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Can proteomics-based approaches further help COVID-19 prevention and therapy?
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1. Introduction

The first patient with coronavirus disease (COVID-19) was
reported in December 2019 in Wuhan, Hubei province,
China. Since then, more than 149.471 million COVID-19 cases
have been reported worldwide, with over 3.15 million deaths.
The rapid spread of severe acute respiratory syndrome coro-
navirus-2 (SARS-CoV-2) infection or COVID-19 has made
researchers focus on developing an effective vaccine to pre-
vent the disease. One hundred and eighty-four vaccine candi-
dates in pre-clinical development have been tested on
different animal models of SARS-CoV-2 infection (Source
WHO; Draft landscape and tracker of COVID-19 candidate
vaccines (who.int)). An additional 63 vaccines are currently in
clinical development. Thus, more than 200 vaccine candidates
have been developed within almost a year of the first reported
case of COVID-19, and of these, 10 vaccines have been
approved for human use (Table 1). The first human trial of
a COVID-19 vaccine started on 6 March 2020, and the rapid
pace of vaccine development would not have been feasible
without a combined proteomics and genomics approach
against SARS-CoV-2.

The recent emergence of SARS-CoV-2 variants in the United
Kingdom (known as 201/501Y.V1, VOC 202,012/01, or B.1.1.7),
South Africa (20 H/501Y.V2 or B.1.351), and Brazil (P.1 B.1.1.28.
P1 or 20 J/501Y.V3; this variant has unique mutations, includ-
ing three in the receptor-binding domains [RBDs] of the spike
[S] protein) is of marked concern for vaccine efficacy against
COVID-19 (Figure 1). The B.1.1.7 variant, originating in the
United Kingdom, has now spread globally. Infected patients
induce a defective antibody (Ab) response that is unable to
protect against the parent SARS-CoV-2 or its B.1.351 variant,
indicating the induction of asymmetric heterotypic immunity
[1]. Mutant strains have also emerged in the USA. For example,
the SARS-CoV-2 variant, CAL.20 C, discovered in Southern
California has three mutations in its S-protein, characterizing
it as a subclade of 20 C, and the S protein L452R mutation in
the RBD makes it resistant to several S protein monoclonal
Abs [2,3].

Mutant strains of SARS-CoV-2 are of great concern in terms
of the efficacy of currently available vaccines. For example,
SARS-CoV-2 S protein variants can escape the action of neu-
tralizing Abs or may be less efficiently cleared [4,5]. The vac-
cine developed by Pfizer for COVID-19 has a low efficacy

against the South African variant P.1. The vaccine developed
by Novavax (NVX-CoV2373) is 50-60% less effective against
the South African variant but has a high efficacy against the
UK variant [6]. The 501Y.V2 or B.1.351 variants also escape
neutralization by convalescent plasma, indicating that the
mutant virus can evade the immunity generated by prior
SARS-CoV-2 infection [7]. Thus, emerging SARS-CoV-2 variants
that can escape approved vaccine-based immune responses
and convalescent plasma-based therapies are of concern.
Depending on the severity of COVID-19, patients receive
a combination of different drugs, including antivirals (favipir-
avir), antimalarials (hydroxychloroquine), antibacterials (azi-
thromycin and doxycycline), antiplatelets, and
immunomodulators [8-10]. In November 2020, the World
Health Organization approved the antiviral, Remdesivir (pre-
viously used for treating hepatitis C virus and Ebola virus
infections), as a conditional drug. It is not possible to mention
all the clinical trials associated with COVID-19 therapy.
However, AstraZeneca’'s Calquence (a blood cancer drug)
failed in phase 2 trial, Novartis’ llaris (an anti-arthritis drug)
showed no benefit to COVID-19 patients, and Sanofi and
Regeneron’s Kevzara (@ drug used for treating rheumatoid
arthritis) did not perform favorably in COVID-19 patients.

2. Proteomics as a biological tool in infection and
immunity research

Proteomic analysis techniques are highly sophisticated tools
for identifying and quantifying cell and organism proteomes.
These techniques can be used to identify immune-related
proteins generated or suppressed during infection and eluci-
date the mechanisms through which pathogens escape the
immune response of the host. Comparative proteomic analysis
identifies the host immune response, including mucosal (pul-
monary and gut) immunity, which plays a crucial role in
COVID-19 pathogenesis. Proteomics has the potential to iden-
tify single immune cell (macrophages, dendritic cells, natural
killer cells, neutrophils, mast cells, and other adaptive immune
cells [T and B cells])-based host immune responses against
pathogens, including  SARS-CoV-2.  Proteomics-based
approaches are a crucial component of functional genomics
and have considerable potential to establish COVID-19 sever-
ity-based biomarkers. This approach can also provide data on
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Table 1. Different vaccines approved for human use to prevent COVID-19.

Country of
Vaccine name Type Primary developer origin
(1) Comirnaty (BNT162b2) mRNA-based vaccine Pfizer, BioNTech, Fosum Pharma Multinational

(1) Moderna COVID-19 vaccine
(mRNA-1273)

(1) COVID-19 vaccine AstraZeneca
(AZD1222), also called
Covishield

mRNA-based vaccine

Adenovirus vaccine

Moderna, Biomedical Advanced Research and Development Authority USA
(BARDA), National Institute of Allergy and Infectious Disease (NIAID)

BARDA, Operation Warp Speed (OWS) UK

(1) Sputnik V Recombinant adenovirus vaccine  Gamaleya Research Institute, Acellena Contract Drug Research and Russia
(rAd26 and rAd5) Development
(1) COVID-19 Vaccine Janssen (JNJ- Non-replicating virus vector Janssen Vaccines (Johnson and Johnson) The
784,366,735; Ad26.COV2.5)
Netherlands and USA
(1) CoronaVac Inactivated SARS-CoV-2 vaccine Sinovac China
(alum with formalin as
adjuvant)
(1) BBIP-CorV Inactivated SARS-CoV-2 vaccine Beijing Institute of Biological Products (BIBP), China National China
Pharmaceutical Group (Sinopharm)
(1) EpiVacCorona Peptide vaccine Federal Budgetary Research Institution, State Research Center of Virology Russia
and Biotechnology
(1) Convidicea (Ad5-nCoV) Recombinant vaccine (adenovirus canSino Biologics China
type 5 vector)
(1) Covaxin Inactivated SARS-CoV-2 vaccine Bharat Biotech, Indian Council of Medical Research (ICMR) India

the effect of treatments on host metabolism and single
immune cell-based future designer therapies. In addition,
post-translationally modified proteins, such as phosphopro-
teins, glycoproteins, and lipoproteins, can be studied in detail
using phosphoproteomics, glycoproteomics, and lipoproteo-
mics. The evolution of proteogenomics has revolutionized the
field of gene annotation by discovering post-translational pro-
tein modifications and protein cleavage [11]. Thus, proteomics
has great potential to identify novel biomarkers, modified host
and viral proteins, vaccines, and pharmacological targets
against COVID-19 and SARS-CoV-2 mutants. For instance, pro-
teomics-based studies (e.g. ultra-high-throughput clinical pro-
teomics involving sequential window acquisition of all
theoretical mass spectra - a specific variant of the data-
independent acquisition method that supports the quantita-
tive analysis of peptides composed of up to 9000 proteins
with high accuracy and consistency - and quantitative pro-
teomic analysis using the BoxCar method) have identified host
immune response and associated factors to be responsible for
the different phenotypes of COVID-19 (asymptomatic, sympto-
matic, mild to moderate, and severe) patients, changes in
immunometabolic reprogramming among various immune
cells controlling their immune function, and the development
of specific biomarkers for COVID-19 (Figure 1) [12-14].

3. Proteomics-based approaches for understanding
COVID-19 and drug discovery

Humans have more than 20,000 genes that encode different
proteins, including 1000,000 proteoforms, such as splice var-
iants and proteins with post-translational modifications.
Proteomics-based approaches, such as liquid chromatography
and tandem mass spectrometry (LC-MS/MS), are crucial for
identifying and characterizing the human proteome [15].

Proteomic analysis (LC-MS/MS) of SARS-CoV-2-infected host
cells has helped to identify the translatome and proteome
infection profile of the virus, showing that SARS-CoV-2 infec-
tion changes the central cellular pathways, including splicing,
translation, protein metabolism, carbon metabolism, and
nucleic acid metabolism [16]. LC-MS/MS can also identify the
genetic basis of resistance and susceptibility to COVID-19,
such as HIV-1 infection [17,18]. In addition, the occurrence of
cytokine storm in patients raises the severity of COVID-19,
which can be predicted by analyzing the de-mono-ADP-
ribosylation of STAT1 by SARS-CoV-2 non-structural protein
(Nsp) 3, as this process is the putative cause of severe disease
in most patients [19]. Another study has also identified host
proteome-based criteria for COVID-19-associated cytokine
storms [20].

Proteomic analysis of SARS-CoV-2 has also identified that its
genomic mRNA encodes four structural proteins: S, envelope
(E), membrane (M), and nucleocapsid (N). Sixteen Nsps (Nsp1-
Nsp16) of SARS-CoV-2 play a crucial role in viral replication
and escape from the host immune response. LC-MS/MS has
been used to study the protein-protein interactions (PPls)
between the host and virus to elucidate the host immune
response and potential drug targets [21]. Hence, targeting
these proteins may lead to better therapeutic approaches
against COVID-19 [22]. For example, Nsp15 may serve as
a crucial antiviral target for COVID-19. Furthermore, LC-MS/MS-
based quantitative proteomics has identified the broad-
spectrum antiviral effect of the antiparasitic drug, ivermectin,
for treating COVID-19 [23].

The pro-drug, EIDD-2801 (also called molnupiravir or MK-
4482), derived from the ribonucleoside analog (3-D-N4-hydro-
xycytidine, exerts antiviral effects by acting as a competitive
alternate substrate for the viral RNA polymerase. This allows its
incorporation into the viral RNA, thereby accumulating muta-
tions in the viral RNA genome and inducing error catastrophe
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Figure 1. Schematic representation of the emergence of COVID-19 in humans and its control using proteomics-based approaches. COVID-19 is thought to be
a zoonotic viral infection that has been transferred to humans from horseshoe bats. However, it is unknown whether the virus evolved the ability to infect humans
directly in these bats or if the virus first infected an unknown intermediate host and subsequently infected humans causing the ongoing COVID-19 pandemic.
Currently available vaccines have shown protection against the parent SARS-CoV-2 strain causing COVID-19. Proteomics-based approaches can be used to study the
immunopathogenesis of COVID-19 caused by both parent and mutant strains of SARS-CoV-2 and identify novel disease-specific biomarkers, drug targets, antivirals,

vaccine candidates, and immunomodulators in the future.

[24]. EIDD-2801 exerts both SARS-CoV-2 infection prophylaxis
and treatment effects through the oral route of administration
[25]. The drug is presently undergoing clinical trial phases 2
and 3. Additionally, multivalent nanobodies or variable
domains of heavy-chain-only Abs have been designed by
studying the detailed structures of their epitopes and binding
modes to the S protein of SARS-CoV-2 as well as the mechan-
isms by which the virus fuses to the cell membrane through
the S protein [26]. These multivalent nanobodies block SARS-
CoV-2 infection and suppress their mutational escape by tar-
geting two independent epitopes [26]. The deep learning

approach to predict and design a multi-epitope vaccine
(DeepVacPred) combines in silico immunoinformatics and
deep neural network strategies. The DeepVacPred computa-
tional framework has predicted several potential vaccine sub-
units from the available SARS-CoV-2 spike protein sequence
[27]. Moreover, in silico analysis of the immune system protein
interactome associated with SARS-CoV-2 infection and severity
has revealed several novel therapeutic targets for drug repur-
posing against COVID-19 [28]. Hence, proteomics combined
with bioinformatics may serve as a novel tool for
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understanding COVID-19 pathogenesis and designing thera-
peutics and vaccines.

4. Conclusion

Future studies are crucial in the field of drug discovery and
vaccine design for the treatment and prevention of COVID-19.
Although we have developed vaccines for COVID-19, novel anti-
viral agents and better vaccine candidates are still needed. For
example, the identification and isolation of naturally circulating
attenuated SARS-CoV-2 variants may serve as another potential
vaccine candidate [29]. In addition, vaccines for short-term
immune response (6—-12 months) are currently in demand due
to the urgency of preventing additional cases of COVID-19 world-
wide; however, we still need a vaccine for long-term immunity.
Hence, proteomics with other omics techniques (e.g. genomics,
metabolomics, lipidomics, and phenomics) are potential solu-
tions for the development of antivirals, potent immunomodula-
tory agents, and vaccines.

5. Expert Opinion

COVID-19 has emerged as one of the biggest infectious dis-
ease pandemic of the 21st century since its first origin in the
China in December 2019. We currently do not have a potent
antiviral agent for the SARS-CoV-2, the causative agent for the
COVID-19. However, with the use of proteomics-based
approaches along with other molecular biology techniques
we have successfully developed different vaccines to prevent
further spread of the infection. But the emergence of different
mutants of the SARS-CoV-2 in many countries and their spread
to other nations has also compelled researchers to think about
vaccination strategies. This is because some mutants have
shown resistance against different vaccines-derived immune
response. Hence, different proteomics-based approaches in
combination with bioinformatics, metabolomics, lipidomics,
and other molecular biology techniques are required to track
mutant viruses that can be used to design potent vaccine for
long lasting immunity and design novel antiviral to directly
target the virus.
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