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Abstract

When the outbreak of human novel coronavirus was first reported in Wuhan, China at the end of 2019, the epi-
demic spread rapidly around the world and finally became a pandemic in 2020. In order to seek effective drugs 
to treat the COVID-19 infected patients for emergent use and for the disease prevention, researchers examined 
numerous existed antiviral drugs that may have the potential for COVID-19 treatment. At the same time, anti-
body treatment and vaccines development were ongoing simultaneously. The aim of this review is to introduce 
antibody therapy, vaccine development and potential antiviral treatments on COVID-19 and to discuss the future 
perspective on the COVID-19 pandemic.
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1. Current status of Covid-19

The outbreak of novel coronavirus (2019-nCoV), was first re-
ported in Wuhan, Hubei province, China since December, 2019 
(Huang et al., 2020). The virus was renamed severe acute respira-
tory syndrome coronavirus type 2 (SARS-CoV-2) based on phy-
logenetic analysis to differentiate it from the first outbreak caused 
by the SARS-CoV in 2003. At the same time the related disease of 
SARS-CoV-2 was renamed COVID-19 by World Health Organiza-

tion (WHO). Due to its rapid spreading via international travelling 
of people and serious respiratory symptom in human population, 
WHO declared COVID-19 a public health emergency of interna-
tional concern in 2019 (Huang et al., 2020; Wang et al., 2021a). 
Till now, more than two hundred million of confirmed cases and 
nearly four millions and six hundred thousand people died from 
COVID-19 infection. Meanwhile, several types of COVID-19 vac-
cines are produced for people to establish their immunity against 
SARS-CoV-2 globally. In fact, abundant of antiviral drugs and 
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passive immunization therapy have been tried to treat COVID-19 
patients, before the vaccines production, especially application on 
those severe COVID-19 patients. However, cases and number of 
death are still increasing on every day around the world. The most 
probably reason is due to the emerging of numerous of SARS-
CoV-2 variants in different countries. Even some of the variants 
has been reported that they had the ability to break through pa-
tients’ immunity even after they were fully vaccination. In this re-
view, we focused on the features of SARS-CoV-2 and its variants, 
vaccine development, antibody therapy and potential antiviral 
drugs on COVID-19.

2. Features of SARS-CoV-2

SARS-CoV-2 is an enveloped, single positive strand RNA virus, 
belongs to the family coronaviridae, genus betacoronavirus ac-
cording to the update recommendation of the International Com-
mittee on Taxonomy of Viruses (ICTV) (Shchelkanov et al., 2020). 
Other viruses belong to this genus includes SARS-CoV, MERS-
CoV, two human coronaviruses (OC43 and HKU-1) and murine 
hepatitis virus (MHV) (Fung and Liu, 2019; Malik, 2020; Velavan 
and Meyer, 2020).

The genome length of SARS-CoV-2 is about 30 kilobase. The 
organization of the genome includes two open reading frames (i.e. 
ORF1a and ORF1b) start from 5′ to 3′ in which encodes a series of 
non-structural proteins and enzymes. Next to the ORFs are those 
structural genes (i.e. S, E, M, and N) which encode spike (S), enve-
lope protein (E), matrix protein (M), and nucleoprotein (N) (Bah-
rami and Ferns, 2020; Lu et al., 2020).

Briefly, the SARS-CoV-2 enter the host cell through endocy-
tosis by binding host angiotensin-converting enzyme 2 (ACE-2) 
receptor with the S protein on the envelope of the virus. After 
cleavage of the S1-S2 domain of the S protein by TMPRSS2, 
a cysteine protease, the virus enters into the cytoplasm of the 
host cell by fuses its envelope to the cell membrane and forms 
an endosome. After uncoating, the viral genome is released into 
the cytoplasm of the host cell, and the genome is translated into 
replicase polyprotein, PP1a, PP1ab and RNA-dependent RNA 
polymerase (RdRp). Through genome replication and a series of 
protein translation, the progeny virus is released by exocytosis 
and continue to infect other host cells or spread from respiratory 
tract to surroundings (Trougakos et al., 2021; V’kovski et al., 
2021).

Just like other RNA virus, one of characteristic of SARS-CoV-2 
is its RNA-dependent RNA polymerase lacking the proofreading 
during genomic RNA replication. After the virus infects the host 
cells, the genomes of the progeny viruses are not identical with 
each other and that of the parent virus. All the progeny viruses 
form a subpopulation of viruses that is called quasispecies (Gao et 
al., 2021; Jary et al., 2020). In addition, after virus infection, host’s 
body will produce specific antibodies to neutralize the viruses via 
adaptive immune response. Despite of eliminate the virus, host 
immune response always prompt the virus to produce more vari-
ants under the selective pressure (Eskier et al., 2020; Presti et al., 
2020). As a result, variants of SARS-CoV-2 continuously emerges 
from the patients around the world. All these variants have differ-
ent phenotypes such as increasing of their transmissibility, increas-
ing of disease severity and mortality in patients and decreasing the 
sensitivity from neutralizing effect of antibody after vaccination. 
For this reason, WHO designated these types of variants as the 
variants of concern (VOC) (Duong, 2021). In addition, there are 
other variants have certain mutations found in particular genes, 

i.e. S protein or other regions of the virus genome and they have 
possibility to affect public health in future. WHO also designated 
them as the variants of interest (VOI) (Chakraborty et al., 2021a; 
Konings et al., 2021). For most update information, a new SARS-
CoV-2 variant, named Omicron was announced on November 26, 
2021 by WHO. Surprisingly, the speed of this variant is faster than 
other known circulated variants (He et al., 2021). The character-
istics of Omicron might include increase of infectivity, vaccine 
breakthrough, antibody resistance and drug resistance (Chen et al., 
2021) (Table 1).

3. Vaccine development

Nowadays, there are more than 300 vaccine candidates has being 
developed according to the information of WHO since the begin-
ning of the COVID-19 pandemic. On September, 2021, totally 
117 vaccines are being test in different phases on clinical trials 
while 185 vaccines are in subclinical development (Shrotri et al., 
2021). The vaccine candidates are still increasing. Among them, 
there are 18 vaccines were approved for emergency use authoriza-
tion (EUA) by at least one regulatory authority 2021 (Ndwandwe 
and Wiysonge, 2021). Among these vaccines, Oxford/AstraZeneca 
ChAdOx1-S (England), BioNTech/Pfizer BNT162b2 (German), 
Moderna mRNA-1273 (USA), and MVC-COV1901 (Taiwan) are 
allowed to use in Taiwan.

Ten platforms are adopted for COVID-19 vaccines develop-
ments currently. It can be divided into two categories, the classi-
cal platforms and novel platforms. The classical platforms include 
protein subunit (PS) (Heath et al., 2021; Ryzhikov et al., 2021; 
Hsieh et al., 2021), inactivated whole virus (IV) (Ariamanesh et 
al., 2021; Organization, 2021; Palacios et al., 2020), virus-like par-
ticle (Burgos-Salcedo, 2021; Park et al., 2020), and live attenuated 
virus (Wang et al., 2021a; Qian et al., 2021). The novel platforms 
include non-replicating virus vector (NRVV) (Cao et al., 2021; 
Choo and Teo, 2021; Knoll and Wonodi, 2021; Sadoff et al., 2020), 
DNA (Nishikawa et al., 2021; Tebas et al., 2021), mRNA (Chagla, 
2021; Teo, 2021), replicating virus vector (Misra et al., 2021), rep-
licating virus vector plus antigen presenting cell (Haidere et al., 
2021), non-replicating virus vector plus antigen presenting cell 
(van Riel and de Wit, 2020; Zhang et al., 2020). Four out of 10 
platforms (i.e. PS, NRVV, RNA and IV) are being used to produce 
the COVID-19 vaccines massively and supplying globally for the 
prevention and even termination of COVID-19 pandemic (Heinz 
and Stiasny, 2021).

Table 2 summarized the platforms on vaccine development 
and the types of vaccines for current used for the prevention of 
COVID-19.

4. Antibody therapy

When Emil von Behring and Shibasaburo Kitasato discovered 
that the serum of animals immune to diphtheria or tetanus pos-
sessed anti-toxic activity, i.e. antibody in 1890s, it became a 
useful method to treat so many infectious diseases (Ripoll et al., 
2021). Paul Ehrlich first used passive immunotherapy by devel-
oped antiserum to treat diphtheria. With the continuous devel-
opment of immunology, passive immunotherapeutic included 
hyperimmune immunoglobulin from immunized animals and 
convalescent plasma from recovery patients. Especially dur-
ing sudden outbreak of particular viral diseases such as SARS, 
MERS and avian influenza, etc., when there were lacking of both 
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anti-viral drugs and vaccines in a short time. Passive immune 
therapy by using neutralization antiserum from recovered pa-
tients became a useful strategy for emergency use and lifesaving 

(Gupta et al., 2020). Especially in the severe cases of COVID-19 
patients, convalescent serum and monoclonal antibody are the 
two main strategies in antibody therapy.

Table 1.  Variants of SARS-CoV-2

Lineage Place of 
emergence

Date of 
emergence Phenotypes

Reference sequence

  Wuhan-Hu-1 China Dec 2019 Pneumonia (Ciotti et al., 2019)

Variants of concern (VOC)

  Alpha UK Sep 2020 Increase transmissibility, severity and mortality (Aleem et al., 2021)

  Beta South Africa Aug 2020 Increase transmissibility, reduce virus neutralization ability of antibody therapy

  Gamma Brazil Jul 2020 Reduce virus neutralization ability of antibody therapy

  Delta India Dec 2020 More transmissible than Alpha variant, vaccine is less effective

  Omicron South Africa Nov 2021 More transmissible than other variants, vaccine is less effective

Variants of interest (VOI)

  Epsilon USA Sep 2020 Increase transmissibility, reduce virus neutralization 
ability of antibody therapy (Arav et al., 2021)

  Zeta Brazil Oct 2020 Potential reduction in neutralization by antibody treatments and vaccine sera 
(Panzera et al., 2021)

  Eta Worldwide Dec 2020 Potential reduction in neutralization by antibody treatments and vaccine sera 
(Ozer et al., 2021; Pereira et al., 2021)

  Theta Philippines Jan 2021 Potential reduction in neutralization by antibody treatments and vaccine sera 
(Ferraz et al., 2021)

  Iota USA Nov 2020 Lower susceptibility to the combination bamlanivimab-etesevimab monoclonal 
antibody treatment (Mahase, 2021a)

  Kappa India Oct 2020 (Chakraborty et al., 2021b; Kumar et al., 2021)

  Lambda Peru Dec 2020 Increase transmissibility, evasion from neutralizing antibodies, resistance to  
antiviral immunity (Kimura et al., 2021; Romero et al., 2021)

Table 2.  Platforms of vaccine development on COVID-19*

Type of platform Example of candidate vaccines Number of 
doses required

Route of ad-
ministration†

Inactivated whole virus (IV) Sinovac, Beijing/Sinopharm BBIBP-CorV, Sinovac CoronaVac 2 IM

Protein subunit (PS) Novavax NVX-CoV2373, Vector Institute 
EpiVacCorona, MVC-COV1901

2 IM

Virus-like particle (VLP) Medicago CoVLP 2 IM

Live attenuated virus (LAV) Covi-Vac, MV-014-212 1–3 IN

Non-replicating virus vector (NRVV) Oxford/AstraZeneca ChAdOx1-S, Cansino Ad5-nCoV, 
Gamaleya Gam-COVID-Vac/Sputnik V, Janssen Ad26.COV2.S

1–2 IM

DNA Inovio INO-4800, AnGes AG0302-COVID19 2 ID/IM

mRNA BioNTech/Pfizer BNT162b2, Moderna mRNA-1273 2 IM

Replicating virus vector (RVV) AdCLD-CoV-19 1 IM

Replicating virus vector plus 
antigen presenting cell (RVV+APC)

Dendritic cell vaccine AV-COVID-19 1 IM

Non-replicating virus vector plus 
antigen presenting cell (NRVV+APC)

LV-SMENP-DC 1 SC & IV

*Part of information was adopted from WHO web site: Draft landscape of COVID-19 candidate vaccines. https://www.who.int/publications/m/item/draft-landscape-of-covid-
19-candidate-vaccines. †IM: intramuscular, ID: intradermal, IV: intravenuous, SC: subcutaneous, IN: intranasal.

https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines
https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines
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4.1. Convalescent plasma against SARS-CoV-2/COVID-19

Convalescent plasma can be used to treat COVID-19 patients. 
The source of convalescent plasma is from the donors who has 
recovered from COVID-19 infection. However, some require-
ments must be eligible for the donors. For example, the donor 
must has no symptoms of COVID-19 for at least 14 days and 
has enough high titer of neutralization antibodies (Ripoll et al., 
2021). A multi-center randomized controlled trial was held to 
evaluate the efficacy, safety and dose response of convalescent 
plasma transfusion in severe COVID-19 patients and built up a 
standardized protocol for the treatment (Chowdhury et al., 2020). 
Not only convalescent plasma is used for the treatment of the 
COVID-19 patients, but can also be used for the prophylaxis of 
normal individual (Montelongo-Jauregui et al., 2020). For exam-
ple, administration of convalescent plasma in COVID-19 high 
risk group will prompt to prevent infection while in infected 
patients will reduce symptom and mortality (Sheervalilou et al., 
2021; Wang et al., 2021b).

There are still some limitations and risks on using convales-
cent plasma. First, not all the COVID-19 patients had high enough 
titer of neutralization antibody in the serum. Second, the plasma 
of the patients may contain unknown pathogens that have risk to 
infect recipients. Third, antibody may cause antibody dependent 
enhancement (ADE) or activate the complement reaction or in-
flammatory on patients (de Alwis et al., 2020; Fleming and Raabe, 
2020; Lutz, 2012; Yager, 2020).

4.2. Monoclonal antibody (MAb) against SARS-CoV-2/COV-
ID-19

For seeking specific MAbs for the treatment of COVID-19 pa-
tients. Different strategies to develop MAb are employed. Ho’s 
group studied the antibody response of COVID-19 patients and 
they showed that the neutralization antibody titers were higher in 
severe cases (Wang et al., 2020). For seeking MAbs from the pa-
tients, they sorted the memory B cells from patients’ peripheral 
blood lymphocytes. They isolated sixty-one MAbs from five pa-
tients successfully. Nine of the MAbs had the potency to inhibit 
virus infectivity. The antigenic specificity of these MAbs was re-
ceptor binding domain or N-terminal domain of S protein and have 
good neutralization ability on SARS-CoV-2 (Liu et al., 2020a).

In order to develop a universal vaccine and MAb against SARS-
CoV-2 and the variants, Liao’s group used the highly conserved 
region of S protein sequences and designed a monoglycosylated S 
protein (Smg). They used this Smg to immunize mice and found 
that the antibodies could neutralize UK and South Africa variants. 
In addition, MAb produced by this Smg protein could also neutral-
ize wild type and variants of SARS-CoV-2 (Liao et al., 2021).

The most advantage of MAb is very specific to target the virus. 
However, when the virus product variants, the efficacy of the MAb 
will decrease rapidly. In addition, MAb is not recommended for all 
cases of COVID-19 patients. For instant, only patients with mild 
to moderate COVID-19 patients who might progress to severe 
COVID-19 cases would recommended to receive MAb therapy. 
These patients usually had underlined diseases, overweight or can-
cer (Kim et al., 2021; Puing et al., 2021).

5. Anti-virus drug development

During the pandemic of COVID-19, there are no FDA-approved 

antiviral drugs available for treatment of the patients, especially 
for the emergency use in the serious cases. Therefore, the most 
rapid therapeutic method is trying to use the already existed antivi-
ral drugs that may have potential to apply to COVID-19 patients. 
We are going to describe the properties of these current antiviral 
drugs and their potential effect on COVID-19 therapy.

5.1. Camostat mesilate (CM)

CM was a cysteine protease inhibitor that has been developed 
since 1980s in Japan. CM was a drug to treat the acute symptom 
of chronic pancreatitis in patients in the past. Former studies indi-
cated that CM had the potential against SARS-CoV-1, MERS-CoV 
and Ebola virus on mouse model (Zhou et al., 2015). For SARS-
CoV-2, CM blocked TMPRSS2, a serine protease on the host’s cell 
membrane and blocked the entry of the virus into the cytoplasm 
(Breining et al., 2021; Maggio and Corsini, 2020; Uno, 2020).

5.2. Hydroxychloroquine/chloroquine

Chloroquine or a less toxic derivative, hydroxychloroquine is an 
anti-malaria drug. Chloroquine or hydroxychloroquine also have 
anti-inflammatory and immuno-modulation effects and have 
broadly used for rheumatic diseases such as lupus erythematosus 
(Sinha and Balayla, 2020). Several studies indicated that CQ and 
HCQ have anti-viral activity on SARS-CoV-2 in vitro experiments 
(Liu et al., 2020a; Pastick et al., 2020). The mechanism associated 
on inhibition of endosome fusion (Principi and Esposito, 2020). 
However, a systemic review and meta-analysis by searching 12 ob-
servational and 3 randomized trials for the effect of CQ and HCQ. 
They concluded that CQ and HCQ did not improve the clinical 
outcomes of COVID-19 patients (Elavarasi et al., 2020).

5.3. Arbidol (Umifenovir)

Arbidol, or the other name, umifenovir was developed in Russia. 
It had a broad spectrum antiviral drug and it currently used in 
Russia and China. Arbidol possessed anti-viral activities against 
a broad spectrum of DNA and RNA viruses, such as influenza 
viruses, respiratory syncytial virus, parainfluenza virus, SARS-
CoV-1, adenovirus, poliovirus, coxsackievirus, rhinovirus, Zika 
virus, and hepatitis B and C viruses. The action of arbidol was 
inhibition of the fusion process between the virus and the host’s 
cell membrane (Nojomi et al., 2020). For COVID-19, arbidol was 
shown to inhibit the release of the virus from the host cells (Zheng 
et al., 2020).

5.4. Lopinavir/ritonavir

Ritonavir and lopinavir, an improved version of ritonavir, were HIV 
protease inhibitor. Coformulated Lopinavir/Ritonavir was applied 
for a part of combination therapy on AIDS patients (Cvetkovic and 
Goa, 2003). It was a proposed drug for treatment of COVID-19 
via binding the 3C-like protease of SARS-CoV-2 (Nutho et al., 
2020). However, several clinical researches showed that lopinavir/
ritonavir was not associated with reduction of clinical outcomes 
of COVID-19 patients (Horby et al., 2020; Stower, 2020). In con-
trast, a meta-analysis in 2020 reported that lopinavir/ritonavir still 
improve the outcomes on COVID-19 patients (Verdugo-Paiva et 
al., 2020).
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5.5. Favipiravir

Favipiravir was developed for the treatment on influenza virus 
initially. It is a prodrug which is converted to active favipiravir 
ribofuranosyl-5B-triphosphate (favipiravir-RTP) via intracellular 
phosphoribosylation. Based on its structure a nucleoside analog. 
Favipiravir acts as a competitor on viral RNA replication and in-
hibit viral RNA-dependent RNA polymerase (Ghasemnejad-Ber-
enji and Pashapour, 2021; Joshi et al., 2021). There are several 
clinical trials are held in different countries on COVID-19 treat-
ment. However, systematic reviews indicated that favipiravir had 
certain adverse effects such as hyperuricaemia, teratogenicity and 
QTc prolongation, etc. The safety of favipiravir would still require 
more studies to evaluate its safety especially to the COVID-19 pa-
tients (Pilkington et al., 2020; Udwadia et al., 2021).

5.6. Remdesivir

Remdesivir is an adenosine analog prodrug. It blocks the viral 
RNA replication by competing normal nucleotides to cooperate 
into the newly synthesized viral genomic RNA (Jorgensen et al., 
2020). In animal studies, pretreatment of remdesivir on rhesus 
monkeys could protect them from MERS-CoV infection. It also 
protected African green monkeys from Nipah virus infection and 
rhesus monkeys dying from Ebola virus (Aleissa et al., 2020; Ma-
lin et al., 2020). During the pandemic, remdesivir was one of the 
potential drugs administered to COVID-19 patients on clinical tri-
als (Beigel et al., 2020; Young et al., 2021).

5.7. Molnupiravir

Molnupiravir is a newly oral antiviral drugs also initially devel-
oped for influenza viruses. It had antiviral effect on multiple RNA 
viruses such as various coronaviruses, respiratory viruses, togavi-
ruses and Ebola virus (Painter et al., 2021a). Its action acts as a ri-
bonucleoside analog and itself will be incorporated into viral RNA, 
induced SARS-CoV-2 to form mutagenesis and caused blockade 
of viral genome RNA replication (Gordon et al., 2021; Kabinger 
et al., 2021). It was demonstrated that molnupiravir reduced viral 
load on SARS-CoV-2 infected animal experiments including Syr-
ian hamster model, infected ferrets model and humanized mouse 
model. Molnupiravir have demonstrated good tolerability and dose-
proportional pharmacokinetics in phase 1 clinical trial (Painter et 
al., 2021b). Molnupiravir is also used for evaluation for the treat-
ment of COVID-19 in phase 2 clinical trial (Abdelnabi et al., 2021).

5.8. Paxlovid

Paxlovid was the second newly oral antiviral drugs against COV-
ID-19. The components of paxlovid contains mainly PF-07321332 
(nirmatrelvir), and a combination of low dose of ritonavir. The ac-
tion of PF-07321332 acts as a 3-C like protease inhibitor against 
SARS-CoV-2. (Mahase, 2021b). More importantly, Paxlovid has 
been proved to be effective on different SAR-CoV variants (Ullrich 
et al., 2021). The phase 3 clinical trial of paxlovid is still ongoing.

5.9. Combination therapy

Besides using a single antiviral drug for COVID-19 therapy, com-
bination of different antiviral drugs have been reported to treat 

COVID-19 patients. Combination of remdesivir and ivermectin, 
an antiparasitic drug was shown synergic antiviral effect against 
murine hepatitis virus, a surrogate model of SARS-CoV-2 (Tan et 
al., 2021). The combination of hydroxychloroquine plus azithro-
mycin indicated that the treatment could reduce in-hospital mor-
bidity, mortality, clinical outcome and duration of hospitalization 
(Davido et al., 2020). However, systemic review and meta-anal-
ysis concluded that the combination of hydroxychloroquine plus 
azithromycin did not improve the clinical status of the patients 
(Cavalcanti et al., 2020). A cohort study even showed that hydrox-
ychloroquine combined with azithromycin would increase risk of 
mortality when compared with single used of hydroxychloroquine 
(Sbidian et al., 2020). It required more studies to warrant their an-
tiviral effect on COVID-19 patients. Besides combination of dif-
ferent antiviral drugs for the therapy of COVID-19, antiviral drug 
combined with immunomodulatory drugs have been reported. One 
example is the early administration of lopinavir/ritonavir and in-
terferon has shown to shorten the virus shedding in COVID-19 
patients (Zuo et al., 2020). Similar treatment by using interferon 
beta-1a with lopinavir-ritonavir could reduce risk of death on pa-
tients (Baghaei et al., 2021). A combination of favipiravir and an 
interleukin-6 receptor blocker (tocilizumab) showed significantly 
improve pulmonary inflammation and reduce mortality (Zhao et 
al., 2021). Combination of traditional Chinese medicine (TCM) 
with antiviral drug has also been reported. Lianhuaqingwen, a 
TCM formula and arbidol was reported to accelerate recovery rate 
and improved prognosis of moderate COVID-19 patients (Fang et 
al., 2020).

5.10. Nutraceuticals

In spite of antiviral drugs discovery and development, numerous 
potential anti-covid-19 natural bioactive compounds were mas-
sively revised in recent publications. These compounds originated 
from herbal plants, food supplement and nutraceuticals. In Wong’s 
recent publication, a collection of functional food/nutraceuticals 
(i.e. probiotics, fish oil, curcumin, etc.) and micronutrients (i.e. vi-
tamins, minerals, etc.) might have the potential to suppress COV-
ID-19 infection by improvement of immunity and anti-inflamma-
tion (Lordan et al., 2021; Wong et al., 2021). Noticeably, some 
plant protease inhibitors of several food products might have the 
potential to suppress COVID-19 replication (Savant et al., 2021). 
However, clinical trials were essential to prove the authentic effect 
of these bioactive compounds from food and related supplements 
in future.

Table 3 summarized the potential antiviral drugs on COVID-19 
treatment and Figure 1 represents the overview of the main axis 
of this review, highlighting the main strategies for the treatment 
and prevention on COVID-19 infection, and the evolution of the 
SARS-CoV-2.

6. Conclusion and future perspective

In order to develop effective vaccines and antiviral drugs simul-
taneously, more effort must be use to realize the SARS-CoV-2 in-
cluding its replication, virus-host interaction, pathogenesis based 
on fundamental research. However, not a single strategy can eradi-
cate the COVID-19 pandemic completely. For the treatment of pa-
tients, combination therapy of antiviral drug and cytokine therapy 
may be a rational approach in order to improve the prognosis and 
also reduce the mortality. For prevention, global vaccination to in-
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crease herd immunity is a right direction. To date, there are more 
than two hundred vaccines are on-going for subclinical trial and 
clinical trials on different phases. Some of the vaccines has been 
approved based on emergency use authorization (EUA) by WHO. 
However, examples of immunological breakthrough of the virus 
on completely vaccinated individual has been reported. In order 
to avoid repeating vaccination due to the virus variants emerging, 
it is reasonable to develop a universal vaccine. Discovery of new 
anti-viral drugs against SARS-CoV-2 is also essential at the same 
time. While the coverage of the vaccination and immune status 
is continuing to increase in human being, the virus is also evolv-
ing into more and more variants. Therefore, learning how to living 
with the virus may be the best ending.
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