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ASSIGNMENT
Write a comprehensive review of the aetiology of COVID-19, its pathogenesis, histopathological features and the current potential therapies to address it. Also, comment on the future of COVID-19 on public health.


VIROLOGY
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a previously unknown betacoronavirus that was discovered in bronchoalveolar lavage samples taken from clusters of patients who presented with pneumonia of unknown cause in Wuhan City, Hubei Province, China, in December 2019 ( Ren et al., 2020) Coronaviruses are a large family of enveloped RNA viruses, some of which cause illness in people (e.g., common cold, severe acute respiratory syndrome [SARS], Middle East respiratory syndrome [MERS]), and others that circulate among mammals and birds. Rarely, animal coronaviruses can spread to humans and subsequently spread between people, as was the case with SARS and MERS.
SARS-CoV-2 belongs to the Sarbecovirus subgenus of the Coronaviridae family, and is the seventh coronavirus known to infect humans. The virus has been found to be similar to SARS-like coronaviruses from bats, but it is distinct from SARS-CoV and MERS-CoV (Zhu et al., 2020; Lu et al., 2020) The full genome has been determined and published in GenBank. 

A preliminary study suggests that there are two major types (or strains) of the SARS-CoV-2 virus in China, designated L and S. The L type was found to be more prevalent during the early stages of the outbreak in Wuhan City and may be more aggressive (although this is speculative), but its frequency decreased after early January. The relevance of this finding is unknown at this stage and further research is required (Tang et al., 2020)
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Illustration revealing ultra-structural morphology exhibited by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) when viewed with electron microscopically Centers for Disease Control and Prevention

 

ORIGIN OF VIRUS

A majority of patients in the initial stages of this outbreak reported a link to the Huainan South China Seafood Market, a live animal or "wet" market, suggesting a zoonotic origin of the virus (Huang et al., 2020; Chen et al., 2020; Li et al., 2020).

While the potential animal reservoir and intermediary host(s) are unknown at this point, studies suggest they may derive from a recombinant virus between the bat coronavirus and an origin-unknown coronavirus; however, this is yet to be confirmed (Zhu et al., 2020; Lu et al., 2020; Paraskevis et al., 2020; Ji et al., 2020). Pangolins have been suggested as an intermediate host as they have been found to be a natural reservoir of SARS-CoV-2-like coronaviruses (Zhang, Wu, Zhang Z, 2020; Lam et al., 2020).



PATHOGENESIS OF COVID-19
Virus Entry and Spread
SARS-CoV-2 is transmitted predominantly via respiratory droplet, contact, and potential in fecal-oral. Primary viral replication is presumed to occur in mucosal epithelium of upper respiratory tract (nasal cavity and pharynx), with further multiplication in lower respiratory tract and gastrointestinal mucosa (Xiao et al., 2020) giving rise to a mild viremia. Few infections are controlled at this point and remain asymptomatic. Some patients have also exhibited non-respiratory symptoms such as acute liver and heart injury, kidney failure, diarrhea (Huang et al., 2020; Cheng et al., 2020; Guan et al., 2020; Wang et al., 2020) implying multiple organ involvement. ACE2 is broadly expressed in nasal mucosa, bronchus, lung, heart, esophagus, kidney, stomach, bladder, and ileum, and these human organs are all vulnerable to SARS-CoV-2 (Zou et al., 2020) Recently, potential pathogenicity of the SARS-CoV-2 to testicular tissues has also been proposed by clinicians, implying fertility concerns in young patients (Fan et al., 2020). The postulated pathogenesis of SARS-CoV-2 infection is graphed in below.
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Postulated pathogenesis of SARS-CoV-2 infection. Antibody-dependent enhancement (ADE); ACE2: angiotensin-converting enzyme 2; RAS: renin-angiotensin system; ARDS: acute respiratory distress syndrome. Red words represent the important turning points in SARS-CoV-2 infection.


Pathological Findings
The first report (Xu et al., 2020) of pathological findings from a severe COVID-19 showed pulmonary bilateral diffuse alveolar damage with cellular fibromyxoid exudates. The right lung showed evident desquamation of pneumocytes and hyaline membrane formation, indicating acute respiratory distress syndrome. The left lung tissue displayed pulmonary edema with hyaline membrane formation, suggestive of early-phase acute respiratory distress syndrome (ARDS). Interstitial mononuclear inflammatory infiltrates, dominated by lymphocytes, could be observed in both lungs. Multinucleated syncytial cells with atypical enlarged pneumocytes characterized by large nuclei, amphophilic granular cytoplasm, and prominent nucleoli were identified in the intra-alveolar spaces, indicating viral cytopathic-like changes. These pulmonary pathological findings extremely resemble those seen in SARS (Ding et al., 2003) and MERS (Ng et al., 2016). Moderate microvascular steatosis and mild lobular and portal activity were observed in liver biopsy specimens, which might be caused by either SARS-CoV-2 infection or drug use. In addition, only a few interstitial mononuclear inflammatory infiltrates were found in the heart tissue, which means that SARS-CoV-2 might not directly impair the heart (Xu et al., 2020). Massive mucus secretion in both lungs was found in death cases with COVID-19, which was different from SARS and MERS (Liu et al., 2020).

Acute Respiratory Distress Syndrome (ARDS)
ARDS is a life-threatening lung condition that prevents enough oxygen from getting to the lungs and into the circulation, accounting for mortality of most respiratory disorders and acute lung injury (Thompson, Chambers, Liu, 2017). In fatal cases of human SARS-CoV, MERS-CoV, and SARS-CoV-2 infections, individuals exhibit severe respiratory distress requiring mechanical ventilation, and the histopathology findings also support ARDS (Xu et al., 2020; Ding et al., 2020; Ng et al., 2020) Previous studies have found that genetic susceptibility, and inflammatory cytokines were closely related to the occurrence of ARDS. More than 40 candidate genes including ACE2, interleukin 10 (IL-10), tumor necrosis factor (TNF), and vascular endothelial growth factor (VEGF) among others have been considered to be associated with the development or outcome of ARDS (Meyer and Christie 2013). Increased levels of plasma IL-6 and IL-8 were also demonstrated to be related to adverse outcomes of ARDS (Thompson, Chambers, Liu, 2017). The above biomarkers suggest both a molecular explanation for the severe ARDS and a possible treatment for ARDS followingSARS-CoV-2 infection.
 Cytokine Storm
Clinical findings showed exuberant inflammatory responses during SARS-CoV-2 infection, further resulting in uncontrolled pulmonary inflammation, likely a leading cause of case fatality. Rapid viral replication and cellular damage, virus-induced ACE2 down regulation and shedding, and antibody dependent enhancement (ADE) are responsible for aggressive inflammation caused by SARS-CoV-2, as concluded in a recently published review article (Fu, Cheng and Wu 2020). SARS-CoV-2 hijacks the same entry receptor, ACE2, as SARS-CoV for infection, suggesting the likelihood of the same population of cells being targeted and infected (Gu et al., 2005) The initial onset of rapid viral replication may cause massive epithelial and endothelial cell death and vascular leakage, triggering the production of exuberant pro-inflammatory cytokines and chemokines (Yang, 2020). Loss of pulmonary ACE2 function has been proposed to be related to acute lung injury (Imai, Kuba and Penninger 2008) because ACE2 downregulation and shedding can lead to dysfunction of the renin-angiotensin system (RAS), and further enhance inflammation and cause vascular permeability. For SARS-CoV, one confusing issueis that only a few patients, particularly those who produce neutralizing antibodies early, experience persistent inflammation, ARDS, and even sudden death, while most patients survive the inflammatory responses and clear the virus (Fu, Cheng and Wu 2020). The above phenomenon also exists in SARS-CoV-2 infection. A possible underlying mechanism of antibody-dependent enhancement (ADE) has been proposed recently (Fu Cheng and Wu 2020). ADE, a well-known virology phenomenon, has been confirmed in multiple viral infections (Takada and Kawaoka 2003). ADE can promote viral cellular uptake of infectious virus–antibody complexes following their interaction with Fc receptors (FcR), FcγR, or other receptors, resulting in enhanced infection of target cells (Takada and Kawaoka 2003) The interaction of FcγR with the virus-anti-S protein-neutralizing antibodies (anti-S-IgG) complex may facilitate both inflammatory responses and persistent viral replication in the lungs of patients (Fu, Cheng, and Wu 2020).
Immune Dysfunction
Peripheral CD4 and CD8 T cells showed reduction and hyperactivation in a severe patient. High concentrations of proinflammatory CD4 T cells and cytotoxic granules CD8 T cells were also determined, suggesting antiviral immune responses and overactivation of T cells ( Xu et al., 2020) Additionally, several studies have reported that lymphopenia is a common feature of COVID-19 (Zhu et al., 2020; Huang et al., 2020) suggestive of a critical factor accounting for severity and mortality.



Potential Therapeutics
Currently, there are no specificantiviral drugs or vaccines for the control of SARS-CoV-2. Symptomatic treatment strategies are recommended for clinical practice. Here are the potential therapeutics available for the treatment of SARS-CoV-2.

Type I IFNs
Type I IFNs are antiviral cytokines that induce a large range of proteins that can impair viral replication in targeted cells. Previous studies have reported that IFN-β was superior against SARS-CoV compared to IFN-α (Scagnolari et al., 2004). Synergistic effects of leukocytic IFN-α with ribavirin (Chen et al., 2004) and IFN-β with ribavirin (Morgenstern, Michaelis, Baer, Doerr, and Cinatl 2005) against SARS-CoV were demonstrated in vitro.
Potential Antiviral Compounds
Ribavirin. During the outbreak of SARS in Hong Kong, ribavirin was broadly used for patients with or without concomitant use of steroids (Wenzel and Edmond 2003). Ribavirin and IFN-β could synergistically inhibit SARS-associated CoV replication in vitro (Morgenstern, Michaelis, Baer, Doerr, and Cinatl 2005). Due to adverse reactions, the proper dose of ribavirin in clinical application should be given carefully.
Lopinavir/ritonavir. The combination of lopinavir/ritonavir is widely used in the treatment of HIV infection. It has been reported that the use of lopinavir/ritonavir with ribavirin has a good therapeutic effect in SARS (Chu et al., 2004) and MERS (Kim et al., 2016). Lopinavir/ritonavir has been recommended for clinical treatment for COVID-19.
Remdesivir. Remdesivir (RDV) was previously reported to restrain SARS-CoV in vivo (Agostini et al., 2018) and the antiviral protection of RDV and IFN-β was found to be superior to that of lopinavir/ritonavir-IFN-β against MERS-CoV in vitro and in vivo. In addition, remdesivir was used in the treatment of the first COVID-19 patient in the United States (Hoehl et al., 2020) and was shown to have antiviral activity against SARS-CoV-2 in vitro (Wang et al., 2020) However, its effectiveness and safety have not been verified in clinica/89l trials yet.
Nelfinavir. Nelfinavir is a selective inhibitor of HIV protease, which has been shown to have a strong inhibition of SARS-CoV (Yamamoto et al., 2004) implying a possible therapeutic for COVID-19.
Arbidol. Arbidol, a broad-spectrum antiviral compound, is able to block viral fusion against influenza viruses. In addition, arbidol and its derivative, arbidolmesylate, have been reported to have antiviral activity against SARS-CoV in vitro (Khamitov et al., 2008) The antiviral activity of arbidol against SARS-CoV-2 has been confirmed in vitro and recommended for clinical treatment.
Chloroquine. Chloroquine has many interesting biochemical properties including antiviral effect (Savarino et al., 2003). It has been found to be a potent inhibitor of SARS-CoV through interfering with ACE2 (Yamamoto et al., 2004). Chloroquine can effectively inhibit SARS-CoV-2 in vitro (Wang et al., 2020) and is recommended for the clinical control of viral replication 
Convalescent Plasma
Recently, convalescent plasma has been widely recommended to be used for COVID-19 (Li, Wang, Xu, and Cao, 2020), but the effect of convalescent plasma cannot be discerned from the effects of patient comorbidities, stage of illness, or effect of other treatments.
Protective Monoclonal Antibody
It has been reported that the monoclonal antibody (mAb) can efficiently neutralize SARS-CoV and inhibit syncytia formation between cells expressing the S protein and those expressing the SARS-CoV receptor ACE2 (Duan et al., 2005) However, mAbs can only recognize a single epitope, and the anti-infective effect may be limited. In addition, the development of mAbs requires a certain period of time, which is difficult to achieve in clinical application in a short time.
Others
Based on the virology of SARS-CoV-2, blocking the binding of S protein to ACE2 is important for the treatment of virus infection. ACE2 is an important component of the renin-angiotensin system (RAS). RAS inhibitors, ACEI and AT1R, may be potential therapeutic tools for COVID-19. Additionally, intravenous transplantation of ACE2-mesenchymal stem cells (MSCs), blocking of FcR with immunoglobulin (IVIG), and systemic anti-inflammatory drugs to reduce cytokine storm are also potential therapeutic strategies for severe COVID-19 (Fu, Cheng, and Wu 2020; Leng et al., 2020) Traditional Chinese medicines have also been found to have potential anti-SARS-CoV-2 activity (Zhang et al., 2020).





Covid-19: What is next for Public Health?

Non-pharmaceutical interventions remain central for management of COVID-19 because there are no licensed vaccines or coronavirus antivirals. If the situation changes towards much wider community transmission with multiple international foci, the WHO strategy of containment for elimination could need to be adjusted to include mitigation strategies combined with the following activities currently recommended by STAG-IH on the WHO website.
First, close monitoring is needed of changes in epidemiology and of the effectiveness of public health strategies and their social acceptance.
Second, continued evolution is needed of enhanced communication strategies that provide general populations and vulnerable populations most at risk with actionable information for self-protection, including identification of symptoms, and clear guidance for treatment seeking.
Third, continued intensive source control is needed in the epicentre in China—ie, isolation of patients and persons testing positive for COVID-19, contact tracing and health monitoring, strict health facility infection prevention and control, and use of other active public health control interventions with continued active surveillance and containment activities at all other sites where outbreaks are occurring in China.
Fourth, continued containment activities are needed around sites outside China where there are infected people and transmission among contacts, with intensive study to provide information on transmissibility, means of transmission, and natural history of infection, with regular reporting to WHO and sharing of data.
Fifth, intensified active surveillance is needed for possible infections in all countries using the WHO-recommended surveillance case definition.
Sixth, preparation for resilience of health systems in all countries is needed, as is done at the time of seasonal influenza, anticipating severe infections and course of disease in older people and other populations identified to be at risk of severe disease.
Seventh, if widespread community transmission is established, there should then be consideration of a transition to include mitigation activities, especially if contact tracing becomes ineffective or overwhelming and an inefficient use of resources. Examples of mitigation activities include cancelling public gatherings, school closure, remote working, home isolation, observation of the health of symptomatic individuals supported by telephone or online health consultation, and provision of essential life support such as oxygen supplies, mechanical ventilators and extracorporeal membrane oxygenation (ECMO) equipment.
Eighth, serological tests need to be developed that can estimate current and previous infections in general populations.
Finally, continued research is important to understand the source of the outbreak by study of animals and animal handlers in markets to provide evidence necessary for prevention of future coronavirus outbreaks.
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