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Abstract: COVID-19 represents the latest pandemic caused by the SARS-

CoV-2 coronavirus. Coronaviruses are RNA viruses that cause a largely 

viral mediated immune-related syndrome similar to the SARS epidemic. 

Following metagenomic sequencing, SARS-CoV-2 closely resembles 

SARS-CoV (79% similarity) and MERS-CoV virus (50% similarity). 

Despite this, clinical observations have found varying degrees of infectivity 

and pathogenesis amongst these viruses. Phylogenetic origins of SARS-

CoV-2 have found connections to bats and pangolins as possible zoonotic 

reservoirs. It enters the host cells via the receptor binding site of the ACE-2 

receptor. Upon entering the host cells, cytopathic effects and interruption of 

respiratory cilia occur with a resultant cascade of pro-inflammatory cytokines 

and chemokines. Common clinical features of COVID-19 include fever, cough 

and fatigue. COVID-19 infected patients also present with various 

gastrointestinal, gustatory, dermatologic, ocular, cardiovascular, neurologic and 

coagulopathic manifestations. Dyspnea, sore throat, nasal congestion, 

musculoskeletal pain, headaches and chills were also observed. Emerging data 

supports that COVID 19 has disproportionately affected specific ethnic groups, 

particularly racial minorities for various health and institutional reasons. It is 

estimated around 5% of all cases are severe, presenting with respiratory failure, 

shock, acute respiratory syndrome and arrhythmias. Co-infection with other 

pathogens was also seen with various other viruses such as rhinoviruses, 

respiratory syncytial virus and other coronaviruses. COVID-19 is able to spread 

asymptomatically and causes slightly different manifestations in pregnant ladies 

and the pediatric populations. ARDS in COVID-19 patients is suspected to be a 

unique clinical entity as lung function testing found high driving pressures with 

abnormally low lung compliance and low lung recruitability. This requires a 

unique approach to ventilating COVID-19 ARDS patients. In conclusion, new 

emerging data will require healthcare professionals to adapt and more studies 

are required to overcome this critical pandemic.  

 

Keywords: COVID-19, SARS-COV2, SARS, MERS-CoV, Pediatrics, 

Pregnancy, Clotting Factor, Chemokines 
 

Introduction  

Coronavirus disease 2019, better known as COVID-19, 

has now presented itself as the defining health challenge 

in modern history. Since the first case of human to 

human transmission, the infection has caused widespread 

reverberations to the world’s healthcare systems and 

economy. This novel coronavirus was first recognized in 

late 2019 (hence COVID-19), as the culprit virus causing 

small clusters of pneumonia cases in a city within the 

Hubei Province of China. It was later traced back to a 

possible zoonotic transmission from a large seafood 

market dealing with wild animals in Wuhan. In time, the 

virus rapidly advanced through much of China before 

quickly appearing in other countries around the world. The 

World Health Organization (WHO) declared this novel 

coronavirus a public health emergency of global concern on 

30th January 2020 and later coined the virus’s new name, 

“COVID-19” on the 11th of February 2020. By March 

11th 2020, the WHO announced that the COVID-19 

outbreak could be characterized as a pandemic. 

Merely 2 weeks later, on the 24th of March 2020, 
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COVID-19 had infected more than 381,000 people 

across 195 countries (WHO, 2020b). 

According to the WHO, as of July 11th 2020, there 

were approximately 12.3 million confirmed cases 

worldwide, with 556,335 confirmed deaths, attributed to 

SARS-CoV 2 virus pandemic. Regions that were highly 

affected include the Americas, with over 50% of the 

world’s global caseloads, followed by Europe, South 

East Asia and the Eastern Mediterranean region (WHO, 

2020b). These statistics, although dizzying, may not be 

truly representative of the situation at hand, however; as 

these numbers are likely underrepresented due to various 

factors, such as testing shortages, large reservoirs of 

asymptomatic cases, lack of effective communication 

and public stigmatization, which may worsen the 

pandemic. Despite rapid identification of the virus, its 

high rate of infectivity and lack of efficacious treatments 

or vaccines may make elimination of COVID-19 an 

extremely daunting task (Maqbool and Khan, 2020). We 

provide a detailed and recent review into the evidence 

available on the etiopathogenesis and clinical 

presentation of COVID-19 to better aid clinicians and 

spur new avenues for high quality studies in the future. 

Coronaviruses of the Past and COVID-19 

Coronaviruses, which are mostly composed of a positive 

single stranded RNA genome, have the ability to be 

pathogenic in both humans and animals. There are 7 known 

subtypes of viruses that have an impact on humanity, 

including the SARS-CoV2 virus, the newly discovered 

virus responsible for COVID-19. Other coronaviruses, such 

as Human Coronavirus 229E, NL63, OC43 and HKU1 

have previously been shown to cause minor symptoms by 

exclusively infecting the upper airway (Fehr and Perlman, 

2015). However, COVID-19 is different as it constitutes a 

largely viral-mediated syndrome with a vast multitude of 

presentations (Cao and Li, 2020a). New information is 

constantly emerging as time progresses on. 

The novel human coronavirus was initially 

discovered via metagenomic sequencing and targeted 

Real-Time Polymerase Chain Reaction (qRT-PCR) from 

the bronchoalveolar lavage fluid of a patient cluster in 

Wuhan, China (Zhu et al., 2020). Following that, it was 

quickly discovered that SARS-CoV-2 belonged to the 

betacoronavirus genus of the Orthocoronaviridae family, 

bearing close resemblances to the SARS-CoV (79% 

similarity) and MERS-CoV viruses (50% similarity) 

(Lu et al., 2020). Other genomic studies have unveiled 

that the SARS-CoV-2 also shares 88% similarities of its 

genome to two distinct bat-derived SARS-like 

coronaviruses isolated in Eastern China in 2015, namely 

the bat-SL-CoVZC45 and bat-SL-CoVZXC21 (Lu et al., 

2020). Among all coronaviruses, SARS-CoV-2 was 

recently found to be most similar (98%) to the BatCoV 

RaTG13 virus found in the Intermediate Horseshoe bat, 

Rhinolophus affinis from the Yunnan province of China. 

(Zhou et al., 2020b; Tay et al., 2020).  

Despite close genetic similarities, these viruses have 

different potential to cause widespread disease. For 

instance, the SARS-CoV-2 has been found to have a far 

higher potential for pandemics with a reproductive number 

(R0) of between 2 and 2.5 as per the WHO. This is higher 

than that of both the previous SARS (1.7-1.9) and MERS 

epidemics (<1). Interestingly, a study by Liu reported an 

average reproductive number of 3.28 for the SARS-CoV-2 

virus, but this could be inaccurate due to insufficient data 

and shorter duration of study in this study (Liu et al., 2020). 

Differences in social cultures, mitigation strategies and 

outbreak staging have led to a wide range of values of R0, 

ranging from 2.2-3.6 to 4.1-6.5 (Kwok et al., 2020). As a 

solution, proposed the use of a dynamic Susceptible-

Exposed-Infectious-Recovered (SEIR) epidemiological R0 

via machine learning to increase the accuracy of values in 

the future. This method was previously used to aid national 

policymaking for the HIV epidemic (Linka et al., 2020). 

Despite the higher infectivity rate, COVID-19 appears 

to be associated with milder disease when compared to 

other coronaviruses. Projections of case fatality rates of 

SARS-CoV-2 hovers around 2.8% in males and 1.7% 

in females, which is lower than the other two 

mentioned coronaviruses (Novel, 2020). Table 1 below 

describes key differences between these viruses. 

Phylogenesis and Possible Origins 

SARS-CoV-2 has features typical of other 

betacoronaviruses, namely 14 Open Reading Frames (ORF) 

encoding for 27 proteins. Viral replication in SARS-CoV-2 

stems from 15 non-structural proteins coded from ORF 1 

and ORF 2 at the 5 ’terminal region of the viral genome 

(Malik et al., 2020; Petrosillo et al., 2020). The structure of 

the virus comprises of Spike proteins (S), Envelope protein 

(E), Membrane protein (M) and Nucleocapsids (N). These 

proteins originate from the 3 ’terminal region of the genome 

(Wu et al., 2020a; Petrosillo et al., 2020). Cytogenetic 

studies confirm that there are as little as 380 amino acid 

substitutions between SARS-CoV-2 and SARS-like 

coronaviruses. These differences are mostly concentrated in 

the non-structural proteins and spike protein S used for cell 

binding and entry. These findings again make COVID-19 

very similar genetically to the SARS-CoV pandemic of 

2003 and the bat SARS-like virus that was isolated from 

Intermediate Horseshoe bats mentioned earlier. These 

features not only reaffirm a possible wild bat reservoir 

between these viruses but also provide some insight into the 

differing virulence and infectivity between SARS-CoV and 

SARS-CoV-2. Further phylogenetic investigations on 103 

strains of SARS-CoV-2 in China show 2 different types of 

viruses namely type L (responsible for 70% of 

infections) and type S (responsible for 30% of 

infections) (Tang et al., 2020b; Li et al., 2020b).  
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Table 1: Comparisons between features of recent outbreaks 

   Receptor of 
 Animal Intermediate interest (Virion- Period of 

Disease reservoir host host cell) incubation Total cases Mortality rate R0 

SARS-CoV-2(COVID Possibly  Possibly  Spike protein 3-18 days 12.3 million 3.4% as  2.5-3.28 
-19) (McGonagle et al., Bats pangolins to Angiotensin-  (as of July per WHO 

2020; Liu et al.,   converting  11th 2020) 

2020; She et al., 2020)   enzyme 2 
SARS-CoV (SARS Bats Civet cat Spike protein 2-7 days 8,098 9.6% 1.7-1.9 

2003; Petrosillo et al.,   to Angiotensin 

2020; Li, 2016)   converting enzyme 2   
MERS-CoV (MERS Bats Camels Spike protein to 5 days 2,494 34% <1 

2012; Cheng et al.,   Dipeptidyl Peptidase 
2004; Li, 2016)   4 (DPP4)  

H1N1 Influenza a Wild Aquatic  Mainly poultry Hemaglutinin to 1-4 days 60.8 million in 0.02% 1.4-1.7 

(1918; 2009; Dou et al., birds but also pigs, Sialic acid  2009, 500 million 

2018; Parrish et al.,  horses and minks   in 1918 

2015; Prevention, 2019) 

 

The cardinal strain in the initial pandemic was the L 

subtype but it became the minor strain when COVID-19 

had broadened outside of China. The clinical 

significance between the two strains remains unclear. 

Similar viral strains have also been isolated in Pangolins, 

spurring theories explaining this observation. 

Pangolins have been increasingly implicated in the 

pandemic as more evidence of its association begins to 

unfold. Liu et al. (2019) initially discovered that 

pangolin lung samples had contained a similar SARS-

CoV-like virus. The Pangolin-CoV virus is strikingly 

similar to both SARS-CoV-2 and BatCoV RaTG13 at 

91.02 and 90.55% respectively, making it the closest 

related viral genome after the aforementioned BatCoV 

RaTG13 virus (Zhang et al., 2020a). Interestingly, 

upon genomic examination of all 3 viruses, there were 

5 key amino acids on the binding site of the SARS-CoV-2 

virus that were completely indistinguishable from the 

Pangolin CoV, while the BatCoV RaTG13 has 4 

differing mutations (Zhang et al., 2020a). 

Coronaviruses such as the SARS-CoV and MERS-CoV 

have been shown in the past to have other 

intermediate hosts such as civets and camels and it is 

expected that SARS-CoV-2 is likely to be similar 

(Azhar et al., 2014; Guan et al., 2003). This may be 

especially true considering the first ever COVID-19 

patient alarmingly disclosed no contact to the culprit 

seafood market (Huang et al., 2020).  

The evidence for the origins of SARS-CoV-2 is 

perplexing. Some theories of the possible origin of 

COVID-19 are incongruent with present genomic data. 

For instance, it is known that while there are various 

non-aquatic animals sold at the Huanan Seafood 

Wholesale Market, no bats were sold there at all (Lu et al., 

2020). Furthermore, as early as 1st of January 2020, it 

was found that 70% of cases had already had no 

exposure to the market, while only 10% of patients had 

market exposure (Li et al., 2020a). Lastly, when 

comparing SARS-CoV-2 to the earlier mentioned bat 

viruses bat-SL-CoVZC45 and bat-SL-CoVZXC21, it 

was discovered that SARS-CoV-2 was not a direct 

descendant of those viruses despite being genetically 

similar. This signifies a truly unclear source (Lu et al., 

2020). Some media coverage have suggested a possible 

human synthetic origin. Andersen et al. (2020) recently 

published an editorial to the journal NATURE utilising 

current genomic studies regarding the Receptor Binding 

Domain (RBD) of the spike protein to offer their 

perspectives on the origins of the SARS-CoV-2 virus. 

They concluded that while it is impossible to prove or 

disprove the exact origin of the virus without further 

study, the genetic data available had irrefutably shown 

that SARS-CoV-2 could not have emerged through 

laboratory manipulation (Andersen et al., 2020). They 

cited that while SARS-CoV-2 may bind to human ACE2 

with high affinity, computational analyses predict that 

this interaction is not ideal and unlike the ideal 

binding of RBD sequence in the previous SARS-CoV 

(Wan et al., 2020). This implies that no reverse-

genetic mechanism was used from the genomic 

backbone of any of the available betacoronaviruses to 

manufacture the current SARS-CoV-2 virus (Cui et al., 

2019; Almazán et al., 2014). 

COVID-19 Specific Pathogenesis 

Similar to SARS-CoV, SARS-CoV-2 uses 

Angiotensin-Converting Enzyme 2 (ACE2) as its main 

receptor. The receptor is widely found on the vascular 

endothelium, respiratory epithelium, macrophages and 

alveolar monocytes (Lu et al., 2020). It is also expressed 

in various cells belonging to various tissues in the heart, 

kidney and gastrointestinal tracts (Imai et al., 2010). 

Inoculation of SARS-CoV-2 into the epithelial cells of 

the human airway induces cytopathic effects and 

interruption of respiratory cilia. Successful isolation of 

actively replicating live viruses in the upper respiratory 

tissues has led to the primary means of diagnosing 

COVID-19, via throat swab and detection of viral 
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subgenomic messenger RNA (sgRNA) (Cao and Li, 

2020b). Following active replication and subsequent 

release, the host cells undergo pyroptosis and releases 

various damaging molecular proteins such as ATP, nucleic 

acids and ASC oligomers. These molecules set off a 

cascade of release off pro-inflammatory cytokines and 

chemokines such as IL-6, IP-10, MIP1α, MIP1β and MCP1 

from adjacent epithelial, endothelial and alveolar 

cells/macrophages. The resultant chemokines attract 

monocytes, macrophages and T cells to the site of infection, 

that will in turn further reinforce a pro-inflammatory 

feedback loop (Tay et al., 2020).  

The outcome of the disease varies depending on the 

health of the host’s immune system. In patients with a 

defective immune response, an inappropriate 

intensification of the pro-inflammatory cascade leads to 

a collection of immune cells that destroy lung 

parenchyma. The eventual cytokine storm circulates to 

cause multi-organ damage and non-neutralising 

antibodies made by B cells may augment SARS-CoV-2 

by way of antibody-dependant-enhancement. In patients 

with a robust immune system, virus-specific T cells 

promptly enter the site of infection, eliminating the virus, 

while neutralising antibodies produced by B cells will 

function to block viral replication. Next, circulating 

macrophages will recognize and engulf these antibody 

complexes and other apoptotic cells, leading to milder 

clinical symptomatology. This implies that the 

combination of the degree of viral burden and host 

responses predicts the severity of the overall condition 

(Tay et al., 2020). Another notable feature of SARS-

CoV-2 that relates to its eventual severity is its 

propensity for optimal binding to the human ACE2 

receptor. In fact, based on receptor affinity analysis, 

SARS-CoV2 binds to ACE2 more efficaciously 

compared to the 2003 and 2002 strains of SARS-CoV. 

This is true among humans, ferrets, cats and other 

species with consistent receptor homogeneity to humans 

(Andersen et al., 2020; Petrosillo et al., 2020). The 

Receptor Binding Domain (RBD) in the spike protein is 

varied among coronaviruses and it is believed that this 

feature induces the pathogenicity seen among the 

different coronaviruses (Wu et al., 2020b). This remains 

a puzzling feature of COVID-19, as in depth studies 

have revealed that there are no unique amino acid 

substitutions present between the Receptor Binding 

Domain (RBD) of the S protein of SARS-CoV-2 and 

SARS-CoV (Andersen et al., 2020; Wu et al., 2020a). 

Mutations do occur 6 loci away at other regions of the 

RBD that do not bind to the human ACE2 receptor. 

Presently, the clinical significance of this observation 

remains unclear (Wu et al., 2020a).  

Clinical Presentation and Classification of 

Disease 

Table 2 compares large studies of clinical 

characteristics. A systematic review published in Italy 

on April 13th 2020, during the country’s worst weeks 

of the pandemic, looked into 5 retrospective cohort 

studies investigating a total of 1,556 patients (Lovato 

and de Filippis, 2020). The review found that in those 

affected with COVID-19, 895 (57.5%) patients were 

males and 661 (42.5%) were females. The median age 

ranged between 44-57 years among the 5 studies. The 

top 3 reported symptoms following pooled data 

analysis were fever (85.6%), cough (68.7%) and 

fatigue (39.4%). Upon categorising pre-conditions in 

these patients, 17.4% had hypertension while both 

diabetes and coronary heart disease had each been 

found in 3.8% of patients respectively (Lovato and de 

Filippis, 2020). Symptomatology was also discussed 

in the WHO-China joint report on COVID-19, which 

featured 55,924 patients. It was discovered that fever 

was seen in 85% of cases, with only 45% being febrile 

early on following exposure. Cough was present in 

67.7% of patients, whilst 33.4% of study patients had 

sputum production. Other respiratory symptoms such 

as dyspnea, sore throat and nasal congestion were 

seen in 18.6, 13.9 and 4.8% respectively 

(Organization and Organization, 2020). Emerging data 

supports that COVID-19 has disproportionately 

affected specific ethnic groups, particularly racial 

minorities. This may be explained by the higher rate 

of underlying health conditions and overall lower 

socio-economic status. Worst rates within such 

communities may be due to a larger prevalence of poverty, 

multigenerational households, essential industry 

employment, lack of paid sick leave and poor access to 

healthcare (Shah et al., 2020). It is estimated that around 

5% of all cases are severe and require intensive care 

treatment. A recent report describing 85 fatal cases of 

COVID-19 identified that rates for respiratory failure, 

shock, acute respiratory syndrome and arrhythmia were 

94.1, 81.2, 74.1 and 60% respectively (Du et al., 2020). 

Patients at highest risk of severe disease and death were 

patients above the age of 60 years and those with 

underlying comorbidities (Lovato and de Filippis, 2020, 

Organization and Organization, 2020). A study examining 

1206 patients found that 21% of patients had co-infection 

with other pathogens such as rhinoviruses, respiratory 

syncytial virus and other coronaviruses (Kim et al., 2020). 

Bacterial and fungal infections were also found to 

complicate SARS-CoV-2 infections (Zhou et al., 2020a). 

Table 3 tabulates 2 classification systems proposed to 

stratify the severity of COVID-19 infections. 
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Table 2: Comparison between studies of clinical characteristics 

  WHO-China Joint report (China)  

Study Systematic review (Italy) (Lovato and de Filippis, 2020) (Organization and Organization, 2020) 

Methodology Pooled data from 5 retrospective cohort study. Data collection by 25 national and  

  international experts in various 

  provinces in China. 

Total patients (n =) 1,556 55,924 

Demographics and Median age was 51.8 years. Median age 51 years. Majority 

gender 42.5% were female (77.8%) were aged 30-69 years old). 

  77% were female. 

Main symptoms 1 study (n = 1099) found that 15.7% of cases were Around 80% of patients have mild to 

 classified as severe. Another study (n = 140) found moderate disease while 13.8% have 

 41% of severe cases in their cohort severe disease (dyspnea, tachypnea, 

 Fever (85.6%) hypoxia, lung infiltrates) 

 Cough (68.7%) Fever (87.9%) 

 Fatigue (39.4%) Dry cough (67.7%) 

 Shortness of breath (21.4%) Fatigue (38.1%) 

 Myalgia/Athralgia (15.6%) Sputum production (33.4%) 

 Pharyngodynia (12.4%) Shortness of breath (18.6%) 

 Headache (11.4%) Myalgia/Arthralgia (14.8%) 

 Nausea and vomiting (6.8%) Sore throat (13.9%) 

 Nasal congestion (3.7%) Headache (13.6%) 

  Chills (11.4%) 

  Nausea or vomiting (5.0%) 

  Nasal congestion (4.8%)  

  Diarrhea (3.7%)  

  Haemoptysis (0.9%) 

  Conjunctival congestion (0.8%) 

Main associated Hypertension (17.4%) Not available 

comorbidities  

 Diabetes (3.8%) 

 Coronary artery disease (3.8%) 

 Abnormal liver function (2.4%) 

 Cerebrovascular disease (1.7%) 

 COPD (1.4%) 

 Cancer (1.3%) 

 Chronic renal disease (1.0%) 

 Immunodeficiency (0.5%) 

Main complications Acute respiratory distress syndrome (6.0%) Not available 

 Septic shock (2.0%) 

 Acute kidney injury (1.0%) 

 Death (2.4%) 

 Death (3.8%)  

 
Table 3: Classifications of disease severity based on NIH and Wu classification 

  Wu classification (China) (Wu and 

Classifications National Institute of Health (US) (Health, 2020) McGoogan, 2020) 

Aymptomatic/Presymptomatic Positive SARS-CoV-2 testing but without symptoms N/A 

Mild illness Any signs or symptoms (i.e., fever, cough, sore throat, No or mild symptoms (fever, fatigue, 

 malaise, headache, muscle pain) without shortness of cough and/or less common features of 

 breath, dyspnoea or abnormal chest imaging. COVID-19) 

Moderate illness Evidence if lower respiratory disease by clinical N/A 

 assessment or imaging and a saturation of oxygen 

 (SaO2) >93% on room air at sea level.  

Severe illness Respiratory frequency >30 breaths/min, SaO2 ≤ Tachypnoea (respiratory rate >30 breaths/

 93% on room air at sea level, ratio of arterial min), hypoxia (oxygen saturation ≤93% 

 partial pressure of oxygen to fraction of inspired on room air or PaO2/FiO2 <300 mmHg) 

 oxygen (PaO2/FiO2) <300 or lung infiltrates >50%. or >50% lung infiltrates on imaging. 

Critical illness  Evidence of respiratory failure, septic shock and/or Presenting with respiratory failure, shock 

 multi-organ dysfunction. or multi-organ dysfunction 



Rafiq Shajahan and Naganathan K. Pillai / American Journal of Infectious Diseases 2021, 17 (1): 27.42 

DOI: 10.3844/ajidsp.2021.27.42 

 

32 

Uncommon Symptoms and Presentation: 

Gastrointestinal, Ocular, Neurological, Cardiac, 

Gustatory, Dermatological 

Apart from respiratory symptoms, 40% of all 

COVID-19 patients have gastrointestinal symptoms such 

as diarrhea, diminished appetite and nausea (Xiao et al., 

2020; Liang et al., 2020). ACE2 receptors are also found 

in the gastrointestinal tract and are expressed 100-fold 

compared to respiratory organs (Han et al., 2020a). 

Along with ACE2, serine protease TMPRSS2 is also 

found in abundance in colonic mucosa as it serves to 

regulate activation of spike protein cleavage. These 

features may explain the findings of SARS-CoV2 in the 

feces and rectal biopsies of positive subjects suffering 

from diarrheal illness (D’Amico et al., 2020; Lin et al., 

2020). Fecal calprotectin have been found in high levels 

in diarrheal COVID-19 patients, mirroring intestinal 

inflammation (Effenberger et al., 2020). In fact, a recent 

study detailing autopsies of 12 COVID-19 patients found 

a 25% rate of ischemic enteritis on small bowel biopsy 

(Wichmann et al., 2020). A retrospective study by 

(Han et al., 2020a) looked into categorizing 206 patients 

into 3 groups of patients; patients with digestive 

symptoms only, patients with respiratory symptoms only 

and patients with both symptoms to highlight the overall 

regularity of gastrointestinal symptoms. It was found that 

19.4% of patients experienced diarrhoea as a first 

symptom, lasting on average 5.4±3.1 days with 

frequency of 4.3±2.2 bowel movements per day. Patients 

with digestive symptoms presented later for care and had 

lower duration between symptom onset and viral 

clearances compared to those with respiratory symptoms 

(Han et al., 2020a). Gastrointestinal symptoms therefore 

should be at the forefront of the minds of clinicians upon 

assessing patients during this pandemic. 

Ocular involvement in the previous SARS epidemic 

is well established in the literature. It has been shown to 

directly infect the conjunctiva via droplets or spread via 

the nasolacrimal duct from an upper respiratory tract 

infection. Viremia can also result from an infection of the 

lacrimal glands (Seah and Agrawal, 2020). SARS-CoV-2 

may spread via a similar route as (Xia et al., 2020) 

showed that the virus can be detected from the ocular 

secretions of COVID-19 positive patients. Recent 

evidence also indicate that conjunctivitis-free COVID-19 

patients can also spread the virus (Xie et al., 2020a). 

However, direct inoculation from such patients is not 

evident as (Seah and Agrawal, 2020) demonstrated that 

there is no viral shedding from the tears of infected 

patients (Seah et al., 2020). Following various case 

series, COVID-19 specifically has been shown to 

produce hyper-reflective lesions at the level of the inner 

plexiform ganglion cell. In addition, viral induced 

retinitis and optic neuritis as a result of autoantibody 

formation have been seen in other coronaviruses 

(Chen et al., 2020; Navel et al., 2020). Data with larger 

sample size surrounding ocular manifestations of 

COVID-19 remains sparse. A retrospective review of 38 

patients with COVID-19 found that 12 of the patients 

had a combination of chemosis, epiphora and 

conjunctival hyperemia. Features associated with ocular 

manifestations include presence of severe systemic 

disease, raised levels of white cell counts, procalcitonin, 

C-reactive protein and lactate dehydrogenase. The 

authors remarked that a minimum of 2 positive rT-PCR 

samples from infected conjunctivas could prove sufficient 

to transmit the infection, however, more in-depth study into 

this mechanism is needed (Wu et al., 2020c). 

Neurological complications have previously been 

observed in SARS-CoV and MERS CoV infections 

(Desforges et al., 2013). Unsurprisingly, there has been 

an increasing number of patients with COVID-19 

displaying neurological symptoms. However, very few 

studies have investigated the repercussions of COVID-

19 on the nervous system (Panciani et al., 2020). 

Diagnostic workup is often onerous as neuroimaging is 

often inconclusive and lumbar puncture is rarely 

positive, complicating any meaningful studies (Ye et al., 

2020). Mao et al. (2020) produced the earliest report on 

the neurological manifestations among 214 COVID-19 

patients. Of these, 78 (36.4%) of patients had 

neurological sequelae. Within those patients, 35 (24.8%) 

patients had CNS abnormalities, 23 (13.1%) patients had 

musculoskeletal injury while 19 (8.9%) patients had 

peripheral nervous system abnormalities. Headaches and 

dizziness were the most common Central Nervous 

System (CNS) symptoms whereas taste and smell 

impairment represent the most common Peripheral 

Nervous System (PNS) symptoms. Nervous system 

involvement was seen more commonly in severe 

infections, with cerebrovascular disease, impaired 

consciousness, ataxia and seizures reported in the 

literature (Mao et al., 2020). Severe neurological 

symptoms often succeeded respiratory involvement. A 

research team in Italy named these patients as “Neuro-

COVID” and observed 3 distinct clinical-pathological 

processes; (1) Cerebral thrombosis with haemorrhagic 

infarct, (2) demyelinating lesions and (3) encephalopathy 

(Panciani et al., 2020). They describe that SARS-CoV-2 

may spread hematogenously to the brain before 

interacting with the host cell via the spike protein S1 and 

ACE2 receptors. This induces direct neuronal damage 

before eliciting indirect damage via an immune-mediated 

response in the CNS. The authors generally 

recommend that prompt active treatment be instituted 

for these patients, with diagnosis mainly relying on 

clinical parameters and neuroimaging. Routine CSF 

examination should not be made mandatory for treatment 

at this time (Panciani et al., 2020). 
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Cardiac injury has also been found in COVID-19 

infected patients. A single centre study found that 19% 

of patients had cardiac involvement and these patients 

had a higher overall mortality risk (Shi et al., 2020). 

Historically, the previous SARS-CoV and MERS-CoV 

virus caused a multitude of cardiovascular related 

maladies such as hypotension, arrhythmias, myocarditis, 

pericarditis and Sudden Cardiac Death (SCD) (Kochi et al., 

2020). Persistent sinus tachycardia was also observed 

during the SARS epidemic with postulated causes 

including deconditioning, impaired cardio-pulmonary 

function, thyroid and autonomic dysfunction (Kochi et al., 

2020). COVID-19 has been found to similarly affect 

the myocardial tissue. Patients with severe symptoms 

had a higher prevalence of cardiac disease such as 

acute cardiac injury, shock and arrhythmias at 7.2, 8.7 

and 16.7% respectively based on one study (Wang et al., 

2020). This often translated to poorer outcomes as 

cardiac patients required more non-invasive and 

invasive ventilation with higher rates of death. 

Another study identified that elevated Troponin T 

levels was predictive for mortality by a wide margin 

(59.6 Vs 8.9%) (Guo et al., 2020). It is likely that 

COVID-19 strikes a physiological imbalance by 

increasing metabolic stress and reducing cardiac 

supply. This could then be deadly to high risk patients 

when the exaggerated immune response of COVID-19 

sets in (Guo et al., 2020). Clinicians should monitor 

cardiac biomarkers in all COVID-19 patients to 

increase the likelihood of earlier diagnosis and prompt 

intervention. The possible utilisation of cardiac 

magnetic resonance might identify patients who 

developed cardiac injury in the post infective stage. 

The occurrence of olfactory and gustatory 

dysfunctions are common features of viral infections. 

Inflammatory reactions of the nasal mucosa may induce 

rhinorrhea and congestion especially with common 

viruses such as rhinovirus, parainfluenza and Epstein-

Barr virus (Suzuki et al., 2007). A multicentered 

European study conducted in Belgium studied a total of 

417 mild to moderate COVID-19 patients and found that 

85.6 and 88% of patients had significant olfactory and 

gustatory dysfunctions respectively (Lechien et al., 

2020). Facial pain and nasal obstruction were 

specifically the most common symptoms. More women 

were affected (63.1%) in the study population. The study 

also showed that 79.6% of these patients were anosmic 

while 20.4% were hyposmic (Lechien et al., 2020). 

Crucially, among the 18.2% of patients without nasal 

symptoms, 79.7% were recognized to be either hyposmic or 

anosmic instigating the author’s recommendation of having 

a high index of suspicion for COVID-19 in patients with 

sudden onset anosmia or ageusia (Lechien et al., 2020).  

Skin manifestations in COVID-19 has since proven 

diverse based on published literature. A preliminary 

review of inpatient COVID-19 patients in Italy found an 

estimated 20.4% of 88 patients developed cutaneous 

manifestations that included erythematous rashes (14 

patients), widespread urticaria (3 patients) and one 

patient with varicella-like vesicles (Recalcati, 2020). 

Later, smaller scale studies also found cases of vasculitic 

skin disease and urticarial diseases (Bouaziz et al., 2020; 

Henry et al., 2020). Muticentered case series have 

identified varicella-like exanthems in 22 patients 

(Marzano et al., 2020). Other dermatological 

presentations include dengue-like rash, dusky 

acrocyanosis, dry gangrene, livedo reticularis in 

various other small studies (Manalo et al., 2020). The 

prevalence of skin damage related to Personal 

Protective Equipment (PPE) was cited as high as 97% 

as per (Lan et al., 2020) (n = 542). The nasal bridge 

was the most affected body region (83.1%) and 

goggles were highly implicated (Lan et al., 2020). 

Incidence of hand dermatitis increased with frequent 

hand washing. It is estimated that two thirds of 

healthcare workers will have likely washed their 

hands over 10 times daily with the advent of the 

pandemic but only 22% are applying skin protecting 

topicals indicating the need for increased skin care 

education (Darlenski and Tsankov, 2020).  

Special Patient Population: The 

Asymptomatic, Pregnant Women and 

Children 

There is mounting evidence that pre-symptomatic 

carriers may be a driving factor of the current pandemic. 

This may be due to the fact that SARS-CoV-2 has a 

higher level of virus shedding in the upper respiratory 

tract compared to its predecessors (Cheng et al., 2004; 

Gandhi et al., 2020; Wölfel et al., 2020). This feature is 

seen even in asymptomatic cases and discerns it from 

SARS-CoV, where replication is observed to occur 

primarily in the lower respiratory tract, making it 

possibly less contagious (Cheng et al., 2004; Wölfel et al., 

2020). Intriguingly, posterior pharynx saliva samples and 

serum antibody responses of 23 patients found that 

unlike SARS, COVID-19 infected patients had the 

highest viral load near symptom presentation (To et al., 

2020). In 1 patient, viral RNA was detected 25 days after 

symptom onset and 16 patients had positive serum 

samples 14 days or longer. It was found that older 

patients related to a higher viral load with the median 

age being 62 years (To et al., 2020). In January 2020, a 

familial cluster of 5 patients with fever and respiratory 

symptoms originating from an asymptomatic family 

member (patient 1) who travelled from Wuhan, China 

were studied (Chan et al., 2020). This observation was 
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interesting as Patient 1 who had travelled to Wuhan had 

no symptoms, normal CRP, normal lymphocyte 

counts and normal CT images. However, other 

members had raised CRP (ranging 10.1-217 mg/L) 

and lymphopenia (0.46 to 0.9×109/L), indicative of the 

infection. Patient 1’s first rT-PCR swab was a false 

negative before a second one confirmed the infection. 

It was later thought to be due to poor quality testing 

kits (Chan et al., 2020). Another report by (Arons et al., 

2020) surveyed an outbreak in a nursing facility in 

Washington state, USA. Among 76 residents, 56% 

were pre-symptomatic, initially testing rRT-PCR 

positive before eventually developing symptoms 4 

days later on average (Arons et al., 2020). 

Quantitative SARS-CoV-2 viral loads were high 

regardless of symptoms and viable virus cultures were 

found in 71% of the asymptomatic group of patients 

as well, leading to the conclusion of an increased 

asymptomatic spread of the virus.  

Studies into the pediatric and maternal population 

remain scarce. The Centers for Disease Control (CDC) 

received reports regarding 326,335 COVID-19 infected 

women of whom 8,207 (9%) were confirmed pregnant. 

The review concluded that rates of cough and shortness 

of breath did not differ regardless of pregnancy status but 

pregnant women reported lower incidences of headache, 

muscle ache, fevers, chills and diarrhea. Pregnant 

women were also more likely to be admitted to ICU 

and require mechanical ventilation. However, rates of 

death did not differ compared to non-pregnant women 

(Ellington et al., 2020). A systematic review 

published recently identified that only 67.4% of 92 

pregnant women presented with symptoms. No 

women died in these studies with only one needing 

intensive care and ventilation. Poor neonatal outcomes 

were recorded including prematurity (63.8%), fetal 

distress (61.1%), neonatal ICU admission (42.8%) and 

low birth weight (42.8%) (Smith et al., 2020). 

Following limited data, possible vertical transmission 

could occur as there was one pregnant woman 

documented to have a positive vaginal swab 

(Kirtsman et al., 2020). This patient’s baby was 

delivered at 35 weeks via caesarean section. The child 

had 3 positive nasopharyngeal swabs, positive 

neonatal plasma and stool samples despite strict 

infection control practices. However, the clinical 

significance of this singular occurrence remains 

unclear (Kirtsman et al., 2020). The SARS-CoV-2 

detection in breast milk has been conflicting as many 

studies have mixed results, thus complicating advice 

to COVID-19 infected mothers (Kirtsman et al., 

2020). Hence, expressed breast feeding by another 

caregiver is recommended in the event of an infected 

COVID-19 mother (WHO, 2020a). 

Children are less afflicted by COVID-19 compared to 

adults. Children represent approximately 1 to 5% of all 

recorded cases. Most cases of pediatric COVID-19 cases 

are from an adult index case while some were reported 

as a result of healthcare associated outbreaks       

(Posfay-Barbe et al., 2020; Schwierzeck et al., 2020). 

Family clustering has been shown to be responsible for 

56% of infected children (She et al., 2020). A study by 

(Dong et al., 2020) found that around 4% confirmed 

cases were asymptomatic. Among the infected, only 5% 

of children had severe disease presenting with dyspnea 

or hypoxemia with the vast majority of cases having 

very minimal symptoms. Severe disease occurred 

more commonly in children who were younger, had 

underlying pulmonary pathology or were immune-

compromised (Ogimi et al., 2019). An editorial by 

(Cruz and Zeichner, 2020) proposed that children may 

play an extensive role in community based 

transmissions as available data suggest that children 

have an increased upper respiratory tract involvement 

with prolonged viral shedding, higher rates of 

asymptomatic cases and an elongated timespan of 

fecal shedding (Jiehao et al., 2020). 

Specific Complications: ARDS  

The SARS-CoV-2 pandemic has initiated new 

research into the fundamental pathophysiology of Acute 

Respiratory Distress Syndrome (ARDS). The first ever 

single-centered study investigating lung recruitability in 

mechanically ventilated COVID-19 ARDS patients in 

Wuhan found features different from typical ARDS such 

as (Pan et al., 2020): 

 

1) No patients had complete airway closure or auto-PEEP 

2) Driving pressures were high with abnormally low 

lung compliance 

3) Despite high PEEP, lung recruitability remained low 

with some changes upon alternating body positions 

 

It is well established that ARDS will present with 

varying degrees of available aerated lung tissue due to the 

irregular nature of inflammation, consolidation, flooding 

and atelectasis typical of the condition (Sahetya et al., 

2017). Setting tidal Volumes (VT) would therefore need 

to be specific to each patient’s respiratory reserves. The 

Berlin definition for ARDS though widely used, does not 

provide additive information regarding airway 

management such as alveolar ventilation, derived from 

the pulmonary dead space (Nuckton et al., 2002). Some 

features of COVID-19 ARDS are consistent with other 

forms of ARDS, particularly hypercapnia in the presence 

of low VT ventilation. However, some authors have 
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stated that while COVID -19 ARDS meets the criteria 

for Berlin definition of ARDS, COVID-19 may produce 

a deviant form of the syndrome. A review of 16 

ventilated patients delineate that while being in severe 

hypoxemia, the study patients had a respiratory 

system compliance of 50.2±14.3 mL/cmH2O and was 

associated with a shunt fraction of 0.50±0.11 

(Gattinoni et al., 2020b). This exhibits an abnormally 

high lung compliance (indicating preserved lung gas 

volume) occurring with severe hypoxemia. This 

feature is inconsistent with the expectation of typical 

severe ARDS which is of faulty lung recruitment and 

low lung gas volume due to inflammation. The 

authors explain that this could be due to hypoxic 

vasoconstriction and loss of lung perfusion regulation. 

Patients often have very poor imaging findings and 

hypoxemia but with paucity of symptoms, i.e., “silent 

hypoxemia” (Gattinoni et al., 2020b). 

Gattinoni et al. (2020a) describes the different 

subtypes of pneumonia and ARDS in COVID-19. They 

chronicle two main types of COVID-19 lung injuries, 

namely type L and type H described here in Figs. 1 and 2. 

COVID-19 pneumonia initially presents itself with Type 

L before proceeding to Type H. 

The viral infection leads to local subpleural 

interstitial oedema that quickly builds over time, 

increasing the weight of the lung. The depth of negative 

intrathoracic pressure and increased lung permeability 

due to ARDS further compounds the interstitial oedema. 

Superimposed pressure and dependant atelectasis may 

occur. This will then reduce the available Total Volume 

(TV) for a given inspiratory pressure leading to clinically 

evident dyspnea. The evolution of disease has been quoted 

to occur due to COVID-19 alone but also sometimes seen 

in patients with high stress ventilation lung injury. Further 

study into the biomechanics of COVID-19 ARDS could 

prove useful in deciding appropriate strategies to ventilate 

patients (Gattinoni et al., 2020a; Wichmann et al., 2020; 

Molina and DiMaio, 2012; 2015). 

 

 
 

Fig. 1: Type “L” ARDS 

 

 
 

Fig. 2: Type “H” ARDS 

Low elastance Low ventilation- 

perfusion ratio 
Low lung weight Low recruitability 

 High compliance 

as there is near 

normal amount of 

gas in lungs. 

 Near normal gas 

volume could 

mean that 

hypoxaemia may 

be due to loss of 

regulation of lung 

perfusion and 

hypoxic 

vasocontriction. 

 Ground-glass 

densities along 

lung fissures and 

subpleural region 

are only the only 

findings on CT 

scan at this stage. 

No oedema yet. 

 Low available 

lung tissue 

unaffected by 

ARDS hence low 

lung recruitability. 

High elastance High right-to-left 

shunt 

High lung weight High lung 

recruitability 

 Increasing oedema 
progressing to 

decrease in gas 

volume and increase 

elastance. 

 Non-aerated lung 
tissue will occur in 

the dependant lung 

regions following the 
increased oedema, 

resulting in poor 

perfusion. 

 Ensues with the 

increasing oedema. A 

study found the resultant 
lung weight average 

1988g. Contextually, the 

normal lung weight for 
women and men were 

639g and 840g 

respectively. 

 Increased lung 

recruitability is the 

outcome as severe 

ARDS progresses. 
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Coagulopathy and COVID-19: The 

Evidence 

COVID-19 has shown to be associated with features 

of coagulopathy along with its pro-inflammatory 

condition. Erratic associations between COVID-19 and 

thromboembolism such as strokes and acute pulmonary 

embolism have been reported (Xie et al., 2020b). Large 

vessel strokes in 5 young patients with COVID-19 had 

been documented in hospitals around New York City 

(Oxley et al., 2020). A previous study found that the 

approximate incidence of COVID-19 associated stokes 

in Wuhan, China was approximately 5% (Li et al., 

2020c). An increased risk of Disseminated Intravascular 

Coagulopathy (DIC) also occurs with the SARS-CoV-2 

virus (Tang et al., 2020a). A case series of 3 patients in 

Wuhan details patients with severe arterial and venous 

thrombotic complications. Findings such as bilateral 

lower limb ischemia, ischemia of several digits of the 

hand and global regions of cerebral infarcts have been 

reported (Zhang et al., 2020b). One retrospective review 

found that as many of 50% of patients of COVID-19 may 

have some degree of coagulopathy, providing index of 

suspicion that COVID-19 itself could truly be the culprit of 

these thrombotic complications (Zhou et al., 2020a). 

Interesting hematological laboratory findings have 

been documented in COVID-19 patients. Besides 

recording raised Lactate Dehydrogenase, Ferritin, C-

reactive protein and Interleukins, COVID-19 patients 

also have raised D-Dimers (Han et al., 2020b; Casey et al., 

2020). A study in particular found that D-Dimer levels 

greater than 1000 μg/L were particularly associated with 

mortality (Effenberger et al., 2020). Other revealing lab 

findings include leucocytosis, thrombocytopenia, 

prolonged coagulations and elevated fibrinogen. The 

patients in the previous case series were found to have 

anti-cardiolipin IgA antibodies, anti-β2-glycoprotein 1 

IgA and IgG antibodies (Zhang et al., 2020b). These 

antibodies form the central pathology of Anti-

Phospholipid Syndrome and its clinical significance to 

the novel coronavirus requires more research. Autopsies 

have been carried out to further describe the nature of 

thromboembolism in COVID-19 patients.  

A team of researchers inspected 14 lung autopsy 

specimens; 7 specimens obtained from patients who died 

of Influenza A (H1N1) infection and 7 lung specimens 

of patients who died from COVID-19 (Ackermann et al., 

2020). Both lung tissue groups exhibited a common 

morphological pattern of diffuse alveolar damage, 

increased perivascular lymphocytes and signs of 

thrombosis. However, patients with COVID-19 infected 

lung tissue showed increased severe unexpected 

endothelial injury, widespread vascular thrombosis, 

occlusion of alveolar capillaries and vessel growth via 

intussusceptive angiogenesis (McGonagle et al., 2020; 

Ackermann et al., 2020; Wichmann et al., 2020). These 

angiocentric observations in the COVID-19 samples 

seemed to increase significantly with prolonged 

hospitalizations and were not seen in the Influenza lung 

samples (Ackermann et al., 2020). The authors ascribed 

the quantitative increase in intussesceptive angiogenesis 

and the up-regulation of angiogenesis-associated genes 

as being specific to COVID-19 (Ackermann et al., 2020). 

However, important limitations such as small sample size 

and the differences in time lapse from onset injury (i.e., 

temporal heterogeneity) between all lung samples make the 

relevance of the findings unclear, especially with ARDS 

patients. Furthermore, none of the COVID-19 patients were 

intubated whereas nearly all patients with influenza were 

intubated and ventilated in settings not known to be lung 

protective (Hariri and Hardin, 2020). 

Next, a detailed prospective study in Germany 

involved performing autopsies on 12 consecutive 

COVID-19 positive deaths (Wichmann et al., 2020). The 

finding of the autopsies were further corroborated with 

post-mortem CT’s, histopathological specimen 

examinations and virology analysis. The patient group 

included a median age of 73 years, a male preponderance 

of 75% and Coronary Heart Disease, Asthma and COPD 

being the most commonly encountered comorbidity. 

There was a relatively high incidence of deep venous 

thrombosis (58%) with approximately one third of 

patients succumbing to a pulmonary embolism. SARS-

CoV-2 RNA was detected in all the lung samples with 

evidence of viremia in 6 patients and high viral RNA in 

liver, kidney and heart in 5 patients.  

It is well established that the coagulation cascade in 

the body is often triggered by various other viruses such 

as dengue, HIV and the Ebola viruses. This is in part due 

to the imbalances of pro-coagulant and anticoagulant 

responses that can commonly accompany viral infections 

(Subramaniam and Scharrer, 2018). Pathogenic 

mechanisms that likely occur include endothelial 

dysfunction, increasing von-Willebrand factors, Toll-like 

receptor activation and tissue factor pathway activation 

(Giannis et al., 2020). Interestingly, platelet in 

themselves are pivotal arbiters of inflammation, having 

the ability to sense antigens via cell surface receptors and 

interact with the players of the cellular and humeral 

immunity. Indeed, these interactions result in a rich network 

of activated macrophages, monocytes, endothelial cells and 

lymphocytes with the sum of their interactions leading to a 

spectrum of pro-coagulant or anti-coagulant states against 

viral infection (Van Gorp et al., 1999). These features 

are supported by the work of (Tang et al., 2020a) 

reporting Disseminated Intravascular Coagulopathy 

(DIC) in 71.4% of non-survivors and 0.6% of 

survivors of COVID-19 patients. 
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Conclusion 

The knowledge on COVID-19 is ever evolving. 

Pivotal questions still remain unanswered regarding 

populations at risk, methods of transmission and 

management among others. More enlightening research 

is needed. Detailed analysis into the epidemiology, 

characteristics and complications can provide clinicians 

the tools necessary for early identification and 

management of especially high risk cases. It is no 

doubt that the ensuing months ahead from COVID-19 

will pose the greatest challenge clinicians have faced 

in a generation. However, with more in depth study 

into the inner workings of COVID-19, healthcare 

workers will most certainly be able to construct a 

viable treatment plan for the long term. 
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