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Abstract. At the beginning 0f 2020, the Covid-19 epidemic broke out and soon became a global public health
problem. Therefore, many countries are speeding up the development of antiviral drugs and COVID-19
vaccines to achieve effective prevention, control, and treatment of Covid-19. This paper reviews the
pathogenic mechanism and detection and diagnosis of COVID-19 and the status and research progress of
antiviral drugs, vaccines, and some other treatments against it based on previous articles published in this
field. Although Covid-19’s pathogenic mechanism has been generally figured out and the detection methods

are advanced, old pneumonia treatment methods are adopted Covid-19 due to the lack of high-efficiency
antiviral drugs. Meanwhile, as more and more safe and effective vaccines enter the clinical phase, the
treatment of the Covid-19 epidemic may rely more on the prevention-oriented strategy.

1 Introduction

According to the World Health Organization (WHO),
Coronavirus disease (COVID-19) is an infectious disease
caused by a newly discovered coronavirus [1]. Due to its
high infectivity and high concealment, quarantine and
isolation were the best protection measure for a long time.
And different countries established different methods due
to their cultures and situations to prevent the COVID-19.
Though there are many drugs for COVID-19, the specific
remedy has not been developed for a long time. Vaccines
have become the focus of social attention. Moreover, it
bonded with residents and gave people a deeper feeling of
a community with a shared future for mankind. In this
article, we first provide brief information about the
COVID-19 and the current issue of prevention, then
discuss the treatments to offer a clear understanding of the
up-to-date situation during the pandemic period.

2 Covid-19

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), the World Health Organization named
coronavirus disease (COVID-19), is one of the highly
pathogenic beta-coronaviruses infects humans. It is first
emerged in Wuhan, China, on 8 December 2019, with
symptoms of fever, cough, and muscle ache, often with
progressive difficulty in breathing [1].

COVID-19 is a positive-sense single-stranded RNA
virus. The length of the genome is approximately 26-32
bp, which is the longest among all the RNA viruses. The
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envelope of the coronavirus is the phosphate bilayer,
which is the same as cell membranes. On the envelope,
there’re four proteins coded by viral genomes, including S
protein (spike glycoprotein), M protein (membrane
protein), E protein (envelope protein), and HE protein
(hemagglutinin-esterase).

The most significant protein in the pathogenic
mechanism is S protein, which attaches the virus to its
cellular receptor, angiotensin-converting enzyme 2
(ACE2). A defined receptor-binding domain (RBD) on S
mediates this interaction [2]. ACE2 plays a vital role in
normal physiological mechanisms, so after combining
with coronavirus, it loses its functions and causes severe
disorders in angiography, kidney, and lung [3].The
COVID-19 mainly relies on the hydrolysis of proteins by
the endosome or lysosome to enter the cells. When S
protein reacts with ACE2 protein on the cellular surface, S
protein can be divided into two subdomains, S1 and S2.
The fusion peptide domain is attached to the host’s cell
membranes to shorten the virus and host cell’s distance.
After entering the host’s cell, the virus release
nucleocapsid (N protein and RNA) into the cytoplasm to
translate and replicate. After translating, the viral protein
can form a new virion and be released outside the cell by
exocytosis.

3 Early diagnosis of COVID-19

The diagnostic tools are generally molecular methods,
serology, and viral culture [3]. There’re different levels of
symptoms: for most common symptoms, such as fever,
dry cough, and tiredness. In a few cases, patients may also
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get aches and pains, sore throat, diarrhoea, conjunctivitis,
headache, loss of taste or smell, etc. The most serious
symptoms are difficulty breathing or shortness of breath,
chest pain or pressure, loss of speech or movement. One
of the ways of diagnosing COVID-19 [4] is detecting viral
genetic material (RNA) and detecting antibodies produced
by our body in response to viral infection. The viral RNA
assay is designed to detect the presence of SARS-CoV-2
RNA from a specimen collected from a nasal or throat
swab of an infected person. On the other hand, antibody
tests use an immunoassay to detect antibodies that may be
used as an indicator of current or previous infection and
are therefore complementary to viral RNA tests. More
significantly, antibody testing provides information about
the potential presence, duration, and intensity of acquired
immunity. As shown in figure 4, there are four main types
of immunoglobulin in primates, 1gG, IgM, IgA, and IgE
[5]. IgM antibody is produced in about 5-7 days after
infected by COVID-19, with short duration and fast
disappearance. A positive blood test can judge early
infection, which is conducive to early detection and early
treatment. The IgG antibody is produced in 10-15 days and
can remain in the blood circulation for a long time. The
positive blood test can be used as an indicator of infection
or previous infection. The antibody detection is faster,
more convenient, and requires relatively low
environmental conditions than the other methods to
determine the coronavirus infection.

As the standard gold test for SARS-CoV-2
identification, real-time quantification RT-PCR (qRT-
PCR), with high sensitivity, is the routine confirmation test
recommended by WHO. Samples from throats and nasal
cavities are usually detected. However, due to the time-
consuming process, such as the high level of requirements
of expensive equipment and biosafety conditions, this test
is not suitable for point-of-care diagnosis. In addition,
point-of-care tests are suitable for clinical laboratories.
They can be performed by trained non-laboratory
personnel in patient care facilities, such as physicians’
offices or Emergency Departments, making the diagnostic
test of SARS-CoV-2 closer to the patient.

Both of the two methods separately play an important
role in clinical tests and public health. Nevertheless, each
of them has distinct constrictions. As mentioned above,
RT-PCR requires expensive equipment and a long time,
while the antibody test has a lot to develop in sensitivity
and specificity.

There’s a common method that works as a supporting
role in the diagnosis of SARS-CoV-2 is CT. It can divide
into two categories: industrial CT and medical CT. They
are both based on the same underlying physics principles
but different in system and design because of the
application types. Industrial CT scanners are usually used
for quantitative dimensional analysis [6]. In contrast,
medical CT scanners are optimized for qualitative viewing
(image quality of human subjects) and specifically
optimized for a low dose [7]. At the same time,
dimensional accuracy is not crucial for medical diagnosis
[6].

Moreover, other methods like historical epidemiology
can be used as a reference. It indicates whether the patient
is more likely to get the disease due to his/her ancestors,

living conditions, daily diets, etc.

4 The Pathology of SARS-CoV-2

The receptor-binding domain and multi-base cleavage site
on the SARS-CoV-2 spike protein are the distinguishing
features that distinguish it from other related
coronaviruses [8]. But these two characteristics are
completely different from what humans can create with
known coronaviruses. Therefore, SARS-CoV-2 cannot be
man-made. It must be the result of natural selection.

As for the 1 hypothesis: SARS-CoV-2 has evolved the
current pathogenic state in the non-human host. So far, the
B-coronaviruses obtained from the bats mentioned above
and pangolins have no multi-base cleavage sites.

But the collection of these animal viruses is not perfect,
so it's irresponsible to conclude now. Suppose the animal
host has a high population density and has an ACE2
encoding gene similar to a human homologous gene. In
that case, the polybasic cleavage site can be formed in the
animal [8].

As for the 2 hypotheses: SARS-CoV-2 jumps to the
human before it evolves the current pathogenic state. After
entering the human body, a precursor virus of SARS-CoV-
2 can undergo adaptive mutation into the current virus in
the process of undetected human-to-human transmission
[8]. Therefore, the insertion of the polybasic cleavage site
can occur during human-to-human transmission. Still,
current evidence lacks the stage of human-to-human
transmission between the first transmission of the virus
from animals to humans and the emergence of the final
multi-base cleavage site. And there is a lack of serological
studies that can determine the level of human exposure to
SARS-CoV-2.

5 Current situations of prevention and
control

As of April 13,2021, compared with December 2020, both
the number of confirmed cases and the number of deaths
worldwide have decreased [9]. But the situation is not
optimistic. The COVID-19 epidemic has still been
repeated. Especially from February to April 2021, the
number of confirmed cases and deaths worldwide has
increased again [9]. Among them, the number of deaths in
the United States and Europe is the highest globally, while
China has maintained the number of confirmed cases at
about 15 people per day since 2021 [9]. It is worth noting
that countries are now starting to plant vaccines in large
quantities, which will impact future data.

The above data shows that China, which was the first
to have a large number of COVID-19 outbreaks, quickly
contained the epidemic and has maintained an ultra-low
number of new cases and deaths since April 2020.
However, countries like America and Brazil have been
unable to control the epidemic. This is due to the different
policies of the two countries in dealing with the epidemic.
Some countries, such as China, have adopted strict internal
prevention and control, while others have adopted strict
external prevention and control and more relaxed internal
prevention and control. According to Dr. Qian's research,
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once there are people infected with the SARS-CoV-2 who
have not been screened and isolated in a country, the trend
of the epidemic in that country depends largely on the
level of internal epidemic prevention and control in the
country [10].

The government leads some countries to implement
strict domestic epidemic control measures. And China is
the best example. China used the gid government's method
to effectively control the infection rate during the Spring
Festival [11]. In the early stages of the pandemic, several
provinces and cities in China initiated a first-level public
health emergency response. The government closed down
public entertainment venues, cordoned off communities,
and strictly restricted the floating population. Moreover,
the Chinese government advocated that people should
self-isolate at home, suspend work and school, and check
their temperature daily. And it is such strict internal
prevention and control that effectively prevented the
outbreak of the epidemic from spreading and enabled
China to resume production in April 2020. Today, when
most countries are still facing the threat of the new crown
virus, China has gotten rid of the virus.

On the contrary, other countries have adopted strict
external prevention and control policies and more relaxed
internal prevention and control policies. The United States
and Europe are good examples. In the early stage of the
epidemic, the United States, Australia, Indonesia, and
other countries implemented the control policy of
“prohibiting the entry of Chinese citizens and/or residents
of other countries who have been in China within 14 days”
to strictly manage entry and exit [10]. Dr. Qian used a
quantitative regression model to compare countries that
emphasize internal prevention and control with those that
place more emphasis on external prevention and control
and found that countries that place more emphasis on
external prevention and control have relatively more
people infected with COVID-19 [10]. This means that the
stringent immigration control policies adopted by them
have not had the effect of preventing and controlling the
cross-border spread of the epidemic for these countries.
He explained in a subsequent report: “The t-test based on
the Google search index initially shows that compared
with countries that implement relatively loose foreign
defense policies, countries that implement stringent
foreign defense policies have a higher degree of attention
to internal epidemics. The awareness of prevention is
relatively lax, which also preliminarily explains the
phenomenon that strict foreign defense policies in the
early stage of the epidemic did not effectively prevent the
epidemic from spreading across the country."[10].

What is certain is that under the threat of the COVID-
19, various countries have adopted certain
countermeasures, including internal prevention and
control and external prevention and control. However,
Asian countries such as China are more inclined to
implement an epidemic prevention policy based on strict
internal prevention and control. In contrast, European
countries such as the United States are more inclined to
strict external prevention and control.

As for the emergence of this situation, there are many
reasons, including politics, economy, and culture.

From a cultural perspective, in the traditional East

Asian national culture, the family is the basic unit of
society, and it is the foundation of wider society [11].
Collectivism and patriotism are the sources of mass
cohesion [11]. The fight against the epidemic in China
fully reflects this cultural characteristic. The outbreak of
the COVID-19 coincided with the Spring Festival, when
the Chinese must return to their hometowns to reunite with
their families. However, during the Spring Festival of
2020, many people took the initiative to abandon their
travel plans and stay in isolation at home with
arrangements made by the country. The interests of the
country and the collective are more important in Chinese
minds, and they have shown a united ethnic complex in
this epidemic.

However, Western countries advocate freedom and
democracy even more. Since the renaissance, Western
countries have been fighting for freedom. After centuries
of edification, the sense of freedom has become deeply
rooted in people's hearts. Therefore, citizens of Western
countries will pay more attention to their rights and do not
like to be restrained. They generally believe that the state
does not have any illegitimate rights to deprive them of
liberty, even in emergencies. Therefore, even during the
epidemic of COVID-19, they still adhere to their plans and
exercise their due rights. For example, western citizens
held many demonstrations to wear masks, which would
hinder freedom [10].

There is no difference in culture between good and bad,
but different cultures did affect the efficiency of response
and control during this epidemic. Nations with high levels
of cultural tightness, such as the United Chinese culture,
may be more effective in responding to COVID-19
because they can adopt cooperative behaviors. According
to Dr. Gelfand’s “our evolutionary game-theoretic model”,
when a group is threatened, compared to loose cultures,
cooperative norms develop faster in a tight environment,
which leads to a higher survival rate [12].

6 Antiviral treatment

6.1 Remdesivir

Remdesivir (GS-5734) is a viral RNA- dependent RNA
polymerase inhibitor, which can inhibit the activity of
SARS-CoV-1 and the Middle East respiratory syndrome
(MERS-CoV) [13-16]. Remdesivir works by interfering
with a necessary enzyme the virus needs to make
replication of RNA. This can prevent the viruses from
multiplying as the genomes of coronaviruses are made up
of ribonucleic acid (RNA). Also, remdesivir can cause
side effects such as severe headache, nausea, fever, etc.

6.2 Favipiravir

According to existing clinical data, compare with
remdisivir, favipiravir has a better therapeutic effect and
fewer side effects [17]. The working mechanism of
favipiravir is similar to remdesivir, as RNA polymerase
inhibitors. Moreover, China's National Medical Products
Administration has approved favipiravir as the first anti-
COVID-19 drug in China because there are clinical trials
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that had demonstrated efficacy with minimal side effects
in March [18].

6.3 Lopinavir/Ritonavir and other HIV protease
inhibitors

Lopinavir-ritonavir combination is an inhibitor of protease
of human immunodeficiency virus. Some clinical trials in
the past have demonstrated that the lopinavir-ritonavir
combination can be used to treat severe acute respiratory
distress syndrome (SARS). Since the coronavirus has
many similarities with the SARS virus [19], the potency
of the lopinavir-ritonavir combination has been initiated to
be tested by clinical trials. A randomized, controlled,
open-label trial (ClinicalTrials.gov: ChiCTR2000029308)
was initiated. 199 confirmed patients with COVID-19
participated in this trial. However, there did not show
benefit from using lopinavir-ritonavir combination drugs
[20].

6.4 lvermectin

Ivermectin is a Food and Drug Administration (FDA)-
approved antiparasitic drug, treating several tropical
diseases. It has been widely used and is generally well
tolerated. It can dissociate the preformed IMPo/B1
heterodimer responsible for the nuclear transport of viral
protein cargos [21]. It is a feasible therapeutic approach to
the treatment of COVID-19 [22, 23] since nuclear
transport is essential for the viral replication and inhibition
of the host's antiviral response. An in vivo study has
recently proven Ivermectin's capability to reduce viral
RNA up to 5,000-fold after 48h of infection with SARS-
CoV-2 [24]. Ivermectin efficacy is still needed to prove.
The next step is figuring out the adequate dosing by trials.
Ivermectin is not approved by the FDA for any treatment
of viral infection so far.

6.5 Chloroquine or hydroxychloroquine with or
without Azithromycin

Chloroquine has been used for more than 70 years and was
first used to treat malaria therapy. The pharmacological
effect of hydroxychloroquine is similar to that of
chloroquine. The structure of the SARS-CoV-2 virus is
similar to that of SARS CoV. Real-time RT-PCR has
verified the similarity between the SARS CoV-2 gene
sequence and the SARS-CoV gene sequence [25]. Since
both SARS-CoV viruses and SARS-CoV-2 viruses infect
the human body by combining with ACE2,
hydroxychloroquine can inhibit the replication of viruses
by interfering with this combination [26]. In recent vitro
testing revealed its ability that chloroquine can reduce the
viral cope number of SARS-CoV-2 effectively [27-34].

7 Vaccine

However, at present, there is no direct evidence to prove
that a certain antiviral drug is effective in treating Covid-
19, and the therapeutic effect of these new antiviral drugs
needs further observation. Therefore, the development and

use of vaccines have still been the key and hot spot to solve
the Covid-19 epidemic. As of April 6, 2021, a total of 86
vaccines were in clinical development, and 186 vaccines
were in the preclinical stage. The vaccines in the clinical
stage include 28 Protein subunit vaccines, 12 viral vector
vaccines (non-replicating), 10 DNA wvaccines, 11
Inactivated vaccines, 12 RNA vaccines, 4 viral vector
vaccines, 4 viruses like particle vaccines, 2 VVr+Antigen
Presenting Cell vaccines, 2 Live Attenuated Virus
vaccines, and 1 VVnr+Antigen Presenting Cell vaccine.
Tablelshow the dose and schedule of these vaccines. 11
kinds only need one shot. A total of 55 species need to be
vaccinated with two injections, among which 6 species
need to be vaccinated with the second injection 14 days
after the first injection, 21 species need to be vaccinated
again after 21 days, and 28 species need to be vaccinated
again after 28 days. There is only one kind that needs three
injections. The time is 28 days and 56 days after the first
injection. Others did not have specified injection doses
and schedules. For the route of administration, there are 2
kinds of oral COVID-19 vaccines and 71 kinds of
injection vaccines, including 3 kinds of subcutaneous
injection, 3 kinds of intradermal injection, 65 kinds of
intramuscular injection, and 7 kinds of intranasal injection,
which are shown in Table2[35].

Table 1. Number of different platforms of candidates in clinical

phase [35]
Platform Candidate
vaccines (no.
and %)

PS Protein subunit 28 33%

VVnr Viral Vector 12 14%
(non-replicating)

DNA DNA 10 12%

v Inactivated 11 13%

Virus
RNA RNA 12 14%
VVr Viral Vector 4 5%
(replicating)
VLP Virus Like 4 5%
Particle

VVr + VVr + Antigen 2 2%
APC Presenting Cell

LAV Live Attenuated 2 2%

Virus

VVnr+  VVnr + Antigen 1 1%

APC Presenting Cell
86
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Table 2. Number of doses, schedule, and route of
administration of candidates in clinical phase [35]

Number of doses Candidate
& schedule vaccines (no.
and %)
1 dose 11 13%
Day 0 11
2 doses 55 64%
Day 0 + 14 6
Day 0 + 21 21
Day 0 + 28 28
3 doses 1 1%
Day 0 + 28 + 56 1
TBD / No Data 19 22%
(ND)
86
Route of
administration
Oral 2 2%
Injectable 71 83%
SC Sub 3 3%
cutaneous
1D Intra dermal 3 3%
M Intra 65 76%
muscular
IN Intra nasal 7 8%
TBD / No Data 13 15%
(ND)

7.1 Protein subunit vaccine

Protein subunit vaccine is a vaccine made by extracting
the special protein structure of bacteria and viruses
through chemical decomposition or controlled protein
hydrolysis, and screening out immunologically active
fragments, also called a component vaccine. Nowadays,
recombinant subunit vaccine is widely used. The target
antigen gene of bacteria or virus is constructed on the
expression vector by recombination, then transformed into
the receptor cell, induced to express antigen protein, and
purified to make the vaccine. The well-known hepatitis B
vaccine, hepatitis E vaccine, and cervical cancer vaccine
all adopt this platform.

The protein subunit vaccine jointly developed by the
Institute of Microbiology, Chinese Academy of Sciences,

and Anhui ZhifeilongKema Biopharmaceutical Co., Ltd.,
was approved for emergency use in China on March 19th,
2021. The vaccine uses RBD dimer as its vaccine antigen.
In addition to expressing one RBD monomer (amino acid
residues 319-541), two copies of RBD coding gene
fragments (amino acid residues 319-537) were cloned in
series, resulting in the expression of 60 kDa homodimer,
which can increase the stability of vaccine antigen [36].
The recombinant subunit vaccine has been widely studied
because of its high safety and high production cost-
effectiveness. However, because it only uses a part of the
pathogen as a new antigen protein, it inevitably reduces
the antigenicity of the recombinant protein to a certain
extent, which can weaken the immune response of the
body and make the immune effect worse. A certain amount
of adjuvant should be added to maintain a lasting and
effective immune response.

7.2 Viral Vector vaccine (VVr/VVnr)

A viral vector vaccine is a vaccine constructed by
embedding pathogen antigen into other specific viral
vectors or bacterial vectors (such as adenovirus, influenza
virus, Salmonella, etc.), including replication type and
non-replication type. According to different types of viral
vectors, the immune life of viral vector vaccines is also
different. At present, adenovirus is commonly used as a
vector because of its ability to induce humoral immunity
and cellular immunity. Meanwhile, its production cost is
also lower [37].

AdS adenovirus vector vaccine Ad5-nCoV, jointly
developed by academician Chen Wei of the academy of
military medical sciences and kangxinuo biology, was
launched in China on February 25th, 2021. According to
the third-phase clinical data, the overall protective effect
of the vaccine on all symptoms after 28 days of single-shot
vaccination is 65.28%; After 14 days of single-shot
vaccination, the protective effect was 68.83%. The
vaccine's protective efficacy against severe symptoms is
90.07% after 28 days of single injection vaccination and
95.47% after 14 days of single-shot vaccination, proving
that the vaccine had good immunogenicity. Whereas, due
to pre-existing immunity to HAdV-C5, sometimes the
antibody and T cell immune reaction of this vaccine will
be reduced, which cannot give full play to the effect [38].

7.3 Nucleic acid vaccine (DNA/RNA)

The nucleic acid vaccine is a new vaccine development
technology in recent years, including the DNA vaccine
and mRNA vaccine. Its mechanism is to construct a DNA
plasmid or mRNA fragment as an immunogen in vitro,
subsequently introduce it into the human body by plasmid
injection or making mRNA nanoparticles, and synthesize
protein antigen in vivo to induce immune response[39]. It
generally has the advantages of convenient construction
and low production cost. But it is difficult to transport
nucleic acid because of the harsh preservation conditions.
Moreover, it is unstable and has the risk of integrating into
the nuclear genome. There is no listed nucleic acid vaccine
applied to the human body before, and the only AIDS



E3S Web of Conferences 308, 02013 (2021)
MSETEE 2021

https://doi.org/10.1051/e3sconf/202130802013

vaccine, the Zika virus vaccine, is only in the clinical trial
stage.

A widely used nucleic acid vaccine nowadays named
BNT162b2 led by Pfizer Biotechnology Company of
America was authorized for emergency use for the first
time in Britain on December 2, 2020, and was
conditionally approved for the first time in Switzerland on
December 19, 2020. It was used for active immunization
to prevent Covid-19 caused by novel coronavirus virus in
people aged 16 and above. Most systemic events were
mild to moderate severity. Severe systemic events
occurred in < 2% of BNT162b2 recipients after each dose,
except for fatigue and headache after the second dose
(occurring in 4% and 2%, respectively) [40].

However, according to the specific data of clinical
application of Pfizer vaccine, there are still several reports
of adverse reactions compared with vaccines of other
platforms. The evaluation of its safety needs further
evidence of clinical data.

7.4 Inactivated vaccine

The inactivated vaccine is a vaccine made by inactivating
virus pathogen by heating or chemical agent, which makes
it lose its virulence, but still retains its immunogenicity.
Inactivated vaccines currently used include influenza,
poliomyelitis, rabies, hepatitis A, intestinal EV71, and
DTP vaccines. Because the pathogenic microorganism of
the inactivated vaccine has been killed, it cannot grow and
reproduce after entering the human body. Even
vaccination of immunodeficiency patients will not cause
infection or disease. However, it usually needs a large dose
of injection and multiple vaccinations to enhance antibody
titer. Inactivated vaccines mainly cause humoral immunity
and rarely even do not cause cellular immunity. They are
stable and easy to store.

PiCoVacc, developed by  China  Kexing
Biopharmaceutical Company, has been put into
widespread use. PiCoVacc vaccine is a multivalent
vaccine preparation prepared by culturing virus in Vero
cell line, collecting virus supernatant, inactivating and
purifying virus with B-propiolactone, and adding alum
adjuvant. It can be applied to virus strains prevalent in
many regions. The mouse and rat experiments results
showed that SARS-CoV-2 specific IgG with high titer was
obtained in experimental animals inoculated with
PiCoVacc. The neutralizing titer of serum could reach
EC50 10e4 six weeks after injection, which was about 10
times higher than that of serum of rehabilitation patients
in Covid-19. At the same time, the immune serum has a
broad spectrum of reactions and can neutralize 10 different
SARS-CoV-2 strains. In the rhesus monkey test results,
the animals were vaccinated with 3ug and 6ug of
PiCoVacc ACC, which simulated the vaccination situation
of human beings. Seven days after injection, neutralizing
antibodies with high titer (10e3) were produced in rhesus
monkeys, which illustrated the high protective power of
the vaccine. Previous clinical data presented that
PiCoVacc rarely produced serious adverse reactions,
which indicated that PicoVACC was safe in the meantime.

7.5 Virus-Like Particle vaccine

Virus-like particles (VLPs) are hollow particles containing
one or more structural proteins of a certain virus, which
have no wviral nucleic acid and cannot replicate
autonomously. They are the same or similar in
morphology to real virus particles. Because of poor
immunogenicity, VLP preparations usually need adjuvant
to improve their efficiency. 3 VLP-based vaccines for
human use have been officially approved to prevent
hepatitis B virus, human papillomavirus, and hepatitis E
virus.

The VLP vaccine developed in Canada has entered the
Phase II/III clinical trial. In its phase I clinical trial, the
researchers used two adjuvants to test the candidate
vaccine. The mid-term analysis showed that the vaccine
with VLP plus adjuvant was well tolerated; After two
doses of adjuvant vaccine, the subjects produced obvious
antibody and cellular immunity, and the neutralizing
antibody in the lowest dose group with adjuvant was 10
times higher than that in the convalescent serum [39].

7.6 Live Attenuated Virus vaccine

Live attenuated vaccine means that after the pathogen is
treated with formaldehyde, the toxic subunit structure
changes, and the toxicity decreases, but the activity of the
binding subunit remains unchanged, and its antigenicity
remains. Inoculating it into the body can cause an immune
reaction without causing diseases. Compared with
inactivated vaccine, this kind of vaccine has stronger
immunity and a longer action time. However, in some
cases, the virulence reversal of live attenuated vaccine [41]
will lead to tissue damage and infection of
immunocompromised host, so its safety has certain hidden
dangers. Vaccines listed include BCG, polio, measles,
Japanese encephalitis, hepatitis A, etc.

Because of its safety limitation, only a few vaccines
have entered the clinical stage. Up to April 2021, two LAV
vaccines developed by Meissa Vaccines, Inc, the Indian
Institute of Serology, and Griffith University have entered
phase I clinical trials.

7.7 Other treatment

There are many other treatments for Covid-19, which are
widely used in clinics together with antiviral drugs and
vaccines, including general treatment, immunotherapy,
glucocorticoid therapy, and traditional Chinese treatment.

7.7.1 General treatment

Covid-19 patients need to pay attention to bed rest,
strengthen support treatment, ensure adequate energy
intake; Pay attention to the balance of water and
electrolyte, and keep the internal environment stable. Give
effective oxygen therapy measures timely, including nasal
catheter, mask oxygen supply, and nasal high-flow oxygen
therapy. It can be treated with hydrogen and oxygen mixed
inhalation gas (H2/02:66.6%/33.3%) [42]. If necessary,
critically ill patients, circulatory support, anticoagulant
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therapy, renal replacement therapy, and blood purification
therapy should be adopted.

7.7.2 Passive immunotherapy

7.7.2.1 Convalescent plasma

It is suitable for severe and critical patients with rapid
disease progression. In a study of 10 patients, 5 patients
had significantly higher neutralizing antibody levels
(1:640). In another study, neutralizing antibody levels in
all five patients increased after blood transfusion (40-60
before blood transfusion and 80-320 on the 7th day). Other
research also revealed that most patients who use CP
therapy would get negative results of virus nucleic acid
detection within 12 days [43, 44].

7.7.2.2 Intravenous immunoglobulin

IVIG is usually used for adjuvant treatment of critically ill
patients. As a purified plasma product, protein is the main
component, abundant in viral IgG. Continuous infusion
can increase IgG levels in serum, effectively neutralize the
antigen in patients' respiratory tract, and promote the
recovery of diseases. IVIG can enhance the body's self-
defense, inhibit receptors on target cells, and prevent
pathogens from binding and invading target cells. In
addition, IVIG can also hinder the normal immune
response of leukocytes and inhibit the production of
inflammatory factors, thus reducing the inflammatory
injury experienced by patients. A study has shown that
IVIG can improve the indexes of patients with severe
pneumonia in Covid-19 in a short time, improve patients'
treatment efficiency, and have high effectiveness. [45].

Covid-19 may be related to immune imbalance and
excessive inflammation, leading to or aggravating acute
respiratory distress syndrome and multiple organ failure.
A high level of interleukin-6 was positively correlated
with severe Covid-19 symptoms. In addition, it has been
found that the increased level of interleukin-6 is a
predictor of the possibility of mechanical ventilation.
Therefore, the anti-IL-6 receptor monoclonal antibody,
Tocilizumab, is considered to be possibly efficient for the
treatment of Covid-19 pneumonia [46].

Some moderately conclusive evidence indicates that
Tocilizumab can reduce the risk of mechanical ventilation
in hospitalized Covid-19 patients. Although RcT showed
that Tocilizumab could not reduce short-term mortality,
the low-certainty evidence from cohort studies revealed a
link between Tocilizumab and lower mortality [47].

7.7.3 Glucocorticoid therapy

Glucocorticoids have been widely used in syndromes
closely related to Covid-19, including SARS, Middle East
Respiratory Syndrome, and influenza pneumonia. A
retrospective study in China in 2006 showed that the
rational use of glucocorticoids in severe SARS patients
could reduce mortality and shorten the length of stay [48].
Another study on MERS revealed that corticosteroid

treatment was not related to 90-day mortality but was
related to the delay of MERS-CoV RNA clearance [49]. A
meta-analysis found that glucocorticoid treatment is
associated with high mortality and high infection rate in
patients with influenza pneumonia, whether mild or
severe[50]. These researches illustrate the positive and
negative effects of hormones in viral pneumonia.

For Covid-19, the results of a study showed that the
28-day mortality rate of patients who used dexamethasone
for 10 days in Covid-19 was lower than that of patients
who randomly received invasive mechanical ventilation
and non-invasive mechanical ventilation. Due to the lack
of reliable evidence from large-scale randomized clinical
trials, it has not been proved that dexamethasone has any
benefit for patients who did not receive respiratory support
when randomized. However, some evidence demonstrates
that glucocorticoid dosage is different in terms of medical
conditions and disease severity. The beneficial effect of
glucocorticoid in severe viral respiratory infection may
depend on the right dose, the right time, and among the
right patients. Blind high doses may do more harm than
good and cause greater harm to the human body. Therefore,
although glucocorticoids have been recommended for
severe cases in China, there are still great differences in
practice worldwide. In many treatment guidelines,
glucocorticoids are either prohibited or not recommended
[51].

7.7.4 Chinese medicine

A summary study presented that the proportion of severe
cases in patients treated with Chinese and Western
medicine is lower than that of patients treated with
Western medicine only. The fever duration and
hospitalization time are also shorter. CM therapy is more
likely to promote the absorption of lesions in CT scanning.
In the meantime, the proportion of patients with improved
clinical symptoms in the combination group was higher
than in the simple western medicine group [43].

8 Conclusion

This article introduced the current observed feature and
mechanism of SARS-CoV-2 and the current status of
coronavirus disease, namely COVID-19. In addition to an
overview of the COVID-19 pandemic, we also summarize
the early diagnosis, the current prevention and control
situation, treatment methods already in use, or potential
treatment at the research stage, including antiviral
treatments and vaccinations.

Moreover, we present several therapies which have
been put into use in clinical treatment. Although there are
currently no effective drugs for treating COVID-19,
several existing therapies are helpful to treat symptoms
associated with coronavirus infection.

This review article could be helpful for those who want
to have a clear understanding of the structure and function
of SARS-CoV-2 and the current status of the COVID-19
pandemic. Furthermore, the data and results presented in
this paper can be used as reference information for those
who plan to conduct COVID-19 related studies.
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