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In December 2019, several cases of pneumonia of unknown origin were reported in Wuhan, China. The causative agent was characterized as a novel coronavirus, initially referred
to as 2019-nCoV and renamed severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) (Zhou et al., 2020b). This respiratory illness, coronavirus disease 2019 (COVID-19),
has spread rapidly by human-to-human transmission, caused major outbreaks worldwide, and resulted in considerable morbidity and mortality. On March 11, 2020, WHO classified
COVID-19 as a pandemic. It has stressed health systems and the global economy, as governments balance prevention, clinical care, and socioeconomic challenges.
Virology and Immunology
Classified in the Coronaviridae family and betacoronavirus genus, SARS-CoV-2 is the seventh coronavirus known to infect humans. Coronaviruses are enveloped positivesense, single-stranded RNA viruses with mammalian and avian hosts. Human coronaviruses include 229E, NL63, OC43, and HKU1, which are associated with mild seasonal
illness, as well as viruses responsible for past outbreaks of severe acute respiratory syndrome (SARS) and Middle East respiratory syndrome (MERS). Genetic analyses implicate bats as a natural reservoir of coronaviruses and other animals as potential intermediate hosts in the emergence of SARS-CoV-2 (Andersen et al., 2020).
The SARS-CoV-2 30 kb genome encodes proteases and an RNA-dependent RNA polymerase (RdRp) as well as several structural proteins. The SARS-CoV-2 virion is composed of a helical capsid formed by nucleocapsid (N) proteins bound to the RNA genome and an envelope made up of membrane (M) and envelope (E) proteins, coated with
trimeric spike (S) proteins (Zhou et al., 2020b). The S protein binds to the ACE2 enzyme on the plasma membrane of type 2 pneumocytes and intestinal epithelial cells. After
binding, the S protein is cleaved by a host membrane serine protease, TMPRSS2, facilitating viral entry (Hoffmann et al., 2020).
Based on our understanding of SARS and MERS, and their similarity to COVID-19, the human immune response in mild cases is likely characterized by a robust type I
interferon antiviral response and CD4+ Th1 and CD8+ T cell response, resulting in viral clearance. In severe cases, there is likely an initial delay in the antiviral response and
subsequently increased production of inflammatory cytokines with an influx of monocytes and neutrophils into the lung, leading to cytokine storm syndrome. These cytokines,
including interleukin (IL)-1, IL-6, IL-12, and tumor necrosis factor-α, lead to increased vascular permeability and may contribute to respiratory failure (Prompetchara et al., 2020).
Another hallmark of severe disease is lymphopenia, which may be due to direct infection of lymphocytes or suppression of bone marrow by the antiviral response. Neutralizing
IgM and IgG antibodies to SARS-CoV-2 can be detected within 2 weeks of infection; it is still unknown whether patients are protected from reinfection (Wölfel et al.., 2020;
Prompetchara et al., 2020).
Transmission and Clinical Course
SARS-CoV-2 is thought to spread primarily via respiratory droplet and fomite transmission, although the possibility of fecal-oral transmission is being investigated (Wölfel
et al., 2020). It can spread over longer distances when aerosolized. Once infection is established, the clinical course of COVID-19 is variable, making both case identification
and triage difficult. Notably, asymptomatic and presymptomatic transmission has been described. For those who become symptomatic, the incubation period, the time from
exposure to symptom onset, is 4–5 days on average (Li et al., 2020). The most common symptoms include cough, fever, and fatigue. For a minority of patients, the disease
worsens approximately 5–10 days after symptom onset, resulting in complications such as acute respiratory distress syndrome (ARDS) and other end organ failure (Zhou et
al., 2020a). Patients over 60 and those with comorbid conditions, including cardiovascular disease, underlying respiratory conditions, and cancer, are at higher risk for these
severe complications and death. In comparison, children have a milder clinical course (CDC, 2020).
Diagnosis and Management
Reverse transcriptase-polymerase chain reaction of respiratory samples remains the gold standard for diagnosing COVID-19, though immunoassays, isothermal nucleic
acid amplification tests, and CRISPR-based diagnostic tests are in development to facilitate rapid point-of-care testing and address global testing shortages (Pang et al.,
2020). Among those diagnosed, common laboratory findings include lymphopenia, elevated markers of inflammation including C-reactive protein, and elevated markers of
coagulation cascade activation including D-dimer; higher viral load and inflammatory marker levels correlate with increased disease severity. Chest computed tomography
(CT) scans of symptomatic patients are sensitive for detecting disease but nonspecific (CDC, 2020).
The current management of COVID-19 is focused on infection control, supportive care including ventilatory support as needed, and treatment of sequelae and complications. Patients with suspected COVID-19 who are asymptomatic or mildly ill are recommended to self-isolate for 2 weeks from the day of exposure, use acetaminophen as
needed, remain hydrated, and monitor for worsening symptoms. Patients with more severe disease are admitted to the hospital for treatment of hypoxia, respiratory failure,
ARDS, and septic shock.
Investigational Therapies and Vaccine Development
Multiple clinical trials are underway to define potential roles for antiviral agents and specific immunomodulators. Antiviral agents under investigation include inhibitors
endosome maturation (hydroxychloroquine), inhibitors of viral RNA-dependent RNA polymerase (remdesivir, favipiravir) and inhibitors of viral protein synthesis and maturation (lopinavir/ritonavir); immunomodulators under investigation include interferon-β and blockade of IL-6 receptor or IL-6 (tocilizumab, siltuximab, sarilumab) (McCreary and
Pogue, 2020). Passive immunization with convalescent plasma and active immunization strategies involving live-attenuated virus, chimeric virus, subunit, nanoparticle, RNA,
and DNA are in development and testing. As the field looks toward the future of COVID-19 therapy, temporality of treatment should be considered, as some therapies could
show greater efficacy at different disease stages.
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