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Introduction 
 

Nature is the best teacher. Over a while, 

nature has shown its grace and curse towards 

the little creatures who try to manipulate the 

mainland forown bliss. The humanity again is 

in the cradle of pandemics. We are in a time 

that can compare to the pre- penicillin (the 
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The Coronavirus Disease 2019 (COVID-19) is the largest threat to humankind in 

recent decades. COVID-19 is a severe acute respiratory syndrome (SARS) caused 

by SARS-CoV-2 that emerged from the epicenter Wuhan of China in December 

2019. It has been spreading like a wildfire across countries and tolled 6,55,112 

human lives up to 29 July 2020. The SARS in 2002, Middle East Respiratory 

Syndrome (MERS) in 2012 and now COVID-19, the chains of deadly coronavirus 

outbreak have been emerging and the next one will be there in the near future. So 

that, one health concept centred wholistic approach as a defensive shield to tackle 

global coronavirus outbreak in the future has been discussed in this review. The 

defensive shield against future coronavirus outbreak includes comprehensive 

vaccine tool for animals and humans, low cost and less toxic broad-spectrum 

antiviral agents (BSAAs) and supplementary therapeutics, artificial intelligence 

and machine learning-based solutions, generation of a pan-accessible coronavirus 

database with intergovernmental partnerships, a complete ban on wildlife trade 

with sensitization of animal owners, and make science and research as a global 

priority. It is the right time to be humane and to follow belligerent measures to 

fight against another pandemic. 
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first antibacterial drug) era. The Coronavirus 

Disease 2019 (COVID-19) outbreak is the 

largest threat to humanity in recent decades 

sweeping across borders and sending ripples 

to nook and corner of the globe. The COVID-

19 is a severe acute respiratory syndrome 

(SARS) that emerged from the epicenter 

Wuhan of China in December 2019 (Zhouet 

al., 2020). The Severe Acute Respiratory 

Syndrome -Coronavirus-2 (SARS-CoV-2), is 

the etiology of the deadly and rapidly 

transmitting COVID-19 (CSG 2020). As said 

earlier, the entire humanity bowed and dusted 

in front of a viral pandemic. The similar 

chapters of the outbreak in 2002 as SARS 

(Song et al., 2019) and in 2012 as Middle 

East Respiratory Syndrome (MERS) (Zumla 

et al., 2015) warned humankind to take the 

belligerent measures to save our future 

generations. The strides of COVID-19 should 

be an eyeopener for us. The future 

coronavirus outbreak is inevitable and it may 

happen in this decade itself. There is no 

wonder in that. According to an experienced 

virologist Dr Peter Daszak, there are more 

than 500 new coronaviruses in bats in China 

and among six of them had antibodies in local 

populations. Also, the world‟s largest 

emerging zoonotic prediction project, „The 

Predict‟ had exposed over 800 novel viruses 

across different species. Of course, the bats 

were the frontrunner with half in their 

baggage and followed by non-human primates 

(Gruber, 2017). So, the pandemic threat for 

the future generation is real, like a rock.  

 

A defensive shield 

 

At this point, everyone may nod that, there is 

no single ingredient solution to defend the 

future inevitable outbreak which may be from 

a small city of any countries where human 

disrupts the harmony of nature. But, a shield 

of the „wholistic approach‟ around one health 

concept can be a central defender against the 

future pandemic. This shield against 

extinction underscores the rivet popper 

hypothesis of Paul Ehrlich, a famous 

Ecologist who stressed the importance of each 

species for an ecosystem. Similarly, the 

components revolving around one health 

concept have its irreplaceable position in the 

defensive shield to fight against future 

coronavirus outbreak as shown in Fig. 1.  

 

Comprehensive vaccine tool as a lynchpin 

 

Referring to Andre FE 2001, preventive and 

therapeutic vaccines are the main checkpoint 

against infectious diseases. To date, there is 

no vaccine tool approved against SARS CoV, 

MERS CoV, and SARS-CoV-2 infections by 

US FDA. The comprehensive vaccine tool 

(Fig. 2) against coronaviruses of humans and 

animals is the lynchpin of this approach. 

Since several viruses are evolving across 

species, the vaccines targeting this outbreak in 

humans alone might not control the future 

event. Instead, vaccine tools targeting 

coronaviruses both in humans, as well as 

domestic animals may serve the purpose. 

Also, the concept of one vaccine to multiple 

strains of coronaviruses (Fig. 2) needs to get 

support to avoid the other deadly outbreaks. 

The whole inactivated virus, viral subunits, 

virus-like particles (VLPs), the recombinant 

viruses, and DNA plasmids expressing viral 

proteins are the main approaches for vaccine 

development. Among, the most conventional 

being is the whole-cell killed or live-

attenuated vaccines. Since, these vaccines 

have the risk of introducing infectious viruses 

(Graham et al., 2012), safer alternatives in the 

form of subunit vaccines, DNA vaccines, and 

mRNA vaccines are under development. 

Subunit vaccines based on Trimer-Tag 

technology (Liu et al., 2017) and molecular 

clamp technology (Takashima et al., 2011) 

are underway and offer great promise (Zhang 

et al., 2020). DNA vaccines like INO-4800 

offer a wide range of immune responses by 

direct injection of DNA plasmids encoding 
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the SARS-CoV-2 spike are currently under 

trial (Yang et al., 2004; Ahn et al., 2020). The 

mRNA vaccines have advantages like 

nonexistence of genomic integration, superior 

immune responses, quick development 

protocol for the production of multimeric 

antigens (Pardi, 2018). Moderna, Inc. has 

developed mRNA-1273, an mRNA vaccine 

encoding viral spike (S) protein of SARS-

CoV-2, and has already started phase I 

clinical trials for it (Ahn et al., 2020). Also, 

another potential mRNA vaccine candidate 

BNT 162 by BioNTech set to enter clinical 

trials in late April 2020.  

 

Recombinant vaccine incorporating 

adenovirus type 5 vector (Gonzalez-Nicolini 

et al., 2006), live modified horsepox virus 

vaccine (TNX 1800), Hyleukin-7 platform 

technology, plant derived SARS-CoV-2 

Virus-Like Particle (VLP) based constructs, 

synthetic amino acid hybrid peptides and 

recombinant intranasal vaccine using protein 

nanoparticle technology (Philippidis, 2020) 

are few among many vaccine candidates 

which are in the preclinical study phase and 

could prove to be a big shield against SARS-

CoV-2 in the coming days. From the 

beginning of April 2020, phase III clinical 

trials have been initiated among health care 

workers of Australia and Netherlands using 

the BCG vaccine to decrease the incidence 

and impact of COVID-19. The reduced 

morbidity and mortality of populations having 

universal policies of BCG vaccination make it 

relevant for alternative treatment regimens of 

COVID-19 and it may help to tackle the 

future respiratory tract infections (Miller et 

al., 2020). Recently, ChAdOx1 nCoV-19, a 

chimpanzee adenovirus-vectored vaccine 

candidate expressing SARS-CoV-2 spike 

protein from University of Oxford, UK, safely 

elicited both humoral and cellular immune 

response (Folegatti et al., 2020) and it may be 

the panacea for this pandemic. 

 

Conventional and innovative diagnostic 

and therapeutic strategies  

 

Antivirals and immunotherapeutic agents 

 

The discovery of penicillin and other 

antibiotics were the life-saving golden 

moments of the 20
th

 century. Like that, as 

time passes the significance of antiviral 

pharmaceuticals has risen. A handful of 

repurposed Broad-spectrum antiviral agents 

(BSAAs) such as remdesivir (Wang et al., 

2020) a viral RNA-dependent RNA 

polymerase inhibitor, lopinavir (Lin et al., 

2020) a viral protease inhibitor, ribavirin 

(Jones et al., 2004) a ribonucleic analog, 

arbidol (umifenovir) (Zhang et al., 2020) a 

membrane fusion inhibitor, favipiravir a viral 

RNA polymerase inhibitor, and other 

supplementary pharmaceuticals like 

chloroquine (Wang et al., 2020) have been 

made an impact in the COVID-19 outbreak. 

More recently, the FDA approved 

antiparasitic drug ivermectin found to 

effectively inhibit the SARS-CoV-2 in vitro 

(Caly et al., 2020). The discovery of efficient 

broad-spectrum antivirals with less toxicity 

and cost is the need of the hour or repurposing 

the existing ones will be the cheaper 

alternative in the short course (Fig. 3). As the 

situation worsens, the targeted 

immunotherapy can be a complementary tool 

to defend the present as well as future 

coronavirus outbreaks. The pro-inflammatory 

response of the body should be modulated 

without compromising the beneficial host 

defense mechanism. Monoclonal antibodies 

like CR3022 bind with receptor binding 

domain (RBD) and neutralise the virus may 

make it a promising candidate for the 

COVID-19 outbreak (Li et al., 2020). 

Alternatively targeting the IL6 and its 

receptor (Liu et al., 2020) by monoclonal 

antibodies like tocilizumab (Fu et al., 2020) 

reduces the COVID-19 induced cytokine 

release syndrome in severe patients (Liu et 
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al., 2020). The fast-evolving nature of 

coronaviruses may be the main checkpoint for 

the antibody therapies. A cocktail antibody 

therapy can be the solution for this and it 

already proposed to tackle the Ebola 

pandemic. Since antiviral antibodies are 

found to be present in the convalescent 

plasma from recovered patients, so that 

convalescent plasma therapy is an option for 

the future coronavirus outbreak (Li et al., 

2020). The possibility to use angiotensin 

converting enzyme (ACE) 2 inhibitors and 

their limitations to tackle coronavirus are well 

explained by the Kruse (2020). 

 

Stem cell therapy for COVID-19 

 

The stem cell therapy opens up another 

possibility to treat COVID-19 patients. 

Especially, Mesenchymal Stem Cells (MSCs) 

due to its immunomodulatory effects in 

tissues make them the candidate for treatment. 

Among adipose, amniotic and umbilical cord 

(UC) MSCs, the UC-MSCs are the preferable 

choice due to factors like a) one of the richest 

source of MSCs (Arutyunyan et al., 2016) b) 

are scalable (fast doubling time) (Weiss et al., 

2006), which suits the demand of millions of 

cells for a large number of COVID-19 

patients c) nontumorigenic (Nagamura-Inoue 

et al., 2014) d) immunoevasive (Tipnis et al., 

2010) due to low expression of major 

histocompatibility complex (MHC) class I 

molecules and absence of class II molecules 

of MHC e) safety of MSCs were well 

documented through several clinical trials 

(Golchin et al., 2018). There is a cytokine 

storm phenomenon in COVID-19 patients 

(Mehta et al., 2020) and the intravenous 

administration of MSCs can prevent the 

cytokine storm and repair the lung epithelial 

tissue with creating a pulmonary 

microenvironment to recover from virus 

attack (Leng et al., 2020). The entrapment of 

a large number of MSCs in the lung makes 

the recovery effective and faster. Recent case 

studies from China, UC-MSCs alone or 

combinations with immunomodulators could 

be the successful strategies to tackle the 

coronavirus outbreak (Li et al., 2020) and 

also, it could treat the acute COVID-19 

patients (Leng et al., 2020). 

 

CRISPR; tool for diagnosis and 

therapeutics 

 

The innovative Clustered Regularly 

Interspaced Short Palindromic Repeats 

(CRISPR) based tools offer ultrasensitive 

diagnostic prospects for any emerging 

diseases. The Sherlock (Specific High-

sensitivity Enzymatic Reporter unlocking) 

CRISPR SARS-CoV-2 Kit from Sherlock 

Biosciences is the first CRISPR based 

diagnostic test approved by FDA for an 

infectious disease. The Sherlock is an RNA 

guided Cas13a based detection tool for RNA 

or DNA sequences with attomolar sensitivity 

(Kellner et al., 2019). The DETECTR (DNA 

Endonuclease Targeted CRISPR Trans 

Reporter) is the second CRISPR based 

diagnostic platform for coronaviruses 

validated by Mammoth Biosciences 

(Broughton et al., 2020). It is a rapid assay 

guided by RNA and using Cas13a to cleave 

DNA viral sequences and reporters 

collaterally. The CARAVER (Cas13-helped 

limitation of viral articulation and readout) is 

one of the CRISPR based antiviral therapeutic 

platforms (Freije et al., 2019) which may help 

to tackle future coronavirus outbreak. The 

Prophylactic Antiviral CRISPR in human 

cells (PAC-MAN) aids to reduce viral 

infections through inhibiting their replication 

inside cells (Abbott et al., 2020). This 

CRISPR based new approach also can target 

recent outbreak and coming coronavirus 

outbreaks. In future, the All-In-One Dual 

CRISPR-Cas12a (AIOD CRISPR) (Ding et 

al., 2020), Combinatorial Arrayed Reactions 

for Multiplexed Evaluation of Nucleic acids 

(CARMEN) (Ackerman et al., 2020), 
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SHERLOCK Testing in One Pot (STOP) will 

be the leaders in the molecular diagnostic 

platforms for deadly outbreaks. In the 

foreseen future, they may be the front runner 

in both diagnostic as well as therapeutic 

interventions because of their precision and 

simplicity.  

 

AI and machine learning 

 

Now, the scientific community across the 

world is more dynamic than the virus itself. In 

this digital era, artificial intelligence (AI) 

based drug development may be the next 

game changer for facing an uncertain future. 

The AI based drug developers can target the 

potential viral genomes faster than the 

conventional research community.  

 

The efficient data collection on COVID-19 

and its processing using AI, machine learning 

and deep learning will facilitate the diagnosis, 

treatment, prevention (Fig. 4) and better 

hospital management in this outbreak as well 

as in similar events in the future (Alimadadi 

et al., 2020). AI platforms aid in early 

detection of corona outbreaks, to alert the 

healthcare sector as early as possible. Also, it 

helps the diagnosis of corona cases with the 

support of medical imaging techniques like 

X-rays (Salman et al., 2020) (Wang et al., 

2020), Computed tomography (CT) (Gozes et 

al., 2020) (Li et al., 2020) and Magnetic 

resonance imaging (MRI). It could act as the 

multi-pronged platform for the monitoring 

and treatment of the positive cases, contact 

tracing, and projection of the morbidity and 

mortality in region-wise (Vaishya et al., 

2020).The AI based methods can predict the 

corona outbreak trajectory in a country with 

reasonable accuracy (Hu et al., 2020). A 

recent study conceptualised the algorithm for 

early identification of corona cases which will 

reduce rapid the spread of the outbreak in the 

susceptible populations (Rao et al., 2020). 

 

Generation of pan-accessible Corona virus 

database 

 

The surveillance of potential coronaviruses 

out in nature and its pan-accessible database 

are much needed for quick action in the future 

(Fig. 5). The successful intergovernmental 

and public-private partnerships will make it 

possible. The roll-out of „The Predict project‟ 

in 2009, based at the One health institute, 

University of California funded by United 

States Agency for International Development 

(USAID) was the right step in this direction. 

This project had almost 2500 members, 

spreads across 30 countries (Gruber, 2017). 

Based on the analysis of results, they used to 

track down or go for an educated guess on the 

upcoming zoonotic diseases. The concept of 

developing a self-database of coronaviruses in 

a country and depositing of those data into a 

pan accessible database should be a time-

bound responsibility for particular countries. 

The developed and developing nation‟s 

government should fund this venture for 

underdeveloped counterparts. As mentioned 

earlier, the coronavirus outbreak vibrations 

tremble all over the world. So, without an 

inclusive effort, there may not be any 

permanent solution to face an uncertain 

future. 

 

Complete ban on wildlife trade 

 

Nothing less than the complete ban of wildlife 

trade and minimizing habitat destruction is 

the other rivets of this defensive shield. The 

SARS CoV like viruses almost identical to 

SARS CoV was first identified in masked 

civet cats (Paguma larvata) and a racoon dog 

in a wild animal market in China (Guan et al., 

2003). Some studies suggested that the 

pangolins (Manis javanica) could harbour 

SARS-CoV-2 related ancestral beta-CoVs 

(Lam et al., 2020). Considering the outbreak 

of SARS CoV and SARS CoV-2, the 

involvement of the wildlife market in the 
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emergence of these diseases was undeniable 

(Daszak et al., 2020). The COVID-19 was 

originated in a seafood market of Wuhan, 

China,and70% of emerging transferrable 

diseases were originated from wild animals 

(Chakraborty et al., 2020). This shows the 

importance of a complete ban on wildlife 

trade for a safer future. It is not the first 

encountered zoonotic transmission of an 

unknown strain of virus to human populations 

due to an unrestricted human-animal interface 

(Murdoch et al., 2020). After COVID-19 

outbreak, China comprehensively banned the 

trade and consumption of wildlife products. 

Still, there are some loopholes like, this ban 

doesn‟t cover the non-food wildlife products 

such as the Pangolins scale which can be used 

for medicine (Staden, 2020). Without the 

complete ban on wildlife trade, even a layman 

can predict that there will be a chain of 

coronavirus outbreak in the coming decades. 

The cost of a pandemic like COVID-19 is 

certainly outweighing the profit margin of 

wild animal trade in the name of culture and 

medicine. The next pandemic can be from 

anywhere, not only from wildlife, it may 

emerge from any domestic animals, animal 

product industry, unhygienic handling of 

animal products at any point in the supply 

chain (Fig. 6). So that safer domestic animal 

management practices, higher quality 

standards for animal products, and hygienic 

handling of animal products should be part of 

law and culture. The pet animal industry and 

pet owners should be sensitized about the risk 

factor involved in their daily business. 

 

Science and research; global priorities 
 

Globally, governments spend their lion share 

of the budget on the defence purpose rather 

than funding education and research. The 

COVID-19 crisis is an eyeopener for the 

governments and other funding agencies. The 

immediate support for postdoctoral fellows 

and budding researchers (Gibson et al., 2020), 

also funding of mainstream research 

community targeting coronaviruses should be 

the prime concern for the funding agencies. 

Moreover, investments in research and 

development overall will support the future 

generation in their miserable time. For 

example, the production of animal models 

susceptible to potential pathogens will aid the 

researchers to develop the therapeutic 

strategies to target the disease as quickly as 

possible (Li et al., 2020). The inclusive 

development of science and research along 

with enhanced scientific transparency (Gibson 

et al., 2020) must be the core of the post 

COVID-19 era. The rearrangement of the 

healthcare sector as a whole and, hospital 

operations management especially should be 

the priorities for the coming decades. The 

health care workers must be well facilitated 

with personnel protective equipment and 

salary remunerations for the unexpected 

tomorrows. Last but not least, the community 

that lives beside the animal habitats should be 

empowered to eliminate the expected 

spillover in the near future. Personnel hygiene 

should be the core of health education for any 

community. 
 

In conclusion, each rivet of this defensive 

shield for future Coronavirus outbreak is 

irreplaceable, as each species is inevitable for 

a balanced ecosystem. The comprehensive 

vaccine tool for different coronavirus strains, 

conventional and innovative diagnostic and 

therapeutic strategies, AI and machine 

learning-based developments, generation of 

pan-accessible coronavirus database, a 

complete ban of wildlife trade globally, and 

making science and research as a global 

priority are the irreplaceable rivets of our 

defensive shield. The one health concept 

which stresses the human, animal, and shared 

environment should be promoted for a better 

future. “Prevention is better than cure”, this 

famous quote of Dutch philosopher 

Desiderius Erasmus is valid till humankind 

exists. Otherwise, nature as a wise master will 

teach valuable lessons in his way. 
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Fig.1 Defensive shield to fight against future coronavirus outbreak.  

(Figure created with biorender) 

 
Fig.2 One vaccine to multiple strains of coronaviruses (left side), Importance of comprehensive 

vaccine tool (right side). (Figure created with biorender) 
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Fig.3 New and repurposed BSAAs. (Figure created with biorender) 

 
Fig.4 AI and machine learning for quicker response. (Figure created with biorender) 
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Fig.5 Pan-accessible data base and bidirectional data flow. (Figure created with biorender) 

 

 
Fig.6 Tangible areas where stringent measures are needed. (Figure created with biorender) 
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