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Introduction person by coughing or sneezing, or by fomites. Fomite transmission

occurs indirectly when infected respiratory droplets are deposited on

The first S Acute Respiratory Synd C i SARS- L . .
e first Severe Acute Respiratory Syndrome Coronavirus ( hands or on inanimate objects and surfaces with subsequent transfer

CoV) endemic was identified in the Guangdong Province of southern

T of secretions to a susceptible subject’s nose or conjunctiva.
China in November of 2002 [1]. SARS-CoV was found to spread from

person-to-person via respiratory secretions. This virus was capable of In 2003, Li et al. determined that SARS entered human cells via
causing severe respiratory symptoms and death [2]. In 2012 the CDC the metallopeptidase, angiotensin-converting enzyme 2 (ACE2) [7].
declared SARS-CoV a “select” agent that could pose a severe threat Immunohistochemistry for localization of ACE2 was then performed
to public health and safety [3]. SARS-CoV and SARS-CoV-2 are by Hamming et al. in early 2004 [8]. Their research showed ACE2
classified as beta coronaviruses which contain an extended loop that was found in many human tissues including but not limited to the
varies between viruses and is considered a hypervariable region [4]. endothelial cells in arteries and veins, type 1 and type 2 alveolar
Beta coronaviruses have been responsible for more severe symptoms epithelial cells, oral mucosa, nasal mucosa, the smooth muscle cells of
when compared to alpha coronaviruses. Symptoms of this SARS-CoV the muscularis mucosae and muscularis propria of the stomach, small
infection include fever, malaise, myalgia, headache, diarrhea, rigors, intestine, and colon. This wide distribution of ACE2 receptors in the
and respiratory distress. In severe cases, intubation of the infected body could be the reason for extensive symptoms of SARS-CoV-2
person to maintain oxygenation was necessary [1]. In December 2019, which has also been confirmed to enter the body via these receptors
the world saw the emergence of the novel SARS-CoV-2 (COVID-19) [9]. Analogous to SARS-CoV, SARS-CoV-2 stands for Severe Acute
in the Hubei province in Wuhan, China. The World Health Respiratory Syndrome Coronavirus 2, which demonstrates fever, mild
Organization (WHO) declared SARS-CoV-2 a global pandemic on to severe respiratory symptoms, GI symptoms, and fatigue. As the
March 11, 2020 [5]. This article aims to serve as a systemic review of virus continues to spread, many other symptoms and sequelae of this
COVID-19 symptoms during an infection and seeks to understand novel virus have been discovered.

the role of viral testing and clearance, relapses, asymptomatic persons, The body often demonstrates a rapid and severe immune reaction

to SARS-CoV-2 which leads to large amounts of cytokines released
Virus Nomenclature into the bloodstream. This release of cytokines leads to fever and has
been dubbed a “cytokine storm”. The rapid release of cytokines causes

and sequelae after recovery.

Viral respiratory infection (VRI) is the name for several types of fever, swelling, fatigue, and nausea. IL-6 is a major proinflammatory

lung infections. Viral infections enter the body through the upper cytokine cited to be responsible for the severe immune reaction to

respiratory tract and can cause an upper respiratory infection or lodge SARS-CoV-2 [10]. It has been theorized that individuals who are

in the lower respiratory tract and cause infection. Infections can be immunosuppressed may not exhibit as severe a reaction to the virus.

classified by the causative virus (i.e. influenza) or by the syndrome
they cause (i.e. pneumonia) [6]. SARS and Avian Influenza are not Symptomology of SARS-CoV-2

seen as classic respiratory infections but are often classified along with Fever
8 viruses that demonstrate spread through person to person contact

causing infection in the respiratory system. Fever is a typical physiologic response to infection and has a
protective effect. Fever has also been shown to enhance the immune

Virus Transmission and Infection system during infectious disease states [11,12]. During the COVID-19

Viral respiratory infections replicate in ciliated cells of the lung pandemic, fever hasbeen used as one of the main criteria of determining
causing cytolysis of the respiratory mucosa. Respiratory viruses whether or not a person qualifies for nasopharyngeal testing due to its
generally have two main modes of transmission, large particle high association with infection. In one study, researchers found that
aerosols of respiratory droplets transmitted directly from person-to- fever was present in 88.5% of persons infected (Table 1) [13].
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Table 1: CDC recognized symptoms of COVID-19 [11].

Fever or chills

Cough

Shortness of breath or difficulty breathing

Fatigue

Muscle or body aches

Headache

New loss of taste or smell

Sore throat

Congestion or runny nose

Nausea or vomiting

Diarrhea

Anosmia and Ageusia

Anosmia (the loss of smell) and ageusia (the loss of taste) are also
symptoms reported by COVID-19 positive patients. In Trubiano et al.
they hypothesize the loss of sensory function is due to the invasion
of the olfactory neuroepithelium and the olfactory bulb [14]. This
hypothesis is based on research showing substantial amounts of ACE2
in the respiratory system.

GI: Nausea, Diarrhea

SARS-CoV-2 enters cells via angiotensin-converting enzyme 2
(ACE2) which is present in the lung, airway epithelia, blood vessels,
and cells of the small intestine [15]. This could explain why GI
symptoms have been accounted for in almost 50% of patients with
COVID-19. These symptoms include nausea, vomiting, diarrhea, and
abdominal pain. A subset of those infected have shown predominately
GI symptoms with little to no respiratory involvement [16].

Headache

In a meta-analysis by Bolay et al. researchers describe the headache
caused by COVID-19 as a “moderate-severe bilateral headache with
pulsating or pressing quality, exacerbated by bending over, in the
temporoparietal region or sometimes more anteriorly to the forehead,
periorbital area, and sinuses” The study shows that 10% of patients
reported headaches that were commonly unrelieved by common
analgesics [17].

Hypercoagulability

COVID-19associated hypercoagulability has been widely reported
upon, although it has yet to be determined if the hypercoagulability
is directly caused by SARS-CoV-2 infection or by the host immune
response to the virus. Many markers of inflammation have been
shown to be increased in patients with severe COVID-19 infections
including increased d-dimer, PT, IL-6, CRP, ESR, and decreased
levels of fibrinogen. Researchers have also discovered a COVID-19
endotheliopathy, likely due to viral entrance via ACE2 receptors,
causing inflammation in host endothelial cells [18].

COVID Toes

Acrocyanotic lesions of the digits have been discovered in
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pediatric patients with suspected COVID-19 infections. Largely
healthy appearing children have presented with reddish/purple
lesions of the digits which then evolve to contain black crusts. The
lesions have typically resolved within two weeks [19]. Dermatologists
have noted pathology of the epidermis, dermis, and capillaries of the
digits, including microthrombi in two cases [20]. It is hypothesized
that the acrocyanotic lesions are due to microemboli associated with
SARS-CoV-2 infection.

Cardiovascular

Although currently classified as a viral respiratory illness, SARS-
CoV-2 has many devastating manifestations on the cardiovascular
system. In some patients with severe COVID-19 infections, physicians
are seeing an increase in troponin-I and troponin-T levels correlating
to myocardial damage. Other cardiovascular complications include
micro-infarctions, new-onset arrhythmias, myocarditis, and
pericarditis [21]. It is still undetermined if damage to the myocardium
is from the virus directly or from activated macrophages attempting
to clear the virus.

Issues and Consequences of Infection

Relapse

There have been increasing reports of patients who test positive by
reverse transcriptase polymerase chain reaction (RT-PCR) for SARS-
CoV-2 after having been deemed recovered and discharged from the
hospital. The World Health Organization (WHO) published guidelines
that state a patient is able to be discharged after two consecutive
negative PCR results 24 hours apart [22]. In Li et al. the researchers
discovered the median RNA shedding period to be 53 days with other
patients shedding even longer [23]. It has not yet been determined if
the positive RT-PCR is due to persistent infection with false negative
testing, or reinfection after discharge.

Sequelae of Infection

Persons infected with SARS-CoV-2 are seeing long term
symptoms that have yet to go away including fatigue, weakness, low-
grade fevers, shortness of breath, and tachycardia [24]. Other research
is investigating whether or not SARS-CoV-2 can predispose a person
to cancer [25].

Viral Testing

The standard testing for SARS-CoV-2 has been RT-PCR based
assays of respiratory specimens gathered by nasopharyngeal swab
without swabbing the tonsils or oropharynx. The nasopharynx is the
primary site for swabbing due to the presence of the virus on day one
of symptoms [26]. However, RT-PCR may not be the appropriate
method of testing for asymptomatic individuals who may be carriers
or in the incubation phase of infection. There have been documented
cases of asymptomatic persons testing positive via stool specimens
after testing negative via nasopharyngeal swab [27]. In addition to
missing the asymptomatic persons with SARS-CoV-2, there has been
an unusually higher number of persons suffering from co-infection
with other respiratory viruses. In one cohort, 80% of patients were
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positive for co-infection with influenza A, influenza B, mycoplasma,
or legionella pneumophila [28].

Other Biomarkers of Disease

Asymptomatic Carriers

A major complication of COVID-19 arises from those deemed
“asymptomatic” after testing positive via RT-PCR and showing no
symptoms of infection. Some of those asymptomatic patients go
on to show signs and symptoms of the disease after a prolonged
incubation period, but some never develop symptoms at all. In Kong
et al. it is reported that 60% of all COVID-19 cases are potentially
asymptomatic and 60% of those asymptomatic persons showed
evidence of pneumonia on initial spiral CT (Table 2) [29-31].

Table 2: Testable markers in COVID-19 [18,29,30].

Increased Decreased
C-Reactive Protein Albumin
Lactate Dehydrogenase Lymphocytes
Erythrocyte Sedimentation Rate Leukocytes

Aspartate and Alanine Aminotransferases

Creatine Kinase

Bilirubin

Creatinine

Amyloid A

Procalcitonin

Discussion

SARS-CoV-2 affects more than the respiratory system; it appears
to be a systemic illness. The wide variety and severity of symptoms
may be attributed to SARS-CoV-2 beta coronavirus classification. Beta
coronaviruses tend to act differently, with broader symptoms, more
severe disease, and potential for entry of the virus through various
modalities. There are also documented cases of SARS-CoV-2 where
the respiratory system is spared. While the portal of entry can be the
respiratory system, there are other ways in which people can become
infected including GI and endothelial infection. The classic clinical
picture of SARS-CoV-2 with cough, loss of taste, and fatigue may
or may not be the most common presentation in the long term. As
testing becomes more common, we will gain a better understanding
of the range of illness. Until then, this respiratory syndrome could be
considered part of a more severe acute systemic illness.
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