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Abstract 
 
The COVID-19 pandemic caused by the novel coronavirus, SARS-CoV-2, has resulted in 
significant death, disease burden, and panic worldwide. Several studies have determined that 
COVID-19 is associated with an exaggerated cytokine storm. SARS-CoV-2 induces the 
proliferation of pro-inflammatory cytokines that results in vascular damage, hypercoagulation, 
and ultimately respiratory distress. This review presents a detailed and comprehensive look into 
the inflammatory profile of SARS-CoV-2 on the pulmonary epithelium and discusses immune 
regulation in the asymptomatic and mildly symptomatic state. In addition, this review highlights 
possible risk factors that have been correlated with severe COVID-19 disease. Understanding the 
immunological profile of SARS-CoV-2 is vital to early detection and diagnosis of infected 
patients. A comprehensive understanding of the SARS-CoV-2 host response may also assist in 
the development and discovery of therapeutic and preventative agents in the near future.  
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Introduction 
 
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a novel RNA enveloped 
betacoronavirus (1). Outbreaks of COVID-19 began in December 2019 in Wuhan, China (2). 
SARS-CoV-2 is responsible for the current global Coronavirus Disease 2019 (COVID-19) 
pandemic. Since then, SARS-CoV-2 has spread aggressively with over 100 million confirmed 
COVID-19 cases and over 2.5 million deaths globally (3). COVID-19 clinical outcomes are 
heterogeneous, with some people presenting asymptomatically and others requiring intensive 
care and external ventilation. While the exact reason for this heterogeneity in disease outcome 
remains unknown, it is likely due to the interaction between SARS-CoV-2 and the individual 
host immune response.  

Human coronaviruses can be categorized as low or high pathogenic subtypes. Low 
pathogenic coronaviruses infect the upper respiratory tract and cause cold-like symptoms, while 
highly pathogenic variants predominantly infect lower airways and can cause fatal pneumonia 
and acute respiratory distress syndrome (ARDS) (1). Most infected patients present with fever, 
cough, fatigue, and chest tightness. Severe disease is associated with dyspnea, hypoxia, more 
than 50% lung involvement (as demonstrated on imaging studies), pneumonia (with a bilateral 
ground-glass appearance on imaging), respiratory failure, and systemic shock (4). Disease 
progression is associated with an exaggerated host inflammatory response leading to a cytokine 
storm (1). To further complicate matters, upon infection, the median incubation period is two to 
seven days, making testing and immediate detection more difficult (5). 

SARS-CoV-2 has similar characteristics to other highly pathogenic coronaviruses which 
can also cause ARDS and cytokine storm production. These include SARS-CoV and Middle East 
respiratory syndrome coronavirus (MERS-CoV). SARS-CoV-2 shares over 79% genetic 
similarity with SARS-CoV and shares some similarity with MERS-CoV; therefore, we can look 
towards these coronaviruses to learn more about SARS-CoV-2 (6,7). Despite its similarity to 
SARS-CoV and MERS-CoV, the morbidity and mortality associated with SARS-CoV-2 far 
surpass those of SARS-CoV and MERS-CoV. With over 34 million global confirmed cases and 
over one million confirmed global deaths, further investigation into the inflammatory profile and 
pathophysiology of SARS-CoV-2 remains of utmost importance to understand potential 
pharmaceutical targets, disease progression, and populations at risk (8). This review 
comprehensively summarizes the pathophysiology of SARS-CoV-2 and how it interacts with the 
host immune system to elicit an inflammatory profile and cytokine storm associated with severe 
COVID-19. In addition, this review explores the possible immunophenotypes of asymptomatic, 
mildly symptomatic, and presymptomatic SARS-CoV-2 infection to highlight the role of a 
dysregulated immune system in COVID-19.  
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Pathophysiology and cytokine storm  
 
Viral entry into cells  
 
Similar to SARS-CoV, SARS-CoV-2 employs angiotensin-converting enzyme (ACE) 2 as a 
receptor for cellular entry (Figure 1) (9). ACE2 is a cell membrane enzyme that plays a role in 
lowering blood pressure. Hydrolysis of ACE by ACE2 results in reduced production of 
angiotensin II, a vasoconstrictor peptide, thereby lowering blood pressure. ACE2 is highly 
expressed in cells of the lungs, arteries, heart, kidney, and intestine(9). Viral entry is contingent 
on the binding of the surface unit (S1) of the viral spike (S) glycoprotein to ACE2 (10). Viral S 
glycoprotein binding to ACE2 results in S protein cleavage which facilitates viral entry (10). The 
binding affinity of the viral SARS-CoV-2 S protein to the ACE2 enzyme is higher than in SARS-
CoV (9,10). This higher affinity of SARS-CoV-2 could explain the increased pathogenicity, 
disease severity, and viral replication rate as compared to SARS-CoV (9-11). 

SARS-CoV-2 cellular entry is also dependent on transmembrane serine protease 2 
(TMPRSS2). TMPRSS2 is a serine protease that activates the viral S glycoproteins on SARS-
CoV-2 through proteolytic cleavage(10). Proteolysis permits refolding of the cell membrane and 
the energy release required to create stable virus-cell linkages and subsequent viral and host cell 
membrane fusion(11). TMPRSS2 also facilitates SARS-CoV-2 uptake through ACE2 cleavage 
(Figure 1) (11). A kinetic study of SARS-CoV-2 inoculation into human intestinal cells resulted 
in ACE2 downregulation 4-6 days after infection(12). ACE2 downregulation is likely due to 
TMPRSS2 cleavage and the production of interleukin (IL)-4 and interferon (IFN) 𝛾 (12). 
TMPRSS2 has also been implicated in the spread of other pathogenic viruses, such as influenza 
A and MERS-CoV (10).  

Co-expression of both ACE2 and TMPRSS2 are required for successful SARS-CoV-2 
viral entry. ACE2 is thought to be the limiting factor in viral entry as its expression is limited to a 
transient secretory cell type (13). Both ACE2 and TMPRSS2 are highly expressed on cells of the 
respiratory tree, particularly nasal and bronchiolar epithelial cells, alveolar epithelial cells type 
II, goblet, and club cells (9-11,13). This is why SARS-CoV-2 predominantly causes 
nasopulmonary damage, pneumonia, and eventually ARDS in severe cases and also why disease 
does not initially affect multiple organ systems. Other cells that also highly express both ACE2 
and TMPRSS2 include cells from the cornea, esophagus, ileum, colon, gallbladder, and common 
bile duct (9). SARS-CoV-2 activity and function have not been extensively studied in these cell 
sites and structural damage to these cells is not as extensive as cells of the respiratory tree (9).  
 
The recruitment of monocytes and APCs 
 
Following infection of host nasal epithelial cells, viral replication rate increases as the epithelial-
endothelial barrier integrity breaks down (14). Infected host cells release damage-associated 
molecular patterns (DAMPs). Examples of DAMPs include adenosine triphosphate (ATP), 
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nucleic acids, and oligomers (15). Resident monocytes, neutrophils, and antigen-presenting cells 
recognize these DAMPs and are recruited to the area of initial infection using chemokines such 
as CCL3, CXCL10, and monocyte chemoattractant protein 1 (MCP1) (16).  
 
 

 
Figure 1. Possible mechanisms contributing to the exaggerated cytokine storm and cellular 
damage in COVID-19. (A) The SARS-CoV-2 virus enters alveolar epithelial cells through 
binding of the viral structural spike (S) glycoprotein to angiotensin-converting enzyme 2 (ACE2) 
receptor. Transmembrane serine protease 2 (TMPRSS2) facilitates viral entry by cleaving ACE2 
and activating the SARS-CoV-2 S protein. (B) Infected type I and type II pneumocytes release 
viral progeny, causing viral titers to rapidly increase. Infected cells also release inflammatory 
signalling cytokines, such as interleukin (IL)-6, tumour necrosis factor (TNF)-ɑ, IL-1, and 
interferon (IFN)-Ɣ, which promote the activation of nearby monocytes and lymphocytes. 
Chemoattractants released by infected cells facilitate the recruitment of macrophages and T-cells 
to the site of infection. (C) In the late stage of COVID-19 infection, excessive inflammatory 
cytokine production leads to epithelial and pneumocyte apoptosis. The loss of barrier integrity 
can lead to alveolar airspace edema and hyaline membrane formation due to fibrotic damage, 
which may progress to acute respiratory distress syndrome (ARDS). 
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Monocyte activation and initial cytokine production  
 
Activation of the monocytes triggers the release of pro-inflammatory cytokines (1,16). IL-6, 
macrophage inflammatory protein 1𝛼 (MIP-1𝛼), tumour necrosis factor (TNF)-𝛼,  IFN- 𝛼	and 𝛽, 
IL-1𝛽, IL-6, and IL-12 have been associated with pulmonary inflammation in COVID-19 
(Figure 1) (2,15,17,18).  

In particular, IL-6 appears to be implicated in the disease progression and cellular 
damage present in SARS-CoV-2 infection. Plasma IL-6 levels are indicators of disease severity 
and morbidity in COVID-19 (19). In patients with severe disease, IL-6 is upregulated for 5 to 10 
days following infection before tapering down (17). The sustained upregulation of IL-6 is 
thought to increase endothelial and interstitial nasopulmonary damage, contributing to more 
severe disease (16,20). IL-6 expression is also significantly correlated with increased expression 
of other inflammatory markers and acute-phase proteins such as C-reactive protein (CRP), serum 
amyloid A (SAA), antitrypsin, hepcidin, fibrinogen, and complement proteins (20). Upregulation 
of these acute phase proteins contributes to thickening of alveolar walls, infiltration of airspaces, 
and endothelialitis (14).  IL-6 may also play a role in increased mucus production because it 
stimulates mucin gene (MUC5AC and MUC5B) expression in tracheobronchial epithelial cells 
(9).  

The release of these inflammatory chemokines and cytokines results in significant airway 
infiltration and inflammation which manifest as symptoms of COVID-19 (Figure 1). IFN 
cytokines promote alveolar cell apoptosis through Fas/Fas ligand (FasL) signalling (1). This 
contributes to a compromised lung epithelial cell barrier causing microvascular leakage and 
alveolar edema. Interstitial monocyte infiltration and pulmonary edema result in hypoxia and 
eventually ARDS (14). The accumulation of inflammatory cells and cytokines causes the diffuse 
the thickening of alveolar walls and leads to impaired diffusion capacity. Eventually, the 
cytokine storm can circulate systematically to cause multi-organ dysfunction (21). 
 
Adaptive T-cell response 
 
In addition to the innate immune response, changes in adaptive immune cells have also been 
implicated in SARS-CoV-2 pathophysiology. Involvement of the adaptive immune response is 
unique when compared to other respiratory viruses, such as Influenza A and SARS-CoV, which 
elicit mainly innate immune responses (22). The cytokines expressed in response to SARS-CoV 
infection, such as IL-1𝛽, IFN-𝛾, IP-10, and MCP1 promote a type 1 helper T-cell (Th1) response 
(18,21). High titers of IL-6 may be responsible for T helper 17 cell (Th17) differentiation in 
COVID-19 animal models (21). The involvement of the adaptive immune response is critical in 
defining outcomes of SARS-CoV-2 disease. T cells react to the spike protein to initiate an 
adaptive antiviral immune response which functions to upregulate cytotoxic T cells which 
recognize and eliminate virus-infected cells (3). This robust T-cell mediated immune response 
prevents viral titers from rising uncontrollably.  



MUMJ Vol. 18 No. 1, pp. 28-47  June 2021 
 

 
 

33 

Despite T-cell activation in animal and in vitro models, patients with COVID-19 present 
with marked leukopenia (19). In patients with more severe COVID-19, significant leukopenia 
was evident as early as 3 days post-infection and persisted thereafter (17).  Levels of helper T-
cells (cluster of differentiation (CD)3+ and CD4+), cytotoxic T-cells (CD3+ and CD8+), and 
regulatory T-cells (Tregs) remain low in patients with severe disease (19). Altered APC function 
and impaired DC migration during infection may result in insufficient T-cell priming and 
decreased virus-specific T-cell recruitment in the lungs thereby minimizing detection of SARS-
CoV-2 virions and promoting an unchecked cytokine storm synonymous with severe disease 
(23). 

Another possible explanation for the marked leukopenia in COVID-19 includes T-cell 
exhaustion. In highly inflammatory viral infections like COVID-19, recent immunohistology 
studies have demonstrated that CD8+ T-cells are unable to sustain long-term activation and enter 
an ‘exhaustive stage’ (24,25). Exhausted T-cells (Tex) are prone to apoptosis and express 
apoptotic-specific cell markers such as program cell death marker (PD-1) and T-cell 
immunoglobulin and mucin domain-3 (Tim-3)(24). Tex demonstrate a decrease in effector 
function and proliferative capacity which may contribute to the unchecked cytokine storm in 
COVID-19 (26). Lymphopenia and T-cell exhaustion could contribute to poor prognostic 
outcomes of COVID-19 as excessive cell death and upregulation of PD-1 contribute to fibrotic 
and inflammatory changes in the lung parenchyma (3). 
 
Dysfunction of coagulation pathways 
 
The inflammatory cytokines released during APC activation also activate coagulation pathways, 
which can lead to disseminated intravascular coagulation (DIC). DIC is a condition associated 
with microvascular and macrovascular thrombosis that leads to poor blood flow, thereby 
contributing to multiple organ dysfunction (MODs). Consumption of clotting factors and 
platelets can lead to hemorrhaging. Although the exact mechanism of this coagulation 
upregulation remains unknown, it is likely due to upregulation of tissue factor (TF) by activated 
mononuclear and vascular endothelial factors (2). TF promotes the coagulation cascade which in 
turn converts the soluble acute phase protein fibrinogen into fibrin, a key concluding step in the 
coagulation cascade. Furthermore, activated monocytes and dendritic cells also express oxidized 
phospholipids (OxPLs) which contribute oxidative stress, thereby promoting TF upregulation 
and thrombosis (14). Therefore, a positive feedback cycle is created in which host cell damage 
and recruited APCs contribute to peripheral thrombi formation. As such, patients with COVID-
19 are at high risk for thromboembolic complications such as deep venous thrombosis, 
pulmonary embolism, and thrombotic arterial complications (27).  
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The battle between virus and the immune system  
 
Both viral mechanisms and the host response are thought to play a role in the overamplification 
of the host immune response. SARS-CoV-2 encodes viral proteins, such as non-structural protein 
(NSP)1, NSP3, and open reading frame 3B (ORF3B). These viral proteins play a role in evading 
and antagonizing anti-viral IFN responses by inhibiting the activity of IFN regulatory factor 3 
(IRF3) and IFN-I(28, 29). Inhibition of early IFN signalling from activated monocytes and host 
epithelial cells contribute to the evasion of early viral infection and allow viral titer to rise 
rapidly.  
To further complicate matters, SARS-CoV-2 possesses a rapid virus replication rate which 
accelerates pulmonary epithelial damage (1). This push and pull between the virus and host 
immune response causes endothelial barrier disruption, dysfunctional capillary oxygen 
transmission, and impaired oxygen transmission which can lead to ARDS (21). 
 
SARS-CoV-2 in the asymptomatic, presymptomatic, or mildly 
symptomatic state 
 
Understanding and quantifying the asymptomatic state 
 
Despite the ability of SARS-CoV-2 to elicit a cytokine storm and lead to respiratory distress, a 
percentage of individuals who are infected remain asymptomatic or mildly symptomatic (30). 
Studies have suggested asymptomatic infection rates between 2% to 41%, but the true value 
remains elusive because it inevitably includes a portion of presymptomatic individuals (31-33). 
The exact quantification of the asymptomatic population is further complicated because viral 
cultures are generally negative for SARS-CoV-2 eight days post-symptom onset, thus limiting 
the time frame for testing (34).  

Asymptomatic carriers are classified based on the absence of overt symptoms, such as 
fever, cough, sneezing, and shortness of breath, at the time of testing or during the preceding 14 
days despite the presence of detectable viral load (30). The viral load detected in both 
asymptomatic or minimally symptomatic patients is not significantly different from symptomatic 
patients (35,36). Consequently, asymptomatic patients likely have the ability to transmit the virus 
to uninfected individuals (37,38). Viral load in the upper respiratory tract appears to peak at 
symptom onset and viral shedding begins 2 or 3 days before symptom onset (38). Since the latent 
period is shorter than the incubation period (2 to 7 days) for SARS-CoV-2, there is a period of 
time in which the patient is presymptomatic but infectious (36,39). During the first week 
following infection, although symptoms may remain minimal or mild, pharyngeal shedding is 
high so individuals can be infectious before they realize they have COVID-19 (40). This viral 
transmission pattern is similar to seasonal influenza. Therefore, further investigation into the 
similarity between influenza and SARS-CoV-2 viral life cycles may shed more light on the 
infection pattern of SARS-CoV-2.  
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In addition to the lack of overt symptoms, upon testing, asymptomatic SARS-CoV-2 
carriers also have normal or slightly low lymphocytic levels and normal acute-phase 
inflammatory protein markers, such as CRP levels, indicating no or minimal signs of immune 
upregulation (41,42). While a portion of these patients are pre-symptomatic and will, in the 
future, go on to develop overt symptoms and disease, some continue to remain asymptomatic. 
The asymptomatic and presymptomatic population is difficult to study and quantify. However, 
this population provides crucial information about the interplay between the host immune system 
and SARS-CoV-2 infection.  
 
Possible mechanisms of asymptomaticity and implications for treatment 
development   
 
The exact mechanism behind the immune regulation of the asymptomatic state remains elusive. 
It is possible that asymptomatic patients have a high titer of SARS-CoV-2-specific 
immunoglobulin (Ig)G neutralizing antibodies during the latent period of viral infection. These 
neutralizing antibodies are primed by asymptomatic primary infection and may protect against 
future infection. For example, asymptomatic Zika patients had expression of Zika-specific 
neutralizing IgG2a and IgG2b antibodies in maternal serum which prevented an overexaggerated 
type I IFN response and minimized viral load upon initial asymptomatic infection (43). Serologic 
testing in patients with asymptomatic or previously infected patients may shed further insight 
into this area (44). Current treatments being investigated for COVID-19 include polyclonal 
antibodies isolated from SARS-CoV-2-infected patients. SARS-CoV cross-reactive antibodies 
are being explored due to the genetic similarity between the S-proteins of the two coronaviruses 
(45). Recombinant human monoclonal neutralizing antibodies which bind cells expressing full-
length S proteins of SARS-CoV and SARS-CoV-2 were recently isolated (46-48). This particular 
antibody targets the S1B receptor-binding domain (RBD) of SARS-CoV and SARS-CoV-2 and 
may shed more insight into the immunology of SARS-CoV-2 asymptomatic infections or may 
provide the basis for an effective pharmaceutical treatment (46,48). In SARS-CoV-2 mouse 
models, these S-protein monoclonal antibodies synergistically protected mice from weight loss, 
reduced viral load, and decreased pulmonary inflammation (48). Asymptomatic patients provide 
a unique insight into the interaction of SARS-CoV-2 with the ‘ideal’ immune response and 
should be investigated. 
 
COVID-19 in children 
 
Incidences of symptomatic COVID-19 in children have been minimal. Between 2% to 5% 
confirmed COVID-19 cases are in individuals under 18 years (49). More recent studies have 
highlighted that risk of infection in pediatric groups is similar to adults but infection is 
asymptomatic in nature (50,51). Mildly symptomatic profiles in children include nasal 
congestion, sore throat, sneezing and rhinorrhea, and cough (50). Most of these cases (over 75%) 
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resolved within 48 hours of hospitalization without intensive care or mechanical ventilation (50). 
Since ACE2 expression is similar in children and adults, the discrepancy between disease 
severity in the two age groups is likely due to the pediatric immune system (52). The immature 
immune system in children may delay or dampen kinetic upregulation of type I IFN responses in 
children leading to a more mildly symptomatic disease course (52,53). As children are more 
susceptible to infection by other respiratory viruses, including 𝛽-CoV, they possess a high-titer 
of multiple neutralizing antibodies which may offer cross-protection against SARS-CoV-2 
infection. Further investigation into the immunological profile of SARS-CoV-2 in pediatric cases 
is necessary to understand the asymptomatic state and may also shed light on protective factors 
against SARS-CoV-2 infection.  

An uncommon multi-inflammatory syndrome (MIS) has been described in children with 
SARS-CoV-2 infection (54). This illness has features of Kawasaki’s disease, toxic shock 
syndrome, acute abdominal conditions and encephalopathy (55). Children diagnosed with this 
syndrome are often older (median age of 8 years), have cardiac involvement (up to 80% of 
patients) and evidence of a cytokine storm (in 92%) (54,56).  MIC remains endemic to the 
pediatric age group although the reason for this remains elusive. MIC is a serious condition; 
children with MIS require intensive care and mechanical ventilation (56).  
 
Factors associated with increased disease severity  
 
Although a large number of patients infected with SARS-CoV-2 often recover or are 
asymptomatic, others experience severe respiratory distress and death. One of the questions that 
needs to be addressed is whether there are predisposing or presenting factors associated with 
increased disease severity. Initial studies of COVID-19 patients in Wuhan, China revealed that 
patients with severe disease often present with signs of respiratory distress upon 2-3 days of 
hospitalization (20,57). These patients often experience shortness of breath with a respiratory 
rate (RR) greater than 30 times per minute and oxygen saturation levels of less than 95% in 
resting state which are all initial signs of ARDS (20). Comparative cytokine kinetic studies in the 
severe disease group revealed higher levels of CRP, IL-6, IL-10, neutrophil-to-lymphocyte ratio 
(NLR), fibrinogen, and IFN-𝛾 when compared to the milder group; these differences were 
sustained for over 10 days of hospitalization before tapering off (20,58). However, these patients 
were not longitudinally followed up and therefore, disease presentation before hospitalization 
was not observed and infection kinetics are difficult to pinpoint. 
 
Metabolic comorbidities and COVID-19  
 
A significant portion of the patients who experience severe disease (over 25%) often have co-
morbid diseases, and this percentage is even higher in hospitalized patients (60% to 90%) (59). 
Examples of common comorbid diseases include hypertension (present in up to 57% of patients), 
type II diabetes mellitus (up to 34%), cardiovascular disease (up to 30%), chronic kidney disease 
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(up to 13%), chronic hepatitis B viral infection (up to 5%), and multiple myeloma (up to 3%) 
(59-62). Not only do these co-morbid chronic pathologies strain the immune system and impair 
its ability to timely respond to SARS-CoV-2 virus, but some of them also result in basal 
inflammatory states that may predispose these patients to higher titers of inflammatory 
cytokines. Chronic metabolic comorbidities may also dampen the immune system by decreasing 
macrophage and lymphocytic function (60). Older individuals (65 years and older) often have 
many comorbid conditions, making them disproportionately affected by COVID-19. Mortality 
from COVID-19 is highest in people 65 years and older (63). Hospitalized COVID-19 patients 
can also present with atypical symptoms, such as gastrointestinal symptoms, olfactory 
dysfunction, anosmia, or ageusia (64). Patients with COVID-19 and comorbidities have longer 
hospitalizations, a higher likelihood of progressing to severe disease (37.6% versus 20.5%), and 
a higher mortality rate (8.2% versus 5.2%) compared to patients without comorbidities (58,65).  
 
Smoking and COVID-19 
 
In addition to metabolic comorbidities, many studies have also highlighted a link between 
smoking and severe COVID disease (66,67). Studies have reported that between 19% to 25% of 
patients admitted with COVID are smokers (65,66). ICU admissions and mortality are also 
higher in COVID patients who are smokers (68). However, data on smoking history (in terms of 
packs per year and frequency) remains limited and the findings may not be generalizable to the 
public (67). This link in part may be due to the link between smoking, hypertension, 
dyslipidemia, and respiratory disorders; therefore, smokers often possess comorbid diseases that 
increase vulnerability to COVID-19. Smoking also increases ACE2 expression on alveolar 
epithelial cells, thereby increasing the point of entry receptor necessary for SARS-CoV-2 
infection (68 69). In addition, tobacco smoke exposure predisposes individuals to higher levels 
of nitric oxide (NO) consumption (68), which have been associated with an increase in 
angiotensin I conversion to angiotensin II through ACE upregulation. Increased angiotensin II 
levels in turn contribute to higher ACE2 expression (68). Nicotine promotes an increase in 
inflammasome activity and higher levels of basal IL-2, TNF-𝛼, IL-6, MCP-1, and IL-1	𝛽 levels 
(68,70). In addition to the inflammatory responses in the lungs, smoking also impairs the tight 
barrier junction of the lungs, increases oxidative stress, and impairs mucociliary clearance. These 
alterations in the pulmonary structure and function create an environment ideal for viral 
replication and infection (70). The lung damage and increase in the basal inflammatory state 
associated with smoking may likely promote a higher local tissue viral load and development of 
the cytokine storm seen in SARS-CoV-2 infection.  

While there have been studies investigating the link between smoking and COVID-19 
severity, the effects of vaping and electronic cigarettes on COVID-19 severity remain elusive 
and must be more extensively researched. This is especially important considering alarmingly 
increasing rates of vaping amongst youth and young adults. 
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Chronic respiratory pathologies in patients with COVID-19 
 
In contrast to the recognizable link between metabolic disorders or smoking and increased 
COVID-19 severity, chronic respiratory problems, such as COPD and asthma, have been 
minimally reported as comorbidities in patients with SARS-CoV-2 infections (66,71). Only 10% 
of people with chronic respiratory problems have tested COVID positive (66). This paradox 
could be due to underdiagnosis or poor recognition of chronic respiratory disease in patients with 
COVID-19. Alternatively, a different type of immune response elicited by the chronic disease 
could promote early detection of the SARS-CoV-2 virus. For example, perhaps in patients with 
chronic asthma, an early and controlled type I IFN response promotes viral detection and 
prevents the cytokine storm. However, mortality of patients with comorbid COPD is increased 
compared to those without it, suggesting against early viral protection (71). A more likely 
explanation could be that the therapies used by patients with chronic respiratory diseases may 
prevent an exaggerated immune response and thereby limit disease severity or symptomatic 
initial infection (71). Inhaled corticosteroids are a mainstay treatment for asthma with up to 75% 
of asthmatics using inhaled corticosteroid therapeutics. In China, initial management of SARS-
CoV-2 infection involves the administration of inhaled corticosteroids (71). In vitro murine 
studies have demonstrated that inhaled corticosteroids and bronchodilators can diminish SARS-
CoV-2 replication and prevent disease progression (71-73). Early administration of inhaled 
corticosteroids may prevent viral proliferation and exaggerated cytokine production. Further 
investigation into the immunology of chronic respiratory disease and SARS-CoV-2 infection 
may provide more insight into the paradoxical lack of relationship between COVID-19 cases and 
chronic respiratory conditions. It may also highlight protective immunological therapies against 
SARS-CoV-2 infection.  
 
Conclusion 
 
Although there has been a surge of data investigating the inflammatory profile and immune 
interactions in patients with COVID-19, it is evident that an exaggerated inflammatory response 
contributes to disease severity. SARS-CoV-2 interactions with immune cells will need to be 
explored, which is necessary for the effective development of novel therapies and effective 
clinical therapies. While the majority of the research appears to focus on cytokines and the 
adaptive immune response, the role of other elements of the innate immune system, such as 
hemopoietic stem cells and innate lymphoid cells, remains largely unexplored. This review has 
attempted to categorize the SARS-CoV-2-induced immune response into either a “pro” and 
“anti” inflammatory nature, however, it is recognized that many cytokines and chemokines are 
contextual and may elicit varied responses in different environments. More research into 
longitudinal immune responses pre- and post- SARS-CoV-2 infection could further shed light on 
the role of these contextual immune modulators.  
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In addition to refining our understanding of the immunology of COVID-19, greater 
investigation into predisposing factors for increased disease severity is required to better 
understand populations at risk. Asymptomatic and mildly symptomatic patients remain an 
important reservoir for learning the intricacies between the host immune system and SARS-CoV-
2.  

The interactions of SARS-CoV-2 with the immune system have implications for future 
therapies and treatments. Multiple therapies targeting either the host or virus are currently being 
investigated and are in clinical trials. SARS-CoV-2 targeting therapies focus on interrupting the 
viral replication cycle of SARS-CoV-2 (74,75). RNA-dependent RNA polymerase inhibitors, 
remdesivir and favipiravir, are antiviral drugs currently being used in phase III clinical trials 
(NCT04252664 and NCT04257656)(76, 77). Anti-inflammatory agents, such as dexamethasone 
and methylprednisolone, are also being explored and have been shown to reduce rates of 
mechanical ventilation and mortality in patients with COVID-19 (78-80). The Randomized 
Evaluation of COVID-19 Therapy (RECOVERY) trial (NCT04381936) demonstrated that 
dexamethasone reduced 28-day mortality in COVID-19 patients (81). However, considering the 
toxicity of glucocorticoids, the dosage and precise guidelines on their use are not yet established 
(79). IL-6 is a critical cytokine in the SARS-CoV-2 immune response and has been correlated to 
disease severity. As such, over a dozen clinical trials are currently exploring monoclonal 
antibodies against IL-6, tocilizumab and sarilumab, as a treatment for COVID-19 patients (82). 
Initial results suggest that tocilizumab is effective in symptomatic relief for patients with severe 
COVID-19 when given in repetitive doses; however, many trials are still ongoing (83). These 
therapies highlight the importance of understanding the nuances of the host immune response in 
SARS-CoV-2 pathophysiology to elicit possible pharmacological defences.  

The information and data collected on SARS-CoV-2 are fragmented and many areas of 
research need to be pursued to provide a comprehensive picture of this virus. Although it is 
difficult to conduct research in the midst of a pandemic, the data available from infected patients 
is invaluable not only for infected patients but also for the general public as a whole. 
 
Declaration of competing Interests 
 
The authors do not have any competing interests. 
 
Acknowledgements 
 
This research did not receive any specific grant from funding agencies in the public, commercial, 
or not-for-profit sectors. Figure created with BioRender.com.  
 
 

 



MUMJ Vol. 18 No. 1, pp. 28-47  June 2021 
 

 
 

40 

References 

1. Channappanavar R, Perlman S. Pathogenic human coronavirus infections: Causes and 
consequences of cytokine storm and immunopathology. Semin Immunopathol. 2017 
Jul;39(5):529-539. 

 
2. Merad M, Martin JC. Pathological inflammation in patients with COVID-19: A key role 

for monocytes and macrophages. Nat Rev Immunol. 2020 Jun;20(6):355-362. 
 
3. Toor SM, Saleh R, Sasidharan Nair V, Taha RZ, Elkord E. T-cell responses and therapies 

against SARS-CoV-2 infection. Immunol. 2021 Jan;162(1):30-43. 
 
4. Xie J, Ding C, Li J, Wang Y, Guo H, Lu Z, et al. Characteristics of patients with 

coronavirus disease (COVID-19) confirmed using an IgM-IgG antibody test. J Med Virol. 
2020 Oct; 92(10):2004-2010.  

 
5. Guan WJ, Zhong NS. Clinical Characteristics of Covid-19 in China. N Engl J Med. 2020 

May; 382(19):1861-2. 
 
6. Wang H, Li X, Li T, Zhang S, Wang L, Wu X, et al. The genetic sequence, origin, and 

diagnosis of SARS-CoV-2. Eur J Clin Microbiol. 2020 Apr;39(9):1629-1635.  
 
7. Boda B, Benaoudia S, Huang S, Bonfante R, Wiszniewski L, Tseligka ED, et al. Antiviral 

drug screening by assessing epithelial functions and innate immune responses in human 3D 
airway epithelium model. Antiviral Res. 2018 Aug;156:72-79. 

 
8. Weiss P, Murdoch DR. Clinical course and mortality risk of severe COVID-19. Lancet. 

2020 Mar;395(10229):1014-1015. 
 
9. Sungnak W, Huang N, Becavin C, Berg M, Queen R, Litvinukova M, et al. SARS-CoV-2 

entry factors are highly expressed in nasal epithelial cells together with innate immune 
genes. Nat Med. 2020 May; 26(5):681-687. 

 
10. Hoffmann M, Kleine-Weber H, Schroeder S, Kruger N, Herrler T, Erichsen S, et al. SARS-

CoV-2 Cell Entry Depends on ACE2 and TMPRSS2 and Is Blocked by a Clinically Proven 
Protease Inhibitor. Cell. 2020 Apr;181(2):271-280. 

 
11. Wang Q, Zhang Y, Wu L, Niu S, Song C, Zhang Z, et al. Structural and Functional Basis 

of SARS-CoV-2 Entry by Using Human ACE2. Cell. 2020 May;181(4):894-904. 
 
12. Burgueno JF, Reich A, Hazime H, Quintero MA, Irina F, Fritsch J, et al. Expression of 

SARS-CoV-2 Entry Molecules ACE2 and TMPRSS2 in the Gut of Patients With IBD. 
Inflamm Bowel Dis. 2020 May;26(6):797-808. 



MUMJ Vol. 18 No. 1, pp. 28-47  June 2021 
 

 
 

41 

 
13. Lukassen S, Chua RL, Trefzer T, Kahn NC, Schneider MA, Muley T, et al. SARS‐CoV‐2 

receptor ACE2 and TMPRSS2 are primarily expressed in bronchial transient secretory 
cells. EMBO J. 2020 May;39(10):e105114. 

 
14. Wiersinga WJ, Rhodes A, Cheng AC, Peacock SJ, Prescott HC. Pathophysiology, 

Transmission, Diagnosis, and Treatment of Coronavirus Disease 2019 (COVID-19): A 
Review. JAMA. 2020 Aug;324(8):782-793. 

 
15. Geng YJ, Wei ZY, Qian HY, Huang J, Lodato R, Castriotta RJ. Pathophysiological 

characteristics and therapeutic approaches for pulmonary injury and cardiovascular 
complications of coronavirus disease 2019. Cardiovasc. Pathol. 2020 Apr;47:107228. 

 
16. Tay MZ, Poh CM, Rénia L, MacAry PA, Ng LFP. The trinity of COVID-19: immunity, 

inflammation and intervention. Nat Rev Immunol. 2020 Jun;20(6):363-374. 
 
17. Liu J, Li S, Liu J, Liang B, Wang X, Wang H, et al. Longitudinal characteristics of 

lymphocyte responses and cytokine profiles in the peripheral blood of SARS-CoV-2 
infected patients. EBioMedicine. 2020 May;55:102763. 

 
18. Ye Q, Wang B, Mao J. The pathogenesis and treatment of the `Cytokine Storm' in COVID-

19. J Infect. 2020 Jun;80(6):607-613. 
 
19. Tufan A, Avanoğlu Güler A, Matucci-Cerinic M. COVID-19, immune system response, 

hyperinflammation and repurposing antirheumatic drugs. Turk J Med Sci. 2020 Apr;50(SI-
1):620-632. 

 
20. Zhu Z, Cai T, Fan L, Lou K, Hua X, Huang Z, et al. Clinical value of immune-

inflammatory parameters to assess the severity of coronavirus disease 2019. Int J Infect 
Dis. 2020 Jun;95(1):332-339. 

 
21. Pedersen SF, Ho YC. SARS-CoV-2: a storm is raging. J Clin Invest. 2020 

Apr;130(5):2202-2205. 
 
22. Herold S, Becker C, Ridge KM, Budinger GR. Influenza virus-induced lung injury: 

pathogenesis and implications for treatment. Eur Respir J. 2015 May;45(5):1463-1478. 
 
23. Zhao J, Zhao J, Van Rooijen N, Perlman S. Evasion by stealth: inefficient immune 

activation underlies poor T cell response and severe disease in SARS-CoV-infected mice. 
PLoS Pathog. 2009 Oct;5(10):e1000636. 

 
24. Wherry EJ. T cell exhaustion. Nat Immunol. 2011 Jun;12(6):492-499. 
 



MUMJ Vol. 18 No. 1, pp. 28-47  June 2021 
 

 
 

42 

25. Saeidi A, Zandi K, Cheok YY, Saeidi H, Wong WF, Lee CYQ, et al. T-cell exhaustion in 
chronic infections: reversing the state of exhaustion and reinvigorating optimal protective 
immune responses. Front Immunol. 2018 Nov;9(9):2569. 

 
26. Chiappelli F, Khakshooy A, Greenberg G. CoViD-19 Immunopathology and 

Immunotherapy. Bioinformation 2020 Mar;16(3):219-222. 
 
27. Klok FA, Kruip M, van der Meer NJM, Arbous MS, Gommers D, Kant KM, et al. 

Incidence of thrombotic complications in critically ill ICU patients with COVID-19. 
Thromb Res. 2020 Jul;191:145-147. 

 
28. Fehr AR, Channappanavar R, Jankevicius G, Fett C, Zhao J, Athmer J, et al. The 

conserved coronavirus macrodomain promotes virulence and suppresses the innate immune 
response during severe acute respiratory syndrome coronavirus infection. mBio. 2016 
Dec;7(6):e01721-16. 

 
29. Konno Y, Kimura I, Uriu K, Fukushi M, Irie T, Koyanagi Y, et al. SARS-CoV-2 ORF3b Is 

a Potent Interferon Antagonist Whose Activity Is Increased by a Naturally Occurring 
Elongation Variant. Cell Rep. 2020 Dec;32(12):108185. 

 
30. Kimball A, Hatfield KM, Arons M, James A, Taylor J, Spicer K, et al. Asymptomatic and 

presymptomatic SARS-CoV-2 infections in residents of a long-term care skilled nursing 
facility—King County, Washington, March 2020. MMWR Morb Mortal Wkly Rep. 2020 
Apr;69(13):377-381. 

 
31. Park SY, Kim YM, Yi S, Lee S, Na BJ, Kim CB, et al. Coronavirus Disease Outbreak in 

Call Center, South Korea. Emerg Infect Dis. 2020 Aug;26(8):1666-1670. 
 
32. Byambasuren O, Cardona M, Bell K, Clark J, McLaws ML, Glasziou P. Estimating the 

extent of asymptomatic COVID-19 and its potential for community transmission: 
systematic review and meta-analysis. Can J Infect Dis Med Microbiol. 2020 Dec;5(4):223-
34. 

 
33. Tabata S, Imai K, Kawano S, Ikeda M, Kodama T, Miyoshi K, Obinata H, Mimura S, 

Kodera T, Kitagaki M, Sato M. Clinical characteristics of COVID-19 in 104 people with 
SARS-CoV-2 infection on the Diamond Princess cruise ship: a retrospective analysis. 
Lancet Infect Dis. 2020 Sep;20(9):1043-50. 

 
34. Sun J, Xiao J, Sun R, Tang X, Liang C, Lin H, Zeng L, Hu J, Yuan R, Zhou P, Peng J. 

Prolonged persistence of SARS-CoV-2 RNA in body fluids. Emerg Infect Dis. 2020 
Aug;26(8):1834. 

 



MUMJ Vol. 18 No. 1, pp. 28-47  June 2021 
 

 
 

43 

35. Zou L, Ruan F, Huang M, Liang L, Huang H, Hong Z, Yu J, Kang M, Song Y, Xia J, Guo 
Q. SARS-CoV-2 viral load in upper respiratory specimens of infected patients. N Engl J 
Med. 2020 Mar;382(12):1177-9.  

 
36. Lee S, Meyler P, Mozel M, Tauh T, Merchant RJCJoA. Asymptomatic carriage and 

transmission of SARS-CoV-2: What do we know? Can J Anesth. 2020 Jun;67(1):1424-
1430. 

 
37. Bai Y, Yao L, Wei T, Tian F, Jin DY, Chen L, et al. Presumed Asymptomatic Carrier 

Transmission of COVID-19. JAMA. 2020 Apr;323(14):1406-1407. 
 
38. Wei WE, Li Z, Chiew CJ, Yong SE, Toh MP, Lee VJ. Presymptomatic Transmission of 

SARS-CoV-2 - Singapore, January 23-March 16, 2020. MMWR Morb Mortal Wkly Rep. 
2020 Apr;69(14):411-415. 

 
39. Lauer SA, Grantz KH, Bi Q, Jones FK, Zheng Q, Meredith HR, et al. The Incubation 

Period of Coronavirus Disease 2019 (COVID-19) From Publicly Reported Confirmed 
Cases: Estimation and Application. Ann Intern Med. 2020 May;172(9):577-582. 

 
40. Wölfel R, Corman VM, Guggemos W, Seilmaier M, Zange S, Müller MA, et al. 

Virological assessment of hospitalized patients with COVID-2019. Nature. 2020 
May;581(7809):465-469. 

 
41. Gao M, Yang L, Chen X, Deng Y, Yang S, Xu H, et al. A study on infectivity of 

asymptomatic SARS-CoV-2 carriers. Respir Med. 2020 Aug;169:106026. 
 
42. Xu T, Huang R, Zhu L, Wang J, Cheng J, Zhang B, et al. Epidemiological and clinical 

features of asymptomatic patients with SARS‐CoV‐2 infection. J Med Virol. 2020 
Oct;92(10):1884-1889. 

 
43. Turner LH, Kinder JM, Wilburn A, D’Mello RJ, Braunlin MR, Jiang TT, et al. 

Preconceptual Zika virus asymptomatic infection protects against secondary prenatal 
infection. PLoS Pathog. 2017 Nov;13(11):e1006684. 

 
44. Deeks JJ, Dinnes J, Takwoingi Y, Davenport C, Spijker R, Taylor-Phillips S, et al. 

Antibody tests for identification of current and past infection with SARS-CoV-2. Cochrane 
Database of Systematic Reviews [Internet]. 2020 Nov; (6). Available from: 
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD013652/abstract 

 
45. Jiang S, Hillyer C, Du L. Neutralizing antibodies against SARS-CoV-2 and other human 

coronaviruses. Trends Immunol. 2020 May;41(5):355-359. 
 



MUMJ Vol. 18 No. 1, pp. 28-47  June 2021 
 

 
 

44 

46. Wang C, Li W, Drabek D, Okba NM, van Haperen R, Osterhaus AD, et al. A human 
monoclonal antibody blocking SARS-CoV-2 infection. Nat Commun. 2020 May;11(1):1-6. 

 
47. Long QX, Liu BZ, Deng HJ, Wu GC, Deng K, Chen YK, et al. Antibody responses to 

SARS-CoV-2 in patients with COVID-19. Nat Med. 2020 Jun;26(6):845-848. 
 
48. Zost SJ, Gilchuk P, Case JB, Binshtein E, Chen RE, Nkolola JP, et al. Potently neutralizing 

and protective human antibodies against SARS-CoV-2. Nature. 2020 Aug;584(7821):443-
449. 

 
49. Götzinger F, Santiago-García B, Noguera-Julián A, Lanaspa M, Lancella L, Calò Carducci 

FI, et al. COVID-19 in children and adolescents in Europe: a multinational, multicentre 
cohort study. Lancet Child Adolesc Health. 2020 Sept;4(9):653-661. 

 
50. Mehta NS, Mytton OT, Mullins EW, Fowler TA, Falconer CL, Murphy OB, Langenberg 

C, Jayatunga WJ, Eddy DH, Nguyen-Van-Tam JS. SARS-CoV-2 (COVID-19): What do 
we know about children? A systematic review. Clin Infect Dis. 2020 Nov;71(9):2469-79. 

 
51. Carsetti R, Quintarelli C, Quinti I, Mortari EP, Zumla A, Ippolito G, et al. The immune 

system of children: the key to understanding SARS-CoV-2 susceptibility? Lancet Child 
Adolesc Health. 2020 Jun; 4(6):414-416. 

 
52. Xie Z. Pay attention to SARS‐CoV‐2 infection in children. Pediatr Investig. 2020 

Mar;4(1):1. 
 
53. Zhou MY, Xie XL, Peng YG, Wu MJ, Deng XZ, Wu Y, et al. From SARS to COVID-19: 

What we have learned about children infected with COVID-19. Int J Infect Dis. 2020 
May;96:710-714. 

 
54. Verdoni L, Mazza A, Gervasoni A, Martelli L, Ruggeri M, Ciuffreda M, et al. An outbreak 

of severe Kawasaki-like disease at the Italian epicentre of the SARS-CoV-2 epidemic: an 
observational cohort study. Lancet. 2020 Jun;395(10239):1771-1778. 

 
55. Levin M. Childhood Multisystem Inflammatory Syndrome - A New Challenge in the 

Pandemic. N Engl J Med. 2020 Jul;383(4):393-395. 
 
56. Feldstein LR, Rose EB, Horwitz SM, Collins JP, Newhams MM, Son MBF, et al. 

Multisystem Inflammatory Syndrome in U.S. Children and Adolescents. N Engl J Med. 
2020 Jul;383(4):334-346. 

 
57. Chan JF-W, Yuan S, Kok K-H, To KK-W, Chu H, Yang J, et al. A familial cluster of 

pneumonia associated with the 2019 novel coronavirus indicating person-to-person 
transmission: a study of a family cluster. Lancet. 2020 Feb;395(10223):514-523. 



MUMJ Vol. 18 No. 1, pp. 28-47  June 2021 
 

 
 

45 

 
58. Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. Clinical characteristics of 

coronavirus disease 2019 in China. N Engl J Med. 2020 Apr;382(18):1708-1720. 
 
59. Garg S, Kim L, Whitaker M, O'Halloran A, Cummings C, Holstein R, et al. Hospitalization 

Rates and Characteristics of Patients Hospitalized with Laboratory-Confirmed Coronavirus 
Disease 2019 - COVID-NET, 14 States, March 1-30, 2020. MMWR Morb Mortal 
Wkly Rep. 2020 Apr;69(15):458-464. 

 
60. Yang J, Zheng Y, Gou X, Pu K, Chen Z, Guo Q, et al. Prevalence of comorbidities and its 

effects in patients infected with SARS-CoV-2: a systematic review and meta-analysis. Int J 
Infect. 2020 May;94:91-95. 

 
61. Richardson S, Hirsch JS, Narasimhan M, Crawford JM, McGinn T, Davidson KW, et al. 

Presenting Characteristics, Comorbidities, and Outcomes Among 5700 Patients 
Hospitalized With COVID-19 in the New York City Area. JAMA. 2020 
May;323(20):2052-2059. 

 
62. Grasselli G, Zangrillo A, Zanella A, Antonelli M, Cabrini L, Castelli A, et al. Baseline 

Characteristics and Outcomes of 1591 Patients Infected With SARS-CoV-2 Admitted to 
ICUs of the Lombardy Region, Italy. JAMA. 2020 Apr;323(16):1574-1581. 

 
63. Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al. Epidemiological and clinical 

characteristics of 99 cases of 2019 novel coronavirus pneumonia in Wuhan, China: a 
descriptive study. Lancet. 2020 Feb;395(10223):507-513. 

 
64. Mao R, Qiu Y, He JS, Tan JY, Li XH, Liang J, et al. Manifestations and prognosis of 

gastrointestinal and liver involvement in patients with COVID-19: a systematic review and 
meta-analysis. Lancet Gastroenterol Hepatol. 2020 Jul;5(7):667-678. 

 
65. Lai CC, Liu YH, Wang CY, Wang YH, Hsueh SC, Yen MY, et al. Asymptomatic carrier 

state, acute respiratory disease, and pneumonia due to severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2): Facts and myths. J Microbiol Immunol Infect. 2020 
Jun;53(3):404-412. 

 
66. Li X, Xu S, Yu M, Wang K, Tao Y, Zhou Y, et al. Risk factors for severity and mortality 

in adult COVID-19 inpatients in Wuhan. J Allergy Clin Immunol. 2020 Jul;146(1):110-
118. 

 
67. Jordan RE, Adab P, Cheng K. Covid-19: risk factors for severe disease and death. BMJ. 

2020 May; 368:m1198. 
 



MUMJ Vol. 18 No. 1, pp. 28-47  June 2021 
 

 
 

46 

68. Engin AB, Engin ED, Engin A. Two important controversial risk factors in SARS-CoV-2 
infection: Obesity and smoking. Environ Toxicol Pharmacol. 2020 Mar;78:103411. 

 
69. Brake SJ, Barnsley K, Lu W, McAlinden KD, Eapen MS, Sohal SS. Smoking Upregulates 

Angiotensin-Converting Enzyme-2 Receptor: A Potential Adhesion Site for Novel 
Coronavirus SARS-CoV-2 (Covid-19). J Clin Med. 2020 Mar;9(3):1-7. 

 
70. Kaur G, Lungarella G, Rahman I. SARS-CoV-2 COVID-19 susceptibility and lung 

inflammatory storm by smoking and vaping. J Inflamm. 2020 Dec;17:21. 
 
71. Halpin DMG, Faner R, Sibila O, Badia JR, Agusti A. Do chronic respiratory diseases or 

their treatment affect the risk of SARS-CoV-2 infection? Lancet Respir Med. 2020 
May;8(5):436-438. 

 
72. Yamaya M, Nishimura H, Deng X, Sugawara M, Watanabe O, Nomura K, et al. Inhibitory 

effects of glycopyrronium, formoterol, and budesonide on coronavirus HCoV-229E 
replication and cytokine production by primary cultures of human nasal and tracheal 
epithelial cells. Respir Investig. 2020 May;58(3):155-168. 

 
73. Matsuyama S, Kawase M, Nao N, Shirato K, Ujike M, Kamitani W, et al. The inhaled 

corticosteroid ciclesonide blocks coronavirus RNA replication by targeting viral NSP15. 
Biorxiv [Preprint] 2020. Available from: https://doi.org/10.1101/2020.03.11.987016. 

 
74. Zhou G, Zhao Q. Perspectives on therapeutic neutralizing antibodies against the Novel 

Coronavirus SARS-CoV-2. Int J Biol Sci. 2020 Mar;16(10):1718-1723. 
 
75. Li H, Zhou Y, Zhang M, Wang H, Zhao Q, Liu J. Updated Approaches against SARS-

CoV-2. Antimicrob Agents Chemother. 2020 May;64(6):e00483-20. 
 
76. Tu YF, Chien CS, Yarmishyn AA, Lin YY, Luo YH, Lin YT, et al. A Review of SARS-

CoV-2 and the Ongoing Clinical Trials. Int J Mol Sci. 2020 Jan;21(7):2657. 
 
77. Holshue ML, DeBolt C, Lindquist S, Lofy KH, Wiesman J, Bruce H, et al. First Case of 

2019 Novel Coronavirus in the United States. N Engl J Med. 2020 Jan ;382(10):929-936. 
 
78. Selvaraj V, Dapaah-Afriyie K, Finn A, Flanigan TP. Short-Term Dexamethasone in Sars-

CoV-2 Patients. RIMS. 2020 Jun;103(6):39-43. 
 
79. Ye Z, Rochwerg B, Wang Y, Adhikari NK, Murthy S, Lamontagne F, et al. Treatment of 

patients with nonsevere and severe coronavirus disease 2019: an evidence-based guideline. 
CMAJ. 2020 May;192(20):E536-e45. 

 



MUMJ Vol. 18 No. 1, pp. 28-47  June 2021 
 

 
 

47 

80. Wu C, Chen X, Cai Y, Xia J, Zhou X, Xu S, et al. Risk Factors Associated With Acute 
Respiratory Distress Syndrome and Death in Patients With Coronavirus Disease 2019 
Pneumonia in Wuhan, China. JAMA Intern Med. 2020 Jul;180(7):934-943. 

 
81. The RECOVERY Collaborative Group.  Dexamethasone in hospitalized patients with 

Covid-19. N Engl J Med. 2021 Feb;384(8):693-704. 
 
82. Alzghari SK, Acuña VS. Supportive Treatment with Tocilizumab for COVID-19: A 

Systematic Review. J Clin Virol. 2020 Jun;127:104380. 
 
83. Luo P, Liu Y, Qiu L, Liu X, Liu D, Li J. Tocilizumab treatment in COVID‐19: a single 

center experience. J Med Virol. 2020 Jul;92(7):814-8.  
 

 

    

 


