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INTRODUCTION
On March 11, 2020, the World Health Organization (WHO) declared 
Coronavirus Disease 2019 (COVID-19) outbreak as pandemic caused 
by member of the Coronaviridae family—SARS-CoV-2. 
Coronaviruses form the subfamily Orthocoronavirinae, belong to the  
family Coronaviridae, order Nidovirales, and kingdom Riboviria. 
Coronaviruses are classied into four genera based on the genetic 

[1]properties: α-CoV, β-CoV, γ-CoV, and δ-CoV , and the COVID-19 
[2]belongs to β-CoV . Like other coronaviruses, SARS-CoV-2 is an 

[3]enveloped positive single-strand RNA genome .

They cause respiratory tract infections in birds and humans that can 
range from mild to fatal. Mild infection in humans include common 
cold (which can also be caused by other viruses such as rhinovirus) 
while more dangerous varieties can cause SARS, MERS, and COVID-
19.SARS-CoV-2 primarily infects alveolar cells and alveolar 
macrophages. SARS-CoV-2 causes an inammatory condition also 

[1]known as pneumonia affecting primarily alveoli . Typically, 
symptoms include non-productive cough, chest pain, fever, and 
difculty in breathing.

Replication of SARS -CoV- 2 in hosts pneumocytes
Once virus entered into host cell and uncoated inside the host cell. The 
viral genome has been  translated to large poly precursor polyproteins 
la (pp1a) and 1ab (pp1ab) which are processed by proteins such as 

proORF 1a-encoded viral proteinases, papain-like proteinase (PL ) and 
pro3C-like proteinase (3CL ), form 16 mature nonstructural proteins 

(nsp1–nsp16) according to their order from N-terminus to C-terminus 
of ORF 1a polyproteins. The replicase proteins have functions such as 
the RNA-dependent RNA polymerase (RdRp; NSP12), modifying 
methyltransferases (NSP14 and NSP16), RNA cap- and an 
exoribonuclease (NSP14) and a helicase (NSP13) for viral RNA 
synthesis and capping. Using the host proteins, the coronavirus NSPs 
undergo membrane-associated replication and transcription 
complexes provide viral membrane structures. Detailed function of 

[4]each protein is explained by Cheng et al.

SARS-CoV-2 contains 16 non- structural protein (NSPs) and four 
major structural proteins as spike (S) protein, envelop (E) protein, 

[5]membrane (M) protein and nucleocapsid (N) protein . S1 and S2 are 
two domains of S protein responsible for receptor binding and cell 
membrane fusion respectively, which helps the virus to bind with cells 
of the host. It is noted that C-terminal of S1 contains receptor binding 

[6]domain (RBD) of β-CoV

The binding afnity of spike proteins of SARS-CoV-2 towards 
angiotensin-converting enzyme 2 (ACE2) receptors is 10 to 20 fold 

[7]higher as compared to that of SARS-CoV . The SARS-CoV-2 binds 

with angiotensin-converting enzyme 2 ACE2 receptors expressed on 
[8]host pneumocytes using spike glycoproteins (S-glycoprotein) .

It is generally seen that on the epithelial cells of alveoli, trachea, 
bronchi, bronchial serous glands and alveolar monocytes and 

[9] [10]macrophages ACE2 receptors are widely expressed .

After binding to ACE receptors conformational changes take place in 
the S-glycoprotein allowing cleavage by the transmembrane protease-
serine 2 of the S-glycoprotein. Then through the endocytosis virus is 
transported into cytoplasm.

The cleavage of the S-glycoprotein occurs due to the presence of low 
pH inside the endosomes that favours the host protease cathepsin-L 
which results in the fusion of the viral envelope and endosomal 
phospholipidic membrane to release the positive-strand viral genomic 
RNA (+RNA) into the cell cytoplasm. SARS-CoV-2 genome–encoded 
RNA-dependent RNA polymerase (RdRp) is the central enzyme in the 
replicative cycle of RNA viruses like other RNA virus.

Initially a polyprotein precursor is formed from which the RdRp-
containing subunit is cleaved proteolytically. Subsequently, the RdRp 
is integrated into a membrane associated viral enzyme complex that 

[ 11, 12]drives the synthesis of negative-strand RNA .

As described in Figure-1 Synthesis of viral mRNA takes place with the 
help of negative RNA strand.

SARS-CoV-2, MERS-CoV, and SARS-CoV have remarkably similar 
[13]sequences and encode structurally similar RdRp .  Infected cells 

contain more +RNA strands than −RNA strands.

To favour viral subgenomic mRNA synthesis, the polycistronic 
ribosome machinery of the infected cell synthesizes nonstructural 
proteins of the SARS-CoV-2 and assembles these into the replicase-
transcriptase complex.

Following replication, these enveloped proteins are translated and get 
integrated into the endoplasmic reticulum of the host cells and nally 
enter into the Golgi compartment.

Consequently, envelope proteins are incorporated during the budding 
step to form mature virions followed by the viral genomic RNA is 
packaged into the nucleocapsid. The membrane (M) protein plays a 
vital role in interacting with the other viral proteins during viral 
assembly. The newly formed viral particles are transported to the cell 
surface in vesicles and are released by exocytosis followed by 
assembly. Several detailed reviews have summarized the replication 
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virus. In course of infection the immunomodulatory role and synergistic effect of zinc with antiviral drugs could play an important role in patients 
affected with SARS-CoV-2.
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[11,14]and assembly of the virus .

In patients with severe disease compared with individuals with 
uncomplicated SARS high serum levels of proinammatory cytokines 
[IL-1, IL-6, IL-12, interferon γ (IFNγ), and transforming growth 
factor-β] and chemokines (CCL2, CXCL9, CXCL10, and IL-8) were 

[15]found .

Figure-1[16] Possible sites of action of Zn to counter SARS-CoV-2 in 
pneumocytes described in Table-1 in the matrix form

Table-1

2+ Unlike other metals/elements, Zn is metal cofactor which doesn't 
participate in redox reactions but functions as a Lewis acid to accept a 

2+ pair of electrons. Due to redox stabilization Zn is good metal for 
[16]biochemical reactions and thermodynamically stable . Zinc is a 

cofactor for the antioxidant enzyme superoxide dismutase that 
converts superoxide to hydrogen peroxide. It is conjointly reported 
that zinc deciency may reduce the  protein synthesis in taste budcells, 
reduce the activity of alkaline phosphatase in taste buds, alter a zinc-
containing salivary protein, clog the taste pore region of the taste bud 

[17]or lead to central nervous system dysfunction .

Zn Catalyzes Cell-Mediated and Adaptive Immunity in the 
Course of Infection
Zinc acts via cell-mediated immunity against infectious agent like 
bacteria and virus. Zinc is one of the major sources that control 
function and proliferation of immune cells like neutrophils, NK cells, 
macrophages, B and T lymphocytes. Zn is also mediating the 
protection from the harmful effects of reactive oxygen species (ROS) 

2+during inammatory processes.Free intracellular Zn  is essential in 
extravasation to the site of the infection and uptake and killing of 

[18]microorganisms by neutrophils .

Immune Regulation Of Zinc In Viral Infection
The zinc-Finger CCHC- Type Containing 3 (ZCCHC3) binds RNA 
and facilitates the detection of intracellular RNA viruses by activating 
retinoic acid-inducible gene-I (RIG-1)-like receptors (RLRs), 
including RIG-I and melanoma differentiation- associated protein 5 

[19](MDA5) . This action triggers the activation of the antiviral response 
[20]mediated by downstream activation of antiviral genes . Activation of  

interferon regulatory factor 3 (IRF3) and nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-κB) take place when kinases 
such as TANK-binding kinase 1(TBK1) and I kappa B kinase (IκK) 
further phosphorylate the interferon regulatory transcription factor 3 
(IRF3) and IκB-alpha, the NK-κB inhibitor which results in interferon 

[ , ]type 1 upregulation .21 22

Interferon alpha induced signaling results in upregulation of antiviral 
proteins (RNase L and protein kinase RNA-activated (PKR)), known 

[23]to degrade viral RNA and inhibit its translation .

It was found that activation of NF-κB is inhibited by Zinc through the 
expression of the A20 protein. A20 may be a zinc-nger protein that 
negatively regulates tumor necrosis factor receptor (TNFR) and toll-

[24]like receptor (TLR)-initiated NF-κB pathways . Apart from this zinc 
inhibits cyclic nucleotide phosphodiesterase (PDE) due to which 
cyclic nucleotide cGMP (cyclic guanosine monophosphate) is 
elevated, resulting in the activation of PKA (protein kinase A), and 

[25]subsequent inhibition of NF-κB . Additionally, zinc supplementation 
has been shown to downregulate inammatory cytokines by 
decreasing gene expression of interleukin-1-beta (IL-1β), tumor 
necrosis factor alpha (TNF-alpha), and by inhibiting NF-κB 

[26]activation .

2+Inhibition of intracellular Zn  in the replicative cycle was reported in 
[27]various RNA viruses  including inuenza virus  , respiratory 

[28] [29-31]syncytial virus , and several picornaviruses  as it was reported in 
the vitro studies compounds,  such as hinokit iol  (HK), 
pyrrolidinedithiocarbamate (PDTC), and pyrithione (PT) are zinc 

2+ionopores which transport Zn into cells.. Also specically Zn also 
inhibits the processing of polyprotein in cells which are infected with 

[31]human rhinovirus and coxsackievirus B3 .

Zn Can Directly Inhibit SARS-CoV-2 Replication
Antiviral properties of Zn are mainly against virus attachment, 
infection, and uncoating, as well as inhibition of viral protease and 

[32]polymerase enzymatic processes .  It was stated that zinc can prevent 
fusion of virus with the host membrane, reduces the polymerase 
function, interfere with protein translation and processing, blocks 

[33]release of budding virions, and destabilizes the viral envelope  .

At low endosomal pH Zn binds with specic histidine residue present 
on the viral E1 protein inhibit membrane fusion of respiratory 
syncytial virus, HSV, Semliki Forest virus and sindbis viruses. Finally, 

2+Zn  have a potential for direct inactivation of the free Varicella-Zoster 
[34]virus in vitro .

As per the research carried out by Aartjan et al. replication of various 
RNA viruses like inuenza and polio can be damaged efciently when 

2+intracellular Zn concentration with zinc ionophore like pyrithione 
2+(PT) is increased. The combination of Zn  and PT at low 

2+concentrations (2 µM Zn  and 2 µM PT) inhibits the replication of 
SARS-coronavirus (SARS-CoV) and equine arteritis virus (EAV) in 

[35]cell culture . RdRp a core enzyme of the multiprotein replication and 
transcription complex (RTC) catalyzes RNA synthesis activity of these 

[35]two related Nidoviruses . Zn stongly inhibits the RNA-synthesizing 
activity of nidoviruses (including SARS-CoV) in vitro, which is due to 
change in RdRp activity during the elongation phase of RNA 

[35]synthesis, probably by interfering with template binding .

Synergistic Effect Of Zn With Anti-viral Drugs
Zinc supplementation can favour COVID-19 treatment when used 
with anti-viral drugs like ribavirin,  lopinavir/ritonavir and antibiotics 
such as azithromycin, doxycycline.

It was suggested that zinc supplementation increases the tolerance to 
IFN-α-2a and ribavirin when used as complementary therapy in 

[36]chronic hepatitis C patients .

However supplementation of Zn for 24 week had reduced the 
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D3 Ÿ To bind to angiotensin-converting enzyme 2 (ACE2) 
on pneumocytes SARS-CoV uses spike (S) proteins

Ÿ Through endocytosis virus enters the host cell and 
releases the viral RNA

D4 Ÿ The replicase enzyme complex is translated from the 
viral genome that mediates both replication and 
transcription

Ÿ The primary site of Zn2+ could be the inactivation of 
the viral replicase

E3 Ÿ Virions are shed from the infected cell through 
exocytosis

B5 Ÿ At the same time, the additional Zn supplement might 
initiate interferon gamma(a common anti-viral agent) 
production by T lymphocytes

(A2–3) Ÿ T cell receptors as well as CD25 and CD69 are 
activated by a pool of Zn importing inside the T 
lymphocytes to aid T cell proliferation and 
stabilization

(A1–2) Ÿ Added Zn also contributes to the production of 
thymulin from the thymus and triggers T lymphocyte 
production

(B-C2) Ÿ In alveolar macrophages, Zn can help to degrade the 
phagocytosed viral particle by the enzymes of the 
phagolysosome

B2 Ÿ That in turn will help to present the processed Ag by 
the major histocompatibility complex (MHC)
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abdominal discomfort without any additional effect on the anti 
[37]hepatitis C virus dual therapy of IFN α 2 and ribavirin .

ZnSO4 supplementation in HIV-infected individuals was found to be 
effective in management of atazanavir-ritonavir-related unconjugated 

[38]hyperbilirubinemia in some patients as described by Moyle G et al. .

Zinc Supplementation
Zinc can be used as adjuvant therapy in a different formulation such as 
Zn-gluconate, Zn-acetate, Zn-sulfate, and Zn-picolinate. But the 
amount of elemental Zn in each salt varies. The recommended daily 
allowance of Zn will alter according to the sex, age and health 
conditions of an individual. The recommended daily allowance for 
healthy adults is typically 15–30 mg of elemental Zn. However long-
term high-dose Zn consumption will cause a decrease of high-density 
lipoprotein cholesterol levels, anemia, copper deciency, and possible 
genitourinary complications despite the benecial effects of Zn in 

 [39]immune response .

CONCLUSION
Zn possess antiviral activities by various mechanism starts from 
penetration to budding of new virion and also inhibits the RdRp 
enzyme. RdRp is the central enzyme for viral replication and 
transcription. Zn has demonstrated against various nidovirusfor which 
SARS-Cov 2 belongs. the above statements suggest that Zn 
prophylaxis can reduce the morbidity of affected patient.
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