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Abstract 

Following the tremendous worldwide impact of novel Coronavirus SARS-CoV-2, it becomes essential to 

identify the factors affecting both the virus biology and its clinical expression in humans, leveraging, 

wherever possible, on any of such factors to minimize the probability of recurrence of a wide epidemic 

spreading, either decreasing the infection rate or mitigating the symptoms. 

This report seeks to identify the factors influencing Covid-19 outcome, particularly those that can be 

influenced or controlled, such as immune system mechanisms, comorbidities, age and sex, 

environment, genetic, and social factors. 

Glossary 

 AhR Aryl hydrocarbon receptor 

 ARDS Acute respiratory distress syndrome 

 Covid-19 Coronavirus disease 2019 

 SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2 

 

The immune system response to SARS-CoV-2 

The principal characteristic of SARS-CoV-2 infection is a uniquely inappropriate inflammatory 

response. The reduced innate defenses coupled with exuberant inflammatory activation are likely the 

defining features of Covid-19. Figure 1 shows how the Covid-19 drives a lower antiviral response 

compared with other respiratory viruses [1]. 
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Figure 1. Comparison of inflammatory response between common respiratory viruses and SARS-CoV-2 [1]. SARS-CoV-2 
infection (left) drives a lower antiviral response marked by low levels of IFN-I and IFN-III (signaling proteins made and 
released in response to the presence of viruses) and elevated chemokine (other signaling proteins) expression. 

 
Because a waning immune response would enable sustained viral replication, these findings may 

explain why serious cases of Covid-19 more frequently occur in individuals with comorbidities [1], [3]. 

Controlling the abnormal inflammatory response to SARS-CoV-2 may be as important as targeting the 

virus. Figure 2 represents the chronology of events during SARS-CoV-2 infection in the lung. The active 

replication and release of the virus cause an inflammatory form of programmed cell death, and release 

damage-associated molecules. This triggers the generation of pro-inflammatory proteins, which in 

turn attract white blood cells and T cells to the site of infection, promoting further inflammation and 

establishing a pro-inflammatory feedback loop. In a flawed immune response (Figure 2, left side), this 

may cause an overproduction of pro-inflammatory proteins, which eventually damages the lung 

architecture. The resulting inflammatory proteins loop affects other organs, leading to multi-organ 

damage. Alternatively, in a healthy immune response (Figure 2, right side), the inflammation attracts 

virus-specific T cells to the site of infection, where they can eliminate the infected cells before the 

virus spreads. Neutralizing antibodies can block the viral infection, while white cells recognize 

neutralized viruses and death cells and clear them by phagocytosis. Altogether, these processes lead 

to clearance of the virus and minimal lung damage, resulting in recovery [5]. 

 

Low Interferons 
High Chemokines 

https://en.wikipedia.org/wiki/Cell_signaling
https://en.wikipedia.org/wiki/Protein
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Figure 2. Chronology of events during SARS-CoV-2 infection [5]. 
(1) Virus replication and release cause cell death and release of damage-associated molecules (1). 
(2) The production of pro-inflammatory proteins establishes an inflammatory feedback loop, which attract white 

blood cells and T cells. 
Left: flawed immune response: overproduction of pro-inflammatory proteins and multi-organ damage. 
Right: health immune response: immune system block the viral infection, minimal lung damage and recovery. 
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Genetics: the human perspective 

There is a considerable heterogeneity in immunological parameters between individuals, and most of 

them are determined by non-heritable factors; for example, antibody responses to seasonal flu 

vaccines in adults have no detectable heritable component. In addition, some of these parameters 

become more variable with age, suggesting the cumulative influence of environmental exposure. This 

highlights the largely reactive and adaptive nature of the immune system in healthy individuals [4]. 

 

Genetics: the viral perspective 

According to recent findings [9], [10], a mutated variant of SARS-CoV-2 is circulating throughout 

Europe and the US, which might be responsible of a higher infectivity and stability of the virus. This 

tiny mutation would markedly increase the number of the so-called “spike” proteins, which allow the 

virus to bind to and infect cells. Typically, viruses acquire small genetic changes as they reproduce and 

spread, but such changes rarely impact fitness or ability to compete; instead, this SARS-CoV-2 

mutation, lacking in the earliest regional outbreaks, seems now dominating in much of the world. 

 

Pathogenesis 

Both the viral particle and the exaggerated immune response play an important role in the 

pathogenesis of Covid-19. An overproduction of small proteins, called cytokines, is the major 

responsible for the severe progression of the disease and the organ damage. The clinical course of the 

disease is variable, and asymptomatic course is likely higher than expected. The disease progress with 

various symptoms, such as fever, cough, dyspnea, malaise, myalgia, taste and smell dysfunctions, 

diarrhea, and headache. Severe cases progress to acute respiratory distress syndrome (ARDS) and 

death [3]. 

Patients with comorbidities have poorer clinical outcomes and greater disease severity than those 
without. A greater number of comorbidities also correlated with poorer clinical outcomes [2]. 
 

Prevention 

Occupational, residential, dietary and environmental exposures to mixtures of synthetic chemicals 

have a strong relationship with the increase of chronic diseases. Pollution is the largest environmental 

cause of disease and premature death in the world today [16]. 

The link between environment and immunity is particularly intriguing; there is an association between 

pollution and immunotoxicity, such as allergies and autoimmune diseases. Among the interactions 

between the environment and the immune system, the aryl hydrocarbon receptor (AhR) plays an 

interesting role [6] [17]. Different environmental factors activate AhR, and this is expressed in different 

immune cells, thus integrating the effects of the environment and metabolism on the immune 

response, by regulating its gene expression [14] [15]. A recent study suggests that AhR (Aryl 

Hydrocarbon Receptor) pathway plays a role in the pathogenesis of Covid-19, by regulating the 

immune system and the response to pollutants. Once into cells, coronaviruses would activate the 

AhRs, resulting in a “Systemic AhR Activation Syndrome” which culminates in multiple organ injuries, 
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and even in death. Activation of AhRs may lead to diverse reactions depending on time after infection, 

health status, hormonal balance, age, gender, and environmental factors as well. [13]. 

AhR pathway seems to be a way through which several pathogenic agents can act, as represented in 
Figure 3. Long-term exposure to, for example, thousand chemicals in mixtures, mostly fossil fuel 
derivatives, exposure to particle matters, metals, ultraviolet (UV)-B radiation, ionizing radiation and 
lifestyle contribute to immunodeficiency observed in the contemporary pandemic [6]. 
 

 
 

Figure 3. Xenobiotics, viruses, bacteria, obesity and aging acting through AhR pathway [6]. 

 

 
Impact of sex and gender 

Compared to women, men infected with the Covid-19 have more severe disease and a higher 

mortality; this indicates that sex is an important driver of risk of mortality and response to the Covid-

19 pandemic. 

Figure 4 compares the proportion of deaths among confirmed cases in women and man [11]. 
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Figure 4. Proportion of Covid-19 deaths among confirmed cases in women and man [11]. 

To develop a better understanding of the true biological differences in disease propagation and 

adverse outcomes, sex-disaggregated data are essential for understanding the distributions of risk, 

infection, and disease in the population and the extent to which sex affects clinical outcomes. In a 

case’s series from China, 75% of the Covid-19 deaths were among men. A report on 3,200 Covid-19–

related deaths from Italy also showed higher deaths for men compared to women across all age 

groups, with women accounting for only 29.4% of these deaths. Overall, women dying from Covid-19 

infection were older than men were (median age: 82 vs. 79 years for women vs. men, respectively). 

Among the nine deaths of patients younger than 40 years, eight were men. Besides comorbidities, the 

occurrence of other gender-related risk factors should be investigated to tailor proper treatments 

accordingly. Despite experiences from past outbreaks and pandemics have clearly shown the 

importance of incorporating a sex and gender analysis, public health efforts have not yet fully 

addressed this topic [7], [8]. 

 

Vulnerability to Covid-19 

The impact of Covid-19 mortality in different world regions has been simulated through a standardized 

vulnerability index calculated from the Covid-19 death rates and the 2020 age and sex structures. As 

reported in Figure 5, there are considerable variations in vulnerability to Covid-19 because of the 

demographic structures of the different countries. When compared to younger countries in Sub-

Saharan Africa, the vulnerability to Covid-19 mortality is 17 times higher in several industrialized 

countries of East Asia and Europe data shows. 

There is a high correlation (r²= 0.44) between demographic vulnerability to Covid-19 mortality and 

current Covid-19 death rates [12]. 
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Figure 5. Vulnerability to Covid-19 in different countries [12]. 

 

 
Conclusion 

While Covid-19 presents similarities with other common respiratory diseases, yet it affects the human 

body in a very particular way with an exuberant production of inflammatory cytokines, which promote 

a pro-inflammatory feedback loop. The response in a flawed immune system leads to multi-organ 

damage, while a health immune system is able to block the viral infection and inflammation. Many 

factor interplay for the outcome, most of which are somehow connected to the immune system, such 

as the environment pollution.  

There are indications that Covid-19 shares same pathogenic mechanisms with environmental-related 

diseases such as type II diabetes and cancers. Thus, it could be extremely valuable to fully understand 

the impact that environmental chemicals have on the immune system, the mechanisms underlying 

these effects, and how they might be mitigated. 

These elements suggest that the best strategy in the long-term for the prevention of both viral 

infections and chronic diseases is to promote a healthy immune response. 

While age and sex have a clear correlation with Covid-19, there are indications that other factors such 

as environmental pollutants, gender, geography and diet may all have a role. Upon deeper knowledge 

and understanding of these factors, different solutions may become available to minimize the 

consequences of epidemics in the future, such as the development of dietary supplements able to 

optimize the response to the infections, or the reduction of those pollutants known to weaken the 

immune system. 
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The clinical course is variable; older male adults, those with comorbidities have a more severe disease 

course. Asymptomatic people are more common than expected; while this aspect is positive because 

it would mean a reduced mortality and morbidity associated to the Covid-19, it makes more difficult 

tracking the affected population, and in general the epidemiologic investigation. 

Finally, governments worldwide should be sensitized about the outmost importance of social 

distancing, large-scale screening, and effective sanitary systems to control the current pandemic in 

the short-term, and to invest in scientific research and share results with the community to develop 

effective countermeasures able to improve global health in the future. 
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