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ANATOMY

HISTOPATHOLOGY 

Coronavirus is one of the major pathogens that primarily targets the human respiratory system. Previous outbreaks of coronaviruses (CoVs) include the severe acute respiratory syndrome (SARS)-CoV and the Middle East respiratory syndrome (MERS)-CoV which have been previously characterized as agents that are a great public health threat. In late December 2019, a cluster of patients was admitted to hospitals with an initial diagnosis of pneumonia of an unknown etiology. These patients were epidemiologically linked to a seafood and wet animal wholesale market in Wuhan, Hubei Province, China (Bogoch, et al.,2000). Early reports predicted the onset of a potential Coronavirus outbreak given the estimate of a reproduction number for the 2019 Novel (New) Coronavirus (COVID-19, named by WHO on Feb 11, 2020) which was deemed to be significantly larger than 1 (ranges from 2.24 to 3.58) (S. Zhao et al., 2019)
PATHOGENESIS OF COVID-19
Patients with COVID-19 show clinical manifestations including fever, nonproductive cough, dyspnea, myalgia, fatigue, normal or decreased leukocyte counts, and radiographic evidence of pneumonia (C. Huang  et al.,2020 )which are similar to the symptoms of SARS-CoV and MERS-CoV infections (J.S. Peiris et al,. 2004) Hence, although the pathogenesis of COVID-19 is poorly understood, the similar mechanisms of SARS-CoV and MERS-CoV still can give us a lot of information on the pathogenesis of SARS-CoV-2 infection to facilitate our recognition of COVID-19.

HISTOPATHOLOGY 

Coronaviruses are large, enveloped, positive-strand RNA viruses that can be divided into four genera: alpha, beta, delta, and gamma, of which alpha and beta CoV are known to infect humans. Four HCoV (HCoV 229E, NL63, OC43, and HKU1) are endemic globally and account for 10% to 30% of upper respiratory tract infections in adults. Coronaviruses are ecologically diverse with the greatest variety seen in bats, suggesting that they are the reservoirs for many of these viruses (  Paules CI, et al ., 2020)
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THERAPIES 
Oxygen therapy

For mild to moderate patients with hypoxemia, nasal catheters and masks and even high-flow nasal cannula oxygen therapy (HFNC) are advised. While for severe and critical patients with respiratory distress, HFNC, noninvasive mechanical ventilation (NIV) or invasive mechanical ventilation, and even ECMO should be considered.

HFNC

HFNC can provide accurate oxygen concentration and a certain positive airway pressure to promote alveolar expansion to improve oxygenation and respiratory distress (lee HY et al 2015) However, according to expert consensus on the use of HFNC for COVID-19, patients with cardiac arrest, weak spontaneous breathing, PaO2/FiO2 < 100 mmHg, PaCO2 > 45 mmHg and pH < 7.25 and upper airway obstruction are contraindicated. NIV or invasive mechanical ventilation For severe patients with respiratory distress or hypoxemia that cannot be alleviated after standard oxygen therapy, NIV can also be considered with close surveillance (Guan WJ et al.,2020). And could be used as a variable to predict the failure of noninvasive ventilation (Dangers et al.,2018). If the patient continuously deteriorates or the respiratory rate cannot be improved after a short time (about 1–2 h), timely tracheal intubation and invasive ventilation are required (Fan E et al.,2017). Notably, patients with hemodynamic instability, multiple organ failure or abnormal mental status should not receive noninvasive ventilation. Lung protection ventilation strategies (small tidal volume, limited plateau pressure, and permissive hypercapnia) are suggested to be adopted in invasive mechanical ventilation to reduce ventilator-related lung injury (Fan E et al .,2018).Compared with NIV, invasive mechanical ventilation can more effectively improve the pulmonary ventilation function and respiratory mechanics of patients with acute respiratory failure. It can effectively increase the SaO2 level and is more conducive to lower the plasma BNP level (Yang HH etal., 2010). However, invasive mechanical ventilation requires tracheotomy, or oral/nasal tracheal intubation to establish an artificial airway, which is very likely to cause damage to patients, such as mediastina emphysema, ventilator related lung injury, and other related complications, such as reduced swallowing function, gastresophageal reflux, infections, etc. What’s more, invasive mechanical ventilation also increases the risk of secondary infections transmitted by aerosol particles (Hui DSet al.,2013)

Continuous renal replacement therapy (CRRT)

 Continuous renal replacement therapy (CRRT) For critical patients, CRRT can support organ function, reduce cytokine storms and maintain internal environment stability (Ronco et al .,2020). Three clinical studies showed that the incidence of AKI in patients with COVID-19 was 3% to 7%, and 7% to 9.0% were treated with CRRT. In ICU, the rate of CRRT application was 5.6% to 23.0% and reached as high as 66.7% to 100% in patients with AKI (Cheng Y et al., 2020)CRRT is recommended for patients who exhibit AK dications (hyperkalemia, acidosis, pulmonary edema, severe sodium ion disorders) or patients with CKD who have not undergone hemodialysis. During septic shock, CRRT can effectively remove inflammatory mediators and significantly improve hemodynamics. When ARDS appears in combination with multiple organ dysfunction syndrome (MODS), early CRRT is recommended (Trager K et al ., 2016). CRRT combined with the treatment of ECMO may remove cytokines, reduce the activity of macrophages and monocytes, and better preserve lung parenchyma.

 Convalescent plasma therapy for COVID-19

  Some studies reported that early convalescent plasma treatment for influenza and SARS-CoV infection is associated with decreased viral load and reduction in mortality (Mair–Jenkins et al., 2015), however, the studies were heterogeneous and of low quality. The WHO deemed convalescent plasma transfusion as the most promising therapy for MERS-CoV infection, while the efficacy remained inconclusive, with a lack of adequate clinical trials (Mustafa S et al .,2018). Since the virological and clinical characteristics among SARS, MERS, and COVID-19 were comparable (Lee PI et al., 2020)       convalescent plasma could have immunotherapeutic potential in COVID-19 treatment and further investigations are needed to prove its safety and efficacy. One possible explanation for the efficacy of convalescent plasma therapy is that the neutralizing antibodies from convalescent plasma might suppress viremia (Chen L et al., 2020), so understanding the antibody response during the course of SARS-CoV-2 infection could provide strong empirical support for the application of convalescent plasma therapy. A study reported that on day 5 after treatment, an increase of viral antibodies can be seen in nearly all patients, IgM positive rate increased to 81%, whereas IgG positive rate increased to 100%, which was considered as a transition from earlier to later period of infection Preliminary study has showed that patients who have recovered from COVID-19 with a high neutralizing antibody titer and could provide a valuable source of the convalescent plasma. Plasma transfusion may cause adverse effects, so convalescent plasma therapy is recommended as a last resort to improve the survival rate of severe patients with COVID-19. The optimal dose and treatment time point, as well as the therapeutic indications of convalescent blood products in COVID-19 remain uncertain, which need to be further investigated in randomized clinical studies.
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