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Abstract 

Background: On Dec 19, 2019, the public health department of China reported that an outbreak 

of pneumonia was caused by a novel Coronavirus. The virulence of the new virus COVID-19 

was much greater than either the SARs and MERSs viruses and on March 11, 2020, the World 

Health Department (WHO) declared a worldwide pandemic. Understanding the pathophysiology 

of virulence of the SARS-COV-2 virus is absolutely necessary for understanding the 

transmission, virulence factors, reduce risk factors, clinical presentation, predict outcomes of the 

disease and provide guidance for any current or future treatment protocols. Methodology: A 

comprehensive PubMed search was performed during December 20, 2019 and April 03, 2020, 

utilizing the words: Wuhan Virus, COVID-19, SARs coronavirus, ACE2, S-protein, virulence, 

clinical presentation, epidemiology, genome, treatment, structure, MERs, pathogenesis and/or 

pathology alone and in combination with other terms. Each paper was evaluated by three content 

experts for quality, reproducibility, credibility and reputation of the journal. Results: The SARS-

COV-2 virus is much more virulent than either the SAR’s or MER’s virus and its ability to cause 

serious disease inversely corresponds to the person’s ability to produce T-cells which declines 

linearly with age. The ACE2 receptor binding site does not vary among different ethnic groups 

but do in ACE-2 expression levels. This variance in expression level may explain for different 

infectivity rates among men and women and predict and explain different susceptibilities to 

infection by different ethnic groups. Furthermore, by understanding the underlying 

pathophysiology one can explain and provide guidance to the clinical effectiveness of any 

treatment. Conclusions: The underlying pathophysiology of COVID-19 explains not only the 

virulence, and clinical presentation, but, explains at a molecular level the comorbidity risk 

factors such as hypertension, sex, and age. Ethnic and anatomic expression patterns of ACE-2 
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and associated pathophysiology suggests that Native Americans and Asians may be particularly 

susceptible to this disease. 

 

Introduction 

A mysterious illness started from Wuhan, China, has sickened millions throughout the world. It 

was late November 2019 when patients with pneumonia like symptoms started to come and soon 

on December 19, 2019 the first case of  a novel Coronavirus patient was reported officially by 

public health department of China. Chinese scientists discovered a new strain of coronavirus that 

is apparently and genetically different from previously known strains of famous coronaviruses 

like Sever Acute Respiratory Syndrome (SARS) and Middle East Respiratory Syndrome 

(MERS) coronavirus (CoV). This is a newly emerged strain that is currently testing the 

capabilities of this modern world for dealing with unfamiliar pathogens like this Novel 

Coronavirus SARS-2 (SARS-CoV-2) which causes COVID-19. As per briefing of Wuhan’s 

Municipal Health and Health Commission on December 31, 2020, 27 cases were reported with 

similar clinical manifestations of fever and difficulty in breathing and their chest radiographs 

showed bilateral lung infiltrative lesions. Overall, the relentlessness of this COVID-19 is 

unquestionable. Because of the exponential growth of infection, on March 11, 2020; WHO 

declared this COVID-19  a pandemic. As of today March 31st, 2020  with spread through 177 

countries of the world, the COVID-19 remains severe, continuously expanding with worldwide 

803,650 cases and biggest number of cases have been reported from US (164,785),  Italy, 

(101,739) Spain (94, 417), and China (82,276) (Johns Hopkins COVID data accessed on March 

31st) . In clinical practice, COVID-19 patients are still mainly affected by the severe respiratory 

system infection, but evidence of damage to other system organs such as cardiovascular 
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complications  has also been reported (Yao et al, 2020; Hu, Wang, & Zhu 2020; Madjid et al., 

2020).  

The virus is highly contagious, case fatality rate for COVID-19 varies from place to place and 

country to country with current reported cases growing exponentially.  Spreading quickly, 

affecting mainly elderly and populations with multiple underlying disorders but cases and deaths 

in young adults have also been reported including one death reported from Illinois of a patient 

under the age of 1 year. Global trends indicate that SARS-CoV-2 may reach 30-40% of the 

population, some of the communities may wiped out, and its spread will not slow down without 

accelerated human involvement in the near future in practices including social distancing, 

diagnostics, treatment and vaccination (Hagen, 2020).  Exacerbating this is the fact the virus can 

spread from asymptomatic carriers (Rothe et al., 2020) 

Normally flu, common cold and influenza are the infections that we observe during winter and 

spring, so is viral pneumonia.  Viruses that cause viral pneumonia are commonly influenza/ 

orthomyxo viruses, others include parainfluenza viruses, adenoviruses, rhinoviruses, 

cytomegaloviruses, and coronaviruses. These infections might also result in spread or outbreak in 

small communities or regions, with most common clinical manifestations of fever, soreness, 

dyspnea, and lung infiltration. Complications are mainly associated with virus load, virulence, 

route of infection, age and immune status of the host. Higher SARS-CoV-2 viral loads might 

worsen outcomes, and data from China suggests the viral load is higher in patients with more 

severe disease. The amount of virus exposure at the start of infection – the infectious dose – may 

increase the severity of the illness and is also linked to a higher viral load (Heneghan et al., 

2020).  Majority of the cases are manageable with complete bed rest supplemented with 

supportive therapies.  
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Coronaviruses (CoVs) are named for the crown-like spikes on their surface and belong to the 

family Coronaviridae within the order Nidovirales. Members of this large family of viruses can 

cause respiratory, enteric, hepatic, and neurological diseases in broad group of animals including 

humans, camels, cattle, cats, bats, birds, snakes, mice and other wild animals. Since the mid-

1960s, seven species have been identified as human coronaviruses (HCoVs) (Cui, Li & Shi 

2019).  

Basically, coronaviruses are large, positive-sense enveloped ribo nucleic acid (RNA) viruses in 

the Nidovirales order. They are divided into four genera i.e.  α, β, γ and δ. Three species of β-

coronaviruses have caused outbreaks of deadly pneumonia in humans since the beginning of the 

21st century. Human coronaviruses, including hCoV-229E, OC43, NL63, and HKU1, cause mild 

respiratory diseases. These viruses have a broad distribution among humans and other mammals. 

Even though most human coronavirus infections are mild, the epidemics of the two 

betacoronaviruses, severe acute respiratory syndrome coronavirus (SARS-CoV-1), and Middle 

East respiratory syndrome coronavirus (MERS-CoV), have caused more than 10,000 cumulative 

cases in the past two decades, with mortality rates of 10% for SARS-CoV and 37% for MERS-

CoV. Causative agent of current outbreak is a novel betacoronavirus, the 2019 novel coronavirus 

(SARS-CoV-2) and there was no evidence or published reports about this species of 

coronaviruses before December 2019 (WHO 1, 2020).  

Survey Methodology 

A comprehensive PubMed search was performed during December 20, 2019 and April 03, 2020 

utilizing the words: Wuhan Virus, COVID-19, SARs coronavirus, ACE2, S-protein, virulence, 

clinical presentation, epidemiology, genome, treatment, structure, MERs, pathogenesis and/or 

pathology alone and in combination with other terms. Initially, 300 research papers were 
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screened and 74 research papers with information related to the chosen topic and scientific merit 

were selected for further review and evaluation by three content experts considering quality, 

reproducibility, credibility and reputation of the journal. Expert in medicine/pharmacogenomics, 

microbiology/infectious disease and molecular pathology separately reviewed each paper. 

Mutual agreement on inclusion of information in this review by all three content experts was the 

threshold of the study.   

Findings 

Clinical Presentation 

Most patients who are infected with COVID-19 will have only mild symptoms. Yet due to a high 

fatality and morbidity rate it is important to identify those at elevated risk. COVID-19 severe 

illness may be defined as having the endpoints of needing to be ventilated, placed in intensive 

care units (ICU) or death. Severe disease seems to be correlated linearly with age up to about the 

age of 65 where the correlation begins to become exponential. (Guan et al., 2020) The incubation 

period of this disease is about 4-5 days with about 5% of the population not showing clinical 

symptoms for as long as 14 day after initial exposure. (Guan et al, 2020). Nearly everyone with 

the disease under the age of 15 will not develop severe disease and most will not show 

symptoms.  Thus, this age group can serve as carriers who are infected unknown to themselves 

and to many other therafter (Li Q et al., 2020). The disease can pass from those that show no 

clinical symptoms. (Zou et al, 2020). Studies indicate that the virus sheds at high levels from the 

nose in both symptomatic and non-symptomatic patients in a way more like the influenza virus 

than the SARS virus.(Wu, Zhen, & Zheng, 2020) The virus also seems to be able to survive  on  

fomite for 72 hours and in the air as an aerosol for 3-4 hours making transmission possible even 
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if an infected person has not been around for hours from the air or days from inanimate 

objects.(van Doremalen et al., 2020) 

The most important symptoms in adults are a fever 88%, cough 67.8%, fatigue 38%, difficulty 

breathing 18.7%, and myalgia. (Guan et al, 2020). It has been shown however that children may 

show diarrhea as a sign of infection. (Lu X et al, 2020) For those with clinical symptoms the 

cough is often followed a day or two later by a slight fever with pneumonia appearing perhaps as 

early as 2-4 days after the initial cough.  The blood labs indicate that about 83.7 percent of those 

infected have lymphocytopenia and 60.7 percent will have C-reactive protein above 10 mg/liter 

(Guan et al, 2020). Elevated liver enzymes are also relatively common indicating that the 

COVID – 19 virus has propensity for the liver which may also limit later therapeutic choices. 

Lymphocytopenia occurs in 87% of the cases in contrast to SARs where it is at 18%. This may 

indicate that COVID-19 may be overwhelming the immune system and/or targeting the immune 

system itself. Chest X-rays are often benign initially or may show signs of interstitial pneumonia 

with a ground glass appearance. (Holshue et al., 2020). The pneumonia however may progress 

rapidly into lobar or bronchopneumonia with CT scans similar to what was found with SARS 

(Franquet, 2009). In terminal cases the chest X-rays may appear completed whited out.  There is 

also evidence that the neuro-invasion by the COVID-19 virus may play a role in respiratory 

failure. (Li, Bai & Hashikawa, 2020)  

The severity of pneumonia is often scored with the CURB65 score which uses as criteria 1 point 

for any of the following conditions: Confusion, Urea >  7 mmoles, Respiratory rate > 30, 

diastolic BP < 60, and Age > 65. In the absence of other risk factors, any score  equals to 2 or 

more the patient is generally admitted and a score equals to  3 or more the patient may be 

considered for intensive care. (Barlow, Nathwani, & Davey, 2007).  
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Interestingly the following factors in addition to age may play a role in morbidity: hypertension, 

diabetes, hepatitis B infection, COPD, immunodeficiency and cancer (Guan et al. 2020; Fang, 

Karakiulakis, & Roth 2020). 

Testing 

The ideal specimen for the COVID-19 diagnosis as per Center for Disease Control (CDC) 

guidelines is a nasopharyngeal swab. Oropharyngeal, nasal mid-turbinate, or nasal swabs are 

acceptable alternatives if nasopharyngeal swabs are unavailable. Expectorated sputum should be 

collected from patients with productive cough; induction of sputum is not recommended. A 

lower respiratory tract aspirate or bronchoalveolar lavage should be collected from patients who 

are intubated (CDC, 2020). Molecular techniques have been used successfully to identify 

infectious agents for many years. Unbiased, high-throughput sequencing is a powerful tool for 

the discovery of pathogens (Palacios et al, 2008; Armstrong et al., 2019).  

Considering ss-RNA nature of viral nucleic acid, and due to the fact that this virus was 

previously not known, the reliable and suggested method other than culture for SARS-CoV-2 

RNA is use of reverse-transcription polymerase chain reaction (RT-PCR) (Patel & Jernigan 

2020). Dr. Wang Jianwei and the team at the Chinese Academy of Medical Sciences, Institute of 

Pathogen Biology, China were the first to sequence the genome of COVID-19 using next 

generation sequencing (NGS) (Ren et al, 2020). They obtained bronchoalveolar lavage (BAL) 

fluid samples from the patients, isolated the DNA and RNA, and then sequenced the genetic 

material. They reported that most of the viral sequences belonged to the CoV family of viruses, 

which includes the SARS-CoV and the Middle East respiratory syndrome-related (MERS) CoV 

(Ren et al, 2020).  
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These details were readily available before publication, genome sequence was submitted to 

NCBI library and provided a great help in diagnosis of early cases. The first PCR tests for 

COVID-19 were developed very rapidly – within two weeks of the disease being identified – and 

they are now part of the World Health Organization (WHO)’s recommended protocol for dealing 

with the disease.  A positive test for SARS-CoV-2 generally confirms the diagnosis of COVID-

19, although false-positive tests are possible. If initial testing is negative but the suspicion for 

COVID-19 remains, the WHO recommends resampling and testing from multiple respiratory 

tract sites (WHO 2, 2020). 

Negative RT-PCR tests on oropharyngeal swabs despite CT findings suggestive of viral 

pneumonia, have been reported in some patients who ultimately tested positive for SARS-CoV-2 

(Xie et al, 2020) 

As compared to RT-PCR, serologic tests are considered more rapid and in this kind of outbreak 

will be able to provide a rapid and in time diagnosis, once largely available, these serological 

tests (mostly Enzyme Linked Immuno Sorbent Assay or ELISA based) will help the clinicians to 

identify patients having current or previous infection, asymptomatic patients and patients with 

negative PCR results. In one study (Guo et al, reported the detection efficiency by IgM - ELISA 

higher than that of qPCR method after 5.5 days of symptom onset. They mentioned that positive 

detection rate was significantly increased (98.6%) when they combined IgM ELISA assay with 

PCR for each patient compared to a single qPCR test (51.9%) (Guo, 2020). 

Wenling Wang et. al. (2020) reported presence of Virus in specimens collected from multiple 

sites. According to them respiratory tract samples most often testing positive for the virus. But 

the live virus was also detected in feces, implying that SARS-CoV-2 may be transmitted by the 
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fecal route. They also found a small percentage of blood samples positive for COVID-19 PCR 

test, suggesting systemic infection. 

SARS-COV-2  Virus 

Coronaviruses are a group of viruses that cause a significant percentage of all common colds in 

human adults and children. Four human coronavirus including 229E, OC43, NL63, and HKU1 

are prevalent and typically cause common cold symptoms in immunocompetent individuals. 

SARS-CoV which causes SARS, has a unique pathogenesis because it causes both upper and 

lower respiratory tract infections. SARS-CoV-2 is classified as a novel betacoronavirus 

belonging to the sarbecovirus subgenus of Coronaviridae family. The genome sequence of 

SARS-CoV-2 is about 89% identical to bat SARS-like-CoVZXC21 and 82% identical to human 

SARS-CoV (Chan et al., 2020). The severity of disease is most often an important indirect factor 

in a virus’s ability to spread. Because coronaviruses have error prone RNA-dependent RNA 

polymerases (RdRP), mutations and recombination events frequently occur, resulting in quasi-

species diversity that is closely associated with adaptive evolution and the capacity to cause 

disease. Previous studies have shown that SARS-CoV mutated over the 2002-2004 epidemic to 

better bind to its cellular receptor and replication in human cells, enhancing virulence (Cui, Li & 

Shi, 2019).  

The genome of the new SARS-CoV-2, as previously mentioned had 89% nucleotide homology 

with bat SARS-like-CoVZXC21 and 82% with that of human SARS-CoV (Chan et al, 2020). For 

this reason, the new virus was called SARS-CoV-2. Its single-stranded RNA genome contains 

29891 nucleotides, encoding for 9860 amino acids. Although its origins are not entirely 

understood, these genomic analyses suggest that SARS-CoV-2 probably evolved from a strain 

found in bats. The potential amplifying mammalian host, intermediate between bats and humans, 
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is, however, not known. Since the mutation in the original strain could have directly triggered 

virulence towards humans, it is not certain that this intermediary exists (Cascello et al,. 2020). 

Zhang et al (2020) have reported pangolins as the possible intermediate host of the virus, but 

their roles are waiting for further investigation. Coronaviruses use homo-trimers of the spike (S) 

glycoprotein to promote host attachment and fusion of the viral and cellular membranes for 

entry. S is the main antigen present at the viral surface and is the target of neutralizing antibodies 

during infection. As a result, it is a focus of vaccine design. S is a class I viral fusion protein 

synthesized as a single polypeptide chain precursor of approximately 1,300 amino acids (Bosch 

et al, 2003).  

COVID-19 cellular pathogenesis 

For many coronaviruses, S is processed by host proteases to generate two subunits, designated 

S1 and S2, which remain non-covalently bound in the pre-fusion conformation. The N-terminal 

S1 subunit comprises four β-rich domains, designated A, B, C and D, with domain A or B acting 

as receptor-binding domains in different coronaviruses and contributes to stabilization of the 

prefusion state of the membrane-anchored C-terminal- S2 subunit, that contains the metastable 

spring-loaded fusion machinery (Walls et al, 2016). During entry, S2 is further proteolytically 

cleaved at the S2′ site, immediately upstream of the fusion peptide (Millet & Whittaker, 2015). 

This second cleavage step occurs for all coronaviruses and is believed to activate the protein for 

membrane fusion, which takes place via irreversible conformational changes (Belouzard, Chu & 

Whittaker, 2009). 

For all CoVs, S is further cleaved by host proteases at the so-called S2 0 site located immediately 

upstream of the fusion peptide. This cleavage has been proposed to activate the protein for 

membrane fusion via extensive irreversible conformational changes (Pallesen et al, 2017; Li et al 
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2020). As a result, coronavirus entry into susceptible cells is considered as a complex process 

that requires the concerted action of receptor- binding and proteolytic processing of the S protein 

to promote virus-cell fusion. SARS-CoV and several SARS-related coronaviruses (SARSr-CoV) 

interact directly with angiotensin-converting enzyme 2 (ACE-2) via SB to enter target cells 

(Wong et al, 2004). 

To see how the S protein from SARS-CoV-2 facilitates viral entry into target host cells it has 

been reported that the S proteins of SARS and SARS-2 or COVID-19 mediate viral entry into a 

similar spectrum of cell lines as other human coronaviruses. Resembling SARS, SARS-CoV-2 

also employs the same host-cell ACE2 as the receptor for cell entry, and the host cell serine 

protease TMPRSS2 primes the S protein of SARS-CoV-2 for entry (Hoffmann et al, 2020). 

As the ACE2 enzyme is integral in the regulation of blood pressure and the renin-angiotensin 

system, its involvement in SARS-CoV-2 entry into the host cell may suggest possible 

mechanisms for pathogenesis of the COVID-19 syndrome.  The main role of ACE2 is the 

degradation of Ang II resulting in the formation of angiotensin 1–7 (A (1-7)) which opposes the 

actions of Ang II.  Another well-recognized role of A (1-7) is in stimulation of hematopoiesis 

and recovery of circulating white blood cells. Other consequences of the virus-receptor 

interaction may be co-morbidity with patients with high blood pressure or diabetes being treated 

with ACE-1 inhibitors or angiotensin-receptor antagonists since both drug classes increase the 

expression of ACE2 (Tikellis & Thomas, 2012;Rodgers, & Dizerga 2013; Lei, 2020). 

It is also reported that the recombinant receptor binding domain (RBD) protein bound strongly to 

human ACE2 (hACE2) and bat ACE2 (bACE2) receptors. They also found it to block the entry 

of SARS-CoV-2 and SARS-CoV into their respective hACE2-expressing cells, suggesting that it 
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may serve as a viral attachment inhibitor against SARS-CoV-2 and SARS-CoV infection (Tai et 

al., 2020). 

ACE2 is a type I transmembrane metallo-carboxy-peptidase with homology to ACE, an enzyme 

long-known to be a key player in the Renin-Angiotensin system (RAS) and a target for the 

treatment of hypertension (Riordan, 2003). It is mainly expressed in vascular endothelial cells, 

the renal tubular epithelium, and in Leydig cells in the testes (Ling et al, 2020). That is why this 

also has been suggested that this novel SARS CoV-2 might affect male fertility. First evidence 

about such effect reports the alteration of sex-related hormones under COVID-19. They found 

serum luteinizing hormone (LH) significantly elevated and testosterone (T) to LH ratio decreased 

in COVID-19 patients, which infer to the potential hypogonadism (Ling et al, 2020). 

ACE2 degrades Angiotensin II to generate Angiotensin 1-7, thereby, negatively regulating RAS 

(Tikellis & Thomas, 2012). To show the interaction between ACE2 and viral entry Hoffmann et 

al (2020) reported that treating Vero-E6 cells, a monkey kidney cell line known to permit SARS-

CoV replication, with an Anti-ACE2 Antibody blocked the entry of Vesicular stomatitis virus 

(VSV) pseudotypes expressing the SARS-CoV-2 S protein. Another important step is priming of 

S protein by the Transmembrane protease, serine 2 TMPRSS2 that is crucial for SARS-CoV 

infection of target cells and spread throughout the host. Hoffmann et al.,(2020) investigated if 

SARS-CoV-2 entry is also dependent on S protein priming by TMPRSS2 and reported that 

treatment of the Calu-3 human lung cell line with the serine protease inhibitor camostat mesylate 

partially blocked entry of VSV pseudotypes expressing the SARS-CoV-2 S protein. 

Cao et al (2020)  mentioned that a previous study showed that residues near lysine 31, and 

tyrosine 41, 82–84, and 353–357 in human ACE2 were important for the binding of S-protein in 

coronavirus but  they were not able to find any  mutation among different ethnic groups of these 
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residues. They also reported that there was a lack of natural resistant mutations for 

coronavirus S-protein binding in populations. Similarly a study by Zhao et al (2020) 

reported that ACE-2 has been found to be elevated in Asian men, with Caucasian’s and 

Africans having lower level respectively. Taken together, the differences in allele 

frequencies of ACE2 coding variants among different populations suggested that the 

diverse genetic basis might affect ACE2 functions among populations (Cao et al, 

2020). It is assumed that the higher levels in Asians should also translate into higher levels of 

ACE-2 in native American populations, as there are evidences that native American tribes began 

their migration to the New World about 15,000-25,000 years ago from Siberia and are 

genetically Asian overall and related to tribes in the Altaic region (Pinotti, 2019). 

The earliest cases of SARS-CoV-2 or COVID-19 were identified as “pneumonia of unknown 

etiology”, which was defined as an illness of unknown etiology with fever with or without a 

recorded temperature, radiographic evidence of pneumonia, low or normal leukocyte count or 

low lymphocyte count during the early stage of disease and no improvement or worsening 

symptoms after 3–5 days of antimicrobial treatment per standard clinical guidelines(China CDC, 

2020). 

If we look for similar clinical features between COVID-19 and previously known 

betacoronavirus infections we will see that most patients presented with fever, dry cough, 

dyspnea, and bilateral ground-glass opacities on chest CT scans, and these are the features of 

SARS-CoV-2 infection that are similar to SARS-CoV and MERS-CoV infections. Yet, few 

patients with SARS-CoV-2 infection showed prominent upper respiratory tract signs and 

symptoms (e.g., rhinorrhea, sneezing, or sore throat), indicating that the target cells could be 
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located in the lower respiratory tract. Additionally, SARS-COV-2   patients unless a child hardly 

shows the intestinal signs and symptoms (e.g., diarrhea), as compare to MERS-CoV or SARS-

CoV infection, where about 20–25% of patients had diarrhea too (Lee et al, 2003; Assiri, Al-

Tawfiq, & Al-Rabeeah 2013; Chaolin et al 2020).  

Additionally, CoVID-19 also needs to be distinguished from other non-viral causative agents that 

might cause pneumonia-like symptoms and signs for example Mycoplasma, chlamydia, 

Streptococcus,  Haemophilus, and variety of invasive fungi etc.  It is also important to consider 

that patients with viral pneumonia may also test positive to multiple other viruses, and that is 

why the severity of a combined virus infection with this COVID-19 or SARS-CoV-2 should not 

be ignored. Comparing the pathology of SARS-CoV-1, MERS and SARS-CoV-2 it is reported 

that the predominant visceral macroscopic changes in fatal SARS‐CoV-1 cases have been 

edematous lungs with increased gross weights, multiple areas of congestion, enlargement of 

lymph nodes in the pulmonary hila and the abdominal cavity, diminished spleen size and reduced 

spleen weights (Nicholls et al, 2003; Ding et al., 2003).  

Large numbers of SARS‐CoV particles and genomic sequences were also detected within 

circulating lymphocytes, monocytes, and lymphoid tissues, epithelial cells of the respiratory 

tract, the intestinal mucosa, the epithelium of renal distal tubules, neurons in the brain, and 

tissue‐resident macrophages residing in different organs (Gu et al., 2005) 

Pathophysiology and virulence mechanisms of CoVs, and therefore also of SARS-CoV-2 have 

links to the function of the non-structural proteins (nsps), and structural proteins. These nsps are 

able to block the host innate immune response (Lei, Kusov, & Hilgenfield 2018). With reference 

to functions of structural proteins, the envelope plays a crucial role as it promotes viral assembly 

and release. Though, many of these features need more detailed studies.  
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Pulmonary Damage Cascade 

The virus enters the respiratory tract usually through air droplets. There are reports of SARS-

COV-2 virus associated cases with mild upper respiratory tract symptoms, suggesting the 

potential for pre- or oligosymptomatic transmission  (Wolfel et al., 2020). Once in the respiratory 

tract the virus eventually enters the alveoli targeting the ACE2 receptor which is predominant on 

type II pneumocytes. It is the type II pneumocytes that normally produce surfactant which 

functions to increase pulmonary compliance, prevent atelectasis at the end of expiration and to 

help recruit collapsed airways and open these up. The type II pneumocytes are destroyed once 

infected by COVID-19 during the budding out process from these cells thus, reducing surfactant 

levels. The destroyed type II pneumocytes then recruit macrophages to destroy the dead debris 

and tissue. In turn the macrophages secrete interleukin 1, interleukin 6 and tumor necrotic factor 

TNF α. Interleukin-1 forms an important part of the inflammatory system causing vasodilation, 

increased body temperature, increased sensitivity to pain and localized fluid build- up. 

Interleukin 1 also increases the number of adhesion molecules in endothelium cells enhancing 

the migration of neutrophils and lymphocytes to the area. Interleukin 6 mediates acute phase 

proteins to be produced. TNF induces cachexia, fever and cell death of other infected cells. The 

alveoli begin to become full of fluid and debris which decreases the diffusion of oxygen across 

the alveoli causing hypoxemia. Additional, bronchial epithelial denudation, loss of cilia, and 

squamous metaplasia and acute fibrinous with organizing pneumonia in later stages (Bradley & 

Bryan, 2009) (Gu et al., 2005). This in turn can permanently damage the lung. As the lung is 

further damaged the pneumonia can turn to acute respiratory disease, septic shock and multi 

organ failure. Interestingly, the use of ACE inhibitors and ARB’s by those with hypertension 
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causes an upregulation of the ACE2 receptor which may partly explain the increase in risks for 

those with hypertension.  

Comparatively we saw for MER-CoV infection the target receptor was dipeptidyl peptidase 4 

(DPP4; also known as CD26), (Meyerholz, Lambertz, & McCray2016). Targets in the lung 

included pneumocyte, multinucleated epithelial cells, and bronchial submucosal gland cells. 

Reported pathogenesis of MERS‐CoV infection include exudative diffuse alveolar damage with 

hyaline membranes, pulmonary edema, type II pneumocyte hyperplasia, interstitial pneumonia, 

and multinucleate syncytial cells. Bronchial submucosal gland necrosis had also been observed 

(Ng et al 2016; Alsaad et al. 2018). These bronchial lesions comprise the pathologic basis for the 

respiratory failure and radiologic abnormalities of MERS‐CoV infection and a death rate of 

nearly 45%.(Walker, 2016) 

Treatment 

In the fight against coronavirus, scientists have come up with three strategies for developing new 

drugs. The first strategy is to test existing broad-spectrum anti-virals, so,  Interferons, ribavirin, 

and cyclophilin inhibitors used to treat coronavirus pneumonia fall into this category. The second 

strategy is to use existing molecular databases to screen for molecules that may have therapeutic 

effect on coronavirus  and the third strategy is directly based on the genomic information and 

pathological characteristics of different coronaviruses to develop new targeted drugs from 

scratch (Wu et al., 2020)  

Among  some of the treatments that are currently on hand  and have been used in China and 

other places are zinc, chloroquine/hydroxychloroquine, and Azithromycin. Though each of these 

inexpensive medications have not yet been approved by the FDA for the treatment of COVID-19 
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virus they have been approved for other disorders and have been used extensively overseas in the 

treatment of the COVID-19 virus. (Gao et al., 2020) 

Zinc 

Zinc has been shown to limit the duration of colds (many of which are caused by coronaviruses) 

by 40% in duration. (Hemila, 2017) Zinc is the most common trace metal found in the human 

cell following iron. Zinc is a cofactor for many enzymes that help maintain a healthy immune 

system and is involved in nearly every aspect of immune response. Zinc is especially important 

for humoral immunity that is the release of antibodies that opsonize the COVID-19 virus for 

phagocytosis by immune cells, kill infected cells by the NK cells and block the entrance of the 

virus into the cells. (Skrajnowska & Bobrowska-Korczak, 2019). Zinc also may also interfere 

with RNA dependent RNA polymerase which is essential for the replication of the COVID-19 

virus (Kaushik et al. 2017). Zinc enters the cell through the Zrt1p and Zrt2p transporters and can 

also utilize the voltage-dependent calcium channels, NMDA receptors and AMPA-Rs receptors. 

(Inoue, Bryant, & Xiong, 2015) 

Chloroquine/Hydroxychloroquine 

Chloroquine is a very inexpensive drug and has been around since 1934 having been used as an 

antimalarial and immunosuppressant. Chloroquine has been shown to form an ionophore in the 

cellular membrane allowing doubling the amount of zinc that can enter the cell at clinically 

relevant levels(Xue et al, 2020) Chloroquine is a very alkaline medication that can readily 

distribute throughout one’s cells and settle in those areas that are especially acidic such as the 

endosomes which are small vacuoles that the COVID -19 virus uses to enter the cell after 

attachment at the cellular membrane. Chloroquine can increase the pH of the endosome 
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inhibiting the ability of the COVID-19 virus to enter the cell. (Wang et al. 2020),  In a clinical 

trial of 100 patients in China using chloroquine it was found that the course of the disease was 

shortened, and the pneumonia exasperation inhibited. (Gao, Tian, & Yang 2020). No serious 

adverse effects were seen. Hydroxychloroquine may have greater inhibitory potential than 

chloroquine and may be safer as it does not have the same risk to cause retinal damage.  

Azithromycin 

Azithromycin may serve a dual purpose in the treatment of COVID-19 by reducing the risk of 

secondary bacterial infections and by taking advantage of recently uncovered anti-viral 

properties. As an anti-viral is has been shown in patients with compromised lung function to 

induce interferon-β and interferon-ꙋ. (Schogler et al., 2015; Geilin. Johnston, & Edwards 2015). 

Interferons are critical for innate and adaptive immunity against viral infections. Additionally, 

Azithromycin inhibits the bronchial excretion of mucin which when excreted narrows the 

bronchial passageways inhibiting breathing.Azithromycin may also limit  inflammation. (Min & 

Jang, 2012). 

lopinavir–ritonavir 

There are several COVID-19 clinical trials looking at different combinations of Interferons with 

and without antivirals. A systematic review of the evidence related to lopinavir-ritonavir and 

SARS and MERS suggests it could be a potential treatment for COVID-19 infections. 

Lopinavir/Ritonavir with or without interferons are being used regularly in the treatment of 

COVID-19 (Yao et al., 2020). 

Summary/Conclusion 
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The COVID-19 pandemic is the third coronavirus-caused disease to arise in the 21st century.  

Cultural and lifestyle changes of the last fifty years have created a world in which these newly 

seen viral infections can spread worldwide in day and weeks.  The need to prepare for future 

pandemics should be obvious.   

Rapid identification, basic public health interventions such as social distancing, followed as 

quickly as possible by development of diagnostic tests to monitor in real time the spread of the 

disease should become standard reactions to new viral disease.  Preparatory measure such as 

availability of enough personal protective equipments,  medication,  as well as costly 

instrumentation (such as ventilators) is essential to overcome the situations like current 

pandemic. SARS-CoV-2 mutates rapidly, infects with high efficiency, and causes severe illness 

in a high proportion of infections (Liu Y, et al., 2020).  These qualities should be expected in 

future outbreaks.  Entry of the virus via interaction with  ACE-2  suggest a variety of potential 

therapeutic directions to develop and some effort should be made to develop pan-coronavirus 

interventions.  ACE-2 shows patterns of ethnic and anatomic expression consistent with the 

spread of the disease among ethnic groups and the pulmonary and immune suppression that are 

major features of the severe acute respiratory syndrome –Coronavirus 2 (SARS-COV-2  

syndrome).   Public health CANDOR  regarding future infections; will prepare the public for 

realistic scenarios and greater compliance with traumatic interventions ranging from social 

distancing, stay-at-home orders, job loss, economic costs and end-of-life care that will enhance 

our ability to conquer future pandemics faster and at less cost than it will require to overcome 

COVID-19. 
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