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I. INTRODUCTION 

 

Coronaviruses are a group of related viruses that cause 

diseases in mammals and birds. These viruses are zoonotic but 

have developed capability of attacking human host as well. 

There are at least seven known human coronaviruses namely; 

2019-nCoV, SARS-CoV, MERS-CoV, HCoV-229E, HCoV-

OC43, HCoV-NL63, and HCoV-HKU1 (7). In humans, 

coronaviruses cause respiratory tract infections that range 

from mild to lethal. Mild illness include common cold while 

lethal varieties cause SARS, MERS and COVID-19. In other 

animals, symptoms vary from upper respiratory tract disease 

in chicken to diarrhea in cows and pigs. The 2019 novel 

corona virus (2019-nCoV) also known as SARs-CoV-2 (14) is 

the viral pathogen responsible for causing COVID-19, the 

latest pandemic that started in Wuhan, China. 

On March. 11.2020, the World Health Organization 

(WHO) declared COVID-19 a global pandemic due to 

increasing numbers of confirmed cases boarder countries.  As 

of April.18. 2020, there are 2,322,092 and 159,661 COVID-19 

confirmed cases and COVID-19 deaths worldwide 

respectively (1). Among the affected countries, USA has the 

largest population of confirmed cases (734,631) and the 

highest death toll (38,773). In the meantime, Europe has also 

faced it rough with 191,726 and 175, 925 cases having been 

confirmed in Spain and Italy respectively (1). Being caused by 

a novel virus, little remains known about COVID-19 disease. 

This gap has diagnostic and therapeutic consequences with 

COVID-19 cases being treated on trial and error basis. 

Therefore, it is important to elucidate on viability and 

infectivity of 2019-nCoV with the aim of identifying 

diagnostic and treatment targets for COVID-19. Whereas it 

has been discovered that amino acid sequence of 2019-nCoV 

is similar to Manis coronavirus and bat coronavirus RaTG13 

(14), it is still unclear of the factors that favor the rapid spread 

of this novel coronavirus from one human host to another. 

 

 

II. CLASSIFICATION AND STRUCTURE OF 

CORONAVIRUS 

 

Coronaviruses have been classified based on genomic 

arrangement, replication protocols, viral protein properties, 

virion structural characteristics, physicochemical and 
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pathogenic properties (20). Coronaviruses belong to the 

Nidovirales order, which includes Coronaviridae, 

Arteriviridae, Roniviridae and Mesoniviridae families (38). 

Coronaviridae is the largest family compared to the three 

(Arteriviridae, Roniviridae and Mesoniviridae) families, with 

genomic sizes ranging from 26-32 kb (15). Coronaviridae is 

subdivided into two subfamilies, coronavirinae and torovirinae 

(11). Based on amino acid sequence analysis (7) and clinical 

presentation (14), the 2019-nCov falls under Coronavirinae 

subfamily which is divided into four genera; Alpha 

coronavirus, Beta coronavirus, Gamma coronavirus and Delta 

coronavirus. 

Figure 1: Structure of Coronavirus genome with structural 

proteins (Nucleocapsid-N protein- Spike-S protein, 

Membrane-M protein, Hemagglutinin-Esterase-HE and 

Envelope-E protein (18) 

The structure of Coronavirus is composed of a central 

genome and proteins (S, H, E glycoproteins Nucleocapsids-N 

and Heamaglutinin Esterase-HE) which collectively form a 

virion (Figure 1). The genomic RNA is bound to N-proteins in 

the transcription region and plays important roles in the virion 

structure, replication and transcription of the coronaviruses 

(24). The genome consists of seven genes organized into the 

non-structural protein coding region and the structural and 

non-essential accessory protein coding region gene (22). The 

non-structural protein coding region is composed of the 5’ 

replicase gene 1 which accounts for two thirds of the viral 

genome. Gene 1 encodes non-structural proteins which are 

converted into viral replication and transcription complexes 

called double membrane vesicles (16, 10). The structural and 

non-essential accessory protein coding region comprises of the 

3’ genes 2 to 7 which encode major viral structural proteins 

(Nucleocapsid-N protein- Spike-S protein, Membrane-M 

protein, Envelop-E proteins) and the accessory proteins, which 

aid viral binding to the host cell receptors (30). The 

complexity of COVID-19 disease can be traced from the 

structures and interaction of viral proteins, host immunity and 

environmental factors. Therefore, it is imperative to elucidate 

on the viability and infectivity of 2019-nCoV with hope of 

developing better treatment strategies. 

 

 

 

III. VIABILITY OF 2019-nCoV 

 

Viruses vary in their structures and genome make up 

which consequently affects virion viability and transmission. 

COVID-19 is a novel pandemic which has puzzled many 

Scientists with the hope of getting treatment being far from 

reach. The disease is caused by highly transmissible 

coronaviruses called 2019-nCov (14). Understanding viability 

of 2019-nCoV is an important step to the pandemic control 

with the historical disease triad (Figure 2) providing guiding 

insight. A number of factors are involved in the viability of 

viruses and they can be classified as virion-vector, 

environmental and host influencers. 

 
Figure 2: The historical disease triad 

The rapid spread of COVID-19 is a function of 2019-

nCoV viability which can primarily be traced in the virion 

genome and structure. Coronaviruses have a number of 

structure proteins (M, S, E, HE, accessory proteins) enclosing 

the N-protein bound genome (16, 10, 30). Being located in the 

transcription region of coronaviruses, the N-proteins play a 

vital role in virion structure, replication, transcription and 

viability (35, 30). However, more studies are needed to define 

the nucleoprotein specific roles, as one of the promising 

evidence points at interaction with accessory and nsp3-

proteins (34). 

There is also a possibility that COVID-19 related viruses 

such as SARS-CoV, Bat coronavirus RatG13 or Manis 

coronaviruses could have undergone mutation to give rise to 

mutant 2019-nCoV. Mutant strains can replicate and express 

viable factors that are responsible for virion adaptability and 

survival under various environmental conditions. The stability 

of 2019-nCoV can be used to explain the pandemic nature of 

COVID-19. However, the probability of laboratory genetic 

manipulation of 2019-nCoV has been refuted based on virus 

backbone data (2) and lack of proof for associated reverse 

genetic systems like beta coronaviruses (9). Since complexity 

of coronaviruses is due to their protein network, it is therefore 

important to focus research on viral proteins of 2019-nCoV 

whose structures and interactions provide leeway for vaccine 

and drug development. 

Viral pathogens do not replicate outside living cells but 

the infectious virions can persist in the environment for hours 

or even weeks as may be influenced by metrological and 

inanimate factors. Fomites (contaminated surfaces) are 

significant vectors in the viability and transmission of viruses 

in hospital premises and the community. Survival of 

respiratory viruses such as; influenza viruses, 

paramyxoviruses, poxviruses and retroviruses has been studied 

(28). Coronaviruses have also been studied and found to have 
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varying surface viabilities in different forms. The human 

coronavirus associated with common cold has been found to 

have dry surface and liquid suspension viability of 3 hours and 

several days respectively (29). SARS-CoV has shown higher 

stability compared to other human coronaviruses with a 

viability of at least two weeks at a dry state environment and 

three weeks in a liquid environment (4). The close relationship 

between SARS-CoV and 2019-nCoV gives an assumption that 

the two coronaviruses have similar surface viability 

characteristics. This calls for contact precautions and hand 

washing by the health care workers and the population, an 

approach that disruptions stability and transmission of 2019-

nCov. 

Biological vectors and animal hosts are important 

reservoirs for viruses, so they too could play a significant in 

long term viability of 2019-nCoV. The early cases of COVID-

19 were linked to the Huanan market in Wuhan (39), it is 

possible that animal sources were present at the location.  

Given the similarity of 2019-nCoV to Bat coronavirus 

RaTG13 and Manis coronavirus (7), it is likely that Bats and 

Malayan pangolins serve as COVID-19 reservoirs. In the early 

2000, there was an outbreak of SARS-CoV in 5 continents 

involving 30 countries (26). Following a viability study, the 

corona virions were found to be more stable at low 

temperature (< 38
◦
C) and low humidity (< 95%) compared to 

the higher temperature and high humidity environments (4). 

The stability characteristics of SARS-CoV played a vital role 

in the differential transmission of SARS disease in the tropical 

and sub-tropical areas. In the same way, more COVID-19 

cases and deaths have been reported in countries (like US, 

China, Italy) in spring and air conditioned environments than 

tropical regions (1). Therefore, high temperature and high 

humidity environments can negatively influence viability of 

2019-nCoV hence an important interventional blueprint. 

 

 

IV. INFECTIVITY OF 2019-nCoV 

 

Infectivity is a phenomenon where by a pathogen can 

establish an infection (31). Infectivity has been correlated to 

virulence whose definition varies with biological systems. In 

gene systems, frequently in plants, virulence states viral 

capability to cause infection to a resistant host (33). Other 

contexts particularly animal systems define virulence as the 

degree of damage caused by a virus to its host (27). Virulence 

can describe either disease severity and/or viral infectivity (8), 

hence a determinant to pathogenicity of a virion (23). On 

population level, viral infectivity can be described as 

transmissibility which is the virion capacity to pass from one 

infected host to another (3). In this study, we review 

pathogenicity (host infectivity) and transmissibility 

(population infectivity) of 2019-nCoV to elucidate on the 

possible control and treatment approaches for COVID-19. 

 

 

V. PATHOGENICITY OF 2019-nCoV 

 

Infection with COVID-19 occurs when a person comes 

into contact with fomites (indirect transmission) or through 

direct inhalation of virion-containing droplets (17). There is 

also a possibility of babies getting infected from their mothers 

during vaginal births given the fact that the pregnant women 

are more prone to respiratory infections and pneumonia (17). 

There are unjustified reports that SARS-CoV infections can be 

acquired through faecal contamination especially in areas of 

poor sanitation and waste disposal systems (4). SARS-CoV is 

one of the seven human coronaviruses whose genetic sequence 

is ≥70 % similar to 2019-nCoV. SARS-CoV initiates human 

infection by attaching the S-proteins to angiotensin-converting 

enzyme 2 (ACE2) receptors on the alveolar epithelial cells 

(19). The genetic similarity between the two coronaviruses 

shows that 2019-nCoV is capable of using the same ACE2 

receptors in order to infect humans. It is therefore important to 

understand the structure and binding properties of 2019-nCoV 

S-proteins for possible drug targeting. ACE2 proteins play a 

protective role during acute lung injury, and whose function is 

down regulated by 2019-nCoV binding. Virions are able to 

replicate rapidly, trigger immune response with subsequent 

cytokine storm syndromes and respiratory tissue damage. The 

cytokine storm syndrome are a group of disorders involving 

excessive manufacture of cytokines which cause acute 

respiratory distress syndrome and multiple organ failure 

(36,5). Additionally, T cells are qualitatively and 

quantitatively affected in COVID-19 diseased patients 

resulting into a condition called immune suppression. 

Pathogenicity of 2019-nCoV can be influenced by a 

number of host factors. Gender differences may indirectly or 

directly influence the male to female ratio of COVID-19. 

Females exhibit more robust immune responses to antigenic 

challenges, such as infections than males (12). This is 

mediated to a large extent by sex hormones that have adverse 

effects on the immune cell types such as B cells, T cells, 

neutrophils, dendritic cells, macrophages and natural killer 

cells (12). Another important factor is the difference in X-

linked genes between males and females. The X-chromosomes 

contains about 1100 genes, with majority being 

immunomodulatory. The Y-chromosome has only 100 genes 

(12), a phenomenon that makes males more prone to COVID-

19 compared to females. In a Hong Kong SARS-CoV 

outbreak in 2002 to 2003, an association between the disease 

and ABO blood group was reported (6). Blood group-O 

individuals were more resistant to the infection than blood 

groups-A, B and AB. ABO blood group antigens are found on 

a number of cells, tissues and secretions in the human body 

(13). Like SARS-CoV, 2019-nCoV is an enveloped virus that 

has important S and E structural proteins. Given the fact that 

2019-nCoV attaches on the human respiratory epithelium, 

there is a possibility of virions expressing ABH antigens on 

the S and E proteins. Virons whose S and E proteins express a 

particular antigen can be blocked by a corresponding 

monoclonal and human antibody. Therefore pathogenic 

determinants of 2019-nCoV infection such as viral structural 

proteins, genes, immune cells, sex hormones and antigens 

provide a stepping stone for vaccine and drug development to 

combat COVID-19 pandemic. 
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VI. TRANSMISSIBILITY OF 2019-nCov 

 

The risk of disease transmissibility in a population can be 

assessed by the basic reproduction number usually denoted as 

R-nought (Ro). The Ro is the average number of secondary 

infections that result from an infectious person. If Ro is > 1, 

then the number of infected cases are expected to increase 

exponentially and result into an epidemic or pandemic. The 

Ro of SARS-CoV ranges from 2 to 5 but that of 2019-nCoV 

has been reviewed and found to be higher, ranging 1.4 to 6.49 

(21). Transmissibility of COVID-19 is majorly a function of 

behavior. Differences in social obligations, risk behaviors and 

life activities influence exposure and transmission of COVID-

19. Males travel frequently, have more social contacts and 

spend more time in settings that may be favorable to 2019-

nCoV transmission such as markets. Males also engage in 

highly perilous ventures such as transport which is associated 

with a higher risk of COVID-19. Other predisposing factors 

include smoking, drinking, pregnancy, age, cancer and 

HIV/TB infection, which are linked to immune-suppression. 

Therefore, behavioral and biological factors (genes, sex 

hormones, immunity) front the male gender as a more 

susceptible sub population to 2019-nCoV which plays a big 

role in the transmissibility of COVID. 

 

 

VII. CONCLUSION 

 

COVID-19 is a global public health problem which has 

affected over 70 countries. The recent discovery of relatedness 

of 2019-nCoV with human SARS-CoV, Manis coronavirus 

and Bat RatG13 coronavirus was a milestone in understanding 

the novel pandemic. Based on behavioral similarity and 

biological relatedness between 2019-nCoV and SARS-CoV, a 

number of viability and infectivity factors that influence the 

spread of COVID-19 have been elucidated. The viability 

factors are viral genes, protein factors and metrological 

features (fomites, low temperatures low humidity). Factors 

responsible for 2019-nCoV infectivity are virion N and S 

proteins, human biology aspects of gender, sex hormones, sex-

linked genes and immune cells. The biological factors can be 

used as biomarkers to develop therapies and diagnostics for 

COVID-19. Public health interventional strategies such as 

social distancing, isolation, contact tracing and use of 

facemasks should be encouraged to break COVID-19 

transmission chain. 
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