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ABSTRACT
In the Pandemic of COVID-19 infection caused by SARS-CoV-2, no longer the age and preliminary health status are 
barriers against this disease-associated morbidity and mortality. In COVID-19 a dysregulated immune response 
and an exaggerated pro-inflammatory cytokines release are reported. The loss of taste and smell as early alarming 
symptoms reflect acute serum zinc deficiency. The pathogenesis can be explained as a redistribution of zinc ion 
associated with acute immune cellular dysfunction. Zinc deficiency results in multiple immunological changes with 
a shift towards a predominantly innate immune response, which is not as effective in viral immune clearance as the 
adaptive immune response. Notably, micronutrients homeostasis plays a key role in maintaining a healthy immune 
response especially Vitamin C, Vitamin D, Zinc and Magnesium. Zinc is considered as the gatekeeper of the immune 
system. Current studies on zinc-ionophores especially, chloroquine and quercetin, reported an effectiveness in the 
reduction of COVID-19 morbidity and mortality with an early administration. These Zinc-ionophores are able 
to chelate zinc and concentrate it intra-cellularly. Concerns about chloroquine safety, its pH-dependent efficacy, 
response polymorphism, and drug-resistance were studied in malaria treatment. Quercetin is a lipid- soluble, 
naturally occurring flavonoid, available as a dietary supplement with chloroquine-like actions. It is postulated that 
zinc supplementation combined with zinc-ionophores may offer dual anti-viral and immune-modulatory effects in 
favor of both the maintenance and the resetting of an effective cell-mediated immune response.
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The Possible Mechanisms of Quercetin in COVID-19 Prevention and treatment

Visual Abstract

Significance Statement
With the world-wide reopening conditions after the lockdown 
restrictions. Still the virulence of the SARS-CoV-2 isn’t 
attenuated and the vaccine trials aren’t yet completed. A long-term 
supplementation with chloroquine as an immune supportive agent 
isn’t recommended due to safety concerns. Quercetin is a dietary 
supplement having chloroquine-like actions. Quercetin plus 
essential immunity vitamins and minerals in their recommended 
doses may offer an adequate immune support.

Introduction 
In spite of the availability of selective antagonists to different steps 
of SARS-CoV-2 virus replication cycle, there is a background 
pathogenesis hasn’t yet been adequately targeted. According to 
the American society for microbiology, a suggested list of agents 
targeting SARS-CoV-2 intracellular replication steps starting 
from the endosomal and the non-endosomal viral attachment and 
entry, the uncoating, proteases processing prior to cytosolic RNA 
replication then endoplasmic reticulum translation of viral proteins 
(spike S, membrane M, nucleocapsid N and envelope E) till viral 
reassembly and release [1].

The normal viral immune response is an integration of innate 
to adaptive cellular responses. The main effector cells of innate 
immunity are macrophages, neutrophils, dendritic cells, and 
natural killer cells, whereas of the adaptive immune system are the 

T and B lymphocytes. An effective innate immune response is the 
threshold stimulus to a balanced adaptive one [2,3].

An abnormal immune response is suggested to be in COVID-19 
pathogenesis manifesting SARS-CoV-2 virulence. It could be 
an immune dysregulation explained by some micronutrient’s 
deficiency [3] and/or a superantigen immune response triggering 
an abnormally high percent of T cell response to viral antigens, 
especially the spike S [4]. In SARS-CoV-2 infection, an excessive 
inflammatory innate response and a dysregulated adaptive response 
are describing COVID-19 immunopathology [2].

The cross talk among immune cells is orchestrated by 
micronutrients especially Vitamin C and Vitamin D [3]. The 
checkpoint or the bridge from innate response to adaptive cellular 
response is in: the activated dendritic cells to the T cells, antigen 
presentation balance via major histocompatibility complex (MHC) 
class subsets [5-7]. Antigen presentation via MHC class- I by DC 
elicits the T helper (Th)-1 to CD8 response, which is effective in 
viral clearance, seronegative conversion and a memory T cell for 
subsequent infection. Whereas, the MHC class-II to Th-2 and B 
cell activation to plasma cells elicit the humoral immunity with 
the production of immunoglobulins. The immunoglobulins help in 
reducing the inter-cellular spread of the virus by its neutralization, 
and the memory B cells remain for future defense [8-10].
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Zinc as a Gatekeeper of Immune System
A normal serum zinc level is essential for immune cellular 
response balance. As described in Ananda S. Prasad 2000, the 
cytokines release pattern is zinc- dependent. Serum zinc deficiency 
is associated abnormal Th-1 (CD8+ T cell) to Th-2 (CD4+ T cell) 
cell populations ratio. A shift occurs from Th-1 -CD8 specific 
pathway to a Th-2-CD4 and B cell non-specific responses. The 
Th-2 pathway is less affected in low serum zinc concentrations 
and with increased pro-inflammatory cytokines release from Th2; 
namely IL-4,5,6 and 10, whereas the products of Th-1 cells e.g. 
γ-interferon (IFN-γ) and IL-2 are decreased [3,11]. Zinc deficiency 
also contributes to an imbalance between autoimmune responses 
and immune tolerance; an elevation in Th-17 cell numbers 
associated with autoimmune diseases and a reduction in T-reg cell 
numbers, which control the immune tolerance [3,9].

On the other hand, zinc overdose suppresses normal T and B cells 
functions by an overload on T-reg cells [3,9]. 

In 2012, Henriques et.al reported that the low soil zinc adversely 
affected the crops and the human serum zinc in developing and 
developed countries, with a worldwide human zinc deficiency 
status. European studies ZENITH in 2005 and Zincage in 
2006, have addressed the importance of supplementation of 
zinc in elderly population with beneficial effects on mental and 
immunity functions in terms of normal lymphocytes proliferation 
and cytokines release pattern especially in those with IL-6 
polymorphism [12]. Zinc supplementation in elderly was shown to 
restore the T helper subsets balance affected by ageing [13].

An acute zinc redistribution was described as a body defense 
against the infectious pathogens, to the liver and to the intracellular 
compartment especially inside immune cells due to the upregulation 
of zinc import proteins [14,15]. In low dietary zinc intake, a 
peripheral lymphopenia and a reduction of the lymphocytes̓ 
intracellular zinc occur before the decline in serum zinc level below 
the normal range [11]. The loss of taste and smell sensation is a 
manifestation of acute zinc deficiency [16], in COVID-19, it may 
highlight an early acute serum zinc consumption associated with 
an acute immune cellular dysfunction [2]. The Pattern of MHC 
classes antigen presentation and their intracellular trafficking in 
immune cells of both innate and adaptive immune responses are 
affected in serum zinc deficiency state [3,9,11].

Zinc-ionophores Immuno-modulatory and Anti-viral Effects
Chloroquine (CQ), the anti-malarial drug, was included in 
international protocols treating COVID-19 and an effectiveness 
was reported with the early administration of either CQ or its safer 
derivative hydroxychloroquine [17-19]. At cellular level, CQ acts 
as a zinc ionophore which carries zinc ion through the lipid bilayer 
to inside the cell independent of the ion channels and serum zinc 
concentration, its effect increases in a dose dependent manner 
[20]. Its direct anti-viral effects against both RNA and DNA 
viruses, attacking many steps in viruses̓ replication cycles were 
reported [21]. A direct in-vitro effect on SARS-CoV-2 replication 
is reported [18].

As a weak base, CQ is concentrated inside the lysosomes, it 
inhibits the auto-antigenic presentation via MHC class-II and 
cell autophagy [6]. CQ reduces Toll-like receptors TLR-7 and 
-9 signalling and the exaggerated pro-inflammatory cytokines 
production from the innate immune system and the activated DC-
Th 2 - B cell pathway [18]. These effects reset the balance of Th1/
Th2 and CD8/CD4 responses ratio. 

Potential risks of CQ-treatment include increased risk of 
retinopathy, prolongation of the QTc interval (especially in 
patients with pre-existing cardiac disease or if co-prescribed with 
azithromycin), hypoglycemia, neuropsychiatric effects, drug–drug 
interactions and idiosyncratic hypersensitivity reactions [5].

Genetic variability in the metabolism of CQ is considerable and 
influences its safety and effectiveness [19]. CQ-resistance and 
treatment-failure were also reported due to Plasmodium Malaria 
genomic mutations and pH-dependent CQ pharmacokinetics 
[19,22,23].

These concerns about chloroquine treatment are calling for a safer 
and a mechanistically equivalent alternative, especially if it is 
widely used in a viral pandemic like COVID-19.

Quercetin (QC) is a naturally occurring flavonoid having a zinc-
ionophore activity. It is lipid-soluble and chelates zinc on its 
carbonyl oxygen (C-3,4 O-) and the deprotonated (C-5 OH) to the 
intracellular compartment [24,25]. In COVID-19, quercetin was 
introduced in February 2020 by Eastern Virginia medical school 
team in combinations with essential immunity vitamins and 
minerals namely; vitamin C, vitamin D, Zinc, and Magnesium -if 
needed- in both the prevention and treatment protocols [26]. 

Michigan university (ISOHIGH) (sph.umich.edu/biostat/covid19_
research), a randomized controlled trial using iso-quercetin in 
COVID-19 prevention and seronegative conversion on the high-
exposure-risk health care personnel. Open-labelled trials are 
registered in ClinicalTrials.gov using quercetin in COVID-19 
prevention and treatment and to date the results haven’t yet been 
declared.

Broad-spectrum anti-viral effects of QC were studied on many 
viruses e.g. SARS-CoV-1, Influenza-A, Influenza-A H1N1, Para-
influenza, Respiratory Syncytial Virus, Adenovirus, Zika, Ebola, 
Rhinovirus and other viruses. Quercetin inhibits viral entry of 
SARS-CoV-1 and the 3C-like protease (3CLpro) and a synergism 
with vitamin C was suggested. This 3CLpro inhibitory effect of 
quercetin was dependent on its hydroxyl group [26].

Quercetin has been identified in the supercomputer SUMMIT 
drug-docking screen (Smith and Smith, 2020), among the top 
candidate inhibitors of the SARS-CoV-2 spike protein-human 
ACE2 receptor interface-ligand binding complex [27]. Quercetin 
had been previously identified as a potent inhibitor of the SARS-
CoV-1 infection [27].
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Quercetin has additional anti-platelet, anti-coagulant [30,31], 
anti-oxidant, anti-allergic, and anti-inflammatory effects; non-
steroidal and corticosteroid-like actions [29]. An inhibitory 
effect of Quercetin on angiotensin converting enzyme-2 receptor 
MAP kinase signaling was described in ischemic heart disease 
prevention [32]. Studies on Quercetin also reported anti-cancer, 
nephro-protective and neuro-protective effects [33,34].

Dietary Sources of Quercetin and Historical Aspects
Quercetin is a polyphenolic bio-flavonoid or a plant pigment found 
in green leafy vegetables and fruits. The sources of dietary QC are 
onions, garlic, and ginger; fruits such as apple, grapes, cherries 
and berries; and in tea and dark chocolate. Among the sources 
of QC are Honey and Nigella sativa seeds [35-37]. However, the 
concentration of QC as the most abundant flavonoid in honey 
is variable in honey samples from flowers in different countries 
[32,35]. 

Islamic history in Quran and Prophet Mohamed books pointed 
to” Therein a Cure for Mankind “inside both Honey and Nigella 
seeds [38,39]. In the Bible and Israelites both Honey and Nigella 
were considered to be a blessed gift from God [40]. The Ancient 
Egyptians writings in hieroglyphs on the wall of tombs and 
museums queen Cleopatra and king Tutankhamun were about 
Honey, Bees and Nigella as secrets of health and beauty [41,42]. 
Accordingly, the consumption of Honey and Nigella seed might be 
higher in middle east countries and in areas using herbal medicine 
than in other regions [43,44]. The estimated flavonoid dietary 
intake ranges from 50 to 800 mg/day (QC accounts for 75%), 
mostly depending on the consumption of fruits and vegetables and 
the intake of tea [29].

Pharmacology and Safety of Quercetin 
Quercetin glycosides are differently absorbed based on the type 
of sugar attached. Quercetin-dihydrate has the best bioavailability 
followed by glycosides, aglycone, and finally rutinoside (the 
major quercetin glycoside in tea). The glucosides are efficiently 
hydrolyzed in the small intestine by beta-glucosidases to the 
aglycone form, much of which is then readily absorbed [29,34]. 

The acidic forms of QC: Quercetin glucuronic acid and its 
sulfuric acid derivatives were more easily absorbed than quercetin. 
Importantly, if ascorbate or glutathione levels are insufficient, 
quercetin is shunted to quercetin-quinone/quinone methide and 
may exert pro-oxidant effects instead of an anti-oxidant effect 
[29,45]. 

Quercetin and its derivatives are initially metabolized by enteric 
bacteria and enzymes in intestinal mucosal epithelial cells. The 
concentrations of quercetin metabolites in plasma and liver 
samples have shown that a higher concentration was found 
in the liver than in plasma, and the hepatic metabolites were 
intensively methylated (90%–95%). The conjugated QC is bound 
to plasma proteins especially albumin (99.4%). Quercetin and its 
metabolites tend to accumulate in the organs involved in their 
metabolism and excretion, and the mitochondria might be an area 
of QC concentration within cells. Kidney is a major organ of QC 
excretion [29]. Randomized controlled trials reported the safety 
and tolerability in QC doses from 250 to 2000 mg/day. Quercetin 
use in 1000 mg daily for 12 weeks demonstrated a reduction in 
upper respiratory tract infection total sick days and in its severity 
for both middle aged and older subjects [46].

Quercetin was safely tolerated by chronic obstructive pulmonary 
disease (COPD) patients, in doses up to 2000 mg/day as assessed 
by lung function; FEV1/FVC, blood profile and COPD assessment 
test questionnaire [47].

Andres S, et al [48], addressed quercetin possible drug-interactions 
with cyclosporine, pravastatin and fexofenadine. A recommended 
caution from the prolonged use of quercetin, in patients with high 
risk for estrogen-dependent cancer and in patients with renal 
dysfunction due to the probable intracellular QC accumulation 
risk.

Inhaled Quercetin, a Potential Hope for Treatment of Viral 
Pneumonias 
An aerosol delivery to the lung of quercetin solid lipid 
microparticles (SLM) was proposed as a potential active 
pharmaceutical ingredient for a wide range of respiratory airway 
diseases especially bronchial asthma and COPD. The effect of 
non-toxic excipients delivering QC in a suitable particle size to 
distant small airways had also been highlighted [49,50]. This route 
and dosage form are suitable in both patients who are intolerant to 
QC [48] and in viral lung involvement conditions (pneumonia and 
acute respiratory distress syndrome (ARDS).

The pathogenesis of ARDS was described as an immune 
dysregulation and exaggerated inflammatory and innate immune 
responses [51] in which studies on quercetin demonstrated 
potential targets with its early administration [29].

In advanced ARDS, with the loss of the regenerative ability of 
alveolar stem cells by the extensive alveolar damage, neither 

Quercetin Immune-modulatory Effects
•	 Quercetin is a zinc ionophore: it concentrates zinc inside immune cells even in low serum zinc concentrations 

[24,25].
•	 It inhibits auto-immune and pro-inflammatory cytokines responses via the reduction of MHC class-II antigen 

presentation and TLR-signalling at the check point from activated dendritic cells [28].
•	 It stimulates Th-1 and cytotoxic-CD8 pathway for effective viral clearance; this pathway is zinc-dependent 

and attenuates with low serum zinc level [11,29].
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the anti-inflammatory drugs nor the anti-infective agents can 
reverse the condition and, respiratory failure issues [52], in ARDS 
advanced cases of acute lung injury, stem cells inhaled therapy 
reported some promising results.

Conclusion 
Viral infections were usually only supported unless complicated. 
Micronutrients especially vitamins D and C, Zinc and Mg) provide 
a balanced immune response. COVID-19 late interventions can’t 
deal with established immune-dysregulation except by selective 
cytokines- antagonists and corticosteroids. Prevention is as equally 
important as the treatment. The WHO recommended to reduce 
the viral load by wearing a face-mask and physical distancing. 
It is also recommended to support an adequate immune response 
by either consuming food rich in: quercetin, essential immunity 
vitamins and minerals, or their supplementation. The deficiency 
of micronutrients cause a defect in immune system orchestration. 
The recommended daily doses as approved by the food and drugs 
administration agency (FDA) are advised to avoid side effects 
from overdoses or the prolonged supplementation use.
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