are found in grape 
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skin are also present in EO of Artemisia Herba-Alba [103] and p-Coumaric acid is present in 

garlic [101]. Cinnamaldehyde extract is found in Cinnamomum verum EO [104], and 

thymoquinone in the seed oil of Nigella sativa [105]. The natural molecular binding values of 

the compounds were found to be equal to or better than those of Pep42, a cyclic peptide 

reported to target the surface of HSPA5 (GRP78) in vivo [101]. The binding energies of caffeic 

and p-Coumaric acids were slightly weaker than Pep42, and cinnamaldehyde and 

thymoquinone were comparable to Pep42. The findings indicate that the active components of 

Cinnamon and Nigella sativa oils may tightly bind to the surface HSPA5 and show potential 

in preventing SARS-CoV-2 spike recognition and attachment. The results support the 

effectiveness of small molecules from natural products in blocking HSPA5 SDBb, preventing 

SARS-CoV-2 spike recognition and indicate their potential for use as a prophylactic agents 

[101]. These findings further endorse the use of EOs’ small molecules for their action on 

multiple binding sites of the SARS-CoV-2. 

 

In silico investigations were conducted out on 171 essential oil components with 

antiviral activity using molecular docking analysis of known SARS-CoV-2 protein targets [99]. 

Compounds were analysed with SARS-CoV-2 main protease (SARS-CoV-2 Mpro), SARS-

CoV-2 endoribonucleoase (SARS-CoV-2 Nsp15/NendoU), SARS-CoV-2 ADP-ribose-1”-
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phosphatase (SARS-CoV-2 ADRP), SARS-CoV-2 RNA-dependent RNA polymerase (SARS-

CoV-2 RdRp), the binding domain of the SARS-CoV-2 spike protein (SARS-CoV-2 rS), and 

human ACE2. The sesquiterpene hydrocarbon (E)-β-farnesene demonstrated the optimal 

normalized docking score to SARS-CoV-2 Mpro. The results suggest that docking energies of 

these compounds with SARS-CoV-2 targets were relatively weak compared to docking 

energies with other proteins, and they are potentially unlikely to interact with the virus targets. 

However, this does not discount the importance of synergistic activity of multiple compounds 

found in EOs [99]. 

The findings from ‘in silico’ studies of EO compounds support the need for further in 

vitro and in vivo studies of the compounds’ ability to act as inhibitors of the SARS-CoV-2 

docking mechanism. Discrepancies between results from the potential of EO compounds may 

be attributed to different programs used. These discrepancies merit of clarification. In vitro or 

in vivo studies of EO could help to establish more accurate study models of in silico studies 

using molecular docking. The small molecules from natural sources, often known to have low 

toxicity, present potential opportunities for manipulation and synthetic drug development. The 

results of the compounds’ activity highlight an important role for studies in researching the 

potential of EO compound combinations. This will permit a greater understanding of increased 

efficacy and the effect of a broad spectrum of activity against multiple viral docking types. The 

mechanism of EOs’ small molecules indicates the ability for synergy with synthetic antiviral 

drugs. EOs compounds, identified as inhibitors of SARS-CoV docking by ‘in silico’ studies, 

requires drug development and testing routes to be accelerated to in vitro/in vivo studies and 

clinical trials. Such an approach will enable the development of a database for individual 

compunds and combinations of compounds for research purposes and potential treatments for 

current and emerging viral illness.  
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Essential oil mechanism of action and potential treatment for SARS-CoV-2.  

EOs with antiviral effects offer good potential for activity against SARS-CoV-2. EOs and their 

compounds have been found to be effective against influenza virus strains and SARS-CoV. 

However, most research on antiviral properties of EOs has been limited to in vitro studies 

[106]. Studies of in vitro activity of EOs conducted with the enveloped single-stranded RNA 

virus, influenza and SARS-CoV provide a proxy for potential action with SARS-CoV-2. EOs 

and their active compounds’ mechanisms of action, on different aspects and stages of viral 

infection, provide a basis for further investigation into the development of effective treatment 

and combinations of active compounds in order to test for synergy by acting on multiple stages 

of viral infection.  

Melissa officinalis (lemon balm) has been found to inhibit viral entry into cells. In vitro studies 

have shown that Melissa officinalis (lemon balm) EO inhibits avian influenza A virus (H9N2) 

replication by directly interacting with the virus, therefore affecting its ability to bind before 

entry into the cell [107]. Further Melissa officinalis has been found to act synergistically with 

the antiviral drug oseltamivir against avian influenza A virus [107].   

 

Early stage viral cycle 

EOs and their compounds have demonstrated in vitro activity to prevent viral replication of 

single-stranded RNA virus in cells. Melaleuca alternifolia (Tea tree) EO and its compounds 

a-terpineol (40), terpinen-4-ol (41) and terpinolene (42) were found to have an inhibitory effect 

on influenza A/PR/8 virus subtype H1N1 replication [108] (Table 2). The mechanism of action 

of tea tree oil and its active components mechanism of action significantly inhibited replication 

of influenza virus inside cells at an early stage of the viral replicative cycle. This indicates that 
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Tea tree oil interfered with the acidification of endosomes and membrane fusion preventing 

viral uncoating [109]. Usachev and colleagues tested EO of Melaleuca alternifolia (Tea tree) 

and Eucalyptus polybractea (Eucalyptus Blue Mallee) with over 70% cineole, in vapor against 

enveloped virus influenza A (IAV) [110]. Both oil vapors showed a clear antiviral effect and 

inactivated the virus with efficiency of over 99% after supply of oil aerosol for 15 seconds and 

exposure for 15 minutes. The study found that both oils possessed strong antiviral activity in 

aerosol form as well as their vaporised phase [110]. 

 

An in vitro study evaluated 63 EOs’ activity on influenza A/WS/33 using the cytopathic 

effect reduction method [111]. The assay demonstrated 11 oils to have significant anti-

influenza activity. Thymus mastichina (Marjoram), Salvia sclarea L. (clary sage) and 

Pimpinella anisum (anise) oils exhibited the strongest antiviral activity, and visibly reduced 

cytopathic effects of the virus [111]. The three oils showed a higher anti-influenza activity than 

oseltamivir with no cytotoxicity at concentrations of 100 µg/ml, while oseltamivir displayed 

cytotoxicity at this concentration. Linalool (43), the common compound between of all the oils, 

may account in part for their antiviral activity [111]. 

The in vitro study of EOs in vapour and liquid phase shows significant inhibition of 

Influenza hemagglutinin (HA) from binding to endosomal membrane inside the cell and 

preventing viral replication in the cell [112]. In vapour phase Citrus bergamia (Bergamot), 

Eucalyptus globulus (Eucalyptus), and the isolated compounds citronellol (44) and eugenol 

(20) were highly active against influenza virus significantly reducing viral growth after 10 

minutes. Pelargonium graveolens, Cinnamomum zeylanicum, Cymbopogon flexuosus also 

demonstrated notable activity against influenza virus in vapour phase reducing viral growth 
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after 30 minutes passive diffusion. Lavandula angustifolia (Lavender) and Pelargonium 

graveolens (Geranium) oils inhibited HA only at high concentrations. It was demonstrated that 

Cinnamomum zeylanicum, Citrus bergamia, Cymbopogon flexuosus and Thymus vulgaris as 

liquids have  complete inhibitory activity at a concentration of 3.1 μL/mL [112]. The oils’ 

effect as antivirals on the HA indicates that they show potential for therapeutic use as vapours 

with influenza and other respiratory viruses [112].  

 

Mid- and late-stage viral cycle 

Autophagy is an essential cellular process affecting virus infections [113]. Viral replication in 

cells is dependant on the virus inhibiting the autophagy cellular process and preventing the 

removal of dead or damaged cells. Autophagy is involved in virus infections, such as HIV, 

hepatitis C virus (HCV), influenza A virus and MERS-CoV and provides good potential for 

treating SARS-CoV-2. Inducing the autophagy process can significantly limit viral infection. 

Research by Gassen et al. found that the E3 ligase S-phase kinase-associated protein 2 (SKP2) 

regulates autophagy degradation and that pharmacological inhibition of SKP2 decreases Beclin 

1 ubiquitination, decreases Beclin 1 degradation, and enhances autophagic flux [114]. The 

research found that SKP2 protein inhibition efficiently reduced MERS-CoV replication [114]. 

In another study, 86 traditional Chinese medicines were evaluated by using a drug screening 

model based on the inhibition of the dissociation of Beclin1-Bcl2 heterodimer. Syzygium 

aromaticum L. (Clove oil) showed the best activity for autophagy inhbitors and potential anti-

influenza A virus (IAV) agents [115]. Clove oil and eugenol, the main component of clove oil, 

inhibited autophagy and IAV replication in cells infected with 8 separate IAV strains [115]. 

Eugenol inhibited the activation of extracellular signal-regulated kinase (ERK), p38 mitogen-

activated protein kinase (p38MAPK) and kinase IKK/NF-κB signal pathways and antagonized 
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the effects of the activators of these pathways. Inflammation markers, cytokine levels, viral 

replication and cell death were all reduced [115]. Clove oil and EO with eugenol show potenital 

for autophagy regulation of SARS-CoV-2. 

Santalum album (sandalwood) EO has demonstrated biological activity as an anti-

inflammatory. It has a good safety profile and is available in standardised pharmaceutical grade 

[116]. b-santalol (45) from EO sandalwood tree resin has shown antiviral activity against 

influenza A/HK (H3N2) [117]. b-santalol was assessed by cytopathic effect reduction method 

with evaluation in MDCK cells for its effect on synthesis of viral mRNA. b-santalol showed 

86% antiviral activity with no cytotoxicity at a concentration of 100 µg/ml by reducing 

formation of visible cytopathic effect. Analysis of the antiviral mechanism of b-santalol 

showed an inhibitory effect in late viral RNA synthesis [117]. 

  EO components have shown to be able to reduce and inhibit IAV protein production of 

early stage of viral replication cycle in vitro and in vivo. Germacrone (46) extract from curcuma 

rhizoma EO exhibits antiviral activity against the H1N1 and H3N2 influenza A viruses and the 

influenza B virus in a dose-dependent manner [118]. The viral protein expression, RNA 

synthesis and the production of infectious progeny viruses were decreased both in MDCK and 

A549 cells treated with germacrone. Germacrone inhibited the fusion of virus membrane and 

the endosomal membrane, which in turn prevented the dissociation of the vRNPs from M1 

matrix proteins. Furthermore, the combination of germacrone and oseltamivir were found to 

exhibit an additive effect on the inhibition of influenza virus infection, both in vitro and in vivo. 

This indicates that germacrone may be an effective treatment for use in combination with other 

antivirals [118]. Germacrone is found in EOs of a number of plants widely distributed 

throughout the world including the plant genus Curcuma (turmeric) and genus Zingiber 

(ginger), also plant species of Commiphora myrrah (myrrh), and it is abundant in Baccharis 
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latifolia (42%) and Geranium macrorrhizum (52%) [119]. Therefore, these EOs may offer 

potential for broad spectrum and additive antiviral activity through combination of germacrone 

with other compounds found in the oils.  

Tran-Cinnamaldehyde, the main compound of Cinnamomum cassia (cinnamon bark 

oil) has been shown to inhibit IAV protein production in vitro and in vivo [120]. Tran-

Cinnamaldehyde inhibited the virus growth in a dose-dependent manner and inhibited viral 

protein synthesis at the post-transcriptional level. Importantly, the study found that inhalation 

of Tran-Cinnamaldehyde caused virus yield reduction and was capable of treating lethal 

influenza induced pneumonia [120]. Cinnamon leaf oil has also been demonstrated to inhibit 

Neuraminidase activity in cells exposed to H1N1 influenza virus, preventing cell release from 

cells [112]. The ability of the oil to function by vapor inhalation indicates the potential for use 

as a treatment for clinical trial either inhaled, or as a combination therapy in nebulised 

treatments.  

A combination of five essential oils were found to be effective against influenza H1N1, 

Herpes HSV1 virus, and to be active against fourteen gram positive and negative bacterial 

strains including antibiotic resistant bacteria strains [121]. Two combinations were tested 

comprising of equal parts (3.52% each) of Eucalyptus globulus CT cineol (leaf) and 

Cinnamomum zeylanicum CT cinnamaldehyde (bark), 3% Rosmarinus officinalis CT cineol 

(leaf), 1.04% Daucus carota CT carotol (seed), and 88.90% Camelina sativa oil (seed). 

Different sources of Cinnamomum zeylanicum CT cinnamaldehyde (bark) were used for blend 

1 and blend 2. The first combination showed 99% reduction against influenza virus in vitro, 

the second blend was not active against the virus. The combined of activity against virus and 

bacterial of Staphylococcus aureus and Staphylococcus pneumoniae, two bacteria responsible 

for post influenza pneumonia, is of interest to prevent post influenza bacterial pneumonia 

infection, which is a leading cause of influenza-associated death [121]. The combined benefit 
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of viral and antibiotic action of the EOs and their combinations of EOs suggest important 

potential treatment to prevent secondary infections, which are associated with high mortality 

and longer recovery times of patients with viral respiratory illnesses. Thus, this study highlights 

the variation in EOs from different sources and an opportunity for research to uncover antiviral 

activity from different oils of single species or variety. Furthermore the study proves the 

efficacy of EO combinations and their role in supporting treatment for patients preventing 

secondary infections.  Further studies should investigate the efficacy and combined benefits of 

combinations of EOs and EO compounds as broad spectrum antivirals with secondary benefits. 

 

Anti-viral activity of essential oils against SARS - CoV and CoV 

Essential oil extracts of seven plants from the Lebanon region, with known use in traditional 

medicine, were evaluated agaist SARS-CoV [122]. The study found evidence for a strong 

antiviral activity of oils extracted from Laura nobilis L. berries (laurel), Thuja orientalis and 

Juniperus oxycedrus ssp. oxycedrus (juniper). Juniper showed the highest potency against 

SARS-CoV. Cypress semprevirens ssp. Pyramidalis (cypress) and Salvia officinalis (sage) 

demonstrated a weak activity against SARS-CoV. GC-MS analysis of Laurel berry oil, which 

showed the highest potency, revealed 30 compounds. The oil was characterised by the main 

constituents b-ocimene (47) (21.83%), 1,8-cineole (19) (9.43%), a-pinene (48) (3.67%), and b-

pinene (49) (2.14%). It also contained sesquiterpenes including eremanthin (50) (3.65%) and 

dehydrocostus lactone (51) (7.57%) [122].  



 28 

 

The effects of Nigella sativa (black cumin seed oil), Anthemis hyalina (chamomile) and 

Citrus sinensis (sweet orange peel oil) extracts on the replication of coronavirus and the 

expression of TRP genes family have been studied [123] (Table 3). The oils are used in folk 

medicine for antimicrobial illness. Twenty-four different components were characterised in 

extracts of Anthemis hyaline, the main components being carvacrol (38.4 %) and a-pinene (30.9 

%). Citrus sinensis oils main compound is limonene, and Nigella sativa has thymoquinone 

compound as its principal component. The study found that levels of the inflammatory cytokine 

IL-8 secretion increased at 24h using Nigella sativa and Anthemis hyaline extract treatments, 

whilst Citrus treatment did not show a significant increase. Genes TRPA1, TRPC4, TRPM6, 

TRPM7, TRPM8 and TRPV4 expression levels changed significantly after extract treatments 

from all three oils. Virus load was found to decrease when each of the three oil extracts were 

added to CoV infected cells. Anthemis hyaline extract treatment showed the biggest difference 

in viral load reduction. Further research is required to identify the mechanism by which the oils 

and their compounds prevent virus replication or lead to more efficient virus killing. The 

extracts’ effect on IL-8 TRP genes, and notably all the oils ability to reduce the virus load after 

CoV infection, indicates good potential for identifying molecules for treatment of coronavirus. 

and other viral illness.  
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Anti-inflammatory mechanisms of essential oils 

EOs have been used in traditional medicine for the treatment of inflammatory illness for 

centuries [80, 88, 124]. The study of EOs and their constituents include a use for asthma and 

bronchial illnesses to reduce inflammatory response [125, 126]. EOs’ volatility allows them to 

easily reach the upper and lower respiratory tract. In vitro and in vivo studies show that EOs 

are able to modulate the release of pro-inflammatory (TNF-α, IL-1b, IL-8), Th17 (IL-17), anti-

inflammatory (IL-10), Th1 (IFN- γ, IL-2, IL-12) and Th2 (IL-4, IL-5, IL-6, IL-13) cytokines 

and suppress inflammatory cell accumulation [127]. EOs have also proven to be successfull in 

clinical practice with inflammatory respiratory illness and have an important role in clinical 

therapy [126]. Lavender EO and its constituent linalool, and as well as eucalyptus EO and its 

constituent, 1,8-cineole, have both been previously investigated in in vitro, in vivo and clinical 

studies. There oils and a number of other EOs and their constituents that have exhibited anti-

inflammatory properties and provide good potential for use as therapeutic treatment for SARS-

CoV-2. 

Lavandula angustifolia Mill., lavender EO has demonstrated an anti-inflammatory 

response in an in vivo animal study using the formalin-induced pain model [125]. The lavender 

EO composition showed 28 constituents comprising approximately 82% of the total oil 

composition, the dominant constituents being linalol (32.52%) and linalyl acetate (21.57%). 

The anti-inflammatory activity of lavender oil was evaluated by the inhibition of croton oil 

induced ear edema. Tetradecanoyl-phorbol acetate (TPA) has been demonstrated to behave as 

a cytokine by strongly activating receptor-mediated signalling events [128]. TPA-induced 

inflammation is associated with alterations in cytokine production and increased production of 

prostaglandins and leukotrienes. The inflammatory response was reduced through the pre-

treatment with lavender EO. In the formalin test, lavender EO consistently inhibited 

spontaneous nociception and presented a similar effect to that of the drug Tramadol. In addition 
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to the anti-inflammatory activity, this study found that oral treatment with lavender oil 

produced significant antinociception, indicating that lavender oil has important potential in 

therapeutic treatment [125]. Another study has shown lavender EO to exert anti‐inflammatory 

action as assessed on an experimentally induced bronchial asthma [129]. This study showed 

that lavender EO treatment reduced IL‐4 and IL‐5 mRNA expression and decreased Muc5b 

mRNA expression in the lungs, without significantly altering Muc5a mRNA expression. The 

study was able to demonstrate that lavender EO inhalation inhibits allergic inflammation and 

mucous cell hyperplasia by the suppression of T‐helper‐2‐cell cytokines and Muc5b mRNA 

expression [129]. The effect of linalool (a major component of lavender EO) on inflammation 

has been investigated in an LPS-induced study with a lipopolysaccharide (LPS)‐stimulated 

RAW 264.7 cells in an in vivo lung injury model [130]. Linalool was found to reduce the 

production of LPS‐induced tumor necrosis‐α (TNF‐α) and interleukin‐6 (IL‐6) both in vitro 

and in vivo. Cardia et al. (2018) found that Lavanula angustifolia Mill. (lavender) EO showed 

significant anti-inflammatory activity. The lavender oil had 1,8-cineole (19) (39.83%), borneol 

(52) (22.63%), and camphor (53) (22.12%). The lavender oils’ anti-inflammatory activity and 

mechanism was due, in part, to the participation of prostanoids, pro-inflammatory cytokines, 

histamine, and nitric oxide (NO) [131].  

 

The major constituent of eucalyptus EO, 1,8-cineole, has shown potent anti-

inflammatory activity in both in vivo studies and in clinical trials [132]. A study of Eucalyptus 

globulus (eucalyptus) EO and its consituent, 1,8-cineole by Yadav et al. (2017) demonstrated 

the suppression of inflammatory and infection responses in lung macrophages. This research 
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used a murine lung alveolar macrophage (AM) with cell line MH-S and LPS-induced AM 

inflammation model to assess pro-inflammatory mediators. Pre-treatment of cells with 

eucalyptus oil and 1,8-cineole caused a reduction in pro-inflammatory mediators, including 

cytokines TNF-α, IL-1β, IL-1α and NO. In addition, TREM-1 expression is known to be up 

regulated in septic shock-like conditions involving LPS [133]. This study found that eucalyptus 

oil significantly decreased LPS-induced and mRNA expression of TREM-1. In addition, 1, 8-

cineole reduced the expression, in fact, it was not significant indicating the role of other 

compounds in eucalyptus oil to cause the activity. The results collectively demonstrated that 

eucalyptus oil and its constituent 1, 8-cineole inflammatory activity are modulated through 

selective down regulation of the pattern recognition receptor (PRR) pathway, including PRR 

receptors (TREM-1 and NLRP3) and the common downstream signalling cascade partners 

(NF-κB, MAPKs, MKP-1) [82]. A review of the use of 1, 8-cineole for mucolytic, anti-

inflammatory and adjunctive therapy in COPD and asthma recommends their use as a 

therapeutic agent for the protection and control of inflammatory airway disease [126]. The 

review describes 1,8-cineole main protective antiviral and anti-inflammatory mechanisms due 

to the induction of interferon regulatory factor 3 (IRF3) and the control of nuclear factor kappa-

light-chain-enhancer of activated B cells (NF-κB) along with decreasing mucin genes (MUC2, 

MUC19). Inhibition of NF-κB by 1,8-cineole significantly inhibited in normal human 

monocyte lipopolysaccharide (LPS)-stimulated cytokines relevant for exacerbation (tumour 

necrosis factor alpha (TNFα), interleukin (IL)-1β and systemic inflammation (IL-6, IL-8). 1,8-

cineole inhibited TNFa, IL-1b, IL-4 and IL-5, and demonstrated control of Th1/2 type 

inflammation. Furthermore, in vitro, 1,8-cineole efficacy of inhaled medications demonstrates 

an increased efficacy on long-acting muscarinic receptor antagonist (LAMA)-mediated 

cytokine inhibition. Randomised controlled studies with adjunctive therapy of 1,8-cineole (3 × 

200 mg/day) for 6 months showed alleviation of uncontrolled asthma by significant 
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improvement of lung function, nocturnal asthma and quality of life scores and decreased 

exacerbation of COPD. The review recommends 1,8-cineole as a therapeutic agent for the 

treatment and control of inflammatory airway diseases [126]. 

Chamomile EO has demonstrated extensive anti-inflammatory effects. Bhaskaran and 

colleagues investigated the potential activity on anti-inflammatory mechanisms and inhibitory 

effects of chamomile on NO production and inducible nitric oxide synthase (iNOS) expression 

using RAW 264.7 macrophages [134]. The study found that chamomile treatment inhibited 

LPS-induced NO production and significantly blocked IL-1β, IL-6 and TNFα-induced NO 

levels in RAW 264.7 macrophages. The results support the use of chamomile as an effective 

anti-inflammatory agent due to its ability to inhibit NO production and iNOS gene expression 

by inhibiting RelA/p65 activation. A study of thymol, a major compound of thyme EO, 

assessed its effect on allergic airway inflammation using an in vivo mouse model [135]. The 

authors found that thymol inhibited recruitment of inflammatory cells into the airway. In 

addition, the study discovered that thymol was able to decrease the airway hyper 

responsiveness and block the activation of the NF‐κB pathway [135]. 

The main immunomodulatory properties of Melaleuca alternifolia (tea tree) EO and its 

components (terpinen-4-ol and alpha-terpineol) were investigated using lipopolysaccharide 

(LPS)-stimulated macrophages [136]. The study demonstrated that tea tree EO and its 

components significantly reduced the production of IL-1β, IL-6 and IL-10. Tea tree EO and its 

compounds, terpinen-4-ol and alpha-terpineol, were also able to suppress the production of 

inflammatory mediators in LPS-stimulated human macrophages. The inhibition of 

inflammation was mediated by the EO and the compounds’ interference with the NF-kB, p38 

or ERK MAPK pathways [136]. 

Anti-inflammatory studies of EOs and their compounds show them to be active in vitro, 

in vivo, and in clinical trials, and to be of therapeutic benefit for clinical use with respiratory 
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illness. The confirmed activity of EOs and their bioactive compounds, their mechanisms of 

action and successful clinical use for respiratory illness validate their potential use as a 

therapeutic treatment for SAR-CoV-2 and emerging viral illness. Further studies of EOs 

synergistic properties may uncover important potential anti-inflammatory mechanisms of 

action. The current lack of efficacious treatments, together with the established anti-

inflammatory properties of some EOs and their compounds in clinical practice, highlight the 

need for EOs’ use as primary treatment and adjunct therapy alongside other emerging 

treatments. 

 

Conclusion 

In December 2019 a new coronavirus, SARS-CoV-2, rapidly spread causing a global pandemic 

with no known treatment, cure or vaccine. Investigation of the physical, biochemical and 

immunological characteristics of this virus, along with its pathogenesis and epidemiology have 

provided a basis for developing treatment. EOs are used in traditional medicine to treat 

respiratory illness and research has demonstrated their antimicrobial and anti-inflammatory 

activity for treatment of respiratory illness in in vitro, in vivo and clinical practice. EOs have 

been shown to influence multiple stages of the viral cycle, are able to disrupt or block viral 

docking mechanisms and regulate inflammatory process. Standardised EOs’ and their 

compounds can be used as potential treatments for SARS-CoV-2. They are also a source for 

the discovery of novel compounds with potential against viral pathogens. Further, EOs and 

their isolated compounds are good candidates with potential for development of therapeutic 

treatments because of their low toxicity and ability to overcome viral resistance to drugs. EOs 

and their compounds form an important natural resource that is often widely available at low 

cost, generally regarded safe from centuries of use and have clinical data.  



 34 

In vitro and in vivo animal studies of EOs antiviral properties show that they are active 

against enveloped single-stranded positive RNA virus at safe doses and that they present a 

strong potential for activity against SARS-CoV-2 and new or emerging viral pathogens with 

pandemic potential. Several studies have demonstrated the antiviral activity of EOs used in 

traditional remedies and the promising properties of plant oils used for respiratory illnesses that 

have not been tested so far. Studies highlight the need for further research into variations 

between EOs from different species, varieties and sources, which represent an important 

potential that has not been recorded in standardised EOs. Studies demonstrate that the 

mechanism of action of compounds found in EOs can influence single or multiple aspects in 

both early and late stages of viral infection. Although limited, in vivo studies support in vitro 

findings that EOs and their compounds can actively reduce lethal doses of viral infection with 

application as vapour by inhalation or as oral doses without adverse side effects. The studies 

of EOs’ antiviral and anti-inflammatory activity highlight the potential additive and/or 

synergistic effects among major and minor phyto constituents found in individual oils, 

combinations or blends of oils and between EOs and antiviral drugs. This supports the need for 

further research to understand how EOs, and their isolated compounds mechanisms of action 

have potential for use in combination and in combination with antiviral drugs to increase their 

spectrum against drug resistant viral strains, reduce dosage, toxicity and negative side effects.  

The current lack of clinical data in this field of research represents a lost opportunity 

for overall antiviral research. EOs present a unique potential for the development of a clinical-

use database employing international standardised oils, their compounds and combinations of 

compounds, with established doses to be used in the clinic as a first-choice treatment option 

for new and developing viral illnesses. Such an approach would also enable the development 

of better predictive models for the selection of EOs and EOs compounds as candidates for 

treatments and the development of combinations with higher potency and lower toxicity. The 
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antiviral activity of EOs suggests that their use in the early stages of viral infection may 

potentially limit the extent of infection. Further research on early, mid and late stage treatments 

using EOs with patients suffering viral illness would provide a greater understanding of EOs’ 

potential to reduce viral load, limit inflammatory response, prevent complications from 

secondary viral illness, identify efficacy in combination drug treatments and in turn reduce 

recovery time and fatalities of patients. The current understanding of EOs’ biochemistry 

provide an important reference for researchers and clinicians for treatment of SARS-CoV-2 

and other emerging viral pathogens of pandemic potential. 

  



 36 

Figure legends 

Figure 1 Schematic of the virion of coronavirus and its major components including the RNA 

genome, spike glycoproteins (S), membrane glycoprotein (M), envelope protein (E) and 

nucleocapsid protein. 

 

Figure 2 COVID-19 Cases. Graph to show the number of cases from COVID-19 by 

region/day since December (Europe, America, Africa, Oceania, Asia) from data obtained from 

European Centre for Disease Prevention and Control (ECDPC) [137]. 

 

Figure 3 COVID-19 Deaths. Graph to show the number of deaths from COVID-19 by 

region/day since December (Europe, America, Africa, Oceania, Asia) from data obtained from 

European Centre for Disease Prevention and Control (ECDPC) [137]. 

 

Table 1 The potential of essential oils compounds as treatment against SARS-CoV-2 results 

from in silico molecular docking studies.  

 

Table 2 Essential oils and their isolated compounds’ anti-viral activity and their mechanism 

of action. 

 

Table 3 Anti-viral activity of essential oils and their isolated compounds against SARS-CoV 

and CoV. 

[138] 
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Table 1: Essential oil anti-viral mechanism and results. 
	

Essential oil	

 
Essential oil (EO) 
and/or compound 

tested	

Virus / 
Influenza  	 Mechanism / Results 

Cinnamomum zeylanicum  

EO [109] 
 
Tran-
cinnamaldehyde 
[117] 

H1N1 [109, 
117] 
H3N2 [117] 
 

Inhibits cell from binding to endosomal membrane; 
inhibits activity of NA and HA [109]. 
Virus yield reduction. Inhibit virus growth through 
synthesis of proteins (active for progeny viruses not 
mRNA) [117]  

Citrus bergamia 	 EO	 H1N1 	 Inhibits HA activity [109] 	

Curcuma sp. 
(compound also found in 
other EO) 
	

Germacrone 
 

H1N1  
H3N2 	

Inhibits fusion of virus membrane and endosomal 
membrane. Blocking dissociation of vRNPs from M1 
matrix proteins [115]  

Cymbopogon flexuosus 	 EO	 H1N1  	 Inhibits HA activity [109] 	

Eucalyptus globulus 	

EO 
 
Citronellol  
Eugenol 	

H1N1 	 Inhibits HA activity [109]	

Eucalyptus polybractea  
(>70% cineole) 	

EO 
 H11N9 	 Inactivated virus with efficiency of over 99% [107] 

Lavandula angustifolia 	 EO	 H1N1 	 Inhibits HA activity [109]	

Melaleuca alternifolia 	

EO [106, 107] 
 
a-terpineol [106] 
terpinen-4-ol [106] 
terpinolene [106]	

H1N1 [117, 
107]  
H11N9 (107) 

EO inactivated virus with efficiency of over 99% [107];  
Inhibits uncoating in endosomes by interfering with 
acidification [106]	

Melissa officinalis 	 EO	 H9N2 	 Possible interference of virus binding to host cell 
receptors. Inhibit cell entry [104]	

Pelargonium graveolens 	 EO	 H1N1 	 Inhibits HA activity [109] 	

Pimpinella anisum EO H1N1 Visibly reduced cytopathic effects of virus, higher anti-
influenza activity than oseltamivir [108] 



 

 

Syzygium aromaticum  

EO [112] 
 
Betulinic acid 
[128]  
Eugenol	109,	
112]	
	

H1N1 [112, 
109] 
H3N2 [112] 
H9N2 [112] 
SARS-CoV 
[128]	

Autophagy	and	viral	replication	inhibited	[112]	
Inhibit	cell	death	[112]	
Eugenol Inhibits NA and HA activity [109] 
	

Salvia sclarea EO H1N1 Visibly	reduced	cytopathic	effects	of	the	virus,	
higher	anti-influenza	activity	than	oseltamivir	[108]	

Santalum album  b-santalol  	 H3N2 Inhibitory effect in late viral RNA synthesis [114]  

Thymus vulgaris	 EO	 H1N1	 Inhibits HA activity [109]	

Thymus mastichina 	 EO H1N1 Visibly reduced cytopathic effects of virus, higher anti-
influenza activity than oseltamivir [108] 

Eucalyptus globulus CT 
cineol,  
Cinnamomum zeylanicum 
CT cinnamaldehyde,  
Rosmarinus officinalis CT 
cineol,   
Daucus carota CT carotol,  
Camelina sativa oil.	

EO mixture H1N1 99% reduction of virus [118] 

 



Table 2: Activity of Essential oils and compounds against SARS-CoV and CoV. 
	
	

Essential oil	
 
Essential oil (EO) 

or Compound 
tested	

Virus  Results 

 
 

Reference 

Anthemis hyalina 	 EO CoV	 Strong viral load 
decrease 	

 
[120] 

Cypress semprevirens ssp. 
pyramidalis 	 EO SARS-CoV Antiviral efficacy	

 
[119] 

Juniperus oxycedrus ssp. 
oxycedrus 	 EO SARS-CoV High antiviral 

efficacy	

 
[119] 

Laura nobilis 	 EO SARS-CoV High antiviral 
efficacy	

[119] 

Nigella sativa 	 EO CoV	 Good viral load 
decrease	

 
[120] 

Found in Rosmarinus 
officinalis, Syzygium 
aromaticum and other EO 
	

Betulinic acid 	 SARS-CoV 	 Inhibits SARS-CoV 
3CL protease 	

 
[134] 

Salvia officinalis 	 EO SARS-CoV Antiviral efficacy	
 

[119] 

Thuja orientalis  	 EO SARS-CoV High antiviral 
efficacy	

 
[119] 

	



 

 

Table 3 Essential oils compounds potential against SARS-CoV-2 using in silico molecular docking studies. 

Essential oil Compound(s) Activity  Results Reference 

Allium sativum L.  
18 compounds, including 17 
organosulfur compounds. 
 

Interaction with  
ACE2 receptor of 
SARS-CoV amino 
acids and Mpro. 

Inhibitory effect, strong activity with Allyl 
disulfide and allyl trisulfide compounds. 
Synergistic action between compounds. 

[94] 

Ammoides verticillata  Isothymol, thymol, limonene, 
p-cymene and γ-terpinene. 

Blocking ACE2 
enzyme activity. Promising inhibitors of ACE2 receptor.  [95] 

Eucalyptus  1,8-cineole (Eucalyptol)  
Effect on SARS-
CoV-2 Main 
protease. 

High binding affinity of Mpro, 1,8-cineole 
complexes form hydrophobic interactions, 
hydrogen bond interactions and strong ionic 
interactions. 

[96] 

 

Cicer arietinum 
Cinnamomum verum 
Artemisia Herba-
Alba   
Nigella sativa 

Chlorogenic acid, linolenic 
acid, palmitic acid, caffeic 
acid, caffeic acid phenethyl 
ester, hydroxytyrosol, cis-p-
Coumaric acid, 
cinnamaldehyde, 
thymoquinone.  

Binding affinity to 
HSPA5 SBDb 
protein. 

Natural molecular binding values of compounds 
found to be equal to or better than those of Pep42, 
a cyclic peptide reported to target the surface of 
HSPA5 (GRP78). 

[99] 

 

Essential oils various 171 compounds 

Binding with SARS-
CoV-2: 
Main Protease, 
Endoribonucleoase,   
ADP-ribose-1”-
phosphatase,  
RNA-dependent 
RNA polymerase, 
Spike protein 
binding domain, 
Angiotensin-
Converting Enzyme 

Relatively weak.  
Sesquiterpene hydrocarbon (E)-β-farnesene 
showed the best normalized docking. 
 

[97] 

 


