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Abstract

SARS-CoV-2 has recently emerged, becoming a global threat, affecting directly all human beings owing to its morbidity and
mortality and indirectly, due to the enormous economic and psychological impact produced by social isolation, the most effective
measure so far, but unsustainable for a long period. The scientific effort to understand and control SARS-CoV-2 transmission
and clinical impact has been huge, and important achievements are highlighted in this review. Diagnosis is central and is the
first step in recognizing and fighting any infectious agent. Instrumental to that is the quality of the data, relying on serological and
molecular surveys in addition to trustworthy clinical records. However, the fast spread of a virus adapted for human-to-human
respiratory transmission raised a demand for millions of molecular tests that are simply not available. Several candidate drugs
are under evaluation in clinical trials. Those with an already recognized safety profile are more auspicious, since, if proven
effective, can cut several steps of production and phase 2 and 3 trials. More than one hundred vaccine prototypes are in
different stages of development, however, safety and efficacy evaluations cannot be obviated, implicating, most optimistically, in
at least months for us to have an effective immunization, the definite measure to allow a safe return to the pre-pandemic
lifestyle. Science has never been more necessary and present in daily life. Relying on the best of human wit is the only way out
to this pandemic, saving as many lives as possible.

Key words: SARS-CoV-2; COVID-19; RT-PCR; Diagnosis; Origin; Treatment

Introduction

It is quite a challenge to write a review on the most
recently emergent coronavirus (SARS-CoV-2) and the
disease caused by it, named COVID-19. In a few months,
thousands of papers were produced by all scientific
branches, impossible to be followed, properly rated, and
summarized. We will focus here on our areas of expertise:
molecular epidemiology, diagnostics, and clinical manage-
ment, briefly touching other aspects.

Sadly, we have to admit that the global community,
including scientists working closer to the problem, such as
virologists, infectologists, epidemiologists, vaccinologists,
public health authorities, and the pharmaceutical industry,
collectively failed in avoiding this pandemic to occur.
It was not unpredictable; in fact, it was anticipated by
many (1,2), and we had at least two ‘‘rehearsals’’, SARS-
CoV in 2002/2003 and MERS-CoV in 2012, that provided
enough evidence of the risk and harm of coronaviruses
jumping from animals to humans (3). There was time
enough for the development of a pancoronavirus vaccine
and treatments. This mistake is now causing thousands of
lives to be taken directly by viral action and indirectly by
the economic deprivation that follows.

As we write this manuscript, Brazil presents the 2nd
highest absolute number of cases, approximately two million,
and deaths, now reaching 70,000 (4). Due to its large popu-
lation and territory, intense flow of international passengers
and immigrants from all over the world, and many densely
populated urban centers, the country has a fertile environ-
ment for emerging agents. The Zika virus crisis in 2014 is
an example of an arthropod-borne disease that in Brazil
has shown a previously unknown feature of a flavivirus
human infection: the ability to cause fetal growth anomalies
(5). More recently, we were at a perilous limit for the
resurgence of urban Yellow Fever, avoided by a massive
immunization effort (6), while Dengue viruses keep causing
thousands of infections and hundreds of deaths every year
(7). Even with all these warnings, a public health strategy to
prevent or minimize the risk of another emergent infectious
agent is not in place. We lack a robust surveillance system
with advanced testing technologies able to rapidly identify
such agents and react to them. It is certainly very expen-
sive but undoubtedly cost-effective. This should be one
painful lesson we take as a country but that could lead the
world to become more strongly connected.
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SARS-CoV-2 origin and spread

Origin
The earliest report of a cluster of an atypical pneu-

monia, later named SARS-CoV-2, dates from late
December 2019, and it was linked to people that visited
the Huanan seafood and wildlife market in Wuhan city in
Hubei province, China (8,9). Analyses of nucleotide se-
quences of complete SARS-CoV-2 genomes led to the
estimation that the virus might have emerged as early as
October 2019, therefore a couple months before its first
detection (10).

SARS-CoV-2 belongs to the subgenus Sarbecovirus
of the genus Betacoronavirus, and phylogenetic analysis
demonstrated that it is more related to two bat-SARS-like
coronaviruses (88% identity at nucleotide level) than to
the human SARS-CoV and MERS-CoV (79 and 50%,
respectively). Further analysis has revealed 95.4% iden-
tity between the SARS-CoV-2 to a coronavirus found in
pangolins (Pangolin-CoV), suggesting a possible inter-
mediate host (11,12).

Although no animal coronavirus sampled so far is
sufficiently similar to SARS-CoV-2 to implicate it as direct
source to the human virus, the most plausible hypothesis
tells us that an animal hosted SARS-CoV-2-like jumped
into humans, and during the first stages of human-to-
human transmission, it acquired very particular genetic
features. The ‘humanized’ virus then became highly
infectious and able to efficiently spread among humans.

While all evidence points to a zoonotic origin of the
SARS-CoV-2, there were conspiracy theories claiming
that it could have been deliberately created. Some genetic
particularities, like the presence of specific mutations in
the receptor-binding domain (RBD) of the spike protein,
provide definite evidence that the new coronavirus is not
a product of human manipulation. Analysis of this region
among human and animal SARS-CoV-2-related viruses
revealed that the RBD of SARS-CoV-2 evolved for binding
to human ACE2 receptor with an efficient interaction,
distinct to those predicted through structural and func-
tional analysis (13,14).

Phylogenetic analysis
Just few months after the first genome description in

January 2020, thousands of global SARS-CoV-2 partial and
complete genome sequences were generated by several
groups, allowing epidemiological and all sorts of genetic
and phylogenetic analyses. Until the writing of this text,
49,607 SARS-CoV-2 partial and complete genomes have
been sequenced worldwide and made available at reposi-
tories such as GISAID (https://www.epicov.org). Although
the sequencing efforts vary considerably among the
countries and regions, initial analysis demonstrated some
structured geographical distribution, which becomes
weaker as the epidemic progresses. Some organizations
and institutions have made efforts to sequence rapidly and

on a large scale, as the COVID-19 Genomics UK (COG-
UK) Consortium, from the United Kingdom, and the
SPHERE, from the Centers for Disease Control and
Prevention (CDC, USA). In Brazil, nearly 500 complete
genomes have been sequenced and made available at a
public database (https://www.gisaid.org). Different efforts
and consortia for this purpose are ongoing and include
state and federal institutions and universities including
Oswaldo Cruz Foundation, University of São Paulo, São
Paulo State University, Campinas State University, and
the Federal Universities of Minas Gerais, Tocantins,
Brasilia, and Rio de Janeiro, among others.

Geographical and phylodynamic inferences are pos-
sible as more representative viral genomic data become
available. Currently, it is possible to recognize up to ten
SARS-CoV-2 lineages (being A1a, A2a, B, and B1 the most
widespread). So far, viruses from A2a, A1a, and B line-
ages were described in Brazil, with more than 90% of
sequences belonging to the A2a lineage (NEXTSTRAIN,
onextstrain.org4). In fact, the increase in frequency of the
A2a (which carries a mutation D614G in the spike protein)
has been explosive, and today it is the most widespread
lineage globally. Some speculation exists that this lineage
may present better fitness than the original one, or that it is
more infectious and adapted to human cell receptors
(15,16), but not enough data is available at the moment to
confirm or refute any of these theories.

The analysis of the first sequences sampled in Brazil
revealed that they were imported mainly from Europe and
the USA and the epidemic here is a result of multiple and
distinct introductions (17). With few exceptions (18), it has
been recognized that the outbreak in nearly all countries is
the result of multiple introductions from different places
into the region and not from a single source (19–24).

SARS-CoV-2 evolutionary rate was estimated to be of
about 8� 10–4 substitutions per site per year, which is
similar to the related SARS-CoV-1 and MERS (25). Com-
parison analysis among worldwide isolates revealed
moderate genetic diversity accumulated at this point of
the pandemic. Pairwise comparisons reveal no more than
10 single nucleotide polymorphisms (SNPs) between any
two genomes, thus resulting in 499.9% similarity among
SARS-CoV-2 genomes. Although some of these SNPs
result in non-synonymous mutations, none of them have
shown significant shifts in the functional context of the
respective proteins or in the transmission rates. Never-
theless, as is the case for any other pathogen, nucleotide
mismatches could lead to a lower sensitivity and inclu-
sivity of the molecular diagnostic assays, thereby resulting
in false-negative diagnosis (26).

In sum, phylogenetic, clinical, and epidemiological
data together offer insights into how the viruses are relat-
ed and evolve over time. At the moment, data from the
SARS-CoV-2 genomes indicate that we still have much
to learn about the evolution of this virus and how it
spreads.
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Diagnosis

Management of infectious diseases always begin at
the identification of the agent. Therapeutic and preventive
strategies start by taking into account the kind of micro-
organism, its transmission routes, and spreading capacity.
As pointed out above, SARS-CoV-2 was quickly recog-
nized as the etiological agent by the most modern
diagnostic technology available today, metagenomics
(27), which consists of the unbiased study of the microbial
diversity directly from a clinical or environmental sample
by high-throughput DNA sequencing. By excluding DNA
from human origin, either in vitro or in silico, researchers
can focus the analysis on non-human sequences,
disclosing microbial diversity and allowing the discovery
of new agents (28).

By this approach, on January 11, 2020, the full-
sequence of the first new coronavirus genome was made
publicly available by Chinese scientists. The availability of
the first whole genome 29,903 bases RNA sequence
made possible the development of real-time PCR proto-
cols, forming the groundwork of SARS-CoV-2 identifica-
tion in symptomatic patients. From this date on, many RT-
PCR protocols were created, targeting different genomic
regions. The non-structural proteins seem to accumulate
diversity faster than the structural ones, in particular nsp2,
3, and 4, and some insertions and deletions are also
common along ORF8. Complete genome analysis sug-
gests that the conserved Orf1b, envelope and spike
encoding genes are more conserved, hence better targets
for molecular assays, whereas the N gene displays more
variability between current isolates (26,29).

As the number of cases grew exponentially, it was
realized that the global availability of reagents for RNA
extraction and PCR amplification was much inferior to the

actual need for the diagnosis of symptomatic subjects and
to assist selective social isolation.

Currently there are dozens of PCR kits for SARS-CoV-
2 diagnosis in respiratory samples, targeting one, two, or
three distinct genomic fragments (see Table 1). Including
multiple targets is a strategy to cope with the uncertainty of
the mutation rate of each gene, which can lead to false-
negatives due to primer mismatches. For instance, the
original PCR protocol described by the Charité group from
Berlin (30) proposed to screen the samples with an E-
gene pan sarbecoviruses (a subgroup of beta-corona-
viruses) and to confirm reactive samples with an assay
targeting specifically the SARS-CoV-2 RNA dependent
RNA polymerase viral gene (RdRP). Later, the RdRP
assay was found to lead to false-negatives in some iso-
lates (31,32). In general, many assays use the panSar-
beco E gene amplimer in addition to a second target,
either in parallel or as a sequential confirmatory approach.
The US CDC had initially proposed 3 targets on the
nucleocapsid gene (N1-N2-N3) but later withdrew the third
one (N3) due to low efficiency (33). Primers and probes
spanning the open reading frames 1 and 3 have also been
adopted in different combinations. One single target
permits higher throughput testing and makes interpreta-
tion easier in comparison to two or three targets, which
demands more complex interpretation algorithms and
increase the number of indeterminates.

High-throughput labs able to process thousands of
samples per day were and are still being created. In
parallel, innovative approaches are in development and
validation, in order to expand testing capacity, speeding
up and simplifying the process. One approach has been to
employ high-throughput sequencing (Next-Generation
Sequencing - NGS) platforms able to read millions of
bases simultaneously. Since reading of less than 100 bps

Table 1. Genomic regions targeted by different RT-PCR systems for SARS-Cov-2 and their reported analytical sensitivity.

Institution/Manufacturer SARS-CoV-2
genomic regions

Sensitivity Reference

Charité, Berlin E 3–5 copies/reaction (30)
US CDC N1 and N2 1–10 copies/reaction ohttps://www.cdc.gov/coronavirus/2019-ncov/index.html4

ohttps://www.fda.gov/media/134922/download4
Abbott N and RdRP* 100 copies/mL Package Insert
Roche ORF1a and E ORF1a=0.007 TCID50/mL Package Insert

E=0.004 TCID50/mL

Biomanguinhos E 50 copies/reaction Package Insert
SeeGene E, N, and RdRP 100 copies/reaction Package Insert
Altona E and S 0.1 PFUs/mL Package Insert

Cepheid E and N 250 copies/mL Package Insert
Microbiomed ORF3 and N ORF 3=1.800 copies/mL Package Insert

N=4.239 copies mL

*The two probes have the same fluorophore (FAM), thus the signal from both is summed. CDC: Centers for Disease Control and
Prevention.
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with a low coverage is more than sufficient to assign a
sample as SARS-CoV-2 detected or undetected, this strat-
egy could solve the testing bottleneck. However, NGS
does require RNA extraction and libraries are made of
PCR amplicons. Thus, if one needs to extract RNA and
further amplify it, in fact NGS in this context is being used
as a sophisticated PCR reader. Moreover, NGS working
flow still requires manual steps and takes 2–3 days to run
one flow cell, contrasting to the automated flow of some
PCR systems. These caveats indicate that NGS is more
appropriate for epidemiological surveillance and phyloge-
netic studies but at the moment does not represent a
practical solution for the routine high volume testing
demand. Actually, countries with a large number of NGS
platforms, such as China and the USA, rely exclusively on
qPCR for the purpose of SARS-CoV-2 diagnosis.

Due to the RNA extraction constraint, researchers
have shown that it is feasible to use the nasopharyngeal
wash, in saline, water or viral transport medium, directly
into the PCR tube, obviating the need for RNA extraction
(34). As expected, there is some loss in sensitivity when
comparing to extracted material, but hopefully new PCR
mixtures that can surpass the inhibitory effect of unex-
tracted substances will allow a huge increase in testing
capacity.

Another alternative to the complexity of RT-qPCR and
its reagents shortage is the loop-mediated isothermal
amplification (RT-LAMP), which has shown a sensitivity
similar to qPCR but faster and simpler. LAMP amplicons
can be detected by visual inspection (35) or even by the
collateral ssDNAse activity of the CRISPR-Cas12a sys-
tem after target recognition, which adds a second level of
specificity in addition to elevated sensitivity (36).

In spite of the viral RNA protocol adopted, it must be
emphasized that the clinical sensitivity of molecular test-
ing for COVID-19 has never achieved 499% as seen in
many other infectious diseases. Both preanalytical and
analytical conditions contribute to an average clinical
sensitivity of 70% (37,38). So, it is not uncommon that
nasopharyngeal samples from evident COVID-19
patients return as negative, while more invasive samples
from the lower respiratory tract, such as broncoalveolar
lavage from the same day, return positive for SARS-CoV-2
RNA (39).

Serology
Serological assays represent the most common

way for the diagnosis of viral infections. As early as
March 2020, commercial kits became available in differ-
ent formats: lateral flow immunoassays, enzyme-linked
immunosorbent assays (ELISAs), and chemiluminescent
immunoassays (CLIA). They also may differ in the anti-
body class detected (IgA, IgG, IgM, IgM/IgG, or total anti-
bodies) and their composition of viral antigens.

However, due to the time between infection and anti-
body production, the so-called window period, detection of

antibodies is not useful in the early symptomatic phase,
when most patients seek clinical support. This limitation
is magnified in the specific case of SARS-CoV-2 where
the development of the classical marker of acute phase,
IgM, does not seem to behave as usual. It may be an
imperfection of the first generation of serological tests, but
current IgM assays have failed to detect a significant
fraction of truly infected (qPCR positive) subjects in the
first 2 weeks from symptoms onset (40). Moreover, about
25% of the COVID-19 patients develop IgM concomitantly
or after the appearance of IgG (41). Noticeably, in the third
week after symptoms onset, the rate of seroconversion is
495%, allowing the use of antibody presence to estimate
the exposure rate of a population, which is of key impor-
tance for the epidemiological monitoring of the epidemic
but also to allow a planned safe return to professional and
social life (42). Auspiciously, second generation assays
are showing improved sensitivity (43) while the specificity
has not been a significant drawback since the first-gener-
ation serological assays were introduced.

Today, it is premature to state that antibody-positive
subjects are protected from a potential re-infection, which
is likely because after millions of cases globally there is no
well-documented report of re-infections (44,45). A related
uncertainty is whether recovered patients with positive
swabs are able to transmit the virus. In this sense, accu-
mulating data are showing that the presence of neutraliz-
ing antibodies more than 8 days from symptom onset
correlates inversely with the capacity of the isolated virus
to infect susceptible cells in vitro (46).

Clinical and therapeutic aspects

Clinical manifestation of COVID-19 can vary from mild
and moderate to severe and critical disease, with patients
requiring mechanical ventilation. Asymptomatic cases can
occur, and asymptomatic and presymptomatic patients
play an important role in the spread of the virus (47,48).
The median incubation period is 4 days with more than
95% of symptomatic cases showing symptoms at 11 days
(47,49). In 80% of persons, the disease is mild to
moderate, presenting as a flu-like syndrome with resolu-
tion of symptoms in 10–14 days. The most common symp-
toms are fever, cough, myalgia, anorexia, and fatigue.
Headache, chills, sore throat, anosmia, and ageusia are
frequently described in different series. Uncommon pre-
sentations with different manifestations like diarrhea, rash,
or abdominal pain can occur (49–51, Table 2). The Kawasaki
syndrome has been described recently in children and
adolescents (52). Twenty percent of patients present
severe symptoms requiring hospitalization and about 5%
will evolve to critical illness and intensive care unit (ICU)
admission, the majority of them with acute respiratory
distress syndrome (ARDS), requiring mechanical ventila-
tion. Renal failure occurs in 30% of critically ill patients,
most of them in need of hemodialysis (53,54). Overall
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case fatality rate varies between 1–6% but in patients who
need mechanical ventilation, mortality can be as high as
61% (49,53). Median time for hospital admission is 7 days
and for ICU admission, 9.5 days (8,53,54). Risk factors
for severe disease and death are described in Table 3
(50,51,55).

Severe COVID-19, with pneumonia and ARDS, is
related to hyper-inflammation and release of pro-inflam-
matory cytokines. Pulmonary inflammation leads to rapid
deterioration of pulmonary function and organ failure.
Macrophage activation syndrome (MAS), known as cyto-
kine storm, occurs specifically in lungs, with release of
tumor necrosis factor (TNF)-a, interleukin (IL)-6, IL-1, and
IL-8. Besides that, SARS-CoV-2 causes massive alveolar
cell death that contributes to more inflammation. This
process is reflected by elevated C-reactive protein (CRP),
hyperferritinemia, increased level of IL-6 in blood, and
altered liver function tests with coagulopathy. D-dimer and
fibrinogen elevation can be observed in severe patients
with COVID-19, due to extensive pulmonary microthrom-
bosis. Lymphopenia occurs as result of induced immuno-
suppression (56,57).

For patient stratification, it is important to look for
inferior respiratory symptoms. Those patients with a
respiratory rate 422 breaths/minute or oxygen saturation
(SatO2) o92% are considered at risk for complication and
must be hospitalized. Chest computed tomography (CT)
scan and calculation of the quick sepsis-related organ
failure assessment (qSOFA) score is recommended for
risk stratification. Patients with qSOFA=1, SatO2o92% in
room air and extensive ground-glass opacities in425% of
lungs must be hospitalized in the medical ward. Criteria for
ICU admission is qSOFAX2 or qSOFA=1 plus SatO2p
92%, mechanical ventilation, arterial hypotension, persis-
tent respiratory rate 430, or unconsciousness. One study
proposed the use of lactic dehydrogenase (LDH), lym-
phocyte count, and CRP with a clinical route as a predictor
score for mortality (58,59). Presence of lymphopenia,
elevated LDH, hyperferritinemia, or altered D-dimer are
predictors of severe disease and mortality.

As a new disease emerges, several drugs are pro-
posed for treatment based on in vitro effectiveness against
the etiological agent. However, their in vivo activity must be
confirmed in randomized clinical trials. There are several
drugs being tested. Chloroquine and hydroxychloroquine
associated or not with azithromycin were first indicated as
candidate drugs, although there are no randomized clinical
trials supporting this indication. Only small uncontrolled
trials were published, some of them show no benefit in
reducing progression of the disease or mortality. Recently,
studies published as preprints that showed some benefits
were withdrawn by authors or after peer-review. Concerns
with toxicity have arisen with studies showing increase in
mortality due to cardiovascular adverse events with the use
of chloroquine or hydroxychloroquine alone or in combina-
tion with a macrolide (60,61). Until randomized clinical trials
show benefits of these drugs in the treatment of COVID-19,
they should not be recommended.

Remdesivir, an RNA polymerase inhibitor and experi-
mental drug from the beginning of this pandemic, is now
allowed in the USA and Europe for treatment of hospi-
talized patients with COVID-19 after a randomized clinical
trial comparing the drug with placebo showed shortened
recovery time in the remdesivir group (11 vs 15 days in
placebo arm) at preliminary analysis (62). The trial con-
tinues, now comparing remdesivir with remdesivir plus
baricitinib, an anti-inflammatory drug that inhibits cytokines.

Tocilizumab, an anti-human IL-6 receptor monoclonal
antibody, is being studied in severe and critical COVID-19
patients. One observational study in 21 patients, 20 with
ventilatory support, showed reduction in respiratory sup-
port in 75% of patients. Randomized controlled studies are
needed to recommend the drug, although it may be bene-
ficial in the treatment of patients with cytokine storm (63).

Corticosteroid therapy was associated to increased
mortality in patients with severe or critical COVID-19, but
the studies were not randomized and involved hetero-
geneous populations. One study in patients with ARDS
showed a decrease in the risk of death with the use of
methylprednisolone (64). More controlled studies are needed

Table 3. Risk factors for severe disease and
death in COVID-19.

Risk factors

Older age (465 years)
Chronic lung disease

Diabetes

Obesity (BMI X30)
Hypertension

Cardiovascular disease
Renal disease (end stage)

Liver disease

BMI: body mass index.

Table 2. Most described symptoms in COVID-19.

Most common symptoms Less common symptoms

Fever X37.8°C Anorexia
Cough Sputum production
Dyspnea Odynophagia

Myalgia Confusion and dizziness
Fatigue Headache

Diarrhea
Nausea/vomiting

Abdominal pain
Conjunctival congestion
Anosmia and ageusia
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to recommend this drug as adjuvant treatment in patients
with severe disease.

Conclusions and future perspectives

There are two interrelated variables that are key to
project the future of the pandemic: immunity and viral
evolution. As previously stated, 495% of the exposed
subjects do develop a detectable IgG. What is unknown is
whether this signifies sterilizing immunity and, if it does,
for how long. There is some evidence that re-infection is
unlikely, at least in the short term (65). However, we still
need more time, data, and experience to prove that the
presence of IgG is indeed a correlate of immunity for SARS-
CoV-2. Even if antibodies wane, protection may remain
through cellular memory and fast regain of antibodies pro-
duction upon exposure, as observed in other viral infec-
tions. In this scenario, seroprevalence rates will indicate the
actual risk for a determined population, and above a level of
infection, estimated as 60–70%, the herd immunity may
ensue (66). Viral evolution correlates with immunity in the
context of viral escape. It is recognized that the generation
of a large progeny composed of minor genomic variants,
the quasispecies concept (67), is a phenomenon common
to all RNA viruses. In contrast, SARS-CoV-2 has shown
moderate substitution rates that may be attributed to the
proofreading activity of its RNA polymerase (68), lacking on
most RNA viruses. Thus, the optimistic scenario is one
where immune response to SARS-CoV-2 is long lasting
and, in populations with high seroprevalence, new cases
will be rare and self-contained, while the pessimistic one is

where immunity lasts for only a few months, as seen for
other human coronaviruses (69), and thus we will continue
to witness periodic outbreaks, as the majority of the
population remains susceptible.

Countries and regions are currently at different stages
of the epidemic. During these 6 months, it became more
evident which approaches work better, when saved lives
and the preservation of the health system are the para-
meters considered. Social isolation is extremely efficient in
flattening the curve of the disease but it is unsustainable
in the long run. Identifying, by massive molecular testing,
asymptomatic and presypmtomatic carriers that are con-
tacts of index symptomatic SARS-CoV-2 RNA positive
cases, is clearly the strategy that reduces the rate of new
infections while allowing the relaxation of containment
measures (70).

Meanwhile, there are great expectations for a definite
solution represented by an effective vaccine. There are
currently many candidates including a few in phase 3 trials
(71). Until we have a vaccine, it is likely that SARS-CoV-2
will continue to cause outbreaks requiring new rounds
of social closure and protection to susceptible groups.
Masks will be mandatory in public spaces and events.
Hopefully, this tragedy will enhance international coopera-
tion, empower multinational organizations, and highlight to
the world the importance of science.

Acknowledgments

We thank Dr. Guido Levi for the careful review of this
manuscript.

References

1. Menachery VD, Yount BL Jr, Debbink K, Agnihothram S,
Gralinski LE, Plante JA, et al. A SARS-like cluster of
circulating bat coronaviruses shows potential for human
emergence. Nat Med 2015; 21: 1508–1513, doi: 10.1038/
nm.3985.

2. Menachery VD, Yount BL Jr, Sims AC, Debbink K,
Agnihothram SS, Gralinski L, et al. SARS-like WIV1-CoV
poised for human emergence. Proc Natl Acad Sci USA
2016; 113: 3048–3053, doi: 10.1073/pnas.1517719113.

3. de Wit E, van Doremalen N, Falzarano D, Munster VJ.
SARS and MERS: recent insights into emerging corona-
viruses. Nat Rev Microbiol 2016; 14: 523–534, doi: 10.1038/
nrmicro.2016.81.

4. http://www.conass.org.br/painelconasscovid19. Accessed: July
11, 2020.

5. de Araújo TVB, Ximenes RAA, Miranda-Filho DB, Souza
WV, Montarroyos UR, de Melo APL, et al. Association
between microcephaly, Zika virus infection, and other risk
factors in Brazil: final report of a case-control study. Lancet
Infect Dis 2018; 18: 328–336, doi: 10.1016/S1473-3099(17)
30727-2.

6. Possas C, Martins RM, Oliveira RL, Homma A. Urgent call
for action: avoiding spread and re-urbanisation of yellow

fever in Brazil. Mem Inst Oswaldo Cruz 2018; 113: 1–2, doi:
10.1590/0074-02760170361.

7. Nunes PCG, Daumas RP, Sánchez-Arcila JC, Nogueira
RMR, Horta MAP, Dos Santos FB. 30 years of fatal dengue
cases in Brazil: a review. BMC Public Health 2019; 19: 329,
doi: 10.1186/s12889-019-6641-4.

8. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical
features of patients infected with 2019 novel coronavirus in
Wuhan, China. Lancet 2020; 395: 497–506, doi: 10.1016/
S0140-6736(20)30183-5.

9. Coronavirus disease (COVID-19) pandemic. (2020). Acces-
sed: May 22, 2020: https://www.who.int/emergencies/dis
eases/novel-coronavirus-2019.

10. van Dorp L, Acman M, Richard D, Shaw LP, Ford CE,
Ormond L, et al. Emergence of genomic diversity and
recurrent mutations in SARS-CoV-2. Infect Genet Evol 2020;
83: 104351, doi: 10.1016/j.meegid.2020.104351.

11. Andersen KG, Rambaut A, Lipkin WI, Holmes EC, Garry RF.
The proximal origin of SARS-CoV-2. Nat Med 2020; 26:
450–452, doi: 10.1038/s41591-020-0820-9.

12. Zhang T, Wu Q, Zhang Z. Probable pangolin origin of SARS-
CoV-2 associated with the COVID-19 outbreak. Curr Biol
2020; 30: 1578, doi: 10.1016/j.cub.2020.03.063.

Braz J Med Biol Res | doi: 10.1590/1414-431X202010475

Past, present, and future of COVID-19 6/8

http://dx.doi.org/10.1038/nm.3985
http://dx.doi.org/10.1038/nm.3985
http://dx.doi.org/10.1073/pnas.1517719113
http://dx.doi.org/10.1038/nrmicro.2016.81
http://dx.doi.org/10.1038/nrmicro.2016.81
www.conass.org.br/painelconasscovid19
http://dx.doi.org/10.1016/S1473-3099(17)30727-2
http://dx.doi.org/10.1016/S1473-3099(17)30727-2
http://dx.doi.org/10.1590/0074-02760170361
http://dx.doi.org/10.1186/s12889-019-6641-4
http://dx.doi.org/10.1016/S0140-6736(20)30183-5
http://dx.doi.org/10.1016/S0140-6736(20)30183-5
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
http://dx.doi.org/10.1016/j.meegid.2020.104351
http://dx.doi.org/10.1038/s41591-020-0820-9
http://dx.doi.org/10.1016/j.cub.2020.03.063
http://dx.doi.org/10.1590/1414-431X202010475


13. Lu R, Zhao X, Li J, Niu P, Bo B, Wu H, et al. Genomic
characterisation and epidemiology of 2019 novel coronavirus:
implications for virus origins and receptor binding. Lancet
2020; 395: 565–574, doi: 10.1016/S0140-6736(20)30251-8.

14. Wan Y, Shang J, Graham R, Baric RS, Li F. Receptor
recognition by the novel coronavirus from Wuhan: an
analysis based on decade-long structural studies of SARS
coronavirus. J Virol 2020; 94: e00127–20, doi: 10.1128/
JVI.00127-20.

15. Bhattacharyya C, Das C, Ghosh A, Singh AK, Mukherjee S,
Partha P. Majumder PP, et al. Global spread of SARS-CoV-2
subtype with spike protein mutation D614G is shaped by
human genomic variations that regulate expression of
TMPRSS2 and MX1 genes. PrePrint at bioRxiv 2020, doi:
10.1101//2020.05.04.075911.

16. Korber B, Fischer WM, Gnanakaran S, Yoon H, Theiler J,
Abfalterer W, et al. Spike mutation pipeline reveals the
emergence of a more transmissible form of SARS-CoV-2.
Preprint at bioRxiv 2020, doi: 10.1101/2020.04.29.069054.

17. Candido DS, Claro IM, Jesus JG, Moreira FRR, Souza WM,
Dellicour S, et al. Evolution and epidemic spread of SARS-
CoV-2 in Brazil. Preprint at medRxiv 2020, doi: 10.1101/
2020.06.11.20128249.

18. Böhmer MM, Buchholz U, Corman VM, Hoch M, Katz K,
Marosevic D, et al. Investigation of a COVID-19 outbreak in
Germany resulting from a single travel-associated primary
case: a case series. Lancet Infect Dis 2020; S1473-3099
(20)30314-5, doi: 10.1016/S1473-3099(20)30314-5.

19. Stefanelli P, Faggioni G, Lo Presti A, Fiore S, Marchi A,
Benedetti E, et al. Whole genome and phylogenetic analysis
of two SARS-CoV-2 strains isolated in Italy in January and
February 2020: additional clues on multiple introductions
and further circulation in Europe. Euro Surveill 2020; 25:
2000305, doi: 10.2807/1560-7917.ES.2020.25.13.2000305.

20. Gudbjartsson DF, Helgason A, Jonsson H, Magnusson OT,
Melsted P, Norddahl GL, et al. Spread of SARS-CoV-2 in the
icelandic population. New Engl J Med 2020; 382: 2302–
2315, doi: 10.1056/NEJMoa2006100.

21. Chong YM, Sam IC, Ponnampalavanar S, Syed Omar SF,
Kamarulzaman A, Munusamy V, et al. Complete genome
sequences of SARS-CoV-2 strains detected in Malaysia.
Microbiol Resour Announc 2020; 9: e00383–20, doi:
10.1128/MRA.00383-20.

22. Okada P, Buathong R, Phuygun S, Thanadachakul T,
Parnmen S, Wongboo W, et al. Early transmission patterns
of coronavirus disease 2019 (COVID-19) in travelers from
Wuhan to Thailand, January 2020. Euro Surveill 2020; 25:
2000097, doi: 10.2807/1560-7917.ES.2020.25.8.2000097.

23. Gonzalez-Reiche AS, Hernandez MM, Sullivan MJ, Ciferri B,
Alshammary H, Obla A, et al. Introductions and early spread
of SARS-CoV-2 in the New York City area. Science 2020;
eabc1917, doi: 10.1126/science.abc1917.

24. Yadav PD, Potdar VA, Choudhary ML, Nyayanit DA,
Agrawal M, Jadhav MS, et al. Full-genome sequences of
the first two SARS-CoV-2 viruses from India. Indian J Med
Res 2020; 151: 200–209.

25. Rambaut A. Phylodynamic Analysis of 176 genomes. 6 Mar
2020. https://virological.org/t/phylodynamic-analysis-176-geno
mes-6-mar-2020/356.

26. Penarrubia AL, Ruiz M, Porco R, Rao SN, Juanola-
Falgarona M, Manissero D, et al. Multiple assays in a real-

time RT-PCR SARS-CoV-2 panel can mitigate the risk of
loss of sensitivity by new genomic variants during the
COVID-19 outbreak. Int J Infect Dis 2020; 97: 225–229, doi:
10.1016/j.ijid.2020.06.027.

27. Wu F, Zhao S, Yu B, Chen YM, Wang W, Song ZG, et al. A
new coronavirus associated with human respiratory disease
in China. Nature 2020; 579: 265–269, doi: 10.1038/s41586-
020-2008-3.

28. Leguia M, Vila-Sanjurjo A, Chain PSG, Berry IM, Jarman
RG, Pollett S. Precision medicine and precision public
health in the era of pathogen next-generation sequencing.
J Infect Dis 2020; 221: S289–S291, doi: 10.1093/infdis/jiz424.

29. Khailany RA, Safdar M, Ozaslan M. Genomic characteriza-
tion of a novel SARS-CoV-2. Gene Rep 2020; 19: 100682,
doi: 10.1016/j.genrep.2020.100682.

30. Corman VM, Landt O, Kaiser M, Molenkamp R, Meijer A,
Chu DK, et al. Detection of 2019 novel coronavirus (2019-
nCoV) by real-time RT-PCR. Euro Surveill 2020; 25:
2000045, doi: 10.2807/1560-7917.ES.2020.25.3.2000045.

31. Vogels CBF, Brito AF, Wyllie AL, Fauver JR, Ott IM, Kalinich
CC, et al. Analytical sensitivity and efficiency comparisons of
SARS-COV-2 qRT-PCR assays. Preprint at medRxiv 2020,
doi: 10.1101/2020.03.30.20048108.

32. Pillonel T, Scherz V, Jaton K, Greub G, Bertelli C. Letter to
the editor: SARS-CoV-2 detection by real-time RT-PCR.
Euro Surveill 2020; 25: 2000880, doi: 10.2807/1560-7917.
ES.2020.25.21.2000880.

33. CDC. Coronavirus Disease 2019 (COVID-19). Centers for
Disease Control and Prevention. https://www.fda.gov/media/
134922/download. Accessed June 13th, 2020.

34. Merindol N, Pépin G, Marchand C, Rheault M, Peterson C,
Poirier A, et al. SARS-CoV-2 detection by direct rRT-PCR
without RNA extraction. J Clin Virol 2020; 128: 104423, doi:
10.1016/j.jcv.2020.104423.

35. Yan C, Cui J, Huang L, Du B, Chen L, Xue G, et al. Rapid
and visual detection of 2019 novel coronavirus (SARS-CoV-
2) by a reverse transcription loop-mediated isothermal
amplification assay. Clin Microbiol Infect 2020; 6: 773–779,
doi: 10.1016/j.cmi.2020.04.001.

36. Broughton JP, Deng X, Yu G, Fasching CL, Servellita V,
Singh J, et al. CRISPR-Cas12-based detection of SARS-
CoV-2. Nat Biotechnol 2020, doi: 10.1038/s41587-020-
0513-4.

37. Lippi G, Simundic AM, Plebani M. Potential preanalytical
and analytical vulnerabilities in the laboratory diagnosis of
coronavirus disease 2019 (COVID-19). Clin Chem Lab Med
2020; 58: 1070–1076, doi: 10.1515/cclm-2020-0285.

38. Woloshin S, Patel N, Kesselheim AS. False negative tests
for SARS-CoV-2 infection - challenges and implications.
N Engl J Med 2020, doi: 10.1056/NEJMp2015897.

39. Wang W, Xu Y, Gao R, Lu R, Han K, Wu G, et al. Detection
of SARS-CoV-2 in different types of clinical specimens.
JAMA 2020; 323: 1843–1844.

40. Theel ES, Slev P, Wheeler S, Couturier MR, Wong SJ,
Kadkhoda K. The role of antibody testing for SARS-CoV-2:
Is there one? J Clin Microbiol 2020: JCM.00797-20, doi:
10.1128/JCM.00797-20.

41. Long QX, Liu BZ, Deng HJ, Wu GC, Deng K, Chen YK, et al.
Antibody responses to SARS-CoV-2 in patients with COVID-
19. Nat Med 2020; 26: 845–848, doi: 10.1038/s41591-020-
0897-1.

Braz J Med Biol Res | doi: 10.1590/1414-431X202010475

Past, present, and future of COVID-19 7/8

http://dx.doi.org/10.1016/S0140-6736(20)30251-8
http://dx.doi.org/10.1128/JVI.00127-20
http://dx.doi.org/10.1128/JVI.00127-20
http://dx.doi.org/10.1101//2020.05.04.075911
http://dx.doi.org/10.1101/2020.04.29.069054
http://dx.doi.org/10.1101/2020.06.11.20128249
http://dx.doi.org/10.1101/2020.06.11.20128249
http://dx.doi.org/10.1016/S1473-3099(20)30314-5
http://dx.doi.org/10.2807/1560-7917.ES.2020.25.13.2000305
http://dx.doi.org/10.1056/NEJMoa2006100
http://dx.doi.org/10.1128/MRA.00383-20
http://dx.doi.org/10.2807/1560-7917.ES.2020.25.8.2000097
http://dx.doi.org/10.1126/science.abc1917
https://virological.org/t/phylodynamic-analysis-176-genomes-6-mar-2020/356
https://virological.org/t/phylodynamic-analysis-176-genomes-6-mar-2020/356
http://dx.doi.org/10.1016/j.ijid.2020.06.027
http://dx.doi.org/10.1038/s41586-020-2008-3
http://dx.doi.org/10.1038/s41586-020-2008-3
http://dx.doi.org/10.1093/infdis/jiz424
http://dx.doi.org/10.1016/j.genrep.2020.100682
http://dx.doi.org/10.2807/1560-7917.ES.2020.25.3.2000045
http://dx.doi.org/10.1101/2020.03.30.20048108
http://dx.doi.org/10.2807/1560-7917.ES.2020.25.21.2000880
http://dx.doi.org/10.2807/1560-7917.ES.2020.25.21.2000880
https://www.fda.gov/media/134922/download
https://www.fda.gov/media/134922/download
http://dx.doi.org/10.1016/j.jcv.2020.104423
http://dx.doi.org/10.1016/j.cmi.2020.04.001
http://dx.doi.org/10.1038/s41587-020-0513-4
http://dx.doi.org/10.1038/s41587-020-0513-4
http://dx.doi.org/10.1515/cclm-2020-0285
http://dx.doi.org/10.1056/NEJMp2015897
http://dx.doi.org/10.1128/JCM.00797-20
http://dx.doi.org/10.1038/s41591-020-0897-1
http://dx.doi.org/10.1038/s41591-020-0897-1
http://dx.doi.org/10.1590/1414-431X202010475


42. Stringhini S, Wisniak A, Piumatti G, Azman AS, Lauer SA,
Baysson H, et al. Seroprevalence of anti-SARS-CoV-2 IgG
antibodies in Geneva, Switzerland (SEROCoV-POP): a
population-based study. Lancet 2020: S0140-6736(20)
31304-0, doi: 10.1016/S0140-6736(20)31304-0.

43. Kohmer N, Westhaus S, Rühl C, Ciesek S, Rabenau HF.
Brief clinical evaluation of six high-throughput SARS-CoV-2
IgG antibody assays. J Clin Virol 2020; 129: 104480, doi:
10.1016/j.jcv.2020.104480.

44. Kirkcaldy RD, King BA, Brooks JT. COVID-19 and post-
infection immunity: limited evidence, many remaining ques-
tions. JAMA 2020, doi: 10.1001/jama.2020.7869.

45. Kang H, Wang Y, Tong Z, Liu X. Retest positive for
SARS-CoV-2 RNA of ‘‘recovered’’ patients with COVID-19:
Persistence, sampling issues, or re-infection? J Med Virol
2020; 10.1002/jmv.26114, doi: 10.1002/jmv.26114.

46. van Kampen JJA, van de Vijver DAMC, Fraaij PLA,
Haagmans BL, Lamers MM, Okba N. Shedding of infectious
virus in hospitalized patients with coronavirus disease-2019
(COVID-19): duration and key determinants. medRxiv 2020,
doi: 10.1101/2020.06.08.20125310.

47. Arons MM, Hatfield KM, Reddy A, Kimball A, James A,
Jacobs JR, et al. Presymptomatic SARS-CoV-2 infections
and transmission in a skilled nursing facility. N Engl J Med
2020; 382: 2081–2090, doi: 10.1056/NEJMoa2008457.

48. Rothe C, Schunk M, Sothmann P, Bretzel G, Froeschl G,
Wallrauch C, et al. Transmission of 2019-nCoV infection
from an asymptomatic contact in Germany. N Engl J Med
2020; 382: 970–971, doi: 10.1056/NEJMc2001468.

49. Guan W, Ni Z, Hu Y, Liang WH, Ou CQ, He JX, et al. Clinical
characteristics of coronavirus disease 2019 in China. N Engl J
Med 2020; 382: 1708–1720, doi: 10.1056/NEJMoa2002032.

50. Gandhi RT, Lynch JB, Del Rio C. Mild or moderate COVID-
19. N Engl J Med 2020; doi: 10.1056/NEJMcp2009249.

51. Epidemiology Working Group for NCIP Epidemic Response,
Chinese Center for Disease Control and Prevention. The
epidemiological characteristics of an outbreak of 2019 novel
coronavirus diseases (COVID-19) in China [in Chinese].
Zhonghua Liu Xing Bing Xue Za Zhi 2020; 41: 145–151, doi:
10.3760/cma.j.issn.0254-6450.2020.02.003.

52. Viner R, Whittaker E. Kawasaki-like disease: emerging
complication during the COVID-19 pandemic. Lancet 2020;
395: 1741–1743, doi: 10.1016/S0140-6736(20)31129-6.

53. Yang X, Yu Y, Xu J, Shu H, Xia J, Liu H, et al. Clinical course
and outcomes of critically ill patients with SARS-CoV-2
pneumonia in Wuhan, China: a single-centered, retro-
spective, observational study. Lancet Respir Med 2020; 8:
475–481, doi: 10.1016/S2213-2600(20)30079-5.

54. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical
Characteristics of 138 Hospitalized Patients With 2019
Novel Coronavirus–Infected Pneumonia in Wuhan, China.
JAMA Intern Med 2020; 323: 1061–1069, doi: 10.1001/
jama.2020.1585.

55. Cariou B, Hadjadj S, Wargny M, Pichelin M, Al-Salameh A,
Allix I, et al. Phenotypic characteristics and prognosis of
inpatients with COVID-19 and diabetes: the CORONADO
study. Diabetologia 2020; 1500–1515, doi: 10.1007/s00125-
020-05180-x.

56. Panigrahy D, Gilligan MM, Huang S, Gartung A, Cortés-
Puch I, Sime PJ, et al. Inflammation resolution: a dual-
pronged approach to averting cytokine storms in COVID-19?

Cancer Metastasis Rev 2020; 39: 1–4, doi: 10.1007/s10555-
020-09862-1.

57. McGonagle D, Sharif K, O’Regan A, Bridgewood C. The role of
cytokines including interleukin-6 in COVID-19 induced pneu-
monia and macrophage activation syndrome-like disease. Auto-
immun Rev 2020; 6: 102537, doi: 10.1016/j.autrev.2020.102537.

58. Yan L, Zhang HT, Goncalves J, Xiao Y, Wang M, Guo Y,
et al. An interpretable mortality prediction model for COVID-
19 patients. Nat Mach Intell 2020; 2: 183–288.

59. Liang W, Liang H, Ou L, Chen B, Chen A, Li C, et al.
Development and validation of a clinical risk score to predict
the occurrence of critical illness in hospitalized patients with
COVID-19. JAMA Intern Med 2020; e202033, doi: 10.1001/
jamainternmed.2020.2033.

60. Borba MGS, Val FFA, Sampaio VS, Alexandre MAA, Melo GC,
Brito M, et al. Effect of high vs low doses of chloroquine
diphosphate as adjunctive therapy for patients hospitalized
with severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection: a randomized clinical trial. JAMA Netw Open
2020; 3: e208857, doi: 10.1001/jamanetworkopen.2020.8857.

61. Mehra MR, Desai SS, Ruschitzka F, et al. Hydroxychloro-
quine or chloroquine with or without a macrolide for treat-
ment of COVID-19: a multinational registry analysis. Lancet
2020, doi: 10.1016/S0140-6736(20)31180-6.

62. Beigel JH, Tomashek KM, Dodd LE, Mehta AK, Zingman
BS, Kalil AC, et al. Remdesivir for the treatment of Covid-
19 - preliminary report. N Engl J Med 2020; NEJMoa
2007764, doi: 10.1056/NEJMoa2007764.

63. Xu X, Han M, Li T, Sun W, Wang D, Fu B, et al. Effective
treatment of severe COVID-19 patients with tocilizumab.
Proc Natl Acad Sci USA 2020; 117: 10970–10975, doi:
10.1073/pnas.2005615117.

64. Wu C, Chen X, Cai Y, Xia J, Zhou X, Xu S, et al. Risk factors
associated with acute respiratory distress syndrome and
death in patients with coronavirus disease 2019 pneumonia
in Wuhan, China. JAMA Intern Med 2020; e200994, doi:
10.1001/jamainternmed.2020.0994.

65. Kellam P, Barclay W. The dynamics of humoral immune
responses following SARS-CoV-2 infection and the potential
for reinfection. J Gen Virol 2020, doi: 10.1099/jgv.0.001439.

66. Randolph HE, Barreiro LB. Herd immunity: understanding
COVID-19. Immunity 2020; 52: 737–741, doi: 10.1016/j.
immuni.2020.04.012.

67. Domingo E, Perales C. Viral quasispecies. PLoS Genet
2019; 15: e1008271, doi: 10.1371/journal.pgen.1008271.

68. Romano M, Ruggiero A, Squeglia F, Maga G, Berisio RA.
Structural view of SARS-CoV-2 RNA replication machinery:
RNA synthesis, proofreading and final capping. Cells 2020;
9: 1267, doi: 10.3390/cells9051267.

69. Edridge AWD, Kaczorowska J, Alexis CR, Hoste ACR,
Bakker M, Klein M, et al. Coronavirus protective immunity
is short-lasting. Preprint at medRxiv 2020, doi: 10.1101/
2020.05.11.20086439.

70. Peng Z, Song W, Ding Z, Guan Q, Yang X, Xu Q, et al.
Linking key intervention timings to rapid declining effective
reproduction number to quantify lessons against COVID-19.
Front Med 2020; 1–7, doi: 10.1007/s11684-020-0788-3.

71. Le TT, Andreadakis Z, Kumar A, Román RG, Tollefsen S,
Saville M, et al. The COVID-19 vaccine development
landscape. Nat Rev Drug Discov 2020; 19: 305–306, doi:
10.1038/d41573-020-00073-5.

Braz J Med Biol Res | doi: 10.1590/1414-431X202010475

Past, present, and future of COVID-19 8/8

http://dx.doi.org/10.1016/S0140-6736(20)31304-0
http://dx.doi.org/10.1016/j.jcv.2020.104480
http://dx.doi.org/10.1001/jama.2020.7869
http://dx.doi.org/10.1002/jmv.26114
http://dx.doi.org/10.1101/2020.06.08.20125310
http://dx.doi.org/10.1056/NEJMoa2008457
http://dx.doi.org/10.1056/NEJMc2001468
http://dx.doi.org/10.1056/NEJMoa2002032
http://dx.doi.org/10.1056/NEJMcp2009249
http://dx.doi.org/10.3760/cma.j.issn.0254-6450.2020.02.003
http://dx.doi.org/10.1016/S0140-6736(20)31129-6
http://dx.doi.org/10.1016/S2213-2600(20)30079-5
http://dx.doi.org/10.1001/jama.2020.1585
http://dx.doi.org/10.1001/jama.2020.1585
http://dx.doi.org/10.1007/s00125-020-05180-x
http://dx.doi.org/10.1007/s00125-020-05180-x
http://dx.doi.org/10.1007/s10555-020-09862-1
http://dx.doi.org/10.1007/s10555-020-09862-1
http://dx.doi.org/10.1016/j.autrev.2020.102537
http://dx.doi.org/10.1001/jamainternmed.2020.2033
http://dx.doi.org/10.1001/jamainternmed.2020.2033
http://dx.doi.org/10.1001/jamanetworkopen.2020.8857
http://dx.doi.org/10.1016/S0140-6736(20)31180-6
http://dx.doi.org/10.1056/NEJMoa2007764
http://dx.doi.org/10.1073/pnas.2005615117
http://dx.doi.org/10.1001/jamainternmed.2020.0994
http://dx.doi.org/10.1099/jgv.0.001439
http://dx.doi.org/10.1016/j.immuni.2020.04.012
http://dx.doi.org/10.1016/j.immuni.2020.04.012
http://dx.doi.org/10.1371/journal.pgen.1008271
http://dx.doi.org/10.3390/cells9051267
http://dx.doi.org/10.1101/2020.05.11.20086439
http://dx.doi.org/10.1101/2020.05.11.20086439
http://dx.doi.org/10.1007/s11684-020-0788-3
http://dx.doi.org/10.1038/d41573-020-00073-5
http://dx.doi.org/10.1590/1414-431X202010475

	title_link
	Introduction
	SARShyphenCoVhyphen2 origin and spread
	Origin
	Phylogenetic analysis

	Diagnosis
	Table  Table 1. Genomic regions targeted by different RThyphenPCR systems for SARShyphenCovhyphen2 and their reported analytical sensitivity
	Serology

	Clinical and therapeutic aspects
	Table  Table 3. Risk factors for severe disease and death in COVIDhyphen19
	Table  Table 2. Most described symptoms in COVIDhyphen19
	Conclusions and future perspectives
	Acknowledgments

	REFERENCES
	References


