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Abstract
Severe acute respiratory syndrome coronavirus (SARS-CoV-2) has emerged as a pandemic and named as novel coronavirus 
disease (nCOVID-19). SARS-CoV-2 is different from other known viruses due to multiple mutations on the sites of non-
structural proteins (NSP) 2 and 3, and the varying nature of virulence between different persons. Immunotherapies such as 
vaccines and monoclonal antibodies have a protective effect on the patients bringing them to the front of the line of potential 
treatments. The present review intends to cover the development of 20 different vaccine candidates categorized under live 
attenuated vaccines, inactivated vaccines, subunit vaccines, viral vector-based vaccines, and nucleic acid vaccines. Formula-
tion of these vaccine candidates by various companies in collaboration with global organizations and their status of clinical 
trials were addressed. On the other hand, various approaches for post-vaccination surveillance using nucleic acid and protein 
biomarkers imbued on suitable platforms were also highlighted to sum up the immune therapeutics for Covid-19.
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Introduction

Coronaviruses (CoVs) are single-stranded RNA (+ssRNA) 
viruses that fall in the coronaviridae family under subfamily 
coronavirinae. They are classified into alpha, beta, gamma, 
and delta coronaviruses. Generally, its infection causes 
symptoms like common cold to severe illness in animals 
and humans (Ahmed et al. 2020; Ramaiah and Arumugas-
wami 2020). In 2002, betacoronavirus was found responsi-
ble for causing respiratory infection for Chinese people, and 
based on the symptoms Epidemic Disease Center (EDC) 
has named the disease a Severe Acute Respiratory Syn-
drome (SARS). Later the Middle East respiratory syndrome 

(MERS) was reported in Saudi Arabia with similar symp-
toms caused by another strain of betacoronavirus (Lau and 
Chan 2015; Ramaiah and Arumugaswami 2020). Common 
symptoms reported in humans during both the conditions 
were fever, nonproductive cough, headache, progressive res-
piratory failure (Dhama et al. 2020). Intermittently, genetic 
mutations and recombination rates are high in coronaviruses 
and these mutated viruses pass from animals to animals and 
habitat to new hosts had a major impact on the spreading of 
disease worldwide in humans and animals (Lau and Chan 
2015). Recently in December 2019, similar symptoms like 
SARS were reported in the city of Wuhan, China for elderly 
persons or people with premedical conditions. Based on the 
causative virus for symptoms and year of origin, the dis-
ease was referred as coronavirus disease-2019 (COVID-19). 
Based on its phylogenetic relationship severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) is categorized 
as betacoronavirus which causes COVID-19 (Ahmed et al. 
2020).

Like all other viruses, coronaviruses are also circulating 
in nature for the past couple of decades and alpha/ beta-cor-
onaviruses are being transmitted from animals and affecting 
humans. Among these, some strains are sporadic, and oth-
ers are capable of causing an epidemic. Zhou et al. (2020) 
confirmed Bat as the natural host reservoir for SARS-CoV-2 
along with other coronaviruses after performing genome 
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sequencing which showed 96.2% similarity with the genome 
of bat CoV RaTG13. Phylogenetic analysis showed similar 
residues of receptors suggesting the same ancestral connec-
tion between these two viruses and the possibility of hav-
ing turtles, pangolin, and snakes as intermediate hosts (Liu 
et al. 2020). Transmission of the virus to humans must have 
happened due to consumption or direct contact with inter-
mediate/reservoir host animals. On the other hand, human 
to human transmission occurred between closely associated 
people through the unintentional spreading of viral drop-
lets by respiratory secretion during coughing and sneezing, 
which are the common symptoms (Guan et al. 2020).

Wu and his team (2020) isolated SARS-COV-2 strain 
from an COVID-19 infected patient and studied its complete 
genome. The genomic structure is organized as +ssRNA 
containing ~ 30 kilobases in length with a 5′-cap structure 
and 3′poly-A tail. Further, the viral genome encodes for 4 
structural proteins-membrane (M), spike (S), nucleocapsid 
(N), and envelope (E) required for producing viral particles 
supported by 16 nonstructural proteins (NSPs) (Chan et al. 
2020). Angeletti et al. (2020) found a mutation on NSP 2 & 
3 which were actually responsible for the enhancement of 
SARS-COV-2 virulence and made the researchers consider 
it as a novel coronavirus (nCOVID-19). At present, there is 
no specific drug available for the treatment of this virus but 
broad-spectrum anti-viral drugs are showing some promising 
results (Rothan and Byrareddy 2020). The most frequently 
used anti-viral drugs throughout the world include chloro-
quine, hydroxychloroquine, lopinavir/ritonavir, favipiravir, 
and remdesivir. The World health organization (WHO) is 
launching “Solidarity” clinical trial to evaluate hydroxychlo-
roquine/chloroquine, remdesivir, and lopinavir-ritonavir with 
and without interferon beta for treating COVID-19 (WHO 
2020a). Wang et al. (2020a) evaluated the antiviral efficiency 
of ribavirin, nitazoxanide, penciclovir, chloroquine, nafamo-
stat, favipiravir, and remdesivir against a clinical isolate of 
2019-nCoV in vitro and revealed the efficiency of remdesivir 
and chloroquine in controlling Covid-19. Besides, Dang et al 
(2020) reported that the two drugs hydroxychloroquine and 
remdesivir, which were previously used for other indications 
should be repurposed to treat Covid-19. Owing to the safety, 
cost, efficacy, and ethical concerns, these two drugs have 
received emergency use authorisation by the US Food and 
Drug Administration. Gao et al. (2020a, b) evaluated com-
puted tomography (CT) of COVID-19 patients and reported 
the efficiency of hydroxychloroquine in reducing respira-
tory symptoms and pulmonary inflammation. Moreover, 
the patients showed nasopharyngeal clearance of the virus 
on 6th day of receiving hydroxychloroquine /azithromycin 
drug (Gautret et al. 2020). Further, Wang et al. (2020a, b, c) 
reported that remdesivir was superior to placebo in reduc-
ing the recovery time in Covid-19 patients by lowering the 
respiratory tract infection.

Convalescent plasma (CP) therapy is well known for two 
decades and was successful in treating SARS, MERS and 
H1N1. As these viruses share similar virological and clini-
cal characteristics with COVID-19 the researchers strongly 
believe that CP therapy can become a promising rescue for 
COVID-19 infected patients (Chen et al. 2020a). Neverthe-
less, the Indian Council of Medical Research (ICMR) stated 
clearly that plasma therapy was not approved for COVID-19. 
Therefore, the researchers are working on the development 
of vaccines to prevent everyone from getting infected.

SARS‑CoV‑2 vaccine platforms and their clinical 
trails

The Covid-19 pandemic had a drastic effect on lives as well 
as on the global economy. Governments across the world are 
encountering with recession and high mortality, and the vac-
cine is a conclusive solution to rescue mankind and regain 
their normal livelihood. Vaccine development is an exten-
sive process with high chances of failure and even involves 
numerous challenges and safety issues to get accepted and 
approved. Various stages involved in the development of 
new vaccine along with the timeline have been incorporated 
in Table 1 (Janani and Venkatesh 2019; Gao et al. 2020a, b).

Besides, the roadblocks in vaccine development and com-
mercialization process are enumerated below.

• Extensive clinical trials on various animal models and 
humans before licensing.

• Mandatory partnerships of small vaccine developers with 
large manufacturers for the development of vaccine from 
proof-of-principle to the stage of commercialization.

• Thorough testing of vaccines to meet all the necessary 
criteria.

• Constraints in the vaccine production technology.
• Vaccine cost, license agreements, and vaccination poli-

cies.

Should be handled properly to ramp up the production 
and supply of the vaccine to the global market to halt the 
spread of SARS-COV-2.

With the knowledge gained from SARS and MERS vac-
cines development path, multiple research teams are working 
on various forms of SARS-COV-2 vaccines such as inac-
tivated, live attenuated, viral vector, protein subunit, and 
nucleic acid (DNA and RNA) vaccines to release potent 
vaccines to check the mortality rate.

Inactivated vaccines

Purified inactivated viruses have been used traditionally 
for vaccine development (Vellozzi et al. 2009). The SARS-
COV-2 is inactivated either by using chemical agents such as 



3 Biotech (2020) 10:527 

1 3

Page 3 of 11 527

β-propiolactone, formaldehyde, glutaraldehyde, or by physi-
cal agents like heat (65 °C), ultraviolet light (254 nm), and 
high alkaline and acidic conditions (Le et al. 2020). Though 
these inactivated viral vaccines are preferred due to their 
safety reasons, some problems are encountered due to their 
usage. In some cases, the administration of these vaccines 
may render incomplete protection and poor neutralizing anti-
body response due to the obliteration of viral neutralizing 
epitopes. Moreover, a huge quantity of viruses is required 
for the production of this vaccine (Menachery et al. 2018).

The whole virus vaccine stimulates toll-like receptors 
(TLR) such as TLR 3, TLR 7/8, and TLR 9 which causes 
inherent immunogenicity. Serum Institute of India (SII) 
in collaboration with Codagenix, a US-based biotechnol-
ogy company has developed a synthetic inactivated virus 
to develop the vaccine candidate which is presently under 
animal trials (WHO 2020b). In China, Wuhan Institute of 
Biological Products (WIBP) along with the Wuhan Institute 
of Virology (WIV) developed an inactivated COVID -19 
vaccine which is in phase II clinical trials (WHO 2020b). 
Another inactivated vaccine candidate, PiCoVacc, developed 
by Sinovac Biotech, Beijing when tested upon mice, rats, 
and rhesus macaques induced neutralizing antibodies in all 
the animal models (WHO 2020b).

Live‑attenuated vaccines

The original SARS-Cov-2 is weakened by passing through 
animal or human cells until it picks up mutations. The weak-
ened SARS-Cov-2 with altered genetic code is used for vac-
cine development (Gao et al. 2020a, b). This strategy can 

induce a quick and strong immune response and can scale 
up for mass production. The creation of infectious clones 
for attenuated coronavirus vaccine is tedious and consumes 
more time due to its large genome size. This vaccine can be 
dangerous for immune-suppressed people and the production 
process of vaccines involves extensive safety testing (Kim 
et al. 2020).

Codagenix, the USA in collaboration with Serum Institute 
of India is working to weaken SARS-CoV-2 and produce a 
vaccine (CDX-CoV) containing all proteins from the natural 
virus (Shieber 2020). Besides spike protein, the vaccine will 
target the structural and non-structural proteins of SARS-
CoV-2. This vaccine is still in the pre-clinical stage. Another 
live attenuated vaccine for Covid-19 is being developed by 
Griffith University, Australia in collaboration with Indian 
Immunologicals (IIL), India. This team is trying to use 
codon de-optimization technology for genome alterations 
to reduce the replication efficiency of the virus in human 
cells (Pagliusi et al. 2020). The developed vaccine will 
mimic the infection, stimulate all the arms of the immune 
response without causing any disease. This vaccine can ren-
der lifelong immunity against SARS-CoV-2 with a single 
immunization.

Viral vector‑based vaccines

These vaccines offer long-term stability, a high level of 
protein expression, and a strong immune response (Le 
et al. 2020). Virus-like particles (VLPs) are suitable vec-
tors for gene delivery because they mimic the native virions 
(Swadling et al. 2013). There are two approaches to a viral 

Table 1  Stages involved in vaccine development

Stages of vaccine development Activities Timeline

Exploratory stage a. Antigen identification and production
b. Performed at laboratory scale

2–5 years

Pre-clinical trials a. Animal studies are done for assessment of safety and efficacy of the vaccine
b. If the animal shows irregular immune /cellular response the vaccine fails. Hence, 

this stage is considered a decision-making stage

1–2 years

Clinical trials 4–8 years
(i) Phase I a. To assess the safety and reactogenicity of the vaccine in a small (few dozens) healthy 

population
b. To assess the immune response, dose, schedule, and route of administration

(ii) Phase II a. The study is conducted in 100–1000 members based on age, gender, and ethnicity
b. To determine the preparation of vaccine, dose, and immunization schedule

(iii) Phase III a. To evaluate the final formulation of the vaccine
b. After evaluation of efficacy and safety of the vaccine, an application is filed for 

marketing the vaccine
Regulatory review, registration, 

marketing authorization, and quality 
control

a. Registration of the vaccine
b. Determination of the number of clinical trials and vaccines tested

5 years 
(extendable 
to 10 years)

Post-marketing safety/Phase (iv) Surveillance is conducted regarding the quality, safety/side effects, and efficacy of the 
vaccine after administration
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vector vaccine, replicating viral vector, and the non-repli-
cating viral vector. Various replicating viral vectors in use 
are the measles virus, adenovirus, poxvirus, and vesicular 
stomatitis virus (Humphreys and Sebastian 2018). Because 
of their non-pathogenicity in humans, the coding sequence 
required for protein/subunit antigen is attached to the viral 
genome for optimal expression, assembly, and packaging. 
Due to their replicating nature, these viral vectors elicit a 
complete immune response at a lower dosage of 3–4 logs.

Owing to its capability to infect the antigen-presenting 
cells, measles virus-based vectors are considered for vac-
cine preparation against SARS (Zuniga et al. 2007). In a 
non-replicating viral vector, the genes essential for replica-
tion is replaced with antigenic protein-coding genes (Robert-
Guroff 2007). Apart from accommodating large gene inserts, 
these vectors provide stability by not regaining the virulence 
when compared to replicating viral vector. The viral vector-
based vaccines can increase immunogenicity without an 
adjuvant and promote a vigorous cytotoxic T cell response 
to remove virus-infected cells (Lu 2020). Adenoviral vectors 
are best characterized by viral vectors and probably most 
potent at T-cell priming in non-human primates and humans 
(Swadling et al. 2013).

One vaccine candidate, ChAdOx1 nCoV-19 is made from 
a genetically modified version of adenovirus, which does not 
replicate in humans. When vaccinated into the body, it will 
give an immune response and prevents SARS-CoV-2 from 
entering the human cell. Oxford University has completed 
the phase-2 trial and moving towards phase-3. Another vac-
cine candidate for Covid-19 was developed by CanSino Bio-
logics, China in collaboration with the National Research 
Council (NRC), Canada. This vaccine is a genetically engi-
neered vaccine candidate with the replication-defective 
adenovirus type 5 as the vector, to express SARS-CoV-2 
spike (S) protein. Phase II clinical trials of this vaccine were 
successfully completed in more than 100 human subjects 
(WHO 2020b).

One more vaccine candidate, Ad26 for SARS-CoV-2 
uses the same technology involved in Janssen’s Ebola vac-
cine. Non-replicating adenovirus 26 (Ad26) vector carrying 
undisclosed genetic material of SARS-CoV-2 is adminis-
tered through the intranasal route (Buonaguro et al. 2020). 
The clinical trials for the Ad26 vaccine are set for fall 2020. 
Janssen Pharmaceutical Company with the support of Bio-
medical Advanced Research and Development Authority 
(BARDA) has planned to scale up this vaccine to 300 mil-
lion doses/ year.

Subunit vaccines

Subunit vaccine contains only antigenic parts of the patho-
gen which is required to elicit an immune response. These 
vaccines give partial protection against the virus as they have 

a very poor track record of stimulating humoral immunity 
and neglecting cell-mediated response (Jiang et al. 2012). 
The majority of the subunit vaccine candidates were devel-
oped against whole or fraction (N-terminal domain or recep-
tor-binding domain) of spikes available on the surface of 
SARS-CoV-2. Recently developed or established adjuvants 
are being used along with the fraction of the spike protein 
for enhancing the immune response (Chen et al. 2020b). 
Research is being made for the development of cocktail vac-
cines by using additional viral antigens like nucleoproteins, 
non-structural proteins, etc. A vaccine candidate XWG-03, 
based on multiple truncated spike proteins has been devel-
oped by Innovax Biotech in association with Xiamen Uni-
versity. GlaxoSmithKline (GSK) collaborated with the work 
and it is offering adjuvant for preclinical trials of the vaccine 
candidate. The series of spike proteins will be evaluated and 
a lead candidate will be established based upon the immu-
nogenicity data (WHO 2020b).

Another vaccine candidate NVX-CoV2373, a pre-fusion 
protein vaccine was prepared by using nanoparticle technol-
ogy and Matrix-M adjuvant of Novavax, Maryland based 
company to stimulate the immune system and antibody 
production. Besides, COVID-19 S-Trimer, another protein-
based corona vaccine was developed by Clover Biopharma-
ceuticals, China in collaboration with GSK which will pro-
vide its adjuvant system for evaluation of S-Trimer. Further, 
Clover will scale-up the production of this vaccine (WHO 
2020b). One more subunit vacacine was being developed 
with the collaborative efforts of the Indian Institute of Sci-
ence (IISc) and Mynvax, a Bengaluru based startup. Mynvax 
has already developed several candidate immunogens which 
are now moving towards animal trails. Moreover, this firm 
has applied to BIRAC for a grant of Rs. 15 crores for scaling 
up the process.

Nucleic acid vaccines

The nucleic acid-based vaccine is a new approach of immu-
nization in which either DNA or RNA containing viral genes 
is injected into the animal to express the encoded protein 
and develop both humoral or cell-mediated immunity. The 
advantages of these vaccines are easy delivery and expres-
sion of the protein in less duration. Multiple DNA vaccines 
have been approved for animals but in-depth studies on the 
safety, feasibility, and efficacy of these vaccines are required 
for human application.

DNA vaccines

INOVIO Pharmaceuticals, an American-based company 
developed a synthetic vaccine candidate INO-4800 (DNA 
vaccine) which targets spike protein of coronavirus. During 
pre-clinical studies, they have immunized mice and guinea 
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pigs with INO-4800 and evaluated the production of func-
tional antibodies, antigen-specific T cell responses, and dis-
tribution of SARS-CoV-2 specific antibody to the lungs. The 
study proved INO-4800 as an efficient vaccine candidate 
for COVID-19. With this input, INOVIO developed a smart 
device CELLECTRA, which uses an electric pulse to open 
the pores in the human cell to deliver the DNA plasmid. The 
DNA will get translated into the cell and produce proteins 
that activate the immune system to generate T cells. INOVIO 
expanded DNA-encoded monoclonal antibody technology 
for enhancing the therapeutic range of monoclonal antibody 
and successfully entered into phase I clinical trials (Smith 
et al. 2020).

RNA vaccines

mRNA sequence that has the potential to trigger the immune 
response by encoding disease-specific antigen is introduced 
into the human body through various delivery platforms viz., 
lipid nanoparticles (LNPs), lipoplexes, and polyplexes (Chen 
et al. 2020b). This vaccine can be produced at an affordable 
cost that has a wide scope for scale up to meet the high 
demand of the pandemic. RNA vaccines are safe in com-
parison to other vaccines and elicit high immunogenicity.

mRNA-based vaccine candidates for Covid-19 are show-
ing fast progress. Moderna, an American biotech company 
stood first in developing and testing the mRNA vaccine 
(mRNA-1273) in humans. mRNA-1273 is expected to enter 
into Phase II clinical trials in the second quarter of 2020, 
based upon the outcome of Phase I trials. Another m-RNA 
based vaccine BNT162, developed by Germany-based BioN-
Tech in partnership with Pfizer, New York received approval 
from the regulatory authority to start Phase I/II clinical stud-
ies. BNT162 vaccine candidates will be tested in 200 vol-
unteers for determining the optimal dose and evaluating the 
immunogenicity and safety of the vaccine (WHO 2020b).

As vaccine development for SARS-CoV-2 is in its 
infancy, a complete picture of the vaccine platform is not 
yet framed. The governments of various countries like the 
United States, United Kingdom, China, Germany, Japan, 
India etc. are working dedicatedly in collaboration with 
international institutions, private sectors, research institu-
tions, and nonprofit organizations across the globe, to com-
bat Covid-19. Approximately, 34 candidate vaccines are 
in clinical evaluation and 142 are in preclinical evaluation 
(WHO 2020b). A shortlist of several vaccine candidates and 
their current status of clinical trials have been provided in 
Table 2.

Collaborative global efforts are in progress to control the 
COVID-19 pandemic (Table 2). Zhu et al. (2020) reported 
that both humoral and T cells immune responses were devel-
oped in healthy individuals (n = 108) between the age group 
18–60 within 14 days of administration of a single dose of 

Ad5-nCoV. The participants were segregated into three 
groups viz., high dose group (n = 36), medium-dose group 
(n = 36), and low dose group (n = 36). After 28 days, 28/36 
(78%) of the low dose group, 33/36 (92%) of the medium-
dose group, and 36/36 (100%) of the high dose group devel-
oped detectable immune response (Zhu et al. 2020). There 
were no serious adverse events but several symptoms like 
fever (46%), fatigue (44%), headache (39%), and muscle pain 
(17%) were observed. To evaluate the safety and efficacy 
of the vaccine (Ad5nCoV), a phase two trial was launched 
in Wuhan, China, with n = 500 healthy adults, which are 
divided into low dose (n = 125), middle dose (n = 250), and 
control (placebo, n = 125). Similarly, Moderna also initiated 
a phase I trial by giving two doses of vaccine, 25 µg (mcg) 
and 100 mcg to the participants (n = 105) of age groups 
18–55. The neutralized Abs level was higher in 100 mcg 
administered participants than recovered patients. Moderna 
has got FDA approval for phase II and even initiated phase 
III trials.

AstraZeneca started phase I/II trial of AZD1222 (for-
merly known as ChAdOx1 nCoV-19) in May 2020 enrolling 
1000 adults of 18–55 years (AstraZeneca 2020). Researchers 
are currently working with viral DNA, mRNA, micro genes 
vaccines, and trying to identify effective vaccines and thera-
peutics for controlling the pandemic.

Design and development of theranostic vaccines

Theranostics is a multidisciplinary approach developed a 
combination of therapeutic and diagnostic agents in major 
to examine the response of treatment and optimize drug 
selection to strengthen the personalized healthcare system 
(Fig. 1). This approach enhances the drug efficacy by avoid-
ing unnecessary usage of alternative medication resulting 
in saving lives with cost-effective practices (Bartlett et al. 
2012). This approach is being used in vaccine and cancer 
research with a possibility to identify and track immune cells 
that are amended by immune stimulants at the cellular level 
during vaccination (Karabin et al. 2018).

The immune system is a complex system with a receptive 
network of bioactive molecules that must uphold homeo-
stasis inside the host body and evolve continuously to fight 
against invading pathogens (Miller et al. 2019). In addition 
to its dynamic nature, the uniqueness of persons varying 
from age, gender, food habits, lifestyle, earlier health his-
tory, and prior exposure to certain immuno-stimulators play 
a major role in influencing the response to stimuli (Benne 
et al. 2016). A similar pattern is being noticed in COVID-
19 patients and a lot of parameters need to be considered by 
researchers before developing a suitable vaccine.

Moreover, several new cases/deaths increasing day by 
day and these changes in the viral genome due to muta-
tions have created a lot of hype among electronic and print 
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media. This kind of publicity is also supported by availa-
ble literature on frequent genomic changes in various RNA 
viruses such as Ebola, rabies, measles, flu, etc. (Holwerda 
et al. 2020). The speculation of mutant strains of COVID-
19 rose to almost 200 varieties and several researchers 

from various industries, institutes, and research labs are 
working in this line to confirm the polymorphism.

Using full-length genomic sequences submitted in 
National Center for Biotechnology Information (NCBI) and 
Global Initiative on Sharing All Influenza Data (GISAID) 

Table 2  Current status of Covid-19 vaccine candidates

Vaccine candidate Characteristics Developer/s Current status (trails) Same vaccine platform used 
for other candidates

Inactivated Inactivated Wuhan Institute of Biologi-
cal Products and Sinop-
harm

Phase III

Inactivated Inactivated Beijing Institute of Biologi-
cal Products and Sinop-
harm

Phase III

PiCoVacc Inactivated Sinovac S Phase III SARS
Inactivated Inactivated Institute of Medical Biology 

and Chinese Academy of 
Medical Sciences

Phase I/II

Live Attenuated SARS-
CoV-2 vaccine

Live Attenuated Virus Indian Immunologicals Ltd 
and Griffith University

Pre-Clinical

CDX-CoV Live Attenuated Virus Codagenix and Serum Insti-
tute of India

Pre-Clinical HAV, ZIKV, FMD, RSV, 
DENV, SIV

Ad26 Intranasal recombinant 
adenovirus

Janssen Pharmaceutical 
Companies

Phase I/II Ebola, HIV, RSV

ChAdOx1 nCoV-19 Attenuated adenovirus University of Oxford Phase I/II MERS, influenza, TB, zika
Ad5-nCoV Adenovirus type 5 vector, 

express S protein
CanSino Bio, China Phase II Ebola

Aapc Universal vaccine, lentiviral 
vector, modify antigen-
presenting cells

Shenzhen Geno-Immune 
Medical Institute, China

Phase I

LV-SMENP-DC Modifies DC with lentivi-
rus, expressing Covid-19 
minigene

Shenzhen Geno-immune 
Medical Institute

Phase I
Phase II

INO-4800 DNA plasmid-based vaccine 
encoding S protein

INOVIO Pharmaceuticals, 
USA

Phase II/III

BNT162 vaccine program (4 
vaccine candidates)

modRNA, uRNA, saRNA, 
LNP formulation

BioNTech, Germany and 
Pfizer, USA

Phase II/III

mRNA1273 (LNP) mRNA vaccine 
encoding S protein

Moderna Inc, USA Phase III

Protein subunit Oral E.coli based expression 
system of S & N proteins

MIGAL Galilee Research 
Institute and Israel startup 
MigVax

Preclinical

CoroFlu M2-deficient single replica-
tion (M2SR) influenza 
vector

Bharat Biotech, India with 
University of Wisconsin, 
Madison and FluGen, US-
based company

Preclinical Influenza

Non-Replicating Viral 
Vector

Recombinant deactivated 
rabies virus with S1

Bharat Biotech, India and 
Thomas Jefferson Univer-
sity, Philadelphia

Preclinical LASSA, HeV, NiV, EBOV, 
MERS and CCHFV

Protein subunit RBD-based subunit vaccine Tel Aviv University, Israel 
and Neovii, Switzerland

Preclinical

DNA vaccine DNA Plasmid Osaka University, Anges and 
Takara, Japan

Phase I/II

DNA vaccine DNA Plasmid Zydus Cadila, India Phase II
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databases, Wang et al. (2020a, b, c) have analyzed homol-
ogy in the sequences of 95 strains of SARAS‐CoV‐2. Even 
though 13 variation sites in the regions of 1b, S, 3a, M, 8, 
& N were observed, the similarity among 95 strains was 
99.9% at the nucleotide level and 99.8% at the amino acid 
level. They were successful in recognizing the positions 
nt28144 in the open reading frame (ORF) 8 and nt8782 in 
ORF 1a with a ~ 30% mutation rate. Shen et al. (2020) com-
pared genomic changes among three varieties of samples 
collected from bronchoalveolar lavage fluid of SARS–CoV-2 
infected patients, community-acquired pneumonia patients, 
and healthy controls. Metatranscriptome sequencing of 
these samples revealed a median number of intrahost vari-
ants between 1 and 4 in COVID patients and ranged from 0 
to 51 in remaining samples confirming limited diversity in 
polymorphism data.

In this context of growing health emergencies and lack 
of sufficient information on mutated coronaviruses creating 
concern among researchers on the development of a univer-
sal vaccine. This problem can be resolved by designing a 
theranostic vaccine instead of a single shot to prevent mul-
tiple strains. Even though this concept is not established at 
the moment, through scientific exploration and expansion in 
these lines can bring the developed and developing countries 
on to the same platform due to its cost-effective and precise 
mechanisms.

Risk assessment of laboratory testing

Either it is a regular vaccine or futuristic personalized 
theranostic vaccine, always the risk is involved in the 
design and development process. Preventive steps for risk 
assessments before laboratory testing play a key role in 
detecting/preventing errors at pre-analytical, analytical, 
and post-analytical phases (Chávez 2019). Clinical Labo-
ratory Standards Institute (CLSI) an international organi-
zation provides a complete set of guidelines for all the 
laboratories to identify and mitigate risk management for 
all the stakeholders involved in the process (Njoroge and 
Nichols 2014). Centers for Disease Control and Prevention 

(CDC) on the other hand have issued specific guidelines on 
biosafety levels (BSL) based on the exposure to infectious/
biohazardous agents. There are four levels of biosafety 
based on the level of containment controls to protect work-
ers, the environment, and the public (Ta et al. 2019). The 
risk assessment team must carefully identify all potential 
scenarios/threats that could lead to a negative outcome 
and chalk out a plan to resolve such threats (Fig. 2) (Hao 
et al. 2017).

A couple of safety measures taken during the design/ 
production of SARS and MERS-CoV vaccines can be used 
as a reference and out of which the following has a lot of 
significance.
i. Ensuring safety to humans: Avoiding all kinds of com-

plications or side effects due to vaccination during for-
mulation.Ensuring safety to humans: Avoiding all kinds 
of complications or side effects due to vaccination dur-
ing formulation.

 ii. Providing long term protection: Single-shot vaccine 
should provide lifelong immunity.

 iii. The risk for aged people: In general, vaccines are less 
immunogenic in elderly people (≥ 50) compared to 
the youth. Higher antigen dose/ alternative routes for 
administration/ usage of adjuvants can overcome the 
problem in elderly personnel (Wienberger 2018).

 iv. Fever: Body temperatures above 100.4 ºF can be an 
expression for infection and that can bring off a poor 
response on the vaccine and lead to negative immune 
response ontohe infectionFever: Body temperatures 
above 100.4 ºF can be an expression for infection and 
that can bring off a poor response on the vaccine and 
lead to negative immune response ontohe infection.

 v. Pregnant women, immune-suppressed patients, and 
cytostatic patients: Should not be given attenuated 
vaccines due to unavoidable complications (Nordeng 
et al. 2010).

Fig. 1  Multidisciplinary approach of Theranostics drawing knowl-
edge from medicine, pharmacogenomics, chemistry, molecular biol-
ogy, molecular imaging and engineering

Fig. 2  Various factors associated with risk assessment during the 
design and development of vaccine production
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Besides these general guidelines, considering the viru-
lence and contagious nature of SARS-CoV-2; CDC recom-
mended usage of unidirectional air-flow BSL-2 facility for 
non-propagation diagnostic laboratory work. Propagation 
studies like virus culture, isolation, or neutralization assays 
should be performed with BSL-3 precautions and proce-
dures (Iwen et al. 2020). Another mysterious risk related to 
COVID-19 is variations in the severity of cases observed 
in China during December 2019 and the remaining parts of 
the world. Tetro (2020) suggested the disparities are due to 
the prior exposure of that individual with the coronavirus 
and can be confirmed by assessing the antibody-dependent 
enhancement (ADE).

Post vaccination surveillance

Vaccination is the most successful and cost-effective tool for 
the control or eradication of viral diseases. It is a combina-
tion of several steps including immunization, surveillance of 
infected people before/after vaccination, and pruning of host 
susceptibility towards infection. Surveillance is one of the 
significant phase in controlling viral diseases, which can be 
achieved either by active or passive approaches and in most 
of the cases both were conducted. Community-based surveil-
lance is considered as passive surveillance mainly done by 
taking feedback from local people and active surveillance 
activities include monitoring of patient directly (Karimuribo 
et al. 2017). However, active surveillance is a costly process 
and requires substantial human and laboratory resources. 
Post surveillance is very important because, the very nature 
of biological products is dynamic and lead to some unex-
pected adverse risk such as anaphylaxis, vaccine-strain sys-
temic infection and vaccine-associated paralytic condition 
(Corman and Landt 2020). As per the available reports, 
symptoms exhibited by COVID-19 patients are nonspecific 
and its virulence inside the host is getting altered from per-
son to person. In view of this, post-vaccination surveillance 
plays a crucial role and better results can be achieved by 
choosing proper biomarkers like nucleic acids or proteins 
with suitable platforms as shown in Fig. 3 (Udugama et al. 
2020).

Nucleic acids biomarkers

Various test kits using nucleic acid as markers are being 
developed for detection of SARS-CoV-2 among them loop-
mediated isothermal amplification (LAMP) and reverse 
transcription LAMP (RT-LAMP) techniques was success-
fully tested by various laboratories (Lamb et al. 2020). 
These come under the category of isothermal amplification 
techniques because the whole process is conducted at sin-
gle temperature unlike PCR. LAMP uses DNA polymerase 
and 4 to 6 primers that bind to distinctive regions of target 

genome which make the technique highly sensitive. The 
reaction turns into turbid mixture after encountering with 
infected patients sample due to the amplification of DNA 
and results in change of colour based on the dye addition. 
LAMP is considered as user-friendly approach as it does 
not require high-end equipments for processing or visu-
alization of test results (Notomi et al. 2000). As an exten-
sion, it can be multiplexed during the amplification stage 
or display stage using barcoded polymeric beads to detect 
numerous analytes from a single sample/ reaction (Kim 
et al. 2016). Dunbar (2006) reported usage of fluorophore, 
which emit signals for detection of captured DNA on bead 
surface immobilized on the test kits. Clinical specificity 
can be enhanced to > 90% by employing quantum dot bar-
codes connected to smart phone for capturing the signal 
released from the interaction of analyte and bioreceptor 
(Udugama et al. 2017).

Clustered regularly interspaced short palindromic 
repeats (CRISPR) is known to be a tool for gene editing 
but further considering the potentiality of the technique it 
is used for detection of specific DNA strands in a sample. 
Broughton et  al. (2020) designed DNA endonuclease-
targeted CRISPR trans reporter (DETECTR) platform for 
detection of various strains of coronaviruses using ssDNA. 
Similarly, SHERLOCK (specific high-sensitivity enzy-
matic reporter unlocking) detects a particular sequence of 
viral genes by breaking down and degradation of adjacent 
ssRNA by the proteins Cas13 (Santiago 2020). Employ-
ing of these techniques COVID-19 detection has helped 
in tracking down the virus with high throughput testing.

Fig. 3  Active and passive post-vaccination surveillance approaches 
and their success in choosing various biomarkers like nucleic acids or 
proteins with suitable platforms
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Protein biomarkers

Viral protein antigens as well as antibodies developed 
against SARS-CoV-2 are being used to diagnose COVID-
19. Because of variations in viral load during the course 
of infection it is difficult to detect the viral proteins. For 
instance, the salivary viral load was highest in the first week 
of infection which showed gradual decline with time (To 
et al. 2020). On the other hand generation of antibodies 
against viral proteins takes a long time for detecting SARS-
CoV-2. The major challenge in developing an accurate sero-
logical test for SARS-CoV-2 is the cross-reactivity of the 
SARS-CoV-2 antibodies against other corona viruses. Zhang 
et al. (2020) detected IgG and IgM from serum of COVID-
19 patient using an enzyme-linked immunosorbent assay 
(ELISA). In this test they used Rp3 nucleocapsid protein 
of SARS-CoV-2 whose amino acid sequence showed 90% 
homology with the other SARS-related viruses.

Single Molecule Protein Detection (SIMOA) acts as a 
powerful tool that helps the researchers to understand the 
immune response to COVID-19 through antibody response 
even at early stages of the disease with high resolution 
(Udugama et al. 2020). In addition, rapid antigen test is 
intended for qualitative detection of a specific antigen of 
SARS-CoV-2 present in human nasopharynx. Healthcare 
professionals collect nasopharyngeal swab from the patient.
This test has a sensitivity and a specificity of 99.68% and 
96.52% respectively (Udugama et al. 2020).

Besides, there may be several other protein or cellular 
markers that can be used for detection of SARS-CoV-2. 
Guan et al. (2020) observed elevated levels of D-dimer, 
serum ferritin, interleukins, and C-reactive protein; and 
low levels of leukocytes, lymphocytes and blood platelets. 
As these biomarkers show abnormality in other illnesses, 
they are used along with antibodies to improve specificity 
in multiplex tests. In addition, a point-of-care approach ref-
fered as lateral flow antigen detection is being developed for 
diagnosing COVID-19. Microfluidics-based smartphone was 
developed to detect antibodies against several sexually trans-
mitted diseases and the same technology can be adopted for 
detecting proteins and RNA of SARS-CoV-2 (Laksanasopin 
et al. 2015; Mahapatra and Chandra 2020; Chandra 2020).

Conclusion

The SARS-CoV-2 infection has created havoc affecting 
2,70,79,037 persons and caused death for 8,83,934 world-
wide (COVID-19 coronavirus pandemic 2020). Anti-viral 
drugs and immune-based therapies to treat this deadly 
virus were successful to some extent but real safety can 
be achieved only by vaccinating everyone. Several vac-
cine candidates have reached clinical trials and hopefully, 

some potent vaccines will be ready for administration in 
the next couple of months. Besides, variations in virulence 
among different individuals are questioning the efforts made 
towards a universal vaccine. The design and development of 
theranostic vaccines can resolve all such issues. Moreover, 
the implementation of post-vaccination surveillance could 
help the researchers to resolve unexpected adverse risks 
caused due to the immunization process.
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