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Abstract

Coronavirus disease 2019 (COVID-19), caused by the SARS-CoV-2 virus
discovered in December 2019 in Wuhan, China, has had an enormous impact on
public health worldwide due to its rapid spread and pandemic behavior, challenges
in its control and mitigation, and few therapeutic alternatives. In this review, we
summatize the pathophysiological mechanisms, clinical presentation, and diagnostic
techniques. In addition, the main lineages and the different strategies for disease
prevention are reviewed, with emphasis on the development of vaccines and their
different platforms. Finally, some of the currently available therapeutic strategies are
summarized. Throughout the article, we point out the current knowns and
unknowns at the time of writing this article.

Main messages

e In the course of a little over a year, SARS-CoV-2 and the disease it causes have spawned a massive wotldwide research effort that
has resulted in a large body of evidence, much of which has yet to be included in comprehensive narrative reviews.

e Updates on the pathology, clinical manifestations, prevention, and treatment are needed to keep up with the literature.

e  Every one of these areas is frought with much uncertainty.

e  Some aspects of COVID-19 diagnostics, treatment, and prevention have already achieved consensus based on novel research.

e  Vaccines are an exceptionally dynamic field of great interest to public health.

e  The present review is not systematic but strives to provide comprehensive guidance on the state of the art as we know it to this date.

Introduction

SARS-CoV-2 and the disease caused by it COVID-19 (coronavirus
disease 2019). The infection spread rapidly through China and its

On December 31, 2019, the World Health Organization (WHO) re- neighboring countries, spreading throughout the world in a few
ported a series of pneumonia cases caused by an unknown agent in  weeks, probably facilitated by inter-city travel and tourist arrivals in
Wuhan City, Hubei Province, China. In January 2020, the cause of  the context of the Lunar New Year being celebrated in China at that
this infection was reported to be a novel coronavirus, initially named  time. The global repercussions of the epidemic were quickly evident,
2019-nCoV (novel coronavirus 2019). WHO subsequently named
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which is why on January 30, 2020, WHO declared COVID-19 a pub-
lic health emergency of international concern and in March of the
same year declared it a pandemic!-.

Since the publication of the first cases reported in Wuhan, China, in
December 20193, the disease caused by SARS-CoV-2 (COVID-19)
has resulted in more than 138 million cases and 3 million deaths
worldwide to date®, and is one of the most devastating pandemics of
recent times.

This article will review the main epidemiological and clinical features
of the disease caused by SARS-CoV-2 and some virological, diag-
nostic, and therapeutic aspects.

Pathogenesis

Coronaviruses are members of the subfamily Coronavirinae in the
tamily Coronaviridae and the order Nidovirales. This subfamily consists
of four genera: alphacoronavirus, betacoronavirus, gammacorona-
virus, and deltacoronavirus, based on their phylogenetic relation-
ships and genomic structures. Alphacoronaviruses and betacorona-
viruses infect only mammals, whereas gammacoronaviruses and del-
tacoronaviruses infect birds, but some of them can also infect mam-
mals. Coronaviruses are large, enveloped, single-stranded RNA vi-
ruses found in humans and other mammals, such as dogs, cats,
chickens, cows, pigs, and birds, and can cause respiratory, gastroin-
testinal, and neurological diseases. The most common coronaviruses
affecting humans are 229E, OC43, NL63, and HKU1, which usually
cause common cold symptoms in immunocompetent individuals. In
2002, an outbreak of a new coronavirus was described in the Guan-
dong province of China called SARS (Severe Acute Respiratory Syn-
drome). Ten years later, in 2012, another highly pathogenic corona-
virus, MERS-CoV (Middle East Respiratory Syndrome Corona-
virus), affected several countries in the Middle East. We are currently
experiencing a third coronavirus outbreak, this time due to SARS-
CoV-2, a virus that shares 79% of the genomic sequence with SARS
and 50% with MERS, and with pandemic behavior. SARS was trans-
mitted to humans from civets, MERS from dromedary camels, and
SARS-CoV-2 from pangolins. All three viruses are thought to have
originated in bats”®. Domestic animals may play important roles as
intermediate hosts that allow transmission of the virus from natural
hosts to humans, supporting the theory that the virus originated in
the Wuhan market. However, this has been disputed given the find-
ing in France of SARS-CoV-2 by PCR in a stored sample from a
patient who had pneumonia in late 2019, suggesting that the virus
may have been circulating earlier than currently believed!”.

SARS-CoV-2 has a diameter of 60 nm to 140 nm and distinctive
spikes, ranging from 9 nm to 12 nm, giving the virions the appear-
ance of a solar corona. Coronaviruses can adapt and infect new hosts
through recombination and genetic variation®, which has led to the
emergence of several variants of worldwide interest, the most recog-
nized to date being B.1.1.7 (UK), B.1.351 (South Aftrica), B.1.1.28
(Brazil), B.1.427/B.1.429 (USA) and, more recently, B.1.617 (In-
dia)!112,

SARS coronaviruses use angiotensin-converting enzyme 2 (ACE2)
as a receptor and invade mainly bronchial ciliated epithelial cells and
type II pneumocytes. On the other hand, MERS-CoV uses dipep-
tidyl peptidase-4 (DPP4) as a receptor and invades non-ciliated
bronchial epithelium and type 11 pneumocytes®.

ME§

Once the virus comes into contact with the respiratory mucosa, the
SARS-CoV-2 spike glycoprotein (S) binds to surface receptors on
the host cells and mediates viral entry by interacting with the angio-
tensin-converting enzyme 2 receptors (ACE2), resulting in disease
transmission and pathogenesis. The transmembrane protease serine
2 (TMPRSS2) in the host cell further promotes viral uptake by cleav-
ing ACE2 and activating the SARS-CoV-2 S protein. Upon binding
to respiratory tract epithelial cells, SARS-CoV-2 begins to replicate
and migrate into the airways and enters the alveolar epithelial cells
of the lungs. Rapid replication of SARS-CoV-2 in the lungs can trig-
ger a strong immune response, mediated by inflammatory signaling
molecules, T lymphocytes, monocytes and neutrophils released from
infected cells and alveolar macrophages. Cytokine storm syndrome
causes acute respiratory distress syndrome and respiratory failure,
which is considered the leading cause of death in patients with
COVID-19781314,

What we know What we don’t know

e Some coronaviruses frequently
affect humans (229E, OC43,

e SARS-CoV-2 apparently origi-
nated in bats and was transmit-
NL63 and HKU1), usually ted to humans from pangolins,
causing mild, self-limited res- but this is still under study.
piratory or gastrointestinal dis- | e While the first cases of COVID-
case. 19 were reported in Wuhan,
SARS-CoV-2 uses ACE2 as a China, a retrospective analysis
receptor and invades mainly found SARS-CoV-2 genetic ma-
bronchial ciliated  epithelial terial in a French individual who
cells and type 11 pneumocytes, developed pneumonia in late
causing predominantly respira- 2019, so the virus may have be-
tory disease. gun circulation eatlier than cur-
rently thought.
Rapid replication of SARS-CoV-
2 in the lungs can trigger a strong
immune fresponse, causing a
range of systemic repercussions
and multi-organ involvement.
The true extent of the disease at
the systemic level is still under
investigation.

Clinical manifestations

The disease caused by SARS-CoV-2, COVID-19, is characterized
mainly by respiratory involvement with various signs and symptoms
that have been described as the pandemic unfolded.

The viral incubation period varies between 2 to 14 days, with an av-
erage of 4 days'>!6, while viral shedding varies by clinical severity. It
has been shown that in mild to moderate cases, the highest risk of
transmission or contagion begins two days before the onset of symp-
toms until approximately five days after the onset of symptoms.
However, viable viruses have been found in cell cultures up to 7 to
10 days after the onset of symptoms!”. This period can last up to 20
days in severe cases and immunocompromised patients's. It is im-
portant to note that the finding of viral RNA by polymerase chain
reaction (PCR) does not equate to a viable virus with infecting ca-
pacity being present and can be found in significant quantities up to
several months after illness!S.

The most frequently reported symptoms are cough, myalgia, head-
ache, and fever, but dyspnea, odynophagia, diarrhea, nausea and
vomiting, anosmia, ageusia, nasal congestion, fatigue, and chest pain
have also been reported!>19-21,
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It is estimated that one-third of SARS-CoV-2 infections are asymp-
tomatic??, although this is difficult to determine since a petcentage
of patients considered asymptomatic at the time of confirming the
diagnosis with a positive PCR test may present symptoms during the
following days. This group of patients may have other manifesta-
tions of the disease, such as laboratory alterations or abnormalities
on chest CT scan?. These individuals can infect others and may not
isolate due to the lack of symptoms that would warn of the disease
in time?+23,

The disease can have a mild (80%), severe (15%), or critical (5%)
course, with an estimated case fatality rate of 2.3% in the first re-
ports?0. Mild disease cortesponds to the absence of pneumonia or
mild pneumonia; severe disease corresponds to dyspnea, hypoxia, or
involvement of more than 50% of the lung parenchyma on chest
imaging; and critical disease is characterized by respiratory failure,
shock, or multiorgan dysfunction?627.

The recovery time of the disease is variable, depending on various
factors such as the severity of the condition, age, and comorbidities.
Most mild cases recover within the first two weeks of illness; how-
ever, prolonged manifestations of COVID-19 of variable duration
averaging three months have been described. This form of presen-
tation is most frequently seen in people who have had a severe or
critical illness, and the most frequent clinical manifestations are fa-
tigue (53%), dyspnea (43%), joint pain (27%), and chest pain
(22902829, Neuropsychiatric symptoms such as anxiety disorder, de-
mentia, and insomnia have also been described™. It is estimated that
over 80% of patients maintain at least one symptom 60 days after
overcoming acute infection?s,

Although severe cases can occur at any age, according to published
data?-3138 older age, male sex, obesity, cardiovascular morbidities
such as hypertension, diabetes, dyslipidemia, and coronary heart dis-
ease; chronic obstructive pulmonary disease and other lung condi-
tions; chronic kidney disease, cancer, smoking, and a history of solid
organ and hematopoietic precursors transplantation; have been as-
sociated with a higher risk of developing severe COVID and even
higher mortality; have been associated with an increased risk of de-
veloping severe COVID and increased mortality. Another factor
that has been associated with increased risk of COVID-19 compli-
cations is inequity in the social determinants of health, including so-
cioeconomic status® and belonging to undetrepresented racial/eth-
nic groups*’, among others.

Transmission

As the pandemic progresses, a deeper understanding of the trans-
mission mechanisms has been achieved, starting with the zoonosis

Table 1. SARS-CoV-2 variants of concern.

theory from the Wuhan animal market to the current evidence sup-
porting person-to-person transmission, which is now considered the
main route of transmission of the disease?!.

The primary mode of transmission is through close contact (less
than 1.5 to 2 meters distance) by inhaling air with respiratory parti-
cles from the respiratory tract of a SARS-CoV-2 infected person.
The large droplets produced by talking, coughing, or sneezing can
contact the respiratory mucosa of a susceptible host, invade it, and
cause disease. Infection can also occur if these respiratory secretions
contaminate a person’s hands (e.g., by touching contaminated sur-
faces) and then touching the eyes, nose, or mouth. Nonetheless,
more recent evidence suggests contact with contaminated surfaces
is not a significant route of transmission**2. Therefore, maintaining
a physical distance of at least 1.5 meters between people, the wide-
spread use of masks and timely and frequent handwashing have be-
come the main measures to prevent the transmission and spread of
SARS-CoV-2%. Another transmission route is aerosols—particles
smaller than droplets that remain suspended in the air for a longer
time and travel longer distances. Recently, increasing evidence has
been published regarding this transmission route in the spread of the
pandemic, making more evident the role of indoor ventilation as a
fundamental measure to reduce the risk of transmission*>#. Alt-
hough SARS-CoV-2 has been detected in non-respiratory samples
(stool, blood, semen, urine), it has not been shown to play a signifi-
cant role in viral transmission!840,

Variants

As the pandemic has progressed, different variants have been iden-
tified as a result of genetic mutations, a common process inherent to
viruses, which is exacerbated by the high rates of community trans-
mission worldwide (> 100 new cases of COVID-19 per million pop-
ulation per day)*. Compared to other viruses, such as influenza and
HIV, SARS-CoV-2 has a lower mutation rate, and most mutations
do not impact viral function.

To date, five variants of SARS-CoV-2 have generated interest world-
wide because of the potential impact on transmission dynamics and
disease severity!h124849 These variants, termed “variants of con-
cern,” have in common an amino acid substitution in the spike pro-
tein (D614G, glycine for aspartic acid), which translates into in-
creased replication and transmission capacity, explained by a higher
viral load in the upper respiratory tract and stronger affinity for the
ACE2 receptor. Data are still lacking to affirm that these variants
increase the risk of hospitalization by COVID-19 or affect the neu-
tralizing capacity of anti-spike antibodies®*->3, but some studies have
shown that some of these variants of interest are associated with a
higher rate of complications>**> and lower susceptibility to the im-
mune response genetrated by some vaccines®-58 (Table 1).

Lineage Alterr.latl\{e Date identified Location of identification Transmissibility Severity Vaccine response
denomination

B.1.1.7 201/501Y.V1 December 2020 UK Increased Major Preserved

B.1.351 20H/501Y.V2 August 2020 South Africa Increased Major Likely reduced

B.1.1.28 20J/501Y.V3 December 2020 Japan (originated in Brazil) Likely increased Unknown Likely preserved

®.1)

B.1.617 G/452R.V3 October 2020 India Unknown Unknown Likely preserved

B.1.427y 20C/S:452R June 2020 California Increased Unknown Likely reduced

B.1.429

ME§
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Lineage B.1.1.7 (a.k.a. 20I/501Y.V1 VOC 202012/01): 1dentified
in December 2020 in the United Kingdom. Retrospectively, it was
found that circulation began in September 2020, so its dissemination
to other countries during that period is unknown. Variant B.1.1.7
has a mutation in the receptor-binding region of protein S. Some
studies suggest that this new variant is significantly more transmissi-
ble than others, with an estimated potential increase in the reproduc-
tive number of 0.4 or more and with estimated increased transmis-
sibility of up to 90%». It has also been observed to increase the
mortality risk, although the tesearch is still unfolding>%. Variant
B.1.1.7 is associated with a slight decrease in neutralizing antibody
titers but above the levels associated with protection, with a low risk
of reinfection®. Regarding the impact on vaccine-generated immun-
ity, this variant does not appear to significantly reduce the efficacy
of the Sinovac, Pfizer/BioNTech, Moderna, Novavax, and Astra-
Zeneca vaccines®. To date, B.1.1.7 has been identified in 137 coun-
tries according to the WHO epidemiological report of April 20,
20214.

Lineage B.1.351 (a.k.a. 20H/501Y.V2): identified in South Aftica
in August 2020 and reported in 85 countries®. This variant has mul-
tiple mutations in the spike protein, several of them in common with
variant B.1.1.7. There is now evidence that the response to neutral-
izing antibodies and vaccines may be diminished compared to other
vatriants®-02 because of a specific mutation in the spike protein
(E484K), although the evidence is still unfolding®>6>. It has also been
described that mutations present in this variant may help the virus
evade the immune response triggered by previous SARS-CoV-2 in-
fection, with a consequent risk of reinfection. This variant presents
a higher risk of transmission, with the possibility of generating a
more severe clinical picture compared to the original variant®.

Lineage B.1.1.28 (a.k.a. 20]/501Y.V3 or P.1): first identified in
December 2020 in Japan in travelers’ samples from Brazil. This var-
iant contains three mutations in the receptor-binding domain of the
spike protein. So far, there is no clear evidence regarding the impact
of this mutation on the transmissibility and aggressiveness of the dis-
ease. Cases of reinfection with this variant and a reduction in the
neutralizing capacity of antibodies have been reported, with the pos-
sibility of presenting reinfections or, eventually, lower response to
vaccines®’. However, there is also evidence supporting the efficacy
of at least one vaccine (Sinovac) in a high-circulation environment
of this lineage®”%. According to the WHO epidemiological report,
as of April 20, 2021, this variant had been reported in 52 countries®.

Lineage B.1.627 (a.k.a. G/452R.V3): first detected in India in Oc-
tober 2020. It has gained special interest given the rapid increase of
COVID-19 cases in India with a significant epidemiological impact
in this country, even though there is no evidence regarding the in-
volvement of this variant in transmission or morbidity and mortality
associated with the infection. The limited evidence currently availa-
ble has not shown a decrease in the effectiveness of vaccines against
this variant. To date, the presence of this lineage has been reported
in 21 countries.

B.1.427 and B.1.429 (a.k.a. 20C/S:452R) lineage: identified in
California (USA), structurally similar to each other. They are associ-
ated with increased transmissibility and, apparently, reduced neutral-
ization capacity®. These lineages have been listed as “variants of
concern” by the US Centers for Disease Control and Prevention
(CDC), but not by the World Health Organization!2.
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In addition, other variants called “variants of interest”” have been re-
ported, with lesser but significant clinical impact than the “variants
of concern.” Outstanding in this group are the B.1.526 and B.1.526.1
lineages (New York), B.1.525 (United Kingdom/Nigetia), P.2 (Bra-
zil), among others’!.

The importance of these variants regarding transmissibility, severity,
antibody neutralization capabilities, and potential impact on the ef-
fectiveness of COVID-19 vaccines is still under investigation. The
detection of other mutations potentially impacting public health is
also evaluated and monitored through surveillance and genetic se-
quencing in different countries worldwide!47-49,

Reinfection

The possibility of reinfection with all four known human seasonal
coronavirus infections, even in the presence of pre-existing antibod-
ies, is not unusual; however, reactivated, relapsing, or latent infection
appears less likely and has not been described for the coronavirus
family”. Isolated cases of reinfection with SARS-CoV-2 have been
documented in individuals with a history of previous COVID7?73,
estimating a 0.02% risk with a 0.36 incidence rate™. Establishing the
diagnosis of reinfection is challenging, and molecular testing alone is
not of great utility due to the possibility of prolonged respiratory
excretion of viral RNA after acute infection. A second positive PCR
test in a patient who has recovered from COVID-19 does not nec-
essarily indicate reinfection. Factors that increase the likelihood of
reinfection include a longer time interval since the first infection, a
high level of viral RNA in the repeat test, and undetectable IgG an-
tibody at the time reinfection is considered. However, reinfection
can only be confirmed by genomic sequencing to establish that the
infections were caused by two different viruses>74.

What we know

e COVID-19 evolves most of
the time as a mild and self-lim-
ited condition (80%), however,
a percentage of patients may
require medical care (15%) and
management in critical units
(5%).

Several risk factors are associ-
ated with severe presentation
of COVID-19, including ad-
vanced age, obesity, male sex,
the presence of some chronic
diseases and
factors.

What we don’t know

e Several publications continue to
report non-respiratory manifes-
tations of COVID-19, but the
full range of signs and symptoms
of the disease and its long-term
consequences remain unknown.

It is estimated that one third of
SARS-CoV-2 infections ate
asymptomatic, but this is still un-
der investigation, as is the impact
on viral transmission and the risk
of contagion.

socioeconomic | e Transmission of SARS-CoV-2 is
primarily respiratory, but the
preponderance of droplet versus
aerosol transmission and the role
of transmission by contact with
contaminated sutfaces are still
under investigation.

e Non-respiratory samples
(stool, blood, semen, urine)
have not been shown to play a
significant role in viral trans-
mission.

SARS-CoV-2, like other vi-
ruses, has the ability to mutate
and generate different lineages,
with numerous genetic variants
having been reported to date
with lesser or greater impact on
the evolution of the disease.

Although rapid progress has
been made in the identification
and characterization of the dif-
ferent SARS-CoV-2 lineages, the
true impact of these variants on
transmissibility, clinical course
and the ability to evade both nat-
ural and vaccine-evoked immune
responses is still unknown.
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Diagnostics
Molecular testing

The first genetic sequencing of SARS-CoV-2 was performed in Jan-
uary 2020, only a few weeks after the first cases were reported, mak-
ing a molecular test for diagnosis available eatly in the course of the
pandemic®”. Detection of SARS-CoV-2 RNA based on reverse
transcription-polymerase chain reaction (RT-PCR) from respiratory
samples is the standard for diagnosis; however, the sensitivity of the
tests varies with the timing of the test with exposure. Thus, the test’s
sensitivity can range from 30% in the first four days post-exposure
to 80% three days after symptom onset. Factors associated with
higher sensitivity of the results include correct specimen collection
technique, longer time since exposure, and the point of origin of the
specimen (lower airway specimens, such as those obtained by bron-
choalveolar lavage, which is more sensitive than upper airway speci-
mens). Recently, techniques have been developed from saliva sam-
ples, which may be an alternative sample source requiring less per-
sonal protective equipment and fewer supplies. It is also possible to
detect SARS-CoV 2 in stool®.

Antigen testing

Another diagnostic test for COVID-19 is antigen testing, which can
be performed rapidly and at point-of-care and, therefore, may be
more accessible with a faster turnaround time to results than molec-
ular tests, although it is less sensitive than molecular tests. Antigen
testing can be useful in certain situations, provided that the possibil-
ity of false negatives is considered and results are interpreted based
on pre-test probability. Frequently, the result of an antigen test must
be confirmed by molecular testing (PCR)7677.

Serological tests

Various serologic tests have been developed to support the diagnosis
of disease and the assessment of vaccine response; however, the
presence of antibodies may not confer immunity because not all an-
tibodies produced in response to infection are neutralizing. It is not
known whether the presence of antibodies changes susceptibility to
subsequent infections or how long antibody protection lasts.

Different tests for anti-SARS-CoV-2 antibodies are commercially
and experimentally available, using different technologies to qualita-
tively or quantitatively measure individual immunoglobulins (IgM,
IgG, or IgA) or total antibodies (predominantly IgM, IgG, but also
including other antigen-specific immunoglobulins). These serolog-
ical tests detect SARS-CoV-2 antigens, specifically spike protein (S)
or nucleocapsid (N). IgM antibodies are detectable within five days
of infection, with the highest levels during weeks two to three of
illness. In contrast, the elevation of IgG antibody titers is seen ap-
proximately 14 days after symptom onset, although, in some pa-
tients, both immunoglobulins are elevated simultaneously’®. Secre-
tory IgA is central to mucosal immunity, but its kinetics have not yet
been elucidated, so its measurement is uncommon. Serologic assays
include point-of-care assays and high-throughput enzyme immuno-
assays; however, test performance, accuracy, and validity are varia-
bled. In general, tests that measure IgM have lower sensitivity for
detecting past infection than those that detect IgG or total antibody;
and those that detect IgA tend to have lower specificity’®.

Specificity is important in seroprevalence studies when the commu-
nity prevalence of past infection is expected to be low. Serological

ME§

tests must have high sensitivity and specificity (= 99.5%) to be
valid’®. Detection of IgG or total antibody at 3 to 4 weeks after
symptom onset provides the highest sensitivity and, therefore, the
lowest rate of false-negative results compared with other immuno-
globulin classes. IgG or total antibody tests also provide high speci-
ficity and reduce the rate of false-positive results compared with
other antibody types’. Unlike other viral infections where IgM tests
show high sensitivity soon after symptom onset compared to IgG,
the sensitivity of IgM against SARS-CoV-2 is relatively low initially,
and there is no significant increase over time as seen with IgG or
total antibodies. The use of IgM testing alone could result in in-
creased false-negative rates compared to IgG or total antibody test-
ing’®.

The most commonly used laboratory platforms for serological diag-
nosis of SARS-CoV-2 are lateral flow, enzyme-linked immuno-
sorbent assay (ELISA), and chemiluminescence or electrochemilu-
minescence immunoassay (CLIA or ECLIA). Lateral flow tests re-
quire a drop of blood, serum or plasma applied to a test strip and
provide rapid results (15 to 30 minutes), making it an optimal test
for point-of-care diagnosis and large, population-based seropreva-
lence studies. ELISA and CLIA/ECLIA assays are more complex
laboratory techniques than lateral flow, useful for high-throughput
testing using serum, plasma, or potentially dry blood, and allow
quantifying binding antibody titers and determination of neutralizing
antibodies™. It is important to mention that different vaccines use
different antigens to stimulate the immune response, so if an indi-
vidual receives a spike protein-based vaccine, they will generate anti-
S-protein antibodies, for example, and not necessarily against other
viral antigens. In addition, there are different components of the im-
mune response, such as the humoral response and the cellular re-
sponse, and the magnitude of specific antibody production may vary
between individuals™-%2. Consequently, it is not appropriate to eval-
uate the immune response to vaccines exclusively based on serolog-
ical tests, but it is essential to determine efficacy and effectiveness
using clinical outcomes®384,

Implications of the humoral and cellular immune response

Multiple studies have been conducted worldwide to determine the
prevalence of individuals with or without symptoms of COVID-19
and with or without a confirmatory microbiological diagnosis who
show evidence of having developed antibodies to SARS-CoV-2. To
date, there is no clarity regarding the relationship between severity
of infection, antibody titers, and risk of reinfection among different
individuals and the absence of seroconversion in some individuals
nor the role of cell-mediated immunity in the immune response to
COVID-19747981.8285-87 Neutralizing antibodies are detected in ap-
proximately 40% to 70% of infected individuals; at least 30% of pa-
tients have no detectable antibody levels, and less than 15% achieve
high neutralizing titers 7z vitro®’. An association between neutralizing
antibody titer and severity of COVID-19 disease has been observed,
and those who have mild symptoms or are asymptomatic are less
prone to generate a neutralizing response®’.

Seroprevalence studies

Worldwide, reported seroprevalence varies by factors such as the
population studied (e.g., health care workers vs. general population)
and the impact of the pandemic in the setting where the study is
conducted (the evolution of the pandemic and the incidence rate
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vary according to the country, the season of the year, policies imple-
mented, among other factors). Results range from prevalences as
low as 0.4% to rates of 22%88-90. Publicly available software tools
such as the Canadian Serotracker platform®' will be very useful to

assess the evolution and impact of the pandemic worldwide.

What we know

What we don’t know

The gold standard for the diag-
nosis of COVID-19 is PCR in
respiratory samples, although
other techniques, such as anti-
gen testing, are also being used
thanks to their ease of use and
rapid results with good perfor-
mance.

There are different tests to de-
termine anti-SARS-CoV-2 an-
tibodies, using different tech-
nologies to measure specific
immunoglobulins (IgM, IgG or
IgA) or total antibodies.

It is not appropriate to use a se-
rological test to evaluate the
immunological response to the

e Although nasopharyngeal swabs

are preferred, there is growing
evidence regarding the use of
other samples for the diagnosis
of SARS-CoV-2, such as saliva.

e To date, there is no clarity on the

relation between severity of in-
fection, antibody titers and risk
of reinfection among different
individuals, as well as the ab-
sence of seroconversion in some
individuals and the role of cell-
mediated immunity in the im-
mune response to COVID-19.

Data are lacking to determine the
implications of the immune re-
sponse in different subpopula-

vaccine. tions, such as older adults, pa-
tients with chronic comorbidities
and the immunocompromised,
among others.

e Although seroprevalence studies
have been carried out in different
settings and different clinical sce-
narios, it is still difficult to esti-
mate the exact population of in-
dividuals exposed to the virus,
both with symptomatic and
asymptomatic disease.

Treatment

While the management of COVID-19 is mainly based on sympto-
matic relief in mild to moderate cases and on ventilatory and, ulti-
mately, hemodynamic support in severe or critical cases, the follow-
ing section will describe some pharmacological interventions that
have been shown to have an impact on the morbidity and mortality
caused by COVID-19.

Corticosteroids

In patients with severe COVID, requiring supplemental oxygen or
ventilatory support, the use of glucocorticoids, particularly dexame-
thasone, hydrocortisone, and methylprednisolone, has been shown
to decrease 28-day mortality, as well as reduce the likelihood of re-
quiring mechanical ventilation®>%. Particular caution should be
taken with the adverse effects associated with the use of corticoster-
oids, such as hyperglycemia and bacterial or fungal superinfec-
tions?*?, On the other hand, the use of inhaled budesonide has
shown promising results in recent studies, accelerating recovery in
eatly-stage cases of COVID-19 and decreasing the need for hospi-
talization or emergency department consultation!0%101,

Remdesivir

The use of remdesivir—a nucleoside analog polymerase inhibitor—
has been shown to decrease recovery time in adults hospitalized for
COVID-19102) 35 well as the need for mechanical ventilation, with
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no significant impact on mortality, when used in the first week of
the disease?9%103104 This benefit is more significant when
remdesivir is associated with baricitinib!9%1% (see below).

Interleukin-6 inhibitors

Elevation of pro-inflammatory interleukins, including IL.-6, is asso-
ciated with unfavorable outcomes and increased mortality in SARS-
CoV-2, so their inhibition and the blockade of the inflammatory
pathways may prevent disease progression!?’. Sarilumab and tocili-
zumab are monoclonal antibodies that neutralize the IL-6 receptor,
while siltuximab is a direct inhibitor of this intetleukin'®®. Some stud-
ies have shown that they could decrease the need for mechanical
ventilation, the length of intensive care stay, hospitalization®, and
mortality!0%110,

JAK inhibitors

Janus kinase 1 and 2 inhibitors are drugs that interfere with intracel-
lular signaling of some interleukins (IL-2, 6, and 10), granulocyte and
macrophage colony-stimulating factors, and interferon gamma,
blocking the process of viral endocytosis by inhibiting AP2-associ-
ated protein kinase 119519, Baricitinib and ruxolitinib have been
shown to have some impact on reducing mortality, the need for me-
chanical ventilation, and the duration of hospitalization for COVID-
19%. The association of remdesivir with baricitinib has been shown
to reduce recovery time and accelerate clinical improvement in pa-
tients with COVID-19, especially in those with the need for high-
flow oxygen or noninvasive ventilation!%5106,

Colchicine

The use of colchicine in patients with mild to moderate disease—
those who do not require hospitalization—could decrease mortality,
the need for mechanical ventilation, and the duration of hospitaliza-
tion for COVID-19. Nonetheless, there are ongoing studies that will
provide further evidence for its usefulness in the management of this
disease?®9%111,

Interventions that have not consistently demonstrated useful-
ness in the management of COVID-19

The evidence available to date has determined that the risk of using
some drugs outweighs the benefit in the treatment of COVID-19,
including chloroquine, hydroxychloroquine, azithromycin, ritonavir-
boosted lopinavir, favipiravir, and ivermectin?9%106,112-116,

Recently, an open-label randomized study with a large sample size
showed that the use of convalescent plasma has no significant im-
pact on survival or other outcomes!!”.

Empirical antibiotic treatment is not recommended in patients with
COVID-19, regardless of the severity of the condition, unless there
is significant evidence of bacterial infection (compatible clinical pic-
ture associated with the appearance of new infiltrates on chest imag-
ing and positive cultures). It has been reported that more than half
of patients with COVID-19 are prescribed antimicrobial therapy
during the course of the disease, with bacterial infection confirmed
in only 3.5% of cases!!8!19. If antibiotic therapy is given, the indica-
tion should be re-evaluated daily, abbreviated courses of antimicro-
bials should be sought and adjusted to culture results!'?.
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What we know

What we don’t know

Most patients have mild and
self-limited disease, requiring
only symptomatic relief.

In patients with severe disease,
the interventions that have
shown to favorably impact
morbidity and mortality from
COVID-19 are corticosteroids,
remdesivit, IL-6 inhibitors,
JAK inhibitors, colchicine.
Some interventions have not
demonstrated a significant im-
pact on morbidity and mortal-

e In the carly stages of the disease

and in mild outpatient cases, the
effectiveness of most of the in-
terventions that have demon-
strated benefits in patients with
severe or severe COVID-19, is
unknown.

Evidence is lacking on the effec-
tiveness of interventions based
on direct-acting antivirals and
monoclonal antibodies, although
most of these drugs are still in
experimental stages.

e There is insufficient evidence to
determine the impact of the dif-
ferent interventions in popula-
tion subgroups, such as children,
the elderly, the immunosup-
pressed, the chronically ill, the
obese, among others.

ity, such as hydroxychloro-
quine,  azithromycin, lop-
inavir/ritonavir, favipiravir and
ivermectin.

Empirical antibiotic treatment
is not recommended in patients

with COVID-19.

Table 2. SARS-CoV-2 vaccines.

Prevention
Personal prevention measures

Considering that the main route of transmission of SARS-CoV-2 is
through droplets and aerosols generated from respiratory secretions,
the interventions most proven to prevent infection are the universal
use of masks, frequent and timely handwashing, physical distancing
between people, ventilation of enclosed spaces, and avoidance of
non-essential gatherings indoors and in crowded outdoor spaces!?!.

Vaccines

Thanks to the global interest in controlling the pandemic, different
vaccine platforms have been developed rapidly. When writing this
review, 93 vaccines are in clinical development and 184 in the pre-
clinical stage, as reported by the World Health Organization; 25 are
in phase 3122,

There are different technological platforms for SARS-CoV-2 vac-
cines, of which the most widely used are shown in Table 2123125,

. Dosis, # Efficacy for sympto- Effectiveness (as reported in press or
Company Name of vaccine Platform and days maticyCOV{D-Il,9 l(iteratgre) i
AstraZeneca/U. ChAdOx1 nCoV-19/AZD1222 Adenovirus 2 doses 82.4% Scotland: reduced risk of hospitalization
de Oxford (0 & 28 or by 94%, 4 weeks after 1st dose
56 ot 84)
CanSino Convidecia Adenovirus 1 dosis 65.7% No data to date
Gamaleya Insti- Gam-COVID-Vac (Sputnik V) Adenovirus 2 doses 92% No data to date
tute (0 & 21)
Janssen/Johnson Ad26.COV2.S Adenovirus 1 dosis 72% No data to date
& Johnson
Moderna mRNA-1273 mRNA 2 doses 94% No data to date
(0 & 28)
Novavax NVX-CoV2373 Protein 2 doses 96% No data to date
subunit (0 & 21)
Pfizer/BioNTech BNT162b2 mRNA 2 doses 95% Israel: reduced asymptomatic cases by
(0 & 21) 91.5%; symptomatic, 97%; need for hos-
pitalization, 97.2%; need for hospitaliza-
tion for severe/ critical illness, 97.5%;
death, 96.7%.
Sinopharm BBIBP-CorV Inactivated 2 doses 79% No data to date
virus
Sinovac CoronaVac Inactivated 2 doses 50% Chile: 14 days after the second dose re-
virus (0 & 14 or duced symptomatic cases by 67%; hospi-
28) talization by 85%; ICU admission by
89%; death by 80%

Live attenuated virus. The first vaccine of this type to be devel-
oped was the smallpox vaccine (1978). These vaccines are produced
by generating a genetically weakened version of the virus, maintain-
ing a limited replication capacity without producing disease, but in-
ducing an immune response similar to that generated by natural in-
fection. The immune response generated by this type of vaccine tar-
gets both structural and non-structural viral proteins through cellular
and antibody-mediated immune responses. The disadvantage of
these vaccines is safety in immunocompromised patients and the dif-
ficulty involved in modifying the virus. Examples of live virus vac-
cines are measles, mumps, yellow fever, and shingles. Few SARS-
CoV-2 vaccines use this platform, and none of them are in phase 3
clinical trials.

MEI)

Inactivated virus. The first vaccine based on an inactivated virus
was typhoid in 1986. These vaccines are developed using viruses
treated with chemicals (e.g., formaldehyde), heat, or radiation, thus
canceling their replicative capacity but maintaining their ability to
generate an immune response. When the complete virus is presented
to the immune system, in addition to generating a response against
the spike protein of SARS-CoV-2, it also does so against the matrix,
the envelope, and the nucleoprotein of the virus. Large quantities of
the virus with infectious capacity grown in cell culture are required
to produce this type of vaccine. Examples are hepatitis A, polio, in-
fluenza, pertussis, and rabies. Among the vaccines against COVID-
19 that use this platform are Sinovac and Sinopharm.
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DNA/RNA-based. This is a platform developed in recent years,
and the SARS-CoV-2 vaccine is the first of this type to be used in
humans outside the experimental setting. These vaccines consist of
DNA or RNA fragments that code for a target antigen, which in the
case of SARS-CoV-2 is often the spike (S) protein, allowing the vac-
cine recipient to express these antigens and then induce a humoral
and cellular immune response against them. An advantage of these
vaccines is the ease and speed of large-scale production; however,
their disadvantage is the need to store and maintain them at low tem-
peratures (between -20 and -70°C), because of the significant logis-
tical problem for their distribution, especially to remote and difficult-
to-access locations. The most widely used COVID-19 vaccines
worldwide with this platform are those of the Pfizer and Moderna
laboratoties.

Protein subunit-based vaccines. The first vaccine of this type to
be used was the anthrax vaccine in 1970. They are based on purified
virus particles or protein antigens. Research is being conducted on
vaccines with the spike (S) protein and the RBD (receptor binding
domain) protein. An advantage of these vaccines is that they can be
produced without manipulating the live virus. Examples of this type
of vaccine are hepatitis B, pneumococcus, and meningococcus,
among others. It is currently the most widely used platform in clini-
cal studies (31%)!22.

Vector vaccines. This is a relatively new technology, first used on a
large scale for the Ebola virus in 2019. Vector vaccines use a genet-
ically modified virus capable of producing proteins that induce an
immune response in the vaccine recipient, such as the spike (S) pro-
tein of SARS-CoV-2. To prevent the recipient’s immune system
from responding against this viral vector before the proteins needed
to mount the immune response against the disease to be prevented
are produced, vituses that do not affect humans, such as the chim-
panzee adenovirus used in the production of the AstraZeneca labor-
atory’s vaccine, can be used. Other vaccines using this type of plat-
form include those from CanSino, Janssen, and Gamaleya.

Over 600 million people worldwide have received at least one dose
of the COVID-19 vaccine!?. The duration of immunity generated
by the vaccines and whether there are significant differences be-
tween the different platforms is yet unknown. We still do not know
to what extent the genetic variants of the SARS-CoV-2 virus will
affect the secondary immune response to infection or vaccination,
nor how the genetic and environmental aspects specific to each pa-
tient will determine the immune response.

Data on the real-world effectiveness of some of the vaccines being
used are now incteasingly available. In Istrael, the Pfizer/BioNTech
vaccine showed significant concordance with published efficacy in
the phase 3 study with very high effectiveness despite the prevalence
of the B.1.1.7 (UK) variant at an estimated 94.5% (Table 2)'?7. An
unpublished study conducted by the Ministry of Health of Chile
showed that 14 days after the second dose, the CoronaVac vaccine
from the Sinovac laboratory was 67% effective in preventing symp-
tomatic COVID-19, 85% in preventing hospitalizations, 89% in pre-
venting admission to the intensive care unit and 80% in preventing
death from COVID®. Another study conducted by the CDC in the
United States showed that the Pfizer and Moderna vaccines reduced
the risk of infection by 90% two or more weeks after administering
the second dose and by 80% after the first dose!?s.

MEI)

What we know

e Basic prevention measures,
such as the use of masks, hand
washing, physical distancing,
ventilation of enclosed spaces
and avoidance of non-essential
gatherings indoors and out-
doors with crowds of people,
are the public health interven-
tions with the greatest impact
on the prevention of the SARS-
CoV-2 infection.

e Several vaccine platforms have
been successfully developed to
prevent COVID-19. The most
widely studied are those based
on protein subunits, messenger
RNA, viral vectors, inactivated
viruses, and live attenuated vi-

What we don’t know

e Although the vaccines currently
used have proven to be effective
in preventing both symptomatic
COVID and severe forms of the
disease, there is still no clarity re-
garding the impact on the mag-
nitude and duration of the im-
mune tresponse to the genetic
variants that recently have been
identified in different parts of
the world, as well as the need to
combine different platforms or
develop new vaccines.

There is also no clarity regarding
the long-term duration of im-
munity generated by both the
disease and the different vac-
cines, and whether it will be nec-
essaty to administer booster
doses or repeat full schedules af-
ter a given period of time.

ruses.

There are insufficient data to de-
termine the impact of vaccine-
generated immunity in special
populations such as the chroni-
cally ill, immunocompromised,
immunosuppressed, elderly and
children, in terms of the magni-
tude of the immune response
and its duration.

Conclusions

SARS-CoV-2 and the disease it produces, COVID-19, has generated
an unprecedented global health impact and is likely to be a global
public health problem for a long time to come. Different questions
have been raised regarding the evolution of the pandemic as part of
the world’s population is undergoing vaccination, there is no clarity
on the duration of the immunity generated by both vaccines and nat-
ural infection, nor if collective immunity will be effectively achieved
by reaching a significant coverage of the population or if it will be
necessary to vaccinate again after a while as occurs with other res-
piratory viruses such as influenza. Likewise, there is little clarity re-
garding the impact of the different genetic variants on the post-in-
fection immune response and the possibility of reinfection. Nor do
we know what the level of the immune response to the different
COVID vaccine platforms that have been developed will be in the
long run. Different diagnostic and therapeutic strategies have been
rapidly developed during this little more than a year of pandemic,
while the scientific, academic, and policy worlds continue striving to
increase the knowledge and technological developments necessary
to combat this infection.
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