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Abstracs

The new coronavirus has been named severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) re-
sponsible of the COVID-19 illness, it is a virus that belongs to the Coronavirus family, it is the third virus in



this family that causes an epidemic. It originated in China and has spread throughout the world. It is highly
pathogenic and transmissible that mainly affects the respiratory tract and can cause death. There is not an-
tiviral drug or vaccines against COVID-19 illness, infected person only have supportive treatments. Recently,
some antiviral drugs and vaccines are being valued. In this review, we described the general characteristics
of HCoVs and latest research of the transmission, prevention and clinical characteristics of SARS-CoV-2 and
some treatments and vaccines more development for to combat COVID-19 illness.
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1 INTRODUCCION

The Human Coronaviruses (HCoVs) are a family of enveloped positive-sense RNA viruses that principally
cause respiratory diseases and infect numerous mammals including humans. Family has 4 genera: alpha, beta,
gamma and delta-coronavirus (e-B-y and 8-CoVs), of which o« and p-CoVs infect the human.! The first CoV
was detected in 1930 and in 1960 was isolated the first human CoV.2 Since then 7 types of CoVs have been
detected in humans: 229E, OC43 (a-CoVs) and NL63, HKU1H, SARS (Severe acute respiratory syndrome),
MERS (East Middle respiratory syndrome) (8-CoVs) and the most recent SAR-CoV-2 that causes COVID-
19 illness (B-CoV). The first four viruses are low in pathogenicity and cause mild respiratory symptoms,
similar to a common cold.>* However, SARS-CoV® and MERS-CoV® are highly pathogenic and cause severe
respiratory diseases with fatal outcomes. These types of CoVs have caused epidemics with high mortality
and morbidity rate.”

In December 2019, a new virus SARS-CoV-2 is originated in Wuhan, China causing COVID-19 illness.?
The Chinese government taken emergency measures to control the outbreak, but the virus spread in various
provinces of China and in some countries.”"'® The World Health Organization (WHO) officially designated
this event as a pandemic. COVID-19 is a highly contagious disease that spread from person-to-person via
close contact, resulting high morbidity and mortality.!! In this moment, China and Europe have contained
their epidemic with some outbreaks, however Latin America is found in highest peak of the epidemic. 2
There is no specific treatment or vaccine against the SARS-CoV-2, but there are some candidates and clinic
tests that are under investigation.!?>1® An effective vaccine or antiviral drug against SARS-CoV-2 is necessary
to combat this disease. In this review, we described the general characteristics of HCoVs and latest research
of the transmission, prevention and clinical characteristics of SARS-CoV-2 and some treatments and vaccines
more development for to combat COVID-19 illness.

2 HISTORY OF CORONAVIRUS

In 1930 the description of CoVs was made for the first time, the infection was detected in chickens, it
was not given much importance and in 1960 the first case of coronavirus was discovered in humans, the
virus was isolated from a patient with the common cold.? The virus were classified into a new family
called CORONAVIRUS for its appearance of a crown on its viral surface, when viewed in the electron
microscope.*'6The first two human coronaviruses were identified as 229E and OC43, they cause respiratory
infections in the upper respiratory tract, symptoms similar to a common cold.?* Later another member of
this family caused the first pandemic of the 21st century, it was called severe acute respiratory syndrome
(SARS-CoV), and it’s originated in China in 2002. It was more aggressive than the previous types mainly
causing lung diseases and it rapidly spread in some countries of Southeast Asia, North America, Europe, and
South Africa with a mortality rate of 9.5%.%17 Since then, the study of this family regains great interest due
to its pathogenicity and the need to identify therapeutic targets. In 2004-2005 other two viruses that infect
humans are discovered (NL63 and HKU1), they cause upper and lower respiratory tract infections such as
bronchiolitis, pneumonia especially in children, older adults, and immunocompromised.®#In 2012 in Saudi
Arabia another CoV was isolated from a patient with pneumonia called East Middle respiratory syndrome
(MERS), some cases was exported to other countries through travel and the mortality rate was of 35%.46:17
Recently, a new CoV (SAR-CoV-2) that caused COVID-19 illness, it was originated in China, has spread
throughout the world and is causing high rates of morbidity and mortality.”'' Actually, China already
contained her epidemic with some outbreaks. Many countries of Europe also, however, Latin America is at



the highest peak of the epidemic.'?
3 CLASSIFICATION OF CORONAVIRUS

CoVs belong to the family Coronaviridae , subfamily Coronarivinae , and order Nidovirales and depending
on the serotype they are divided in 4 genera: «, B, y and 5-CoVs. o and 3-CoVs infect human and y and
8-CoVs infect birds.!®1819Furthermore, B-CoVs have 4 lineages (A, B, C, D). CoV-A cause asymptomatic
and mild symptomatic respiratory infections, CoV-B can cause asymptomatic, mild, and severe respiratory
diseases that can lead to death. Seven serotypes infect the human: 229E, NL63 (a-CoVs); OC43, HKU1
(B-CoVs, lineage A); SARS (B-CoV, lineage B); MERS (B-CoV, lineage C) and the most recent SARS-CoV-2
(B-CoV, lineage B).1619 (Figure 1).

4 STRUCTURAL CHARACTERISTICS OF CORONAVIRUS

The CoV are enveloped positive single-stranded RNA viruses with spikes on the surface giving the appearance
of a crown. CoVs genome encodes 4 structural proteins: spike (S), envelope (E), membrane (M), and
nucleocapsid (NP). In some types of CoVs, another protein hemagglutinin esterase (HE) (0C43 and HKU1)
is present. In addition to structural proteins, the genome also codes for accessory proteins: 3a, 3b, 6, 7a, 7b,
8a, 8b, and 9b, these have functions related with viral pathogenesis.!'1%2 (Figure 2) The structural proteins
are required by CoVs to produce a structurally complete viral particle:

The S protein is a protein forms trimeric spicules on the surface of the virion, it is cut by a cellular protease
and results in separation into two S1 and S2 subunits. The S1 subunit is responsible for binding to the
cell receptor and forms the globular head of the structure, the S2 subunit is involved in fusion with the
cell membrane and forms the stem.! S1 has cell receptor binding domains (RBDs), these sites are highly
conserved and are related to interspecific transmission and viral pathogenesis.'® Protein S mediate cell-cell
fusion between infected and adjacent, uninfected cells resulting in formation of syncytia or multinucleated
giant cells, a strategy that viruses use to spread.?!>22 It also induces the production of neutralizing antibodies
and is therefore an important target for the development of vaccines.?23

The M protein is the most abundant structural protein and it exists as a dimer and can take two different
conformations that defines the shape of viral envelope.!2%:2! Also is responsible for assembly virus compo-
nents and incorporate in the new virions. It interacts with other structural proteins, interaction with protein
S is necessary to retain it in the RE-Golgi compartment and to mature. The interaction with protein N is
to give stability to the nucleocapsid and promote the termination of the viral assembly. The interaction of
M and E is sufficient for the production and release of virus-like particles (VPLs).2%21:23

The E protein is found in small quantities within the virion and during the virus replication cycle is highly
abundant in the cytoplasm of infected cells. Also facilitates assembly, release of the virus and increases the
apoptosis.12024 E protein acting as a viroporin that forms ion channels in the lipid bilayer, causing more
permeability to monovalent cations. In addition, E protein has PDZ domain that activates the pathology
and triggering the overexpression of inflammatory cytokines.?%:26

The N protein is a protein that encapsidates the RNA viral genome to form ribonucleoprotein complex
with helical symmetry and it is produced abundantly in infected cells. Also protected the genome from
degradation and is important during viral assembly and release of virions.2%-21:24 N protein is involved in the
host’s immune response and inhibits the production of interferon.2”

The HE protein is forms a disulfide-linked homodimer and forms the short spicules on the virion surface.
HE allows the initial adsorption of the virus to the cell membrane, but requires the subsequent interaction
of the S protein. Also has esterase activity allows viral particles to be released from the infected cell by
removing acetyl groups of membrane.!20:28

5 ORIGEN AND SPREAD OF COVID-19

In December 30 2019, the city of Wuhan, the capital Hubei province of China with 11 million of habitants,
cases with pneumonia of unknown etiology were identified. Most cases were associated with a food market



where a variety of shellfish, cuts of meat, live and dead animals are sold. China notifies the outbreak to
WHO and a week later, January 7, the Chinese scientists isolated and sequenced a new virus from these
infected patient, analyzes showed that the virus belonged to theCoronavirus family.'” The genome of the
new CoV presented 95% homology with bat coronaviruses and 70% similarity with SARS-CoV.?? The new
virus was initially referred as SARS-CoV-2 and was given the official name of COVID-19 by WHO.3? The
number of cases began to increase exponentially, some had not been exposed to the market, suggesting
that human-human transmission was occurring and was due to direct contact or by aerosols from infected
people. The first fatal case was reported on January 11, 2020, the infection spread in other provinces of
China and several cases began to appear in Thailand, Japan, Korea, Taiwan, and USA. At this time, the
RO was calculated with results between 2 and 3.5, indicating that one patient could transmit the disease to
2 or 3 people. The infected patients with SARS-CoV-2 exhibit high fever, dry cough, shortness of breath,
and severe cases presented pneumonia, the fatality rate was of 2%. On February 9, the WHO reported
37,251cases confirmed in China and 812 deaths, surpassing the number of deaths than in the SARS-CoV
epidemic. March 2020, a total of 79,968 cases were confirmed with 2873 death. The Chinese authorities
took the global threat very seriously and initiated containment measures (closing airports, train stations,
and highways) and sanitary measures for health workers, government, and general public, all cooperating to
try to prevent the spread of SARS-CoV-2.1718 Actually, China already contained her pandemic with some
outbreaks.

6 TRANSMISSION ROUTE OF SARS-COV-2.

SARS-CoV-2 is transmits for direct contact from person to person through the respiratory droplets that are
produced by an infected person while coughing, talking or sneezing and staying in the short distance from
another person. Also the indirect contact is very common, it occurs through virus-contaminated surfaces and
subsequent contact with mucous membranes of the eyes, mouth and nose.?! The virus can remain viable on
surfaces in favorable atmospheric conditions. Van Doremalen et al reported that SARS-CoV-2 can remain
viable in aerosols for 3 hours and on surfaces such as plastic and stainless steel for more than 72 hours,
in copper for 4 hours and in cardboard for 24 hours.?? Some gastrointestinal symptoms such as diarrhea,
nausea and vomiting have been reported in patients infected with SARS-CoV-2 and is associated with the
expression of enterocytes that express the ACE2 receptor, suggesting that the digestive system may be a
potential transmission route.?® There is increasing evidence that many patients are asymptomatic, they have
not clinical symptoms but they are able to transmit the virus to others. A recent research found that the
viral load detected in asymptomatic patients were similar that in symptomatic patients, indicating that
asymptomatic infections have the high potential for transmission.?*

Patients elderly has clinic manifest more severe when had one or more comorbidities such as hypertension,
diabetes, chronic obstructive pulmonary disease and cardiovascular disorders and they have a higher mortality
principally men. However, there are few cases in children below 15 years of age.?536 The woman pregnant
are also a vulnerable population for COVID-19 and reports of maternal deaths with SARS-CoV-2 has been
confirmed.?"38 Vertically mother-to-child transmission occurs, the newborn presents mild disease with faster
recovery, viral shedding time is shorted and the baby has a good prognosis, the mortality is extremely low.>?

The incubation time from SARS-CoV-2 is of 14 days, however most patients develop the disease between 2-7
days after infection. The virus remains contagious throughout the latency period and they can transfer the
virus to other people before developing symptoms. Samples from patients with medium or moderate disease
more rapidly become negative than samples with severe disease.3!

7 CLINICAL MANIFESTATIONS

A wide range of clinical manifestations is seen in patients with SARS-CoV-2 from asymptomatic to symp-
tomatic: mild, moderate, severe and critical cases. The asymptomatic patients have no typical clinical
symptoms, but virus is detected. Other patients have mild flu-like symptoms and patients with moderate
symptoms the disease begins in the upper respiratory tract and subsequently infects the lower respiratory
tract causing pneumonia. Patients with severe disease after one week present with dyspnea, hypoxemia,



shortness of breath and significant lung injuries. Later the disease progresses rapidly caused respiratory
failure, and need mechanical ventilation, septic shock, difficult to correct metabolic acidosis, coagulation
dysfunction, acute respiratory distress syndrome and the patient dead for multiorgan failure.343% The older
patients has clinic manifest more severe when had one or more coexisting medical conditions such as hy-
pertension, diabetes, chronic obstructive pulmonary disease and cardiovascular disorders and they have a
higher mortality.3%36

The most common symptoms are fever, dry cough, shortness of breath, muscle pain, the least common are
confusion, sore throat, headache, runny nose, chest pain. A smaller percentage manifest gastrointestinal
symptoms, diarrhea, vomiting, or conjunctivitis.>**°Some authors have described loss of taste and olfactory
sensation.?141*43 Others have describe what patients with SARSCoV-2 can presented cardiac dysfunction
during the course of the illness** or dysfunction in the nervous system.*>4® Recently, reports of patients
with COVID-19 can presents abnormal coagulation parameters and thrombosis.*748

The laboratory results of patients with severe disease for COVID-19 show a strong immune response, trigger-
ing a cytokine storm and severe lung damage. The cytokine storm is characterized by uncontrolled production
of pro-inflammatory cytokines and is the main cause of acute respiratory distress syndrome (ARDS) and mul-
tiorgan failure. The patients has high plasma cytokines and chemokines levels (IL-2, IL-6, IL-7, IL10, GCSF,
IFN-y, MCP-1, MIP1-a, and TNF-a).349 Also presents leucopenia and lymphopenia, total number of CD4
and CD8 T cells, hemoglobin, and platelets are decreased. In contrast, neutrophils count, D-dimers, blood
urea, lactate dehydrogenase and creatinine levels are higher significantly. Other patients have abnormal liver
function, with elevated alanine aminotransferase (ALT) or aspartate aminotransferase (AST).18:35

Computed tomography (CT) examination is plays an important role in the diagnosis of SARS-CoV-2 pneu-
monia, the most common manifestations are the ground-glass opacities (GGO) and can identified four stages
of disease: Early: GGO is distributed in the lower lobes unilaterally or bilaterally. Progressive: GGO is
diffuse, bilateral and it consolidated in more than two lobes. In the critical stages: GGO is diffuse with dense
consolidation and the absorption stage: GGO is extensive and the consolidation is gradually absorbed.3%:°°

8 PREVENTION AND TREATMENT

Recently, there are not antiviral treatment or vaccines against SARS-CoV-2, prevention, management and
support healhcare are crucial. The best means of protection is to stay away from the virus exposure.
The preventive measure are: washing hands with water and soap for more than 2s or sanitizer with 70%
alcohol, ventilate work or home spaces, disinfecting common spaces, avoid public places, avoiding travel,
maintain a social distance of approximately 1 m, suspected or confirmed cases must remain at home in
quarantine. People who are in contact with infected patients/individuals wear face masks and tissue while
sneezing/coughing and avoid touching, face, nose, eyes or mouth.!0:29:51

Supportive care are: hydration with serum, cough and fever management. Patients with shortness of breath
should be hospitalized for oxygen supply or mechanical ventilation. Patients with diabetes mellitus, hyper-
tension, chronic diseases or kidney problems should be carefully monitored for any organic deterioration and
have care that patients do not acquire opportunistic infections.6-52

There is not specific antiviral drugs against COVID-19, however some treatment with antivirals and adjunc-
tive therapies as convalescent plasma, tocilizumab, azithromycin and corticosteroids are used as supportive
care for COVID-19 patients with promising results as described below:

9 Antivirals:

Remdesivir (R) . Is an adenosine analogue that incorporates into nascent viral RNA chains resulting in
pre-mature termination. In vitro studies have shown that R inhibits the replication of SARS-CoV-2 and
in the non-human primates R penetrated efficiently in different organs of body.?3%* In In the US, the first
patient infected with SARS-CoV-2 was administered R, the patient’s clinical symptoms improved and no
adverse effects were observed.’® In another study with hospitalized patients with severe COVID-19, they
were treated with R, clinical improvement was observed in 36 of 53 (68%) of the patients, mainly in oxygen



support, they did not need to be intubated.’® Remdesivir (GS-5734) is in phase 3 clinical trials for the
treatment of COVID-19 and this drug has shown very promising activity.5”

Lopinavir /ritonavir (L/R). L is an aspartic acid protease inhibitor and it is co-formulated with R to
boost the pharmacokinetic activity and half-life of L through inhibition of CYP450 cytochrome, the effect
is block viral replication.?” In Korea, a patient of 54 years old years infected with SARS-CoV-2 had mild
respiratory symptoms was administered L/R and clinical symptoms and viral load decreased.”® However, in
China, another study with 99 adult hospitalized patients with severe COVID19 received treatment with L
/R and benefit was no observed,*other studies have similar results.%0:61

Favipiravir (Avigan). Is a guanine analogue that inhibits the viral RNA polymerase, first enters the
infected cells through endocytosis and is then transformed into in an active phosphoribosylated form and its
interrupts the nucleotide incorporation process during viral replication.'?%2 In vitro studies shows inhibition
of SARSCoV-2 replication.5? COVID-19 patients treated with favipiravir showed that have superior recovery
rate than that treated with umifenovir® or lopinavir /ritonavir.?® Favipiravir was approved for the treatment
of COVID-19 in China in March, 2020.57

Chloroquine (CQ). CQ blocks viral infection by increasing endosomal pH required for virus/cell fusion,
also has immune-modulating activity, suppressing the production/release of TNF-o and IL-6. Studies demon-
strated that CQ has anti-SARS-CoV-2 activity in vitro'® 65 and clinical trials confirmed that CQ is effica-
cious in treating caused COVID-19 pneumonia, it is improved pulmonary lesions and shorter disease course.
Given the efficiency CQ has been included in the Guidelines for the Diagnosis and Treatment of COVID-19
in China.56-67

10 Supporting Agents

Convalescent plasma (CP). Is an immunotherapy of neutralizing antibody of patients who have recovered
from COVID-19. Two studies with patients diagnosed with critical and severe COVID-19 have reported
clinical improvement and without serious side effects.%® %9 Given the clinical effectiveness of CP, the FDA
has approved their use.'®

Tocilizumab (TCZ). Is a monoclonal antibody targeted against IL-6 receptors, it blocks the signal trans-
duction pathway of IL-6, thereby reducing the inflammatory response. IL-6 plays an important role in
cytokine storm.”®"" Process induced for SARS-CoV-2 infection and that can leading to rapid disease pro-
gression. China, recommends TCZ as an immunotherapy drug for critical patients with COVID-19, patients
showed the signs of improvement.”!72

Azythromycinm (AZ). Is a broad-spectrum macrolide antibiotic with immunomodulation and antivi-
ral properties. AZ regulate the inflammatory response, attenuating the production of anti-inflammatory
cytokines and promoting the production of immunoglobulins. Also, has the ability to induce pattern recog-
nition receptors and IFNs.”>7 In vitro studies shows that AZ has activity against SARS-CoV-2 and studies
with patients shows that hydroxychloroquine combined with azithromycin is observed an improvement in
the cases and viral load reduction and mortality for COVID-19.75:76

Dexamethasone (D). Is a synthetic glucocorticoid with anti-inflammatory and immunosuppressive proper-
ties. Studies has been showed that dexamethasone reduces mortality among COVID-19 patients with severe
respiratory complications. Only it is recommended for severe cases.”” "

10 Current Status of COVID-19 Vaccine Development

Recently, several companies, institutions and research groups worldwide have been working on the develop-
ment of nearly 200 vaccines for the novel coronavirus SARS-CoV-2. These companies include, BioNtech,
Pfizer, GlaxoSmithKline, Johnson & Johnson, and many others. However, these trials are still in their
early stages and require more time for finished their clinic trials and verified safety and immunogenicity
of vaccine.8% Three countries are producing vaccines, they are in the most advanced stages of development
(phase 3) and they are the main candidates for to finish with this pandemic. United State (Scientists of



National Institute of Allergy and Infectious Disease and Biotechnology Company Moderna). They used an
mRNA vaccine, mRNA-1273 that encodes the S protein of SARS-CoV-2 encapsulated in lipid nanoparticles,
to produce specific neutralizing antibodies and a potent immune responses.!481-83 Oxford, UK (Oxford Uni-
versity and AstraZeneca Company) and China (CanSino Biologics), both groups used an adenoviral vector
(Adb) that expressing the S glycoprotein of SARS-CoV-2 and both report that the vaccine is safety and can
produce a robust immune response.80-82,84

CONCLUSION

Infection with the novel SARSCoV-2 virus that causes COVID-19 disease has originate severe respiratory
diseases with a high degree of morbidity and mortality worldwide. Measures for stop this pandemic is
through the vaccine or discovering and identifying effective treatment. Although, several agents shows
significant efficacy and safety, others remains controversial, this is because their investigations are case
reports or preliminary data from clinical trials with small sample sizes and results have to be confirmed. The
clinical manifestations of severe illness is complex and difficult of treated, the healthcare professionals should
take great caution, because each patient behaves differently. This virus will remain and it will become a
seasonal virus and we have to learn to live with it. For the moment the social distancing, hygiene, use of
masks, quarantine and principally social consciousness are basic for prevent or control the infection. The
vaccine is already in advanced stages with encouraging results, all the world see with great hope the purchase
of the vaccine in the coming months to combat this deadly virus and to pass very soon a new normality in
this world.
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Figure 2. Structure and genome organization of new Coronavirus
SARS-CoV-2. Structural proteins: S, E, M and N (black boxes) and
accessory proteins (grey boxes) (reproduced from Chan FWI et al,
2020).
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