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Abstract

During the past two decades, multiple viral epidemics have emerged, including the epidemics of H1N1 influenza in 2009 and the
acute respiratory syndrome coronavirus (SARS-CoV) in 2002 - 2003. Moreover, the middle east respiratory syndrome coronavirus
(MERS-CoV) was initially recognized in Saudi Arabia in 2012. Recently, cases of another lower respiratory tract infection (LRTI) were
discovered in Wuhan, Hubei province, China, on December 31st 2019, and reported to the WHO country office in the country. Studies
in the field have referred to the identification of first symptomatic people in early December 2019. Since experts in the field could
not determine the causative agent of the disease, they mistakenly categorized the first reported cases as pneumonia of unknown
etiology (PUE). Therefore, the Chinese Center for Disease Control and Prevention (China CDC), as well as local CDCs, arranged a full
outbreak investigation plan, ascribing the etiology to a newly discovered virus of the coronavirus (CoV) family (i.e., the causative
agent of COVID-19).
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1. Context

The World Health Organization (WHO) declared that vi-
ral infectious diseases are emerging and representing cru-
cial threats to public health. During the past two decades,
multiple viral epidemics, including H1N1 influenza in 2009
and SARS-CoV in 2002 - 2003, have been recorded. More-
over, MERS-CoV was initially recognized in Saudi Arabia in
2012. Most recently, cases with an unjustified lower res-
piratory tract infection (LRTI) were discovered in Wuhan,
Hubei province, China, first announced to the WHO coun-
try office in China on December 31st, 2019. Thereafter,
Tedros Adhanom Ghebreyesus on February 11th, 2020, iden-
tified the novel CoV-caused infection as the coronavirus
disease-2019 (COVID-19). Apparently, the COVID-19 was
highly transmissible and rapidly spread worldwide. At
first, COVID-19 was termed 2019-nCoV, which was then
called the SARS-CoV-2 virus by the specialists working in the
International Committee on Taxonomy of Viruses (ICTV)
because of its high similarity to the virus causing the
SARS outbreak (SARS-CoVs). In fact, CoVs have been the
main pathogens causing emerging respiratory disease out-
breaks in recent decades. These viruses belong to the
large families of single-stranded RNA viruses (+ssRNA),
with the ability of Proliferation in diverse animal species
(1). However, for reasons that should be clarified, such
viruses are able to pass species barriers and create diseases

from the simple common cold to more serious conditions
like SARS and MERS in humans. Coronavirus are positive-
sense single-stranded RNA viruses known for their crown-
like morphology in electron microscopy images (coronam
means crown in Latin) due to the spike glycoproteins lo-
cated on their envelopes. Orthocoronavirinae is a subfam-
ily of theCoronaviridae superfamily, which is classified into
four genera, including gamma-, delta-, beta-, and alpha-
CoVs. In addition, the genus beta-CoV has been divided
into five lineages or sub-genera (2). Reportedly, 2% of
healthy people are carriers of at least one coronavirus,
and COVs are responsible for approximately 5 - 10% of
acute respiratory tract infectious diseases (3). Common
HCoVs, including HCoV-HKU1, HCoV-OC43, HCoV-229E, and
HCoV-NL63, develop self-limiting upper respiratory tract
infections and common colds in immuno-competent peo-
ple. Other HCoVs, including MERS-CoV, SARS-CoV, and SARS-
CoV-2, are responsible for epidemic diseases causing respi-
ratory and extra-respiratory presentations with different
clinical severity. The death rates of MERS-CoV and SARS-
CoV have been reported to be 35 and 10%, respectively.
Accordingly, the SARS-CoV-2 virus has been classified in
the genus beta-CoV, which possesses elliptic or round and
predominantly pleomorphic morphology (60 to 140 nm
in diameter). Chan et al. reported that the genome of
the novel HCoV, which was obtained from a cluster of pa-
tients presenting with atypical pneumonia after traveling
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to Wuhan, showed 89 and 82% nucleotide similarity with
bat-derived SARS-like-CoVZXC21 and human-derived SARS-
CoV, respectively (4). The transmission of the virus is pos-
sible via aerosols in the case of prolonged exposure to a
high concentration of aerosols indoors. Data from the
SARS-CoV-2 virus spread in China revealed that close inter-
personal contact was one of the important ways of virus
transmission. In fact, the spread of the virus was mainly
observed among healthcare professionals and their fam-
ily members, and other close relatives. The China CDC
and local CDCs investigated the first infected patients in
Wuhan and found that the possible incubation period was
between three and seven days, and by two weeks, and com-
monly 12.5 days (95% CI = 9.2 - 18) from the onset of the
infection, clinical symptoms appeared (5). As well, it was
found that the epidemic would almost double itself every
seven days, with the initial reproduction rate of 2.2 (R0-
R naught). The likelihood of virus transmission from one
patient to another was reported to be 2.2 persons on aver-
age (6). Inspired by SARS-CoV pathogenesis, SARS-CoV-2 was
presumed to infect human cells via the spike glycoprotein
binding to its cellular receptor, angiotensin-converting en-
zyme 2 (ACE2), and several critical residues in SARS-CoV-2
RBD were identified to interact with human ACE2.

The clinical manifestations of SARS-CoV-2-infected pa-
tients range from mild non-specific symptoms to severe
pneumonia with organ function damage. A study by Wang
et al. (7) showed that 39.6% of 140 confirmed COVID-19 pa-
tients had gastrointestinal symptoms, and 10.1% of them
presented with gastrointestinal discomfort at the onset of
symptoms. A fever was not necessarily observed at first, but
some patients developed a fever after hospitalization. Be-
sides, some patients with a severe disease did not even de-
velop a fever.

2. Epidemiology

According to the WHO, the environmental samples
taken from Huanan seafood market were tested positive
for SARS-CoV-2, but the specific animals associated with the
virus have not been identified. Based on previous evidence,
bats, the hosts of more than 30 coronaviruses, might be the
origin of COVID-19. Bats are the natural reservoirs of SARS-
CoV and MERS-CoV and transmit the viruses to the human
through palm civets and dromedary camels, respectively.
The RaTG13, which is a short RNA-dependent RNA poly-
merase (RdRp) from a bat coronavirus, showed the closest
similarity to the respective enzyme of the SARS-CoV-2 virus
with 96.2 - 98.7% identity in the whole-genome sequence.
The other two bat-derived SARS-like coronaviruses, bat-SL-
CoVZXC21 and bat-SL-CoVZC45, were closer to SARS-CoV-2
than SARS-CoV and MERS-CoV, showing an approximately
88% nucleotide identity. As for the intermediate hosts of

SARS-CoV-2, recent studies have suggested that pangolins
are the most probable animal hosts. Two sub-lineages of
SARS-CoV-2 were found in the organs of pangolins obtained
from anti-smuggling activities in Guangdong and Guangxi
provinces of China by metagenomic sequence analysis.
Tian et al. (8) reported that SARS-CoV-2 was derived from
the reorganization of a pangolin-CoV-like virus and a Bat-
CoV-RaTG13-like virus. However, the pangolin may not be
the only intermediate reservoir because SARS-CoV-2 does
not originate from the pangolin-CoV-like virus directly, as
demonstrated by molecular and phylogenetic analyses (3).
To sum up, bats are the most probable original reservoir
based on the current evidence indicating that the Wuhan
Huanan seafood market was not the only origin of SARS-
CoV-2 based on the epidemiological analysis of 41 cases (9)
Pangolins may act as one of the intermediate hosts, and
more work is needed to provide precise information about
the original and intermediate hosts of SARS-CoV-2.

Transmissibility is an important factor of an epidemic
(10). Men made up the majority of COVID-19 patients, with a
proportion of 50 - 75% (11-13). Due to different data sources,
the infection rate in medical staff has been widely variable
from 2.1 to 29% (14). Approximately 25.2 - 50.5% of SARS-
CoV-2-infected patients had one or more underlying dis-
eases, including hypertension, diabetes, chronic obstruc-
tive pulmonary disease, cardiovascular disease, and malig-
nancy. It was also reported that the longest incubation pe-
riod was 24 days. The percentage of the patients exposed
to the Huanan seafood market varies between 8.7 and 66%
(15). The identification of patients with no history of con-
tact with the Huanan seafood market, as well as the spread
of the virus among medical staff (16), indicated human-to-
human transmission that occurs mainly via droplets after
coughing or sneezing and direct contact (5). In addition,
several studies reported that the fecal-oral pathway might
also be a potential way for SARS-CoV-2 transmission (17).
The SARS-CoV-2 virus was also isolated from the urine of
a patient in a recent study (18), but it is unclear whether
or not human-to-human transmission can occur through
the above routes. The basic reproduction number, R0, an
important indicator of transmission, is commonly used to
estimate the average number of the secondary infections
raised by one infected case in a fully susceptible popula-
tion during the early phase of an outbreak (19). If R0 is
higher than 1, human-to-human transmission may persist,
and R0 has been estimated to range from 1.4 to 6.49 using
various methods (20), indicating different data and model-
ing methods. Liu et al. estimated an average R0 of 3.28 with
a median of 2.79 based on the analysis of 12 studies. Overall,
a R0 range of 2 - 3 is indeed reliable, suggesting the poten-
tial incidence of sustained human-to-human transmission
(21). Additionally, many factors can affect the R0 value, in-
cluding the estimation period, as well as utilized models
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and datasets (22). As various measures have taken effect,
the estimated R0 is mutable. As it was argued, it was impos-
sible to predict what would happen at the early phases of
the SARS-CoV-2 epidemic. The initial R0 estimated for SARS-
CoV was higher than 2.0, but the predicted large outbreak
did not occur (23). It is also notable that asymptomatic
patients can be sources of the infection (24). The super-
communicator effect is worthy of notice, referring to the
individuals who can infect more than 100 persons (25). The
immediate priority is to clarify all potential transmission
routes. After all, the super-spreading phenomenon has a
massive impact on the pandemic. Anyway, it is necessary
for us to take effective measures and keep ourselves alert
to control the pandemic. At this critical period, it is ap-
parently wise to continue taking steps to control the out-
break. Coronavirus replication, SARS-CoV-2 structure, and
SARS-CoV-2 RNA genome have been briefly described in Fig-
ures 1 - 3.

3. Organ Involvement in COVID-19

In a study on 138 COVID-19 patients (7), the most com-
mon clinical features were fever (99%), fatigue (70%), dry
cough (59%), anorexia (40%), myalgia (40%), dyspnea (31%),
and sputum production (27%). Other cohort studies have
reported a similar range of clinical findings (11, 26, 27).
However, fever may not be a universal finding, and one
study reported that 20% of their patients had a very low-
grade fever (< 100.4°F/38°C), and another report (15) de-
scribed a fever in 44% of patients. Headache, sore throat,
and rhinorrhea have also been noted as less common
symptoms. Although not highlighted in the aforemen-
tioned studies, anosmia and dysgeusia (smell and taste dis-
orders) have been reported as well (28). Patients with ex-
isting cardiovascular disease (CVD) are at a greater risk of
suffering from severe COVID-19 and having a poorer prog-
nosis. A meta-analysis of 46,248 patients with confirmed
COVID-19 found that the most common co-morbidities
were hypertension (17%), diabetes (8%), and CVD (5%) (29).
Cardiovascular disease and hypertension have also been
more prevalent in patients with severe vs. non-severe
COVID-19 (odd ratios of 3.42 and 2.36, respectively) (29). On
the other hand, it has been agreed that COVID-19 itself can
also have adverse effects on cardiovascular health in pa-
tients with preexisting CVD, causing or aggravating dam-
age to the heart. There are reports of cardiogenic involve-
ment in patients without known CVD (30), as well as cases
with solely cardiac presentations (31, 32). In a study by
Wang et al. cited in Tang et al., 7.2% of patients had either
elevated troponin levels or new electrocardiography or
echocardiography abnormalities suggestive of cardiac in-
jury (22). The enzyme ACE2 is highly expressed in the heart,
providing a ground for ACE2-dependent myocardial infarc-

tion. Blood pressure abnormalities (33, 34) and palpitation
due to arrhythmia (35) can also be seen in response to the
COVID-19 infection. Hu et al. and Zeng et al. also reported
that these patients can develop reduced ejection fraction
and heart enlargement (32, 36). Acute kidney injury (AKI)
is characterized by the abrupt loss of renal function that
develops within seven days and has been observed in asso-
ciation with SARS and MERS-CoV (37). Although the exact
pathogenesis of renal involvement in the COVID-19 infec-
tion is unclear, it is reported that AKI in COVID-19 accom-
panies sepsis, multiorgan failure, and shock, suggesting
the cause of AKI to be acute tubular necrosis (7). Alterna-
tively, a study based on single-cell transcriptome analysis
(38) proved the expression of ACE2 receptors on real cells,
suggesting the direct renal cellular damage by SARS-CoV-
2. A significant number of patients reported gastrointesti-
nal (GI) symptoms such as diarrhea, nausea, vomiting, and
abdominal pain, with some reporting these symptoms as
their sole complaints (39). The incidence of GI symptoms,
alongside the detection of SARS-CoV-2 RNA in the stool sam-
ples of infected patients (40), suggest that ACE2 receptors
are highly expressed, and therefore, the GI tract is another
target for the SARS-CoV-2 virus. Mild and transient liver in-
jury, as well as severe liver damage can occur in the course
of the COVID-19 infection. Wong et al. indicated that 14.8 -
53.1% of COVID-19 patients had abnormal levels of ALT, AST,
and bilirubin during the course of the disease, with biliru-
bin showing the lowest elevation. Furthermore, they re-
ported that the severity of liver damage was proportional
to the severity of COVID-19 (39-45). It has been suggested
that the viral invasion of the central nervous system by the
SARS-CoV2 virus is possible through the synapse-connected
route, as observed in the case of other coronaviruses such
as SARS-CoV, and can lead to several neurological compli-
cations including ataxia, seizures, neuralgia, unconscious-
ness, acute cerebrovascular disease, and encephalopathy
(46, 47). Disseminated intravascular coagulation is an-
other common complication of COVID-19, reported in 71.4%
of non-survivors compared to only 0.6% of survivors (48).

4. Histopathology

In a study by Tian et al., lung histopathological data of
two patients undergoing lung lobectomy for adenocarci-
noma showed evidence of perioperative infection (8).

5. The Effects of COVID-19 on Pregnant Women and Chil-
dren

Based on a publication by the Royal Australian and
New Zealand College of Gynecologists and Obstetricians
(RANZCOG), the following points are worth considering: (1)
there is no evidence linking the COVID-19 with an elevated
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Figure 1. Coronavirus replication.

risk of miscarriage; (2) recent case reports suggest that the
virus may pass from the mother to the baby (vertical trans-
mission). However, this is very early, preliminary data that
has not been confirmed. There was no evidence of harm to
babies; (3) there is no evidence that COVID-19 can pass to
the baby through breast milk; (4) pregnant women are ad-
vised to avoid non-essential travel and follow the instruc-
tions given to the general public.

The changes of the healthcare system in response to
COVID-19 may also impact maternity care. Here are some of
the changes that can be considered in hospitals: (1) reduc-
ing, postponing, and/or increasing the interval between
antenatal visits; (2) shortening the duration of antenatal
visits; (3) using telehealth consultation as a replacement
or in parallel with routine visits; (4) avoiding face to face
antenatal classes; (5) limiting visitors (partner only) while
in the hospital; (6) earlier discharge from the hospital than
would otherwise be planned.

Based on the current evidence regarding the impact of
COVID-19 on young children, the Centers for Disease Con-
trol and Protection have advised the following: (1) based on
available evidence, children do not appear to be at a higher
risk of COVID-19 than adults; (2) the symptoms of COVID-
19 in children appear to be the same as in adults, such as
fever, runny nose, cough, and in some cases, diarrhea and
vomiting; (3) children with confirmed COVID-19 generally
present with mild symptoms.

6. History and Clinical Properties

In a study, Huang et al. reported dyspnea, dry cough,
malaise, and fever among 41 COVID-19 patients (11). They
performed chest CT scan and found pneumonia with un-
justified findings; 32% of the patients needed ICU care,
and the fatality rate was 15% (11). The JAMA, on Febru-
ary 24th, 2020, published the epidemiological and clinical
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Figure 2. SARS-CoV-2 structure

data reported by the China CDC on 72,314 cases with pre-
liminary diagnosed, asymptomatic, confirmed, and sus-
pected COVID-19, illustrating an epidemiologic curve for
the Chinese outbreak (49). Among confirmed cases who
comprised 62% of the total, 1% were asymptomatic but
tested positive following the viral nucleic acid test. Among
the confirmed cases, the overall case-fatality rate was 2.3%,
and fatal cases primarily occurred in old patients aged 70
- 79 years (8.0%) and ≥ 80 years (about 15%). Death oc-
curred in 49.0% of patients with critical conditions, suf-
fering from comorbidities such as diabetes, neoplasms,
chronic respiratory disease, and cardiovascular disease. It
is notable that the Chinese CDC classified COVID-19 clinical
symptoms based on the severity of the disease. Mild dis-

ease (81% of cases) can present as non-pneumonia or mild
pneumonia, while severe disease (14% of cases) can be asso-
ciated with a blood oxygen saturation (SpO2) of ≤ 93%, the
respiration rate of ≥ 30/min, dyspnea, the PaO2/FiO2 ratio
of < 300, and lung infiltration of > 50%, which can occur
within 24 - 48 hours (49). Mild COVID-19 is commonly as-
sociated with the symptoms and manifestations of a viral
infection in the upper respiratory tract, such as malaise,
muscular pain, sore throat, headache, nasal congestion,
dry cough, and low-grade fever. Non-respiratory symp-
toms such as diarrhea can lead to a diagnostic challenge
when compared with earlier human CoV infections. Respi-
ratory signs like dyspnea and cough (or pediatric tachyp-
nea) have been recorded in the absence of severe pneumo-
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Figure 3. Single-stranded RNA genome of SARS-CoV2

nia symptoms. Other symptoms are fever, respiratory dis-
tress, severe dyspnea, tachypnea of > 30 breaths/min, and
SpO2 of < 90% on room air. It must be noted that the pres-
ence of fever should be carefully examined because even
in severe or acute forms of the disease, it may be moder-
ate or even absent. The presence of ARDS suggests either
the development of a new severe respiratory failure or the
worsening of a previously identified respiratory problem.
Therefore, the degree of hypoxia can be used to distinguish
various types of ARDS, using the PaO2/FiO2 ratio as a ref-
erence. Accordingly, mild ARDS presents with 200 mmHg
< PaO2/FiO2 ≤ 300 mmHg in patients without a need for
ventilation or those under non-invasive ventilation using
positive end-expiratory pressure or a continuous positive
airway pressure of ≥ 5 cmH2O. Moderate ARDS is charac-
terized with 100 mmHg < PaO2/FiO2 ≤ 200 mmHg while
in severe ARDS, PaO2/FiO2 is ≤100 mmHg. In addition,
chest imaging, including chest radiograph, lung ultra-
sound, and CT scan, demonstrates bi-lateral opacities (lung
infiltrates > 50%), which would not be thoroughly illus-
trated by lobar, lung collapse, or effusion. Although clin-
ical and imaging findings may reveal pulmonary edema in
some cases, cardiac failure and other causes of this phe-
nomenon, like fluid overload, as the initial respiratory
cause of edema, should be excluded by methods such as
echocardiography. The third International Consensus Def-
initions for Sepsis and Septic Shock (Sepsis-3) declared that
sepsis may trigger life-threatening organ dysfunction due
to the host’s dysregulated responses to confirmed or sus-
picious infections (44-46). Septic shock, which has been
associated with a high mortality rate, accompanies ab-
normal circulation, cellular damage, and metabolic disor-

ders such as elevated serum lactate levels (i.e., > 2 mmol/L
or > 18 mg/dL). Since COVID-19 patients commonly suf-
fer from persistent hypotension despite volume resuscita-
tion, it is necessary to administer vasopressors to maintain
a mean arterial pressure (MAP) of higher than or equal to
65 mmHg.

7. Management

For symptomatic and severely ill patients, oxygen ther-
apy is an essential therapeutic intervention. Patients with
respiratory failure who are refractory to oxygen therapy
may need mechanical ventilation, and hemodynamic in-
tervention is required to manage septic shock. Upon di-
agnosis of sepsis, standard care should be commenced as
soon as possible, including fluid bolus therapy and the
administration of vasopressors to manage hypotension.
Prophylaxis against venous thromboembolism is strongly
recommended. Low-molecular weight heparin (LMWH)
is preferred over unfractionated heparin, as well as non-
pharmacological modalities such as intermittent pneu-
matic compression stockings. Due to the absence of clini-
cal evidence, there are no approved antiviral drugs against
SARS-CoV-2. Remdesivir, a nucleotide analogue RNA poly-
merase inhibitor with a broad-spectrum antiviral activity,
has been demonstrated to be effective against the Ebola
virus in rhesus monkeys (47).

8. Conclusions

According to analyses, the incidence and spread of
SARS-CoV-2 depend on the interactions of the virus with
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the human immune system, viral parameters (including
the type of the virus, viral titer and load, in vitro viral via-
bility, and the mutation rate), and host-related parameters
(such as immune system competency, the patient’s age,
gender, and physical and nutritional conditions, genetic
factors (e.g., HLA genes), and neuroendocrine-immune reg-
ulation). Hence, developing a novel, safe, precise, rapid,
and easy technology to detect SARS-CoV-2 must be prior-
itized. Multiorgan involvement has been apparent since
the emergence of COVID-19, and the pace of disease pro-
gression is widely influenced by the presence of comor-
bidities and extrapulmonary organ injuries. Heart fail-
ure, renal failure, shock, ARDS, and multiorgan failure
contribute to the death due to COVID-19. Alongside the
rapid pace at which scientific results are shared, this review
hopes to add to the ever-emerging landscape of medical
knowledge on COVID-19.
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