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The Era of the Coronavirus Disease 2019 Pandemic:
A Review on Dynamics, Clinical Symptoms

and Complications, Diagnosis, and Treatment

Nour K. Younis,1,* Rana O. Zareef,1,* Mohammad Ali N. Maktabi,1,* and Rami Mahfouz2

Coronavirus disease 2019 (COVID-19) displays a broad spectrum of clinical presentations ranging from lack
of symptoms to severe multiorgan system complications and death. Various laboratory assays have been
employed in the diagnosis of COVID-19, including: nucleic acid-based tests; antigen tests; and serum testing
for anti-severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) antibodies. The disease can also be
diagnosed based on suggestive clinical features and radiological findings. Until now, remdesivir is the only
medication approved for the treatment of COVID-19 by the U.S. Food and Drug Administration (FDA);
however, it is anticipated that several anti-SARS-CoV-2 monoclonal antibodies will gain soon approval. Other
methods of treatment include supportive care directed toward treating the symptoms. Nevertheless, many
studies have recently emerged, showing controversial preliminary results with the off-label medication hy-
droxychloroquine. Given that all results are still preliminary, including those seen by remdesivir, additional
evidence and research are required to identify effective medications that are broadly effective and well
tolerated. Importantly, two RNA-based vaccines have recently gained approval from Pfizer and Moderna, with
many others still in clinical trials. This article reviews various aspects of COVID-19, including its epidemi-
ology; its evolution and mutational spectrum; and its clinical dynamics, symptoms and complications, diag-
nosis, and treatment.
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Introduction

Coronavirus disease 2019 (COVID-19)’s history dates
back to December 8, 2019, when the first few cases of

atypical pneumonia were detected in Wuhan, China (Epi-
demiology Working Group for NCIP Epidemic Response and
Chinese Center for Disease Control and Prevention, 2020; Lu
et al., 2020a; Wu and McGoogan, 2020; Zhu et al., 2020a).
Initially, the infectious etiology of the reported pneumonia
was unknown and remained that way until January 7, 2020
(Epidemiology Working Group for NCIP Epidemic Response
and Chinese Center for Disease Control and Prevention, 2020;
Guan et al., 2020; Wu and McGoogan, 2020; Zhu et al.,
2020a). At that time a novel betacoronavirus was character-
ized, based on molecular studies, which was detected in swab
samples taken from patients’ throats (Chan et al., 2020; Epi-
demiology Working Group for NCIP Epidemic Response and
Chinese Center for Disease Control and Prevention, 2020;
Guan et al., 2020; Wu and McGoogan, 2020; Zhu et al.,

2020a). This virus was later named 2019-nCoV (2019 novel
coronavirus) by the World Health Organization (WHO)
(Epidemiology Working Group for NCIP Epidemic Re-
sponse and Chinese Center for Disease Control and Pre-
vention, 2020; Guan et al., 2020; Wu and McGoogan, 2020;
Zhu et al., 2020a). On January 23, the confirmed number of
cases jumped to 581, and approximately half of these cases
(267) were reported in the most recent 24-h timespan (WHO,
2020h). Five hundred and seventy-one of these cases occurred
in China, whereas the other 10 cases were found in Japan,
Thailand, South Korea, and the United States (WHO, 2020h).
This emerging infectious disease was later declared by the
WHO as a public health emergency of international concern
(PHEIC), on January 30, 2020 (Fig. 1) (Salata et al., 2019; Wu
and McGoogan, 2020).

By the end of January 2020, the number of infected persons
increased 13.5-fold from the previous week (7818) (WHO,
2020i). At this time the vast majority of the cases (7736) were
still confined to China, with the remainder being distributed
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over 18 other countries (WHO, 2020i). On February 11, owed
to the shared genetic properties between 2019-nCoV and the
severe acute respiratory syndrome coronavirus (SARS-CoV)
of 2002, the novel coronavirus was named as SARS-CoV-2
by the International Committee on Taxonomy of Viruses
(ICTV) (WHO, 2020g). Accordingly, the disease caused by
SARS-CoV-2 was named by the WHO as COVID-19 (WHO,
2020g). A month later, on March 11, after 118,000 cases and
4291 deaths had been reported in 114 countries, the WHO
Chief, Dr. Tedros, declared the disease to be a global pan-
demic (Cucinotta and Vanelli, 2020; Mahase, 2020c; WHO,
2020k). Since that time, the disease has continued to be an
emergent cause of significant morbidity and mortality in a
plethora of countries. In view of this, by December 7, 2020,
>65.8 million cases and 1.5 million deaths were officially
reported by 216 countries and territories (WHO, 2020d).
Table 1 displays the number of confirmed cases and deaths
reported in select countries, including Lebanon, along with
their respective individual case fatality rates (CFRs), through
December 7 (WHO, 2020d).

When compared with the previous outbreaks of severe acute
respiratory syndrome (SARS) and Middle East respiratory
syndrome (MERS) that occurred in 2002 and 2012, respec-
tively, COVID-19 has been shown to be far more transmissible
(Epidemiology Working Group for NCIP Epidemic Response
and Chinese Center for Disease Control and Prevention, 2020;
Liu et al., 2020b; Yee et al., 2020). However, COVID-19 is still
considered less deadly than SARS and MERS with an overall
CFR estimated to be a bit >3% (Yee et al., 2020). However, a

FIG. 1. Timeline depicting the key events that have led to the declaration of COVID-19 as a global pandemic, by the WHO in
March 11. The disease presented initially, on December 8, 2019, with features of atypical pneumonia. On December 31, 2019,
after 27 people were infected, the WHO was informed about this newly emerging condition of unknown etiology. The pathogen
was later identified as a novel coronavirus, by Chinese scientists using genetic and molecular techniques. On January 30, the
outbreak was considered a PHEIC. A recent situational report, published on June 4, disclosed that a bit <6.5 million cases and a bit
>380,000 deaths were reported worldwide in *216 countries and territories (Chan et al., 2020; Chen et al., 2020; Cucinotta and
Vanelli, 2020; Mahase, 2020; Salata et al., 2019; WHO, 2020a; 2020b; 2020c; 2020d). COVID-19, coronavirus disease 2019;
PHEIC, public health emergency of international concern; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2;
WHO, World Health Organization.

Table 1. Total Cases and Deaths Reported

by the World Health Organization

in the Situational Report of December 7,

in the Following Countries

Country
Total

confirmed cases
Total
deaths CFR (%)

China 94,160 4753 5.05
Japan 160,098 2315 1.44
Republic of Korea 37,546 545 1.45
United States

of America
14,191,298 276,503 1.95

Canada 402,569 12,496 3.10
Brazil 6,533,968 175,964 2.69
Australia 27,956 908 3.25
New Zealand 1722 25 1.45
Spain 1,684,647 46,252 2.75
Italy 1,709,991 59,514 3.48
Germany 1,171,322 18,772 1.60
The United Kingdom 1,705,975 61,014 3.58
France 2,241,830 54,618 2.43
Turkey 533,198 14,705 2.76
Lebanon 135,876 1090 0.80
Saudi Arabia 358,526 5954 1.66
United Arab Emirates 175,276 589 0.33
Kuwait 144,164 889 0.62
Qatar 139,783 239 0.17
Egypt 118,014 6750 5.72

The respective CFRs are calculated by dividing the number of
deaths by the number of total cases (WHO, 2020d).

CFR, case fatality rate.
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CFR of >5% has been noted in some countries, such as Italy,
Spain, France, and the United Kingdom (Onder et al., 2020;
WHO, 2020d; Yee et al., 2020). SARS and MERS were as-
sociated with greater mortality rates, with overall CFRs of 8%
and 34%, respectively (Yee et al., 2020). Despite being less
deadly than the SARS and MERS outbreaks, COVID-19 has
resulted in significantly more deaths than those two outbreaks
combined because of its increased transmissibility (Mahase,
2020a).

At this time, COVID-19 continues to be a leading cause of
disability and fatality throughout much of the world. Bringing
this pandemic under control will require the implementation
of global preventive measures. This review examines many
aspects of the pandemic. It dissects the current state of the
disease dynamics, clinical manifestations, complications, di-
agnosis, and treatment.

Mutations and Evolutionary Changes
in SARS-CoV-2

SARS-CoV-2 is an enveloped virus with a genome con-
sisting of positive sense single-stranded RNA of *30 kb
(Snijder et al., 2006). It belongs to the Coronaviridae family,
and the Coronavirinae subfamily. Within this subfamily, four
species exist: Alphacoronavirus, Betacoronavirus, Gamma-
coronavirus, and Deltacoronavirus (Snijder et al., 2006). All
coronaviruses have a similar/shared genomic architecture.
SARS-CoV-2 is *82% identical to the SARS-CoV virus re-
sponsible for the 2002–2003 outbreak, and 88% to the bat-SL-
CoV ZC45 and bat-SL-CoV ZXC21 (Biswas et al., 2020; Chen
et al., 2020b; Lu et al., 2020b). The betacoronavirus ge-
nome encodes four structural proteins arranged in order (5¢–3¢:
spike S, envelope E, membrane M, nucleocapsid N). These are
cleaved from 2 large polyproteins (encoded by the open reading
frames [ORFs] 1a and 1b that begin near the 5¢ end of the
genome) that also produce at least 16 different nonstructural
proteins (NSPs) that are responsible for replication and tran-
scription (Biswas et al., 2020; Ceraolo and Giorgi, 2020; Chen
et al., 2020b; Lu et al., 2020b). The Spike ‘‘S’’ is a glycoprotein
essential for interaction with the host Angiotensin I Converting
Enzyme 2 (ACE2) receptor. It is composed of two functional
domains S1 and S2 responsible for receptor binding and cell
membrane fusion, respectively (Biswas et al., 2020; Lu et al.,
2020b). Nucleocapsid ‘‘N’’ is essential for RNA packaging into
the viral particles. Ultimately, envelope ‘‘E’’ and the membrane
‘‘M’’ are required for viral assembly (Lu et al., 2020b).

As an increasing number of persons become infected with
the virus, the risk of mutation leading to new variants with
increased transmissibility and/or virulence rises as has been
recently documented in the United Kingdom. Therefore,
tracking the virus’s evolution is absolutely essential. Pre-
vious experience with coronaviruses suggests that they un-
dergo one to three genomic changes each month (Ciotti et al.,
2020), which is far less than other RNA viruses due to their
possession of a proof-reading function within the replicative
machinery. Nevertheless, with regard to SARS-CoV-2, the
evolutionary rate is still substantial and has been estimated to
be *1.15 · 10-3 substitutions/site/year (Velazquez-Salinas
et al., 2020). This was evident in one regional study where 6
distinct genomes were identified among 27 isolates (Zhou
et al., 2020a). Sequencing of samples from eight subjects
infected with SARS-CoV-2 showed an average of 1–4 in-

trahost variants, with the highest reported number being 51
variants per host; however, no evidence of transmission of the
variants between hosts was detected (Shen et al., 2020b).

Although studies have shown a very high degree of ge-
nomic similarity among isolates, with an average of 99%
identity, some mutation hotspots have been identified, most
importantly at positions 8789 and 28151 (Ceraolo and Giorgi,
2020). When analyzing 4216 variants, the majority (2552)
were in the ORF1ab, followed by the S protein with 518, the
N protein with 303, ORF3 with 174 and the 5¢ untranslated
region with 140 (China National Center for Bioinformation,
2020). Congruently, in another study, the Orf1a and the S
protein genes had the highest number of genetic variants with
82 and 11, respectively; out of which 54 and 8 were non-
synonymous mutations (Velazquez-Salinas et al., 2020). The
vast majority of the recorded variants were single nucleotide
polymorphisms (SNPs; 4176/4216 mutations) (China Na-
tional Center for Bioinformation, 2020). Figure 2 summa-
rizes the changes found in various genes reported by different
studies. Following is a discussion about the mutational hot-
spots and their suggested phenotypic relevance, if known.

ORF1ab

Recent mutational studies of SARS-CoV-2 identified OR-
F1ab as a hotspot. The same deletion of an aspartic acid at
position 268 in ORF1a that encodes the NSP2 protein was seen
in 37 samples from the Netherlands and England (Bal et al.,
2020). It has been suggested that NSP2 plays a role in the rapid
transmission property of SARS-CoV-2 (Angeletti et al., 2020).
In another study of 48 genomes, 80 different variants were
identified with 43 of these detected in ORF1ab (Koyama et al.,
2020). Thirty out of the 43 variants were missense mutations,
including a synonymous 8782C>T in ORF1ab that always
coincides with an ORF8 variant (28144T>C) (Koyama et al.,
2020). The majority of genomes carrying this pair of mutations
were detected in places outside of Wuhan, especially in the
United States and Japan (Koyama et al., 2020). Correspond-
ingly, ORF1ab had the highest number (n = 82) of variants
(Velazquez-Salinas et al., 2020). Out of the 87 amino acid
substitutions detected in the different ORF regions of SARS-
COV-19, 44 displayed nonsynonymous mutations in ORF1a
alone (Huang et al., 2020b). Within the ORF1ab, NSP3 had
the highest frequency of genomic changes, which suggests it is
undergoing positive selective pressure (Huang et al., 2020b;
Koyama et al., 2020; Velazquez-Salinas et al., 2020). This
means more variants are emerging with the global spread of
the virus, in another study 29/48 variants in the ORF1ab
were nonsynonymous (Phan, 2020). This rapid evolutionary
rate is evident when comparing more recently obtained viral
sequences to relatively older available genomic sequences.
One study identified a nonsynonymous mutation 4809C>T
(S1515F) in NSP3 that was found in samples from March but
not from January 2020 ( Joshi and Paul, 2020). In fact, the
mutation rate of ORF1a was found to be 29.47% (Wang
et al., 2020a). This should make alterations in the ORF1ab
region, especially those affecting the NSP3 protein, a high
priority for further investigations.

Spike protein

The Spike region shows a similar increase in the recorded
number of variants, *22 mutations were detected from 12
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different countries (Mangar et al., 2020). The V354F sub-
stitution in the S1 domain of the spike protein was detected in
5 out of 10 infected patients living in France (Shu et al.,
2020). This protein is of special concern as it interacts with
the host’s ACE2 receptor. Thus, mutations in this protein
might affect this interaction leading to alterations in viral
pathogenicity or even changes in viral tropism. This appears
to be the case for two Indian variants Ala930Val and Ar-

g408Ile (Mangar et al., 2020). Based on S protein mutations,
various clades and clusters within each clade could be
formed—each corresponding to a given geographical region
(Mangar et al., 2020). In one study, 8 out of 12 sequence
changes in the S protein gene were missense mutations.
However, in another study, 13 amino acid substitutions were
recorded within the S protein (Huang et al., 2020b; Phan,
2020). Such mutations could explain the increased infectivity

FIG. 2. Number of synonymous and nonsynonymous mutations of different SARS-CoV-2 genes reported by various studies.
ORF1ab has the highest number of reported mutations in both categories. Affected proteins within the ORF1ab are specified, when
the affected protein is not documented, the results are reported in ORF1ab (no specific protein). NSP3 is the target of most
mutations within the ORF1ab gene and is linked to positive selection pressure. S gene has the second highest number of reported
mutations followed by the N gene. Most of the reported mutations are nonsynonymous (Bal et al., 2020; Issa et al., 2020; Joshi and
Paul, 2020; Mangar et al., 2020; Phan, 2020; Shu et al., 2020; Koyama et al., 2020; Velazquez-Salinas et al., 2020). The reference
for each column is reported in the row below the graph. M, membrane; N, nucleocapsid; NSP, nonstructural protein; ORF, open
reading frame; S, spike.
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and high infection rates in several regions. It has been sug-
gested that this property facilitates viral spread, making the
hosts super spreaders with the potential for initiating serious
outbreaks (Shu et al., 2020).

ORF3a

In another study 19 nonsynonymous mutations in ORF3a
were detected from 537 viral strains, of which G251V was the
most common (Issa et al., 2020). Approximately 53% of
these substitutions were predicted to lead to increased viru-
lence as they may result in a decrease in the number of B cell-
like epitopes expressed or a decrease in the frequency of their
expression (Issa et al., 2020). Such mutations enhance the
virus’ capability to escape the immune system.

With the presence of common mutations and continuous
evolution of the virus, efforts are being directed toward ex-
ploring and constructing a phylogenic network. Genomic
analyses of samples from late December 2019 through early
March 2020 from different geographic regions identified
three primary clusters: A, B, and C. Cluster A is the one that
originated in China before the global pandemic and includes
several of the variants found in Wuhan, the United States,
Nepal, as well as other locales. Cluster B was found in other
cities in China outside of Wuhan and is the ancestor of iso-
lates found in India, the United States, and Taiwan
(Velazquez-Salinas et al., 2020). It has been suggested that
the evolution of Cluster B originates from residue 84 of the
ORF8a protein. This protein plays a role in modulating the
innate immune response (Shi et al., 2019; Velazquez-Salinas
et al., 2020). A subcluster of group B defined by five isolates
from the United States, and residue 5865 of the ORF1ab
protein has been suggested to be behind this evolution
through alteration of tissue tropism (Velazquez-Salinas et al.,
2020). Cluster C is furthest from the initial Wuhan isolates
and has not been found in China. It has been identified in
Italy, Sweden, Australia, and the United States (Velazquez-
Salinas et al., 2020). It has been suggested that residue 251 of
the ORF3a is driving a positive selection process in Cluster C,
as it was shown to enhance the viral virulence potential by
controlling the expression of chemokines and cytokines (Shi
et al., 2019; Velazquez-Salinas et al., 2020).

Remarkably, in another study examining the primary
complete analysis of 160 SARS-CoV-2 viral genomes, three
different primary clusters distinguished by amino acid vari-
ability are described: A, B, and C. A is the ancestral group
shared by the bat coronavirus. A and C are centered signifi-
cantly outside of East Asia, mainly in the United States and
Europe, whereas B is the predominant group in East Asia.
Cluster A is further divided into two subclusters based on the
synonymous mutation T29095C. Cluster B’s origin is based
on two mutations: the synonymous mutation T8782C and the
nonsynonymous mutation C28144T. Although it is primarily
concentrated in East Asia, a significant proportion has been
tracked to other areas. Interestingly, every B cluster member
outside of East Asia developed additional mutations. Cluster
C is the daughter of cluster B and is discriminated by the
nonsynonymous mutation G26144T; it is concentrated in
Europe and Brazil, but absent in China (Forster et al., 2020).

Over the 3-month period from September to December
2020, another study showed that 14 SNP alleles changed their
frequencies by 10–50%. This has led to the description of

four linkage groups (LG_1, LG_2, LG_3, and LG_4) with
consequential differences in frequency, virulence, and
transmission between Europe and the United States. The
LG_1 group was more frequent in the European population
and was linked to higher fatality rate, whereas the LG_2 and
LG_3 groups with lower fatality rates were linked to the
United States (Zhu et al., 2020b).

The importance of a phylogenic network is that it allows
for efficient epidemiological tracking of the infectious sour-
ces. In addition, it is crucial for tracing the evolutionary
changes accumulating within the viral genome, which might
subsequently enhance adaptability, infectivity, and pathoge-
nicity of the virus. Figure 3 summarizes the predicted effects
of the genomic mutations on viral pathogenicity.

Owing to ongoing molecular changes, it is likely that the
outbreak will spike repeatedly, and that many persons will be
at risk of infection, including those who have been infected
and recovered. This is explained by the risk of reinfection as
the virus mutates such that previously neutralizing antibodies
no longer work. Researchers are working on this complex
relationship and trying to link evolving viral genomes with
countries/locations. However, major limitations are present
especially when it comes to recruitment of data (Akther et al.,
2020). Even after constructing clear phylogenic networks,
revealing the precise genotype–phenotype relations is diffi-
cult as mutations often occurs together and the same muta-
tion(s) may produce very different effects in different hosts.

Dynamics, Clinical Signs, Laboratory Findings,
and Multiorgan Complications of COVID-19

Dynamics of COVID-19

The zoonotic origin of SARS-CoV and MERS-CoV was
previously confirmed through multiple clinical, molecular,
and bioinformatic studies. Both SARS-CoV and MERS-CoV
were identified through serology and genetic analyses in their
respective hosts: palm civets and dromedary camels (Salata
et al., 2019). These viruses were later noted to also infect
various species of bats (Salata et al., 2019). It was speculated
that these viruses were transmitted to humans from bats
through other animal hosts. As compared with SARS-CoV
and MERS-CoV, little is currently known about the novel
emerging SARS-CoV-2; however, available evidence sug-
gests that SARS-CoV-2 was likely transmitted from bats to
humans through an unknown intermediate host (Salata et al.,
2019; Rothan and Byrareddy, 2020; Zhou et al., 2020d). In
addition, it has currently been well proven that the virus is
transmitted from human-to-human through respiratory
droplets and immediate contact with the infected environ-
ment of a patient (i.e., fomite transmission; items used by or
on the patient, vehicles, elevators, etc.), with a basic repro-
duction number (R0) of *2.2 (Guan et al., 2020; Rothan and
Byrareddy, 2020; WHO, 2020f; Zhou et al., 2020c, 2020d;
Zhu et al., 2020a). Human-to-human transmission is further
supported by virtue of the propagation of the virus among
health care workers, family members, and persons in direct
contact with the affected individuals (Rothan and Byrareddy,
2020). Airborne transmission, however, has been docu-
mented in just a few circumstances, particularly in the
medical setting (i.e., respiratory tract manipulation, open
suctioning, use of nebulizer, and manual and noninvasive
ventilation) (WHO, 2020f).
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Based on the available cumulative data, the incubation
period of SARS-CoV-2 seems to range from 0 to 24 days with
a median period of 3 days (Zu et al., 2020). However, in one
study examining the dynamics of the disease among the
initial 425 cases of COVID-19, the average incubation period
was estimated to be *5.2 days (Zhu et al., 2020a). In addi-
tion, studies have shown that the viral load of SARS-CoV-2 is
highest about 1 week after symptoms onset (Liu et al.,
2020c). In one study, a higher viral load was associated with
worse symptoms and increased disease morbidity and mor-
tality (Liu et al., 2020c). Similarly, faster clearance of the
virus was noted among patients with mild disease, in whom
no virus was detected through reverse transcription poly-
merase chain reaction (RT-PCR) assays after an average of
10 days. However, a longer duration was noted in those with
severe disease (Liu et al., 2020c). Viral load has been found
to be a key marker that can be utilized in evaluating the
disease course and prognosis.

Clinical signs and symptoms of COVID-19

To date, no symptoms have been defined as highly specific
for COVID-19. The disease displays various presentations
varying from no symptomatology to severe multiorgan failure
(Adhikari et al., 2020; Guan et al., 2020; Huang et al., 2020a;
Yang et al., 2020a; Zu et al., 2020). Nevertheless, numerous
symptoms are currently considered suggestive of COVID-19.
The most commonly reported symptoms are fever, a nonpro-
ductive cough, malaise, muscle and body aches, and shortness
of breath (Adhikari et al., 2020; Guan et al., 2020; Huang et al.,
2020a; Yang et al., 2020a; Zu et al., 2020). Among these
symptoms, fever and cough are the most frequently encoun-
tered as reported correspondingly by 91% and 67% of the pa-
tients enrolled in a large study of 46,248 Chinese patients
(Yang et al., 2020a). Less common symptoms include chest
pain, expectoration of sputum and blood, a sore throat, rhi-
norrhea, and headaches (Adhikari et al., 2020; Guan et al.,
2020; Huang et al., 2020a; Yang et al., 2020a; Zu et al., 2020).

Despite being the most reported symptoms, fever and cough
may not be the first to develop. They may be preceded by various
nonspecific gastrointestinal symptoms such as nausea, vomiting,
and diarrhea (Zu et al., 2020). In addition, a significant number
of patients initially exhibited partial or complete loss of sense of
smell and/or taste (Mao et al., 2020; Vaira et al., 2020). In some
cases anosmia and ageusia may be the only presenting symp-
toms of COVID-19 (Mao et al., 2020; Vaira et al., 2020).

Disease variability and severity. As previously men-
tioned, COVID-19 manifests differently in distinct hosts.
A person may remain asymptomatic displaying no clinical
signs or symptoms (WHO, 2020b; Zhou et al., 2020b; Zu
et al., 2020). Yet, asymptomatic hosts are still considered
silent carriers of the disease, until the virus is cleared by the
immune system. Similarly, an elderly patient with multiple
comorbidities may progress abruptly into septic shock and
multiorgan failure. To this end, the National Health Com-
mission of China has categorized the cases of COVID-19,
based on various criteria, into mild, moderate, severe, and
critical cases (Zu et al., 2020). Mild cases are characterized
by the presence of a low-grade fever (<38�C) with/without
cough in the absence of dyspnea and radiological pneumonia
(Zu et al., 2020). Moderate cases are denoted by the presence
of fever, respiratory symptoms (i.e., cough, shortness of
breath), and a radiologically confirmed pneumonia (Zu et al.,
2020). Furthermore, signs of respiratory distress (Fig. 4) and
worsening pneumonia define severe cases of COVID-19
(Zu et al., 2020). Finally, a critical case of COVID-19 re-
quires the presence of (1) severe respiratory failure necessi-
tating mechanical ventilation, (2) hemodynamic instability
(shock), or (3) extrapulmonary dysfunction (Zu et al., 2020).

Predictors of intensive care unit admission, and severe
morbidity and mortality. Current evidence, stemming from
published clinical studies, shows an increased disability and
fatality particularly among elderly patients with serious co-
morbidities and severe disease (Guan et al., 2020; Huang et al.,

FIG. 3. Effect of mutations in some genes on viral pathogenicity, infectivity, and transmissibility. ORF1AB, S, ORF3a, and
ORF8 are among the mutating genes that influence viral virulence. ORF1AB encodes the two proteins NSP2 and NSP3. NSP3
has the most reported number of mutations and is suggested to be under positive selection. NSP2 has endosome-associated
protein-like domain that enhances viral transmissibility. S protein is responsible for the interaction with ACE2 receptor through
its S1 and S2 domains. It improves viral infectivity. ORF3a is found to decrease the frequency and number of expressed
epitopes, thus escaping the immune system. ORF8 is suggested to negatively impact the activation of innate immunity
(Angeletti et al., 2020; Huang et al., 2020; Issa et al., 2020; Mangar et al., 2020; Phan, 2020; Shi et al., 2019; Shu et al., 2020;
Koyama et al., 2020; Velazquez-Salinas et al., 2020; Wang et al., 2020). ACE2, Angiotensin I Converting Enzyme 2.
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2020a; Ruan et al., 2020; Yang et al., 2020a, 2020c; Zhou et al.,
2020b). Specific clinical signs and laboratory markers are likely
linked to increased rates of morbidity and mortality (Ruan
et al., 2020; Yang et al., 2020c; Zhou et al., 2020b). In various
studies, advanced age, coexistence of underlying chronic
medical diseases, lymphopenia, increased liver function tests
(LFTs), elevated cardiac enzymes and D-dimer, prolonged
prothrombin time (PT), and severe disease were considered risk
factors for intensive care unit (ICU) admission (Zhou et al.,
2020b). In another recent study, risk factors for COVID-19
mortality were assessed in a cohort of 191 hospitalized patients
(Zhou et al., 2020b). Advanced age (>60 years), increased
D-dimer levels (>1mg/mL), and elevated Sequential Organ
Failure Assessment (SOFA) scores of 4–6 were identified as
poor prognostic factors, necessitating immediate intervention
and thorough evaluation (Zhou et al., 2020b). In addition, lack
of health resources and supplies are considered risk factors for
increased disease burden and fatality (Ji et al., 2020).

In particular, the presence of cardiovascular disease
(CVD), diabetes mellitus (DM), obesity and hypertension
(HTN) have been linked with increased odds of disease
severity and mortality (Ruan et al., 2020; Yang et al.,
2020a, 2020c; Zhou et al., 2020b). For instance, a large
systematic review and meta-analysis, in which infected
persons from China were included, disclosed 17%, 8%,
5%, and 2% prevalence of HTN, DM, CVD, and respira-
tory diseases, respectively, among the enrolled patients
(Yang et al., 2020a). Patients were divided into two groups
based on disease severity (severe and nonsevere disease)
(Yang et al., 2020a). Among the group of severe patients,
the presence of CVD displayed the highest odds of mor-
tality, followed by chronic obstructive pulmonary disease
(COPD) and DM revealing equal odds (Yang et al.,
2020a). Furthermore, when compared with the group of
mild to moderate cases, increased age and underlying
chronic medical diseases (i.e., CVD, DM, COPD, and

FIG. 4. Routes of transmission and clinical spectrum of COVID-19, along with the predictors of the disease severity and
fatality. COVID-19 represents the disease caused by the novel coronavirus SARS-CoV-2 that can be transmitted primarily
through respiratory droplets, and fomites. Airborne transmission can occur exclusively in the aforementioned medical
procedures. The clinical spectrum of the disease varies markedly from one person to another. In fact, COVID-19 may exhibit
various presentations, and is classified based on various clinical and radiological criteria as mild, moderate, severe, or critical.
The disease is considered mild in the absence of high-grade fever, dyspnea, and radiological pneumonia. However, it becomes
of moderate severity in the presence of a radiologically confirmed pneumonia, and also in presence of high-grade fever or
dyspnea. Clinical signs of hypoxia and respiratory distress denoted by the presence of any of the following: (1) an increased
RR of 30 breath/min and above, (2) a low SpO2 of <93% at rest, or (3) a decreased ratio of arterial PaO2 to FiO2 of 300 mm Hg
and below, or worsening pneumonia on CT chest portray severe disease. In addition, critical disease is denoted by the presence
of ARDS, shock or extrapulmonary organ involvement. ARDS, acute respiratory distress syndrome; CT, computed tomog-
raphy; FiO2, fractional inspired oxygen; PaO2, oxygen partial pressure; RR, respiratory rate; SpO2, oxygen saturation.
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HTN) were the most important predictors of a complicated
disease course and death, among patients with severe
disease (Yang et al., 2020a).

Laboratory findings suggestive of COVID-19

Laboratory findings may reveal a normal or decreased
white blood cell (WBC) count, a normal or reduced absolute
lymphocyte count, normal platelet counts or thrombocyto-
penia, along with prolonged PT and partial thromboplastin
time and increased inflammatory markers (erythrocyte sedi-
mentation rate [ESR], C-reactive protein [CRP], and ferritin)
(Lippi and Plebani, 2020; Terpos et al., 2020; Wang et al.,
2020b; Yang et al., 2020b; Zu et al., 2020). Less common
findings include anemia, elevated LFTs, creatinine, cardiac
troponin, creatinine kinase, lactate dehydrogenase (LDH),
D-dimer, and procalcitonin (Guan et al., 2020; Huang et al.,
2020a; Lippi and Plebani, 2020; Terpos et al., 2020).

Role of clinical signs and symptoms in the diagnosis of
COVID-19. Owing to the quest for immediate control of
disease spread and progression, many of the reported and treated
Chinese cases were not diagnosed through genetic testing and
were only identified based on clinical symptomatology and
exposure history. Indeed, the Chinese Center for Disease Con-
trol and Prevention (Chinese CDC) declared that out of 72,314
patients infected with SARS-CoV-2, 26,753 patients received
no testing and were diagnosed based on clinical, laboratory, and
radiological findings along with a suggestive exposure history
(Epidemiology Working Group for NCIP Epidemic Response
and Chinese Center for Disease Control and Prevention, 2020;
Wu and McGoogan, 2020). This is thought to be driven by the
limited availability of testing and the increased demand for
timely detection and control, as a response to the tremendously
rapid spread of the disease. Consequently, COVID-19 should be
on top of the differential when assessing a case of fever and
nonspecific respiratory symptoms, particularly in the setting of
the aforementioned laboratory findings, as well as in the pres-
ence of a known contact history with a confirmed case of
COVID-19 (Zu et al., 2020).

Recalling a close contact with a clinically confirmed case of
COVID-19 might not be achievable, by virtue of the massive
propagation of the virus throughout the world and the fact that
persons often become infectious 2–3 days before the onset of
symptoms Hence, according to the national health commission
of China, COVID-19 should be suspected in a person with no
exposure history in the presence of suggestive clinical (fever
and nonspecific respiratory symptoms), laboratory (normal or
decreased WBC), and radiological findings (ground-glass
opacities or mixed opacities on computed tomography [CT]
scan) (Zu et al., 2020). In such patients, COVID-19 should be
considered and handled promptly and later confirmed through
an RT-PCR assay. Indeed, prompt detection and timely inter-
vention are key for controlling and preventing the transmission
and progression of the disease, along with its severe compli-
cations and associated mortality. The role of clinical symptoms
in making a diagnosis of COVID-19 will be further emphasized
in the Diagnosis section.

Multiorgan complications of COVID-19

The Chinese CDC declared that out of 44,672 patients,
36,160 (80.9%) were classified as mild to moderate cases, and

the remaining patients were subdivided into severe (13.8%) and
critical cases (4.7%) (Epidemiology Working Group for NCIP
Epidemic Response and Chinese Center for Disease Control
and Prevention, 2020). In addition, critical patients were con-
sidered the most prone to developing multiorgan complica-
tions. In view of this, acute respiratory distress syndrome
(ARDS), septic shock, and extrapulmonary multiorgan failure
occurred exclusively among critical patients (Epidemiology
Working Group for NCIP Epidemic Response and Chinese
Center for Disease Control and Prevention, 2020).

Based on cumulative evidence, ARDS represents the most
frequent complication witnessed in critical cases (Guan et al.,
2020; Lai et al., 2020). ARDS is followed in most studies by
septic shock as the second most common cause of mortality
among COVID-19 patients (Guan et al., 2020; Lai et al.,
2020). In addition, patients may develop extrapulmonary
complications denoted by an acute cardiac injury, an acute
kidney injury (AKI), and/or brain injury (Guan et al., 2020;
Lai et al., 2020; Mao et al., 2020). In addition, various skin
manifestations are often acquired throughout the disease
course by many patients (Guan et al., 2020; Recalcati, 2020).
This section examines the less commonly known manifes-
tations of COVID-19 that include cardiovascular, renal,
neurological, and cutaneous manifestations. Figure 5 depicts
the myriad ways COVID-19 can impact the human body.

Cardiovascular manifestations of COVID-19. Acute car-
diac injury was noted in 12% of patients examined in the first
Wuhan study (Zheng et al., 2020). On a larger scale, the National
Health Commission of China stated that 11.8% of the non-
survivors developed cardiac injury during their hospital stay,
despite having a negative history of CVD (Zheng et al., 2020).
As per a recent study published in Circulation, cardiac troponin
T (cTnT) and brain natriuretic peptide (BNP) were found to be
elevated in 8–28% of the COVID-19 confirmed cases (Liu et al.,
2020a). Similarly, in a separate study, the incidence of cardiac
injury was examined among a cohort of 416 confirmed cases,
and estimated to be *19.7% (Shi et al., 2020). Also, acute
myopericarditis and fulminant myocarditis have been observed
in a minority of patients (Inciardi et al., 2020; Ruan et al., 2020;
Zeng et al., 2020). Heart failure, arrhythmias, and vasculitis
have also been observed as cardiovascular complications in
patients with COVID-19 (Liu et al., 2020a).

In short, cardiac injury has been found to be a decisive pre-
dictor of mortality among COVID-19 patients (Bangalore et al.,
2020; Ruan et al., 2020; Shi et al., 2020; Zareef et al., 2020). In
many patients, cardiac symptoms, such as palpitation and chest
pain may represent the sole manifestations of COVID-19.
Consequently, physicians should consider COVID-19 whenever
they encounter a case of new-onset cardiac symptoms in the
setting of a positive exposure history.

Renal manifestations of COVID-19. In a cohort of 701
COVID-19 patients, proteinuria and hematuria were detected in
43.9% and 26.7% of the cases, respectively (Cheng et al., 2020).
Creatinine and blood urea nitrogen were shown to be increased
in 14.4% and 13.1% of the patients, respectively. A glomerular
filtration rate of <60 mL/(min $1.73 m2) was noted in 13.1% of
the patients, as well (Cheng et al., 2020). Furthermore, AKI was
detected in 36 patients (5.1%). Just like cardiac injury, de-
creased kidney function and AKI have been identified as major
risk factors for COVID-19 mortality (Cheng et al., 2020).
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Neurological manifestations of COVID-19. Multiple neu-
rological complaints have been reported by COVID-19 pa-
tients. In one study of 214 patients it was revealed that there
was a 36.4% incidence of neurological manifestations rang-
ing from mild/moderate nonspecific neuro symptoms (i.e.,
headaches, dizziness, sensory alteration, neuropathic pain,
seizures, and confusion) to severe deadly complications (i.e.,
coma, encephalopathy, stroke, and rhabdomyolysis) (Mao

et al., 2020). Further studies, however, are needed to reveal
the exact acute and chronic effects of COVID-19 on the
nervous system.

Skin manifestations of COVID-19. Cutaneous manifes-
tations of COVID-19 have been reported by several investi-
gators as affecting a modest percentage of patients (Estebanez
et al., 2020; Guan et al., 2020; Recalcati, 2020). They include

FIG. 5. Impact of COVID-19 on the various body systems. The clinical manifestations and complications exerted by the newly
emerging disease COVID-19 were studied and illustrated in a dozen of articles. General symptoms of fever, malaise, fatigue and
myalgias, and respiratory symptoms of cough and dyspnea are the most commonly witnessed symptoms. However, the disease may
present initially with other nonspecific symptoms such as nausea, vomiting, diarrhea, anosmia, ageusia, and skin rashes. COVID-19
complications may not be confined to the pulmonary system. It may likely result in extrapulmonary organ dysfunction. This figure
summarizes the possible effects exerted by COVID-19 on the various systems of the body (Joob and Wiwanitkit, 2020; Cheng et al.,
2020; Inciardi et al., 2020; Mao et al., 2020; Shi et al., 2020; Wang et al., 2020; Yang et al., 2020; Zareef et al., 2020; Zeng et al.,
2020; Zheng et al., 2020). [, increased; Y, decreased; aPTT, activated partial thromboplastin time; BNP, brain natriuretic peptide;
BUN, blood urea nitrogen; CRP, C-reactive protein; cTnT, cardiac troponin T; DIC, disseminated intravascular coagulation; ESR,
erythrocyte sedimentation rate; GFR, glomerular filtration rate; MI, myocardial infarction; PT, prothrombin time; VTE, venous
thromboembolism. Cartoon image of the human body was retrieved from Vector Stock (VectorStock.com/9717196).
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erythematous lesions, hives, and vesicular lesions (Estebanez
et al., 2020; Recalcati, 2020). Patients may also develop pe-
techiae especially in the setting of coagulopathy and throm-
bocytopenia ( Joob and Wiwanitkit, 2020). In most patients,
the rash has been primarily located on the trunk. In an Italian
study of 88 patients 18 (20.4%) reported cutaneous symptoms
(Recalcati, 2020). However, in a Chinese study, cutaneous
manifestations were only seen in two (0.2%) enrolled subjects
in a study of 1099 COVID-19 patients (Estebanez et al., 2020;
Guan et al., 2020). Ultimately, internists and dermatologists
should pay thorough attention to these symptoms, to ade-
quately detect and manage atypical cases of COVID-19 to
ensure they are not missed.

Diagnosis

When it comes to diagnosing a SARS-CoV-2 infection,
key challenges exist ranging from collection time with re-
spect to the course of illness, specimen site, and choice of
detection method to maximize sensitivity and specificity.
Additional concerns include turnaround time, scalability, and
cost. These are important factors that should be taken into
consideration for all outbreaks. Even in ideal situations where
all aspects have been optimized, a false-negative result re-
mains the biggest concern. In fact, false-negative results can
worsen outbreaks especially when patients are asymptomatic
and not quarantined. False positive swab results in contrast
can lead to (1) administration of scarce treatment resources,
(2) unnecessary quarantine, (3) business loss, (4) irritability
and anxiety, (5) utilization of unnecessary human and tech-
nical resources, (6) overestimating COVID-19 incidence and
prevalence, and (7) misdirecting COVID-19 related policies
(Surkova et al., 2020). Consequently, accurate and rapid di-
agnoses remain a critical step in facing the global pandemic.

Diagnostic specimens can be obtained from either the
upper or lower respiratory tracts (LRTs). In addition, viral
RNA has been detected from fecal samples (Wang et al.,
2020d). Upper respiratory tract (URT) specimens include
nasopharyngeal (NP) and oropharyngeal (OP) specimens,
whereas sputum, endotracheal aspirate, and bronchoalveolar
lavage can serve as LRT specimens (WHO, 2020l). To
properly obtain an URT specimen an NP swab should elicit
tears, whereas the OP swab might elicit a gag reflex de-
pending on the patient’s tolerance; however, recent data
suggest that salivary specimens are at least as good as more
invasively collected URT specimens (Dhiman et al., 2012).
Each swab should be twirled three times and remain in the
site for *10 s. Although the risk of transmitting the infection
to the health care worker in this process remains present, it is
much less significant with the NP swab compared with the
OP swab (Loeffelholz and Tang, 2020). A nasal wash or
even self-collection by the patient are options to overcome
this risk. Patient-collected swabs and health care worker-
collected swabs have comparable detection efficacies.
Patients who collected their own specimens had 91.7%
positive rate when compared with that collected by health
care workers (Dhiman et al., 2012; Patel et al., 2020; To
et al., 2020a). The specimen should then be placed in viral
transport media and processed within 72 h with storage at
4�C for processing delays of >12 h (Centers for Disease
Control and Prevention, 2020a). The CDC recommends
collecting NP swabs; however, if an OP swab is collected,

it is best to be complemented by an NP swab in the same
tube (Centers for Disease Control and Prevention, 2020a).

The detection rates differs based on the collection site;
however, the most sensitive method remains collecting
both upper and LRT samples simultaneously (Loeffelholz
and Tang, 2020). Bronchoalveolar lavage has the highest
detection rate of 100%, followed by sputum specimens
(88.9%), NP swabs (73.3%), and OP swabs (61.3%) (Yang
et al., 2020d). However, obtaining a bronchoalveolar lavage
is invasive and confers a high risk of aerosol generation and
subsequent infection transmission. A sputum specimen, if
produced, would be a reliable alternative. In some studies,
sputum samples have shown superior detectability rates
compared with NP and OP specimens (Forster et al., 2020;
Huang et al., 2020b; Mangar et al., 2020). Salivary speci-
mens have appeared recently as a promising noninvasive
diagnostic tool for COVID-19. The estimated sensitivity and
specificity of salivary samples are *84% and *99%, re-
spectively (Pasomsub et al., 2020). When compared with NP
swabs, salivary specimens have a higher detection rate and
more consistent results throughout the course of illness (Wyllie
et al., 2020). Although the viral load in salivary samples declines
with time, the viral genome was detectable up to 25 days after
the onset of symptoms (To et al., 2020b).

It is worth noting that rate of detectability of both NP and
OP swabs decreases as time from the onset of symptoms
progresses to reach *42.9% for both specimens, after 14
days (Yang et al., 2020d). Whereas viral detectability in these
specimens peaks in 7–10 days, and then declines, those of the
LRT specimens remain high for 3 weeks and peak 2–3 weeks
after the onset of symptoms (Loeffelholz and Tang, 2020).

After collecting the specimen from the appropriate site,
several detection methods are available. In this review, nu-
cleic acid testing, serum markers, radiographic findings, and
clinical features will be discussed.

Nucleic acid testing

Nucleic acid-based methods remain the best and most
widely used for the detection of SARS-CoV-2 infections.
Various RNA detection kits have been granted U.S. Food and
Drug Administration (FDA) emergency use authorization and
are currently being used (FDA, 2020c). The majority of RNA
detection kits use quantitative RT-PCRs. RT-PCRs involve
reverse transcription of the viral RNA into complimentary
DNA (cDNA), followed by amplification of specific regions
of the viral genome usually with amplification controls to
ensure sufficient human specimens and lack of enzymatic
inhibitors (FDA, 2020c). The molecular targets chosen for
PCR and other amplification strategies should be highly
conserved and broadly shared by all SARS-CoV-2 strains
(Tang et al., 2020). Common targets include the SARS-
CoV-2-specific structural proteins, E and N, as well as the
replicative enzymes such as RNA-dependent RNA poly-
merase (RdRp), and the ORFs ORF1a and ORF1b (Corman
et al., 2020). The use of nucleic acid amplification tests
(NAATs) is not without limitations. Some tests take several
hours to perform and require high-complexity laboratories.
Moreover, the number of currently available kits is limited.
The sensitivity of RT-PCRs varies among different studies,
where it has been reported to be *71–98% in most studies;
however, it is also significantly dependent on the collected
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specimen, time of collection, and the kit used (Watson et al.,
2020; Yang et al., 2020d). Different NAATs with different
target sites have shown slight differences in sensitivities with
limitations in detection, which increases the chance of false
negatives in low viral load patients (Xiong et al., 2020).
NAAT detection rates decrease with the progression of time
postonset of symptoms as the body begins to control the
infection (Gao et al., 2020).

Rapid detection tests

The viral genome encodes several proteins that are ex-
pressed by the virus and are the target of the body’s immune
response. These antigens trigger the production of IgM and
IgG antibodies.

Antibody testing. Studying human serum antibodies re-
veals different target epitopes in two important proteins, N and
S (Wang et al., 2020c). Antibody (IgG and IgM) detection
assays based on these two proteins have been designed. They
have the advantage of being rapid (requiring 15 min) and can be
performed outside the clinical setting. They also showed a
consistent detection rate when using fingerstick blood, plasma,
or venous blood (Li et al., 2020b). Unfortunately, in majority of
patients, antibodies are not detectable until between days 7 and
11 after the onset of symptoms (Patel et al., 2020). Thirty-one
percent of PCR-confirmed cases tested negative for IgG and
IgM in the early phase of the disease, with some remaining
negative throughout the course of disease (Du et al., 2020; Gao
et al., 2020). The exact duration, however, needed for antibody
production is still unknown and is clearly patient dependent.
IgA and IgM were detected on average 5 days after the onset of
symptoms, whereas IgG detection required 14 days on average
(Guo et al., 2020). The detection rate of IgM and IgG was
50.0% and 92.1%, respectively (Gao et al., 2020). Early in the
course of the disease, RT-PCR detection rate is far superior to
that of antibodies, with a detection rate in sputum specimens of
92.3% and OP swabs of 69.2%, whereas that of IgM and IgG
were 23% and 53.8%, respectively (Gao et al., 2020). However,
with time the detectability through RT-PCR declined, whereas
that of serology improved, with the detection rate of IgM
reaching 5.5 times that of PCR. The diagnostic value of IgM and
IgG antibodies in six different serological tests was evaluated by
Bisoffi et al. (2020); the sensitivity, specificity, positive pre-
dictive value, and negative predictive value ranged between
21.2% and 45.9%, 79.7% and 98.5%, 44.1% and 84%, and
79.15% and 82.3%, respectively. Currently, the prevalence of
antibodies against SARS-CoV-2 in most affected countries is
low; therefore, serological testing is expected to result in more
false-positive and less false-negative outcomes (Centers for
Disease Control and Prevention, 2020b). Hence in the setting of
acute illness, the serological tests are not a suitable diagnostic
tool. Their use should be restricted to surveillance, research, and
epidemiological purposes.

Antigen detection. Another SARS-CoV-2 assay method
relies on viral antigen detections, termed ‘‘antigen capture’’
assays. Although the virus is replicating, it produces its nee-
ded proteins that act as antigens. These antigens, if present in
adequate concentrations, can be detected in the respiratory
specimen in <30 min using point-of-care-assays available
from several commercial vendors (WHO, 2020a). Antigen

detection can be used earlier in infection than antibody de-
tection, as viral proteins must first be synthesized before the
body forms specific antibodies in response (Diao et al., 2020).
Although antigen capture is a simple method with rapid re-
sults, it is limited by several weak points. To be detected, the
virus needs to be actively replicating, which is restricted to
the presymptomatic and acute illness phases. Furthermore, it
depends on the quality of the kit used and the collected
specimen. When looking at experience with the influenza
virus, these kits have variable, but in general low sensitives
ranging from 34% to 80%. The WHO does not recommend
the use of these kits for diagnostic purposes; however, some
recent studies showed optimistic results, where the sensitivity
and specificity of rapid antigen testing in samples during early
disease onset were 93.9% and 100%, respectively, given that
RT-PCR was the reference test (Porte et al., 2020; WHO,
2020a). It was also detected in urine with a sensitivity of
detection for the N protein of 73.6% (Diao et al., 2020). This
suggests that antigen testing can be a valuable method, es-
pecially in endemic areas where resources are limited.

Imaging: chest CT scans

Chest CT scans are noninvasive methods for the evaluation
of patients presenting with pulmonary symptoms. Studies re-
vealed that most patients with SARS-CoV-2 present with
typical patterns of CT chest findings, including bilateral ground
glass opacities, ground glass nodules, and patchy consolida-
tions, with detection of some peripheral distributions (Chung
et al., 2020; Pan et al., 2020b). Although the CT findings are
mostly typical, they are highly dependent on the time of pre-
sentation in the course of illness. Bilateral chest involvement
was prominent in the late presentations (88% of patients),
whereas it was revealing in only 28% of early presentations,
with peak lung involvement on average at day 10 postinfection
(Bernheim et al., 2020; Pan et al., 2020a).

Some studies have reported positive CT scans in PCR-
negative patients. CT plays a very important role in diag-
nosing COVID-19 infection in patients with a high degree of
clinical suspicion. One study showed that the CT scans had a
sensitivity of 97% but a specificity of only 25% in diagnosing
COVID-19 (Ai et al., 2020). Sixty to 93% of patients had
positive CT scans before positive RT-PCR assays and 42%
showed an improvement on their chest CT scan before a
negative PCR (Ai et al., 2020). These numbers are significant
when other studies showed that some patients with a high
clinical probability of infection had chest CT scans typical of
COVID-19 infection but with a negative initial PCR test that
turned positive upon a subsequent second PCR test (Xie
et al., 2020; Yang et al., 2020d). Based on these studies and
the aforementioned data, CT scans can be used for the rapid
evaluation of highly suspect patients especially in areas of
high prevalence, while keeping in mind that CT scans cannot
easily differentiate between COVID-19 pneumonia and other
viral pneumonias.

Clinical symptoms and diagnosis

As previously discussed, PCR testing is not always reliable
due to viral titers being dependent on stage/time of infec-
tion/disease, as well as issues relating to sample collection.
Thus, it has been argued that taking clinical symptoms into
account is essential when diagnosing COVID-19. One patient
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from China had three negative swabs for COVID-19 based on
RT-PCR tests and was hospitalized and diagnosed with a
severe influenza A infection. Later, when he needed to be
placed on a ventilator, bronchoalveolar lavage confirmed a
diagnosis of COVID-19. After this patients’ diagnosis, 23
health care workers had to be quarantined for 14 days (Lan
et al., 2020). Although some researchers argue that clinical
suspicion should be backed by exposure history, confirming
exposure can be tricky. Two patients from China without a
history of travel to outbreak areas or meeting symptomatic or
confirmed cases were diagnosed with COVID-19. With further
investigations they were found to be in contact with cases for
50 and 15 s, respectively (Han and Yang, 2020). The revised
version of the 5th edition of Guideline on Diagnosis and
Treatment of COVID-19, added that cases suspected based on
clinical features can be confirmed clinically if coupled with
radiological findings (Centers for Disease Control and Pre-
vention, 2020a; Han and Yang, 2020). After adopting this re-
vised version in China, the number of clinically confirmed
cases increased to 14,840 on February 12 (Han and Yang,
2020). This change resulted in the quarantining of large num-
bers of potentially infected cases and thus greatly helped limit
the further spread of the virus. The role of clinical diagnoses is
critical in epidemic areas where clinical and laboratory re-
sources are limited (He et al., 2020).

Ultimately, an effective diagnostic technique is one with
high sensitivity and specificity, short processing time, and that
can be practically applied in outbreak areas. Such a technique
unfortunately is not currently available; therefore, combining
several techniques together is the most practical and effica-
cious means to overcome this pandemic. The ultimate aim is to
shorten the peak time and amplitude through time efficient and
accurate diagnoses (Rong et al., 2020). This is supported by
studies where patients had several negative nucleic acid tests;
clinical features and radiographic findings that combined were
treated as positive infections and which were confirmed later
through RT-PCR tests (Zhou et al., 2020f).

Management and Treatment

The mainstay for the management of symptomatic patients
has been oxygen therapy for those with a severe infection
along with supportive treatment for fever, dehydration, and
body aches. For those who develop acute respiratory failure,
ICU admission and mechanical ventilation may be necessary
when oxygen therapy alone is no longer sufficient (Cascella
et al., 2020).

There have been several guidelines and recommendations
suggested by the WHO with regard to noninvasive ventila-
tion, as well as intubation and protective mechanical venti-
lation (Cascella et al., 2020). With regard to noninvasive
ventilation, the current use of high-flow nasal cannulas and
continuous positive airway pressure are used in patients with
nonsevere respiratory failure. If the patients do not improve,
or seem to worsen in a short period of time, on noninvasive
ventilation, then intubation and mechanical ventilation is
required (Cascella et al., 2020). Mechanical ventilation set-
tings must be adjusted to low tidal volumes (4–6 mL/kg
predicted body weight) and high positive end-expiratory
pressure (Cascella et al., 2020).

With the ever-growing nature of this pandemic, and the
rapid spread of the infection, many researchers have focused

on finding a medical therapy that could be used to treat
COVID-19. Some countries such as China, Italy, and France
started using off-label medications as therapeutic methods
(Kalil, 2020). The main focus of medical therapeutic inter-
vention is to reduce the viral load to limit the severity and
transmission of the disease (Taccone et al., 2020). A plethora
of research has been carried out to test the efficacy of dif-
ferent available antiviral medications as well as antimalarial
medications.

As of mid-February 2020, much of the research emerged
from China with respect to the use of chloroquine phosphate,
an old antimalarial drug, for the treatment of COVID-19.
These studies demonstrated that chloroquine phosphate can
reduce the severity and course of the infection, decrease
pneumonia exacerbation, improve lung findings on imaging,
as well as reduce viral load (Gao et al., 2020). Studies have
shown that although chloroquine is not an antiviral, it does
exhibit broad-spectrum antiviral properties (Zhou et al.,
2020e). In an article published in the Lancet in 2003,
Savarino et al. (2003) showed that chloroquine inhibits sev-
eral steps in the replication of many families of viruses, in-
cluding the coronaviruses, by affecting pH-mediated
endosomal entry of the viral particle into the host cell.
Chloroquine has also been shown to interfere with the gly-
cosylation of the viral envelope glycoproteins, thus impairing
the infectivity of the virus (Savarino et al., 2003; Younis
et al., 2020; Zhou et al., 2020e). In a systematic review
conducted by Cortegiani et al. (2020) from the University of
Palermo in Italy, they aimed to summarize the current
available evidence on the efficacy of chloroquine as a form of
therapy for COVID-19 infection. Based on the six studies
they included for their systematic review, Cortegiani et al.
(2020) showed that there is ample preclinical evidence for the
efficacy of chloroquine as a treatment for COVID-19 infec-
tion. Nonetheless, more clinical evidence concerning efficacy
and the safety of chloroquine is needed.

An open-label nonrandomized clinical trial was carried out
by Gautret et al. (2020) from France in March 2020 with the
aim of studying the effect of hydroxychloroquine (HCQ) on
COVID-19 respiratory viral loads. Participants in this study
were chosen if they were hospitalized, were >12 years of age,
and had a positive documented RT-PCR test done on an NP
swab upon admission. All participants were given 200 mg of
HCQ sulfate three times daily for a duration of 10 days. Out
of the 20 participants who were given HCQ, 6 participants
were also administered azithromycin (AZM) with an initial
dose of 500 mg on the first day, followed by 250 mg on the
following days. Results showed that after 6 days of the trial,
70% of those treated with HCQ (with or without AZM) had
negative NP PCR tests as compared with 12.5% in the control
group. More importantly, 100% of the patients treated with
both HCQ and AZM tested negative through NP PCR test on
day 6 of the trial as compared with only 57.1% of patients
treated with HCQ alone (Gautret et al., 2020).

Despite these promising results, the WHO decided to tem-
porarily suspended the use of HCQ in the Solidarity Trial
(WHO, 2020j). This followed the publication of a study done
by Mehra et al. in the Lancet in May 2020. This study showed
that HCQ as a form of treatment for COVID-19, with or without
a macrolide, did not improve the survival rate of hospitalized
patients and also increased the frequency of developing fatal
ventricular arrhythmias (Mehra et al., 2020). Nevertheless, in
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the beginning of June 2020, the director-general of the WHO
released a statement saying that the Data Safety Monitoring
Board reviewed the available data with regard to the effect of the
drug on the heart and found that it was not enough to stop
the trial (Times, 2020). Thus, the use of HCQ was resumed in
the Solidarity Trial to garner more evidence concerning the role
of HCQ in the treatment of COVID-19.

There is also some evidence that remdesivir, an antiviral
adenosine analogue, can be used as a therapeutic method for
COVID-19. Remdesivir inhibits the viral RNA polymerase,
and thus inhibits viral replication (Zhou et al., 2020e). In a
study published in the New England Journal of Medicine,
Grein et al. (2020) sought to test the effect of remdesivir on a
cohort of patients infected with SARS-CoV-2. Patients were
enrolled in the study if they had a positive RT-PCR test for
SARS-CoV-2 and had an oxygen saturation of 94% or less
while breathing ambient room air or on supportive oxygen.
Fifty-three patients received the full course of remdesivir for
10 days, starting with an initial dose of 200 mg once daily on
day 1, and then 100 mg once daily the following 9 days. After
18 days of follow-up, 36 patients (68%) showed improve-
ment in terms of their oxygen support category (e.g., went
from low-flow oxygen to ambient air). Seventeen out of 30
patients (57%) who were on mechanical ventilation were
extubated. Twenty-five patients (47%) were eventually dis-
charged after 18 days of follow-up. It is important to note,
however, that seven patients (13%) died despite receiving the
treatment (Grein et al., 2020). Despite such promising results,
it is important to mention that this study had several limita-
tions with major flaws. This cohort study had a small sample
size and the follow-up duration was very short; Moreover, the
researchers did not include a placebo control group for a
results comparison. Further evidence is still required before
considering remdesivir as a therapeutic agent for the treat-
ment of COVID-19 infection; however, in the beginning of
May 2020, the FDA issued an emergency use authorization
for remdesivir for the treatment of COVID-19. This allowed
remdesivir to be administered as a treatment for hospitalized
patients with severe COVID-19 infection (FDA, 2020b). In a
more recent study conducted by Beigel et al. (2020), 1062
patients underwent randomization into a remdesivir group
and a control group. These researchers were able to show that
those who received remdesivir had a shorter hospitalization
duration as compared with the control group. Their results
also showed that treatment with remdesivir prevented pa-
tients from developing severe respiratory complications as a
result of the infection (Beigel et al., 2020). With other studies
showing similar results, the FDA approved remdesivir for the
treatment of COVID-19 in hospitalized adults and pediatric
patients ages 12 and older who weighed at least 40 kg (FDA,
2020d).

Despite the daily increase in cases around the world, many
persons are recovering from the infection. This has caused
researchers to look into the use of convalescent plasma from
recovered patients as a method of reducing disease severity in
patients who are in critical condition (Chen et al., 2020a).
This method has been used previously as a mode of treatment
in preceding pandemics and epidemics such as the 2014
Ebola epidemic, 2015 MERS-CoV outbreak in South Korea,
and 2009 Influenza A H1N1 pandemic. Studies have shown
that convalescent plasma reduced the mortality of patients
without instilling any adverse effects (Chen et al., 2020a).

One possible explanation as to why convalescent plasma has
been previously shown to be a good therapeutic method is
because of the presence of antibodies that reduce the viral
load in infected patients. In an uncontrolled case series by
Shen et al. (2020a) from Shenzen, China, they reported on
five critically ill patients with COVID-19 who clinically
improved after administration of convalescent plasma. The
convalescent plasma donors were patients who had recovered
from SARS-CoV-2 infections, who had a negative RT-PCR
test for SARS-CoV-2 infection at the time of donation. These
donors had been free of symptoms for at least 10 days and
were found to have serum antibody titers >1:1000 through
an enzyme-linked immunosorbent assay test. Four hundred
milliliters of convalescent plasma was administered to each
of the five patients who had a severe infection (Shen et al.,
2020a). Results from this case series showed that viral load
declined within days after administering convalescent plas-
ma. Moreover, the patients’ symptoms, including fever and
oxygen partial pressure/fractional inspired oxygen (PaO2/
FiO2), improved after 2 days of treatment. Before adminis-
tration of the convalescent plasma, all five patients had severe
pneumonia confirmed through CT scans. Interestingly, be-
ginning on the third day after treatment, all five patients had a
gradual resolution of their pulmonary lesions on repeat CT
scans (Shen et al., 2020a). Although these results are prom-
ising, it is important to note that this study had several lim-
itations, including the fact that it had a small sample size, no
control participants, and several confounding variables (e.g.,
patients were receiving antiviral medications at the same
time). In addition, another important limitation to the study
was that none of the plasma donors used were tested for the
presence of neutralizing antibodies against the SARS-CoV-2
virus. Despite these shortcomings, this study does shed light
on the possible role that convalescent plasma treatment could
have in resolving the infection; however, more clinical re-
search and randomized clinical trials are needed for this to be
confirmed.

The role of corticosteroids, particularly dexamethasone,
has been studied extensively as part of the treatment regimen
for patients infected with COVID-19, especially those who
are on respiratory support (Mishra and Mulani, 2020). Most
of the respiratory complications that occur due to SARS-
CoV-2 infection are related to severe inflammation that leads
to diffuse lung injury. Corticosteroids exert both anti-
inflammatory and immunosuppressive effects. These effects
allow corticosteroids to decrease cytokine production and
suppress chemokine storms that usually lead to severe in-
flammation (Ahmed and Hassan, 2020). In the early stages of
inflammation, corticosteroids play an anti-inflammatory role
by decreasing the release of inflammatory cells as well as
reducing phagocytosis and capillary permeability. In the late
stages of inflammation, corticosteroids can inhibit the pro-
liferation of inflammatory cells and fibroblasts, which play a
role in fibrosis.

Several clinical trials have been done recently to study the
effect of corticosteroids in the treatment of SARS-CoV-2
infection. The RECOVERY trial, which was performed in the
United Kingdom at Oxford University, is one of the latest
clinical trials to study this effect. They randomly assigned
2104 hospital patients with clinically suspected or laboratory
confirmed SARS-CoV-2 infection to receive 6 mg of dexa-
methasone once daily for up to 10 days. The control group
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consisted of 4321 patients of the same characteristics, but did
not receive dexamethasone (Recovery Collaborative Group
et al., 2020). Preliminary results revealed that dexametha-
sone was able to reduce 28-day mortality in patients receiving
invasive mechanical ventilation or supplemental oxygen
alone. The trial found no benefit of dexamethasone treatment
among patients who did not require oxygen.

In September 2020, the WHO issued a guideline of rec-
ommendations on when to use corticosteroids for SARS-
CoV-2 infection. They recommend that oral or intravenous
corticosteroids may be used for treatment on patients with
severe and critical infection. With regard to dosage and
duration, the WHO recommend a daily dose of 6 mg of
dexamethasone, 160 mg of hydrocortisone, 40 mg of pred-
nisone, or 32 mg of methylprednisolone for a total of 7–10
days (WHO, 2020c).

In November 2020, the FDA has issued an emergency au-
thorization for Bamlanivimab and Casirivimab/Imdemivab,
monoclonal antibodies directed against the SARS-CoV-2 spike
protein, for treatment of mild to moderate COVID-19 infection
in adults and children (aged 12 years or older, and weighing at
least 40 kg) (FDA, 2020a; Mahase, 2020b). These synthetic
antibodies are only indicated in positive SARS-CoV-2 indi-
viduals who are at high risk for progression to severe and
complicated COVID-19. Overall, based on preliminary data,
these monoclonal antibodies were found to reduce hospitali-
zation and mortality in patients with mild to moderate disease
requiring no respiratory support. However, unfavorable out-
comes were observed among patients receiving oxygen therapy
or ventilatory support (FDA, 2020a; Mahase, 2020b). Conse-
quently, further clinical studies are needed to endorse the
widespread use of these novel antibodies.

What Is Next

COVID-19’s spread is still accelerating throughout much
of the world, but there is now light at the end of the tunnel—
very recently two vaccines with efficacies of *95%, from
Pfizer and Moderna, have received both FDA approval in the
United States and regulatory approval in the EU for broad-
based immunization programs. In addition, there are >200
other vaccine candidates against SARS-CoV-2 that are in the
various stages of development. Of these, 48 are in the clinical
phases and 11 candidates are in phase III trial (WHO, 2020e).
Published data of clinical phases I and II of these candidates
showed promising results. Almost all 11 candidates exhibited
significant immunogenicity and good tolerability (Li et al.,
2020a).

The whole world is going through a challenging time right
now. Research with regard to treatment options and vaccines
for COVID-19 will only increase. People are learning more
and more everyday about this novel pathogen, and with more
research we will be able to reach much better conclusions.
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