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Review Article

ABSTRACT
Severe acute respiratory syndrome coronavirus 2, the aetiological agent of COVID-19 continues to be a threat to public 
health globally. Viral transmission is horizontal from person-to-person via cough, sneeze and droplets with surface spreading 
also possible. Disease can progress to severe or life-threatening requiring hospitalisation and oxygen therapy with acute 
respiratory distress syndrome and multiple organ failure often evident. While non-therapeutic controls measure such as 
restricting the movement of people and recurrent lockdowns have proven vital to preventing disease transmission, such action 
has had substantial impact on economies across the globe with a global recession to be expected. Disease prevention measures 
implemented to curtail the pandemic is heavily reliant on effective biocide control measures with the EPA listing suitable 
viricidal disinfectants for use. The unprecedented demand for PPE has led to supply shortages with efforts to establish suitable 
sterilisation methods for re-purposing PPE materials. As variants of concern emerge globally, concern has arisen relating 
to the efficacy of current vaccination programmes to protect against each new strain displaying increased transmissibility. 
This review discusses the epidemiology of COVID-19 highlighting viral virulence factors promoting pathogenicity and current 
control measures therapeutic and non-therapeutic in use as best practice preventative measures. 
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Graphical Abstract

Introduction
SARS-CoV-2 a newly emerged Coronavirus is the aetiological 
agent of COVID-19, where humans have proven immune 
deficient with certain cohorts highly susceptible to disease and 
mortality. The first case of COVID-19 occurred in Wuhan China 
in December 2019 and spread globally in early 2020 with the 
World Health Organization (WHO) announcing an international 
Public Health Emergency on January 30th, 2020 and pandemic 
in March of that year [1]. Coronaviruses (CoVs) are large, 
pleomorphic, enveloped RNA viruses belonging to the family 
Coronaviridae. CoVs are known to infect mammals and birds 
with viruses first identified in human respiratory and enteric 
cases of disease in the 1960s [2]. Seven CoVs strains are known 
to infect humans with three emerging in the last 20 years as 
severe respiratory pathogens including severe acute respiratory 
syndrome coronavirus 1 or SARS-CoV-1 (SARS), the Middle-
East respiratory syndrome coronavirus (MERS-CoV) and severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) the 
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causative agent of COVID-19, where the remaining four (229E, 
NL63, OC43, and HKU1) cause common cold symptoms. SARS-
CoV-2, SARS-CoV, and MERS-CoV have a mortality rate of 2%, 
9.6%, and 35.5% respectively [3] with SARS-CoV-2 being more 
transmissible. The increase likelihood of transmission of SARS-
CoV-2 may relate to its location in the upper respiratory tract of 
patients with droplet and aerosol transmission occurring where 
SARS and MERS have tropism for lower respiratory airways 
[4]. Coronaviruses frequently shift hosts moving from animals 
to humans termed zoonosis, resulting in new animal and human 
diseases where SARS-CoV-2 is believed to have transmitted to 
humans from bats via an intermediatory host reservoir. As zoonotic 
species SARS, MERS and COVID-19 highlight the importance of 
viruses as emerging and re-emerging pathogens capable of global 
impact with dire health and socio-economic consequences. Due to 
the innate ability of viral species to mutate and generate variants 
with unknown pathogenicity, preventing viral transmission 
remains essential. With limited treatment options and slow vaccine 
role out in some regions, preventing SARS-CoV-2 transmission 
remains critical to control disease spread. Prolonged, widespread 
“lockdowns” have become the mainstay since March 2020, 
globally. The substantial costs of overburdened medical systems, 
loss of income, closure of business, retail, education sectors, 
hospitality, tourism, and aviation has substantially impacted 
economies at a global scale. This concurrent economic shutdown 
may initiate a prolonged global recession, having severe and 
unparalleled financial impact globally [5]. Furthermore, persistent 
lockdown and social distancing measures have amplified anxiety, 
depression, domestic violence (physical, emotional, sexual) [6] 
an important externality of the ongoing pandemic. This review 
outlines key factors relating to SARS-CoV-2 virulence and 
pathogenicity in terms of the triad of disease. The author informs 
on best practices essential to decrease disease prevalence and 
reduce the impact of COVID-19.

SARS-CoV-2 pathogenicity – the triad of disease
The epidemiological triad of disease is a tool implemented to 
determine the spread of infectious disease. In the context of 
COVID-19 the agent is SARS-CoV-2, the host is the human 
patient and/or carrier and the environment relates to external 
factors enabling disease transmission. A clear understanding of 
the triad of COVID-19 will allow for enhanced control measures 
(figure 1) and reduced disease transmission particularly amongst 
highly susceptible persons in environments such as hospitals 
and elderly care centres where outbreaks are prominent. While 
associated with less fatality, studies have demonstrated that 
SARS-CoV-2 is significantly more transmissible between humans 
than SARS and MERS [7], having a higher reproduction number 
(R0). SARS-CoV-2 has an R0 estimate between 2.2 and 3.9 and 
region dependent mortality estimate of between 0.8% and 14.5% 
[8]. The pathogenicity of SARS-CoV-2 relates to viral virulence 
factors enabling it to evade host immunity and survive in the host 
environment until horizontal transmission occurs, increasing case 
numbers. According to the WHO a case of COVID-19 is a person 
with laboratory confirmation of SARS-CoV-2 (detection of viral 
RNA via PCR) without necessitating clinical signs of disease [9].

The virus
SARS‐CoV‐2, SARS-CoV and MERS belong to the genus of 
betacoronaviruses, of the family Coronaviridae. Coronaviruses 
have genetic diversity due to their large RNA genome, genetic 
variation, genetic flexibility, RNA error prone polymerase and 
homologous recombination creating selective pressure for viral 
replication [10]. SARS-CoV-2 has genome of approximately 30 
kB encoding 9860 amino acids and shares 79% gene sequence 
identity with SARS-CoV, and approximately 50% identity 
with MERS-CoV [2]. SARS-CoV-2 has four major structural 
proteins namely the spike (S) glycoprotein, small envelope (E) 
glycoprotein, membrane (M) glycoprotein, and nucleocapsid 
(N) protein, and numerous accessory proteins [11]. The spike 
glycoprotein a transmembrane protein, is the key to host-cell 
entry via host receptors namely angiotensin-converting enzyme 2 
(ACE2) on type II alveolar cells of the respiratory tract inducing 
pneumonia leading to Acute Respiratory Distress Syndrome 
(ARDS). ACE2 receptors are also present on cells of the upper 
oesophagus, stratified epithelial cells, cells of the ileum and 
colon, cholangiocytes, myocardial cells, kidney proximal tubule 
cells, and bladder urothelial cells causing secondary conditions 
of the heart, kidneys, and digestive tract [12]. Viral spikes have 
a polysaccharide coat as a camouflage mechanism evading host 
immunity [13]. The E glycoprotein a 75 amino acid long protein 
(both monomeric and homo-pentameric forms) is associated with 
intracellular transportation, viral assembly, viral maturation and 
infection and is highly immunogenic [14]. While the M protein 
is associated with the envelope shape and the nucleocapsid (N) 
protein is essential for the synthesis of RNA and is the structural 
protein of the virus [15]. The N protein also packs the RNA into 
a protective helical ribonucleocapsid (RNP). The viral mRNA is 
released and translated in protein with 14 open reading frames 
(ORF) encoding a variety of structural and non-structural proteins 
essential for survival and pathogenicity. The mRNA is translated 
by host ribosomes which generates SARS-CoV-2 viral replicative 
enzymes essential for new RNA genomes and the synthesis 
of new viral particles [16]. Viral virulence is also achieved via 
suppression of host gene expression and blocking innate immune 
responses due to the activity of non-structural protein 1 (Nsp1) 
[17]. Genetic mutations are key to viral adaptability and survival 
with new emerging viruses gaining the ability to jump host species 
due to genetic diversity, error-prone replication and frequent 
recombination’s [18]. Selective pressure from host immunity 
induces survival adaptive strategies in viruses where RNA viruses 
have a greater mutation rate than DNA viruses. The genetic 
diversity of SARS-coV-2 is low however, due to Coronavirus 
genetic proof-reading mechanisms [8] possibly due to the activity 
of non-structural protein 14 (nsp14). Antigenic drift the slow 
accumulation of gene mutations and antigenic shift where one 
major genetic change occurs are drivers for viral evolution and 
the emergence of species variants. With prolonged host exposure 
and interaction with complex immunological mechanisms as seen 
in pandemic situations the occurrence of antigenic drift in SARS-
CoV-2 becomes increasingly possible. As such it is imperative to 
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monitor the virus in animal and human reservoirs [19]. Mutations 
coding for alterations of the D614G, H69 and V70 amino acids 
in the receptor binding domain of SARS-CoV-2 spike protein 
[20] is associated with increased infectivity and the emergence of 
variants of concern (VOC). Where such variants have become the 
dominant strains of the COVID-19 pandemic [8]. The European 
CDC reports on SARS-Cov-2 variants of concern namely B.1.1.7 
(Alpha) and B.1.351 (Beta), P.1 (Gamma) and B.1.617.2 (Delta) 
that exhibit greater transmissibility and immune evasion than 
the wildtype strain with an increased risk of hospitalization and 
mortality [21]. The Infective dose (ID), the dose of viral particles 
required to initiate disease in a host, of SARS-CoV-2 or its VOCs 
have not been elucidated. Importantly, elucidating the possibility 
of a dose response relationship between viral load and disease 
severity may inform on the immune response seen in mild or 
severe cases of COVID-19 [22].

The host 
Similar to SARS and MERS, the symptoms of COVID-19 include 
malaise, lethargy, dry cough, upper chest irritation, irregular 
diarrhoea, and hyperventilation. Issues relating to a loss of 
smell and/or taste are also recognized as common symptoms of 
COVID-19. In severe cases secondary infections, sepsis and multi 

organ failure is evident with hospitalised patients manifesting 
with pneumonia, lymphopenia, and pulmonary dysfunction [23]. 
Additional factors such as age and co-morbidities (cancer, chronic 
kidney, heart, liver and lung disease, obesity, immunosuppression) 
are associated with severe COVID-19 and acute respiratory 
distress syndrome, organ failure and mortality [24]. Interestingly, 
epidemiology studies indicate that blood type and Rhesus factor 
(Rh) play an inheritable role in SARS-CoV-2 disease severity 
with blood group A being higher risk than O and Rh+ higher risk 
than Rh- [25]. The success and pathogenicity of infectious agents 
including SARS-CoV-2 relies on their ability to undermine the host 
immune response. The host immune system (innate and acquired/
adaptive) is responsible for eradicating infectious invaders and 
maintaining health. Following viral exposure, innate defences 
are triggered via pathogen recognition receptors (PRRs) e.g., 
toll-like receptors (TLRs) on plasma and endosomal membranes 
and retinoic acid-inducible gene I like receptors (RLRs) in the 
cytosol which recognise pathogen-associated molecular patterns 
(PAMPs). Innate immunity attempts to block or inhibit infection 
or eliminate infected cells via activation of these PRRs [26] and 
a subsequent immune cascade. Coronavirus, however, can evade 
PRR activation by replicating in the membrane of the endoplasmic 
reticulum which is devoid of PRRs reducing viral contact to RLRs 

Figure 1: The triad of COVID-19 outlining associated characteristics promoting virulence and intervention methods to reduce disease transmission.
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and TLRs [23] a technique also likely observed in SARS-CoV-2. 
Viruses provoke key host responses including the induction and 
maturation of dendritic cells, macrophages, lymphocytes and 
parenchymal cells and the release of interferons (IFN) and cytokines 
[27]. IFN-1 in particular is vital for viral clearance, SARS-CoV-2 
like many viruses, however, can inhibit IFN production with 
early-stage Covid-19 patients having a limited INF-1 response and 
signalling [28]. IFN-1 activates natural killer (NK) cells which can 
kill host infected cells and stimulates proinflammatory cytokine 
release including interleukins (ILs). SARS-CoV-2 has tropism 
for the upper respiratory tract where infection, replication and 
transmission occur. Type I and III IF play a vital role in limiting 
viral replication and localisation to the lower respiratory tract 
where damage to alveolar tissues can impact gaseous exchange 
[29]. Cytokines TNF-α, IL-12, and IL-6 activate TLR-7 which 
promotes the generation of specific cytotoxic CD8+ T cells which 
stimulate B cells to produce viral antibodies, immunoglobulins 
namely IgG and IgM [24]. SARS-CoV-2 can block T cell function 
by inducing T cell apoptosis allowing virally infected cells to 
escape destruction enabling viral replication to completion. 
Noteworthy, persistent lymphopenia in Covid-19 patients affecting 
helper T cells (CD4+ and CD8+ T cells) B cells and NK cells is 
associated with severe disease and mortality in older patients [30]. 
IL-6 is one of the most essential cytokines in viral infection as 
it regulates T-cell response, inflammatory resolution, macrophage 
activity and regulation of IgG where high serum levels of IL-6 in 
Covid-19 patients is associated with cytokine storm and a high risk 
of respiratory failure [31]. Over production of proinflammatory 
cytokines drives the cytokine storm and is related to oedema, 
respiratory dysfunction, acute respiratory and cardiac injury, and 
secondary infection in Covid-19 patients [24] while simultaneously 
failing to mount an adequate anti-viral interferon response [23]. 
SARS-CoV-2 can also infect host macrophages thus evading 
immune responses and allowing it to migrate to the spleen and 
lymph nodes while triggering the release of IL-6 and TNF-α [32] 
further promoting tissue damage and lymphopenia. SARS-CoV-2 
can also infect dendritic cells preventing maturation and reducing 
the activation of T cells decreasing the efficiency of the adaptive 
immune response and potentially impacting long term humoral 
immunity in the patient [33].

The environment (Transmission)
The major transmission routes of SARS-CoV-2 which occurs 
during the viral incubation period of 2–10 days is via direct 
contact, droplet transmission, airborne transmission with indirect 
fomite transmission also a possibility [34]. The CDC states 
however, that the proportion of COVID-19 cases attributed to 
surface/fomite transmission is unknown as multiple transmission 
routes are often present with confirming fomites as environmental 
sources difficult due to the presence of asymptomatic viral 
carriers [35]. The faecal-oral route, wastewater and sewage as 
modes of transmission remain worthy of investigation but have 
not been directly linked to disease outbreak [34]. Transmission 
via respiratory droplets emitted via talking, sneezing and 
coughing is therefore, the dominant mode, where heterogeneous 

transmission causes clusters of disease outbreak, where some 
infected persons fail to transmit the virus while others cause 
transmission clusters termed superspreading events [36]. Droplets 
can range from <1 μm to >100 μm in diameter and can remain 
suspended in air being considered airborne droplets, with factors 
such as air flow, humidity and temperature affecting their spread 
[37]. Droplet size and spread is an important consideration in 
social distancing where 1-2 metres is considered the safe distance 
reducing transmission. Droplets of 50–100 μm however, can 
be carried further than 2 metres in an expulsion of air as with 
sneezing or coughing [37]. Aerosol transmission during regular 
communication (speech) in indoor settings, however, may offer 
insight into transmission by asymptomatic and pre-symptomatic 
persons who are not manifesting with respiratory symptoms such 
as coughing [34]. Interestingly, approximately 40,000 droplets per 
sneeze, 710 particles per cough, and 36 particles per 100 words 
spoken are discharged [9]. Environmental factors such as weather, 
humidity, temperature, air pollution also impact transmission 
rates [38]. Assessing the impact of air pollution on SARS-CoV-2 
transmission is problematic as control strategies such as global 
lockdowns have reduced anthropogenic atmospheric pollution. 
Additionally, while residing in highly polluted cities may affect 
susceptibility to severe infections due to cardiopulmonary and 
metabolic diseases it is currently unknown however, if polluted 
air may increase transmission of the virus. Particulate matter in air 
however can reduce the virucidal activity of UV light by inhibiting 
UV penetration and reduce vitamin D synthesis in persons 
potentially increasing disease severity [39]. The survivability and 
transmissibility of SARS-CoV-2 on surfaces is an area of ongoing 
investigation. Viable viruses have been detected on porous 
surfaces hours after contact and weeks post contact on non-porous 
surfaces such as stainless steel, plastic and glass [35] however, 
the transmissibility and infectivity of such viruses remains unclear. 
Importantly, coronaviruses have lower persistence times (< 2 days) 
on disposable materials including latex gloves, cotton gowns and 
gauze sponges [40]. Nosocomial transmission of SARS-CoV-2 
remains a key contributor to incidence of disease where health 
care settings and elderly homes are hotspots of infection. Studies 
assessing the presence of viral genes on hospital surfaces 28 days 
post discharge report the presence of gene fragments via real time 
PCR [33]. While the likelihood of infectivity from viral gene 
segments is unknown, it is unlikely however, as gaining entry to 
host lung cells requires binding to host cell receptors by means of 
the viral spike protein. Transmission in clinical settings is affected 
by factors such as population density, age, gender, immune and 
health status of residents, and climate conditions in situ such as 
temperature and humidity. The effect of seasonality on SARS-
CoV-2 transmission is not fully elucidated as factors such as socio-
economic circumstances, implementation of non-pharmaceutical 
control measures and hemisphere location impact on disease 
prevalence, where missing the environmental impacts of Covid-19 
will limit disease management [41]. The seasonality of COVID-19 
is an important consideration, as it will inform on the likelihood of 
a 4th and subsequent waves of disease outbreak [42].
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Control measures mitigating the impact of COVID-19
Preventative measures remain the most effective approach to 
mitigating the impact of COVID-19 and reducing the burden on 
healthcare systems globally. Non-therapeutic prevention measures 
including lock downs, quarantine, social distancing, face coverings, 
regular hand sanitising, testing and contact tracing is enforced to 
reduce viral transmission [43]. Additionally, international health 
agencies outline effective cleaning and disinfection strategies 
which should be implemented domestically, as sanitisers and 
in healthcare facilities [9]. In the absence of sufficient vaccine 
quantities and effective drug therapy, disinfection and other non-
therapeutic methods play a vital role in preventing and controlling 
the spread of COVID-19.

Biocides/disinfectants and Personal Protective Equipment 
The Environmental Protection Agency (EPA) outlines a list termed 
List N of registered disinfectants and combinations suitable for 
use against SARS-CoV-2 including hydrogen peroxide (H2O2), 
phenolic, quaternary ammonium compounds (QACs), ethanol, 
isopropanol (IPA), chloride dioxide and sodium hypochlorite 
amongst others (Table 1). As with all microbes, the efficacy of 
biocides against viruses depends on many factors including mode 
of action, concentration, contact time, presence of inhibitors and 
innate resistance of the organism. Enveloped viruses including 
SARS-CoV-2 are considered more susceptible to chemical 
inactivation than non-enveloped species due to the envelope lipid 
matrix. Following exposure, viral inactivation is due to destruction 
of the lipid envelope, protein denaturation and coagulation, and 
alteration of genetic material via nucleic acid denaturation [44]. 
According to EPA guidelines, biocide manufacturers must supply 
data demonstrating potential efficacy against hard to inactivate 
viruses in order to market claims as active against SARS-CoV-2 
[45]. The European Standard test EN 14476 for demonstrating 
virucidal efficacy requires a 4-log reduction in viral load of 
surrogate enveloped species where the framework of the European 
Committee for Standardisation (CEN) names vaccinia as a 

surrogate for SARS-CoV-2 [46]. As a biosafety level 3 pathogen, 
determining the efficacy of biocides is difficult where surrogate 
species such as human coronavirus HCoV-229E also serve as 
indicators of inactivation using cell line infectivity and the tissue 
culture infectious dose (TCID) [47], viral plaque assays or PCR 
methods. Variations in experimental procedures such as contact 
time, concentration, chemical combinations, viral load, and a 
lack of standardised methods also influence the comparability 
of inactivation data generated. For surface disinfection repeated 
cleaning to remove interfering substances and disinfection 
is required for reducing viral load. Commercial disinfectants 
demonstrating efficacy against SARS-CoV-2 (4 log reduction) 
include 0.1% benzalkonium chloride (BAC), 30–80% ethanol, 
30–75% propanol, 0.45–7.5% povidone-iodine and 5–6% sodium 
hypochlorite [40]. H2O2 is typically effective against enveloped 
viruses, coronaviruses appear more resistant however with a 
moderate 1-1.8 log reduction at 6% with 30 seconds exposure 
[48] where viral load in clinical settings have been detected at < 
5.2 log in intensive care units and <4 log in general wards [49]. 
For hand sanitisers the WHO recommends the use of 75% IPA 
or 80% ethanol with 30 seconds contact time [9]. 2 categories of 
hands sanitisers exist; alcohol based containing ethanol or IPA and 
non-alcohol based commonly containing QAC compounds [50] 
including humectants and excipients. QACs have proven effective 
at inactivating SARS-CoV-2 including a BAC based hand sanitizer 
in short contact times [51]. For SARS-CoV-2, thermal inactivation 
has proven quite effective at 56oC for 30 minutes, 95oC for 10 
minutes and 98oC for 2 minutes providing 5 log10 inactivation [52]. 
This is beneficial for the sterilisation of non-heat sensitive personal 
protective equipment (PPE) products and face masks including 
homemade masks (non-surgical) which are part of the non-
therapeutic preventative measures. Studies have demonstrated the 
efficacy of surgical and non-surgical masks to reduce the inhalation 
of particles by the wearer, with surgical masks preventing viral 
dissemination by infected persons up to 100% [37]. PPE including 
gowns, face masks, face shields, and N-95 facepiece respirators 

Disinfectant Mode of action Parameters Comments
Oxidising agents (H2O2, peracetic 
acid, ozone)

Oxidation of cell envelope, free 
radicals disrupt essential biomolecules 0.5% for 1 minute Inhibited by organic matter, degrade rapidly, 

environmentally friendly.

Phenol-based disinfectants mixed with 
IPA or ethanol

Protein destabilisation, membrane 
damage

200 ppm phenol with varied 
concentrations of IPA, 10 minutes 
hard non-porous surfaces

Most effective at acidic pH, Kills a harder-to-kill 
pathogen than SARSCoV-2, phenol is toxic and 
carcinogenic.

Chlorine-releasing agents (sodium 
hypochlorite)

Nucleic acid disruption, membrane 
damage 0.1% for 1 minute Environmental pollutant, most effective at acidic 

pH

QACs Membrane damage 0.04% w/v, 1 min, steel surfaces
Promotes antibiotic resistance, QAC resistance 
evident, environmental pollutant, are most 
potent at alkaline pH

Formaldehyde and glutaraldehyde Chemically alkylating proteins and 
nucleic acid bases

glutardialdehyde (0.5-2.5%), 
formaldehyde (0.7-1%) for 2 minutes High level disinfectants, environmental pollution

Iodine-releasing agents (povidone-
iodine)

Nucleic acid disruption, membrane 
damage, protein destabilisation 

0.2% for rapid skin, oral cavity, and 
nasal disinfection. 7.5 to 10% skin 
disinfection, clinical use in antiseptic 
hand washes

Toxic, excessive use can be corrosive, eye 
irritation, may cause thyroid issues

Alcohols 
(ethanol, IPA)

membrane damage, disrupt cell 
envelope, protein denaturation, RNA 
damage

70-90%, 30 secs
Slow acting and evaporate easily, no residual 
germicidal effect, poor penetration organic 
material, not useful for sterilisation

Table 1: Outlining chemical disinfectants used to control SARS-CoV-19, their mode of action and disinfection parameters.
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(FFR) are essential to prevent the clinical transmission of SARS-
CoV-2 and to protect essential health care staff. Reusable medical 
textiles can be effectively sterilised with dry steam with the CDC 
recommending EPA registered disinfectants for sterilizing face 
shields and goggles [53]. The sterility assurance level (SAL) 
for the sterilisation of medical PPE requires a 6-log reduction in 
viability as outlined by the FDA. Ultraviolet light (UV) namely 
UVC has virucidal activity when applied to surfaces, penetration 
however is an issue making it unreliable for some PPE. Ionizing 
radiation such as gamma rays, however, have better penetration 
but can negatively impact the material where studies show gamma 
treatment modified the electrostatic charge on respirator filters 
decreasing the filtering capacity of the respirator [54]. Vaporized 
H2O2 (30 to 35%), moist heat (60 to 65°C for 30 min) and UV light 
at 254 nm has been utilized for sterilising medical masks and N95 
respirators for re-use [55] to combat PPE shortage. Vaporised H2O2 
has been authorized under emergency use authorization (EUA) for 
the sterilisation of N95 face masks for re-use by the USFDA [56].

Therapeutics
The therapeutic approaches for COVID-19 rely on the use of 
antivirals preventing viral replication (early stage of clinical 
disease) and immune modulators regulating the host immune 
response (later stage of clinical disease) coupled with supportive 
oxygen therapy. As the immune response becomes dysregulated 
(cytokine storm) in later stages of disease leading to tissue 
damage, the use of immune modulators is often warranted. Failing 
to treat the cytokine/inflammatory storm can promote progression 
from acute respiratory distress syndrome, multiorgan disfunction, 
and mortality [57]. Remdesivir is the only antiviral drug currently 
approved by the FDA for COVID-19 and is recommended for 
patients requiring oxygen treatment where other antiviral drugs are 
administered off label [58]. Studies show that remdesivir shortened 
recovery time in hospitalised COVID-19 patients where the lower 
respiratory tract appeared infected [59]. Side effects of remdesivir 
include diarrhoea, nausea, hypotension, liver and kidney damage 
with serious effects observed in 23% of patients [60]. In mild to 
moderate cases of COVID-19 which are not considered a high risk 
for disease progression, therapy is not considered beneficial where 
management of symptoms and preventing viral transmission are 
considered important. For patients who are a high risk of disease 
progression monoclonal antibodies (Mab) are administered 
as therapy in the early stages of disease (Table 2). In February 

2021, the FDA issued an EUA for the use of the neutralising 
Mabs Bamlanivimab and Etesevimab jointly for the treatment of 
mild to moderate COVID-19 in patients over 12 years who are 
not hospitalised or requiring oxygen where disease progression 
is high risk [61]. A combination of Casirivimab and Imdevimab 
is also used for the treatment of non-hospitalized patients with 
mild-to-moderate disease. These Mabs target the receptor binding 
domain of the S protein of SARS-CoV-2 which is required for 
entry into host cells via receptor binding. Neutralising the 
receptor binding domain prevents host cell entry [62] reducing 
cellular infectivity. The Mab tocilizumab is an anti-IL-6 receptor 
monoclonal antibody that inhibits IL-6 signalling thus reducing 
over inflammatory reactions as seen in the inflammatory storm. 
At present, retrospective studies aiming to determine tocilizumab 
efficacy in COVID-19 patients are contradictory with a lack of 
evidence-based studies emerging [63]. Studies report however, 
that blockage of IL-6 does not hinder the SARS-CoV-2 antibody 
response but may reduce the risk of death among severely ill 
COVID-19 patients [60]. In September 2020, the WHO issued a 
guide document on the use of corticosteroids for the treatment of 
COVID-19 based on the findings of clinical trials. The use of oral 
or IV corticosteroids including dexamethasone, hydrocortisone or 
prednisone in severe and critical patients is recommended for 7 
to 10 days [64]. Dexamethasone reduces mortality in hospitalised 
patients on oxygen support by 20% and mechanical ventilation 
by 35% with no benefits observed in mild, moderate or non-
oxygenated hospital patients [65]. The FDA has established the 
special emergency program to establish the safety and efficacy 
of possible Coronavirus therapeutics termed the Coronavirus 
Treatment Acceleration Program (CTAP) where numerous studies 
and clinical trials are investigating various pharmacological 
options for the treatment of COVID-19 [60].

Vaccination
Currently there are 4 COVID-19 vaccines authorised for use in 
the European Union, Comirnaty, COVID-19 Vaccine Moderna, 
Vaxzevria (AstraZeneca) and COVID-19 Vaccine Janssen [66]. 
The USFDA issued an EUA allowing the use of the mRNA 
Pfizer-BioNTech COVID-19 Vaccine (BNT162b2 vaccine) to be 
distributed in the U.S in December 2020 with Vaccine Modern 
and Janssen also being implemented. Comirnaty, BNT162b2 
and Moderna are mRNA vaccines containing mRNA coding for 
the spike protein where Vaxzevria and Vaccine Janssen utilise a 

Therapeutic Drug type Recommended use* Comments
Remdesivir Anti-viral hospitalized patients needing O2 Potential for hepatic and renal adverse events (Scavone et al., 2020)

Dexamethasone Corticosteroid hospitalized patients needing O2 
and ventilation

Immune modulator - inhibit the action and expression of molecules involved 
in pneumonia associated inflammatory response (Patel et al., 2020)

Tocilizumab Monoclonal 
antibody

jointly with dexamethasone 
therapy for respiratory 
decompensation 

Reduce the impact of cytokine storm in severe cases of disease. 
Side effects include infections, headache, hypertension (Scavone et al., 
2020), can cause autoimmune diseases and damage body tissues (Samaee 
et al., 2020). 

Bamlanivimab and Etesevimab 
Casirivimab and Imdevimab 

Monoclonal 
antibodies

mild to moderate disease with 
chance of progression Neutralising the receptor binding domain of S protein (Taylor et al., 2021)

*Recommended by the National Institutes of Health

Table 2: Current therapeutics used in the treatment of COVID-19.
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modified adenovirus containing a gene coding for SARS-CoV-2 
spike protein, the immunogenic element of the virus. Upon 
replication using host cell ribosomes, the spike protein should 
trigger an immune response creating SARS-CoV-2 antibodies. 
The EMA also has a rolling review in place for CVnCoV, 
NVX-CoV2373, COVID-19 Vaccine (Vero Cell) Inactivated 
and Sputnik (Gam-COVID-Vac) vaccines since February 2021. 
Randomized clinical trials demonstrate an efficacy of 94 to 95% 
for mRNA-based vaccines for preventing Covid-19 [67]. It is 
important to note however, that the efficacy of vaccines given to 
the general population with different co-morbidities, exposures 
and transmission levels has not been fully elucidated. Studies 
by Thompson et al., however, demonstrate that the authorized 
mRNA COVID-19 vaccines (Pfizer-BioNTech’s BNT162b2 and 
Moderna’s mRNA-1273) demonstrate efficacy in “real world 
situations” with full 2 dose administration resulting in 90% 
immunization against SARS-CoV-2 infection [68] confirming 
mRNA vaccine Phase III trials. The CDC recommends a full 
2-dose immunization with mRNA vaccine against COVID-19. 
The duration of immunity must also be determined with follow up 
studies conducted months or years after vaccination. Additionally, 
studies reporting on vaccine efficacy often exclude the addition 
of absolute risk reduction which introduces reporting bias 
and confuses the reader [69] with the FDA advising the use of 
absolute risks. Additionally, pregnant women are excluded from 
the preauthorization clinical trials where such patients are at 
increased risk of severe illness and possible adverse outcomes 
such as preterm birth [70]. Concerns have also emerged over the 
efficacy of SARS-CoV-2 vaccines to protect against the emerging 
VOC. Studies report however, that the BNT162b2 vaccine appears 
effective against the B.1.1.7 variant [71]. Certainly, the utilisation 
of mRNA-based vaccines offers great advantage in terms of time 
to development and will undoubtedly aid in future pandemics.

Conclusion
SARS-CoV-2 the aetiological agent of COVID-19 has inflicted 
significant damage to healthcare, economies, and communities 
since its emergence in December 2019. As the pandemic continues, 
the emergence of variants of concerns further amplifies the 
devasting impact of this virus across the globe with certain regions 
having greater difficulty with disease prevalence. In response to 
the pandemic, to curb viral transmission, reduce the incidence of 
disease and protect vulnerable persons, it is imperative to understand 
and implement effective control measures. Understanding 
the virulence factors promoting disease spread allows for the 
implementation of effective control measures including non-
therapeutic actions such as social distancing, lockdowns and 
effective disinfection protocols while focus is on development and 
implementation of effective therapeutic and vaccination regimes. 
With the significant increase in biocidal application, care must 
be taken to prevent the over-use of disinfectants which may act 
as environmental pollutants, or which may accumulate causing 
untold damage to ecosystems. A holistic One Health approach 
must be considered to reduce disease prevalence while protecting 
human, animal, and environmental health. The emergence of 

antibiotic resistant bacteria for example due to the overuse of 
antimicrobial disinfectants in clinical environments is of concern. 
Implementation of an effective vaccination programme globally 
with efficacy against emerging variants of concern is a necessity to 
curtail the SARS-CoV-2 pandemic.
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