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 A B S T R  AC T          

  

 

INTRODUCTION 
The most understandable characteristic of a pathogen includes 

its ability to harm its host. From evolutionary biologists’ 

perspective, virulence is defined as pathogen-induced damage 
to the host which broadly entails a reduction of growth, 

reproduction, and life expectancy of hosts (Zhan et al., 2002). 

Pathogens extract energy resources from hosts to obtain 

requirements for their survival, and their virulence 
(pathogenicity level) is likely to be an inevitable side effect of 

their relationship with hosts. As the health condition and 

mobility of hosts can play important role in the transmission 
of pathogens with the direct life cycle, virulence can, in turn, 

affect fitness components of pathogens themselves 

(Hammerschmidt and Kurtz, 2005). The defense mechanism 

of hosts (innate and acquired immune responses) is 
accountable to combat pathogens (Schmid-Hempel, 2009). 

Pathogen-induced damage is likely to trigger host immune 

responses which can also create a selection on pathogen 

virulence (Schmid-Hempel, 2009; Woolhouse et al., 2002). 

Therefore, pathogens and their hosts can create strong 
selection pressure on each other which leads to host-pathogen 

coevolution in many ecological interactions in nature 

(Mahmud et al., 2017). One of the most interesting questions 

of evolutionary biologists regarding host-pathogen 
interactions includes how changes are induced in pathogen 

virulence? Can insights from the adaptation of virulence 

increase our understanding about the application of virulence 
management and controlling of infectious diseases (Bull, 

1994; Woolhouse et al., 2002; Ebert and Bull, 2003) 

The theory of virulence evolution has become well known 

since 1979 when two researchers (Anderson and May) 
integrated theoretical models with empirical data to study 

host-parasite interactions (Anderson and May, 1979; May and 

Evolutionary theories predict that virulence (host death due to a pathogen) positively associates with 

the pathogen transmission rates to new susceptible hosts. Severe acute respiratory syndrome 

coronavirus 2 (SARS- CoV-2), the causative agent of coronavirus disease 2019 (covid-19) pandemic, 

like other RNA viruses, has quite variable genetic content due to its unique nucleus enzymes thus 

mutations can continuously occur during viral replications. Phenotype variations among new viral 

progeny can include individuals with different replication rates, infectivity, stability in the abiotic 

environment, and transmission rate. Here, the rate of transmission to new susceptible hosts may be 

affected by the pathogen’s vitality in the physical environments, and host-related factors such as 

control measures and vaccination. In this study, we analyzed the mortality rates of covid-19 positive 

patients among various parts of the world and explain the role of several factors in determining 

SARS-CoV-2 virulence. We found a weak negative correlation (R2 = 0.3) between the mortality rate of 

covid-19 patients and each of death rates due to cancer diseases (F = 9.135, P = 0.006) and the 

number of medical doctors per 10,000 populations (F =   8.104, P = 0.009). Other factors such as the 

prevalence of current daily tobacco smoking in males/females, life expectancy in males/females, 

general death rates, cardiovascular diseases, prevalence of COPD, prevalence of asthma and average 

yearly temperature did not associate with death rates among covid-19 patients. Inclusion, adequacy 

of healthcare services and proper infection prevention measures are the key factors to reduce the 

covid-19 mortality rate. More studies are required to better understand the management of SARS-

CoV-2 virulence management. 
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Anderson, 1979). Their studies describe the association 

between host population and a pathogen transmission rate 
(also see Best, 2010). Their model has replaced the 

conventional understanding of virulence which was 

suggesting that pathogens continuously evolve to become 

lesser virulent until they become benign because harming 
hosts can in turn impact their fitness. The newly suggested 

model rejects the classical understanding of virulence 

evolution predicting that the outcomes of host-pathogen 
coevolution are bound to the virulence-transmission 

relationship (Anderson and May, 1982). Abiotic 

environmental factors including temperature can either 
directly affect the durability of detached pathogens and hence 

the transmission success (Walter and Ewald, 2004) or, 

indirectly influence pathogens through alteration of life-

history traits of their hosts (Lopez Pascua et al., 2012).  

Severe acute respiratory syndrome coronavirus 2 (SARS- 

CoV-2) which caused coronavirus disease 2019 (covid-19) 

pandemic is an RNA virus. Worldwide, as of June 4th, 2022, 
SARS- CoV-2 has caused more than 528 million infections 

and 6.3 million deaths (WHO, 2021a). Like most RNA 

viruses, SARS-CoV-2 is genetically inconsistent (Day et al., 
2020). Since September 2020, the evolution of SARS- CoV-

2 has been documented by genetic mutations described as 

“variants” which can alter virus characteristics such as 

infectivity and transmissibility perhaps in response to changes 
in immune responses of different human populations (Harvey 

et al., 2021). It is expected that SARS-Cov-2 evolution is 

driven by globalizing factors leading to both continuous local 
adaptations and emerging of region-specific variants 

(Rochman et al., 2021). Some of these changes particularly in 

the nucleocapsid (N) protein and the receptor-binding domain 

of the spike (S) protein can alter viral fitness such as 
transmission efficacy and virulence (WHO, 2021b). 

Consequently, several variants of SARS-CoV-2 have been 

reported in different parts of the world with different 
biological properties particularly in their ability to spread. For 

example, the Alpha variant was first identified in September 

2020 which had approximately 50% higher transmission rate 
than initial strains of the virus and this caused a large second 

wave of covid-19 infections in the UK (Braybrook et al., 

2021). The Beta variant was identified in May 2020 in South 

Africa and it was more transmissible than the Alpha variant 
(Koyama et al., 2020). Gamma variant, was identified in 

November 2020 in Brazil and this strain shared similarities in 

its protein character with Alpha and Beta strains, but it was 
lesser transmissible than the Alpha variant (Braybrook et al., 

2021). Delta variant was discovered in April 2021 in India and 

it is also more transmissible than the Alpha variant (Farinholt 
et al., 2021). Lambda variant was identified in August 2020 

in Peru. World Health Organisation has described the Delta 

strain as a “variant of concern” and has recently referred to 
Lambda strain as a "variant of interest" which is suspected to 

be more virulent and more contagious than earlier variants 

(Agwa et al., 2021; WHO, 2021b). 

A large part of the damage which is done to the human host 
by SARS-CoV-2 involves over-reactivity of the human 

immune system broadly described as cytokine storm 

syndrome which in severe cases may lead to multi-organ 
failure (Henderson et al., 2020). It has been well established 

that the severity of covid-19 greatly varies within and between 

human populations (ranging from asymptomatic to very 
severe). Several factors are found to associate with the disease 

severity including viral strain, the human race, age, sex, 

lifestyle, and others. It has now been well established that 

since Sep 2020, SARS-CoV-2 is continuously mutating 
(Harvey et al., 2021; Callaway, 2020). Thus, there is a 

possibility that the virus acquires the ability to adapt to the 

changes in immune responses of the human population, and 
consequently, virus evolution leads to changes in transmission 

and virulence (Day et al., 2020; King, 2021). Adding to that, 

some reports suggest that the new variants particularly the 
Delta strain can cause a higher mortality rate (Davies et al., 

2021) particularly to under-five youngsters and the elderly 

(Wang et al., 2020).  

As per the trade-off model, pathogen transmission and density 
of a susceptible host are positively correlated hence decreased 

density of susceptible hosts is likely to select for a decrease in 

the pathogen transmission rate (Boots and Mealor, 2007; Day 
et al., 2020). It is also expected that viral transmission and its 

virulence are genetically coupled, therefore, we can anticipate 

virulence to decrease corresponding to the decrease in host 

density. Here, a decrease in the host density (human 
population) does not refer to the mortality rate of infected and 

uninfected hosts, but it is achieved by social distances 

resulting in self-shading (see Boots and Mealor, 2007; 
Cressler et al., 2016).  

It has been reported that various host related factors such as 

age, sex, comorbidity risks including life expectancy, 
pulmonary and cancer diseases may associate with covid-19 

induced death (Fountoulakis et al., 2020). Environmental 

factors including temperature may particularly affect the 

SARS-COR-2 fitness in the physical environment (Morris et 
al., 2020; Aboubakr et al., 2021; Ren et al., 2020). In this 

study, we examine the difference of the mortality rates of 

covid-19 patients among the cities in Kurdistan Region-Iraq 
and on international scales among 25 countries. We also study 

the influence of several host related factors and comorbidity 

risks as well as an environmental factor on the covid-19 
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induced mortality rates. The factors included the prevalence 

of current daily tobacco smoking in males and females, life 
expectancy in males and females, death rates, cardiovascular 

diseases, cancer diseases, number of medical doctors per 10 

000 populations, prevalence of chronic obstructive pulmonary 

diseases (COPD), prevalence of asthma and average yearly 
temperature as abiotic variable in 25 countries including Iraq. 

These factors were chosen to be examined whether they 

associate with the pathogen induced mortality so as to draw 
our predictions about the future evolution of SARS-COR-2 

virulence. 

1. Methodology  

1.1 Data source  

Local covid-19 related data of Kurdistan Region-Iraq 

(KRG) were downloaded using KRG’s covid-19 dashboard 
(KRG-MOH, 2022). These data included total infection 

number, recovery number and covid-19 confirmed number 

during March 1st 2020 until March 5th 2022.  

Regarding covid-19 for 25 countries (listed in table 1) using 

WHO’s online resource (WHO, 2021b). These data 

included infection rates, recovery and confirmed death rates 
from the date that covid-19 was reported per country until 

Feb 22nd, 2022. These countries were chosen because the 

required data regarding covid-19 disease and ecological and 

environmental factor were available from online resources.  

We used WHO’s online resource (WHO, 2021b) to 

download the death percentage of three age classes (75+, 

55-74 and 35-54) of cardiovascular and cancer patients in 
the 25 countries (table 1) with the minimum, medium and 

maximum covid-19 associated death cases. We downloaded 

data on the number of medical doctors per 10,000 
population from WHO’s webpage (WHO, 2020). 

Prevalence of asthma was age-standardized for the 

countries was obtained from “Our World in Data” webpage 

(Our-World-in-Data, 2019). We downloaded the average 
life expectancy for men and women from “WorldData.info” 

webpage (WorldData.info, 2022). Global prevalence of 

COPD was obtained from supplementary data to a 
published review by Adeloye et al. (2022). Global 

prevalence of male and female tobacco smokers was 

obtained from the online published book “Global Atlas on 

cardiovascular disease prevention and control” edited by 
Mendis et al. (2011). Average yearly temperature was 

obtained from the official website of Lebanese-Economic-

Forum (1990). 

1.2 Statistics  

For the 25 countries involved in this study, we used a linear 

regression model to examine the relationship between the 

prevalence of covid-19 mortality rate and each of six 
ecological and one environmental factors. In total, the seven 

factors included “death percentage of three age classes 

(75+, 55-74 and 35-54) of cardiovascular and cancer 

patients; the number of medical doctors per 10,000 
populations; average asthma rate; average COPD rate; 

average life expectancy for men and women; rate of male 

and female tobacco smokers and an abiotic environmental 
variable included the average yearly temperature per 

country”.  

The death rate was calculated using the equation “number 
of confirmed deaths/ total number of infected individuals 

*100”. A Graph Pad Prism software (version 7) was used 

for all the statistical analysis and graph preparations.  

2. Results 

Using local data, as displayed below (fig. 2) death rates 

were found to be slightly higher in Halabja and 
Sulaymaniah cities compared to Duhok, Erbil and other 

Iraqi cities, but the difference was statistically not 

significant (Chi-square = 1.963, df = 4, P value = 0.743). 

 

Figure 1. Comparing recovery and death rates of covid-19 positive 

cases among KRG cities including Duhok, Erbil, Halabja and 

Sulaymaniah, and the average of equivalents rates in the rest of 

Iraqi cities. 

There was a considerable difference in the covid-19 induced 

death rate among the 25 countries (Chi-square = 1683, df = 

24, P value < 0.001). some of these countries were classified 

as with the highest death rate (Bosnia and Herzegovina, 
Ecuador, Egypt, Syrian Arab Republic and Mexico), with 

intermediate level of death rate (Iraq, Greece, Venezuela, 

Canada, Oman, United, States of America, Azerbaijan, 
Italy, Albania, Slovakia and Kazakhstan) and others with 

the lowest death rate (Iceland, Norway, New Zealand, 

Singapore, Denmark, Australia, Qatar, Mongolia and 
Cyprus) as displayed in figure 2 and table 1. 
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The mortality rate of covid-19 patients did not correlate 
with any of the prevalence of current daily tobacco smoking 

in males and females, life expectancy in males and females, 

death rates, cardiovascular diseases, Prevalence of COPD, 

prevalence of asthma and average yearly temperature in 25 
countries including Iraq. There was a significant weak 

negative correlation (R2 = 0.3) between mortality rate of 

covid-19 patients and each of death rates due to cancer 
diseases [F (1, 23) =   9.135, P = 0.006] and medical doctors 

(per 10,000 population) [F (1, 23) =   8.104, P = 0.009] 

(table 2). 

Figure 2. Bar chart displaying covid-19 associated death rates in 25 countries. 

 

 

Table 1. Displaying the percentage of covid-19 associated death rate, prevalence of current daily tobacco smoking in males and females, life 

expectancy in both genders and death rate, death percentage due to cardiovascular diseases and cancer diseases in three age c lasses (75+, 55-74 and 

35-54), the number of Medical doctors per 10 000 population, global prevalence of COPD, prevalence of asthma  and Average yearly temperature 

was obtained from online resource for 25 countries with the minimum, medium and maximum covid-19 associated death cases 
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Table 2. Tabular results of linear regression examining the relationship between the mortality rate of covid-19 patients and each of prevalence of current daily tobacco 

smoking in males and females, life expectancy in males and females, death rates, cardiovascular diseases, cancer diseases, me dical doctors (per 10 000 population), 

prevalence of COPD, asthma prevalence 2019 and average yearly temperature in 25 countries including Iraq.  
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3. Discussion 

The key risk factors that are expected to determine death rates 

caused by covid-19 disease include age, prevalence of tobacco 
smoking, life expectancy, death rates, cardiovascular diseases, 

cancer diseases, number of medical carers, prevalence of 

COPD, prevalence of asthma and the abiotic factor including 
environmental temperature (Fountoulakis et al., 2020). We used 

KRG’s covid-19 dashboard and WHO’s online resources to 

examine the covid-19 associated death rate within KRG cities 

and to compare it among 25 countries. Locally, death rates were 
found to be slightly higher in Halabja and Sulaymaniah cities 

compared to Duhok, Erbil and other Iraqi cities. Internationally, 

some countries such as Bosnia and Herzegovina, Ecuador, 
Egypt, Syrian Arab Republic and the United Mexican States had 

clearly higher covid-19 associated death rate than other 

countries.  

Host cognition may affect a pathogen’s evolutionary dynamics 

by inducing a decrease in its fitness components such as 

transmission rate. For example, practicing social distancing, 

wearing masks, using gloves or hand sanitizers can have the 
potential to decrease virus spread. Due to a lack of strict 

compliance with the disease-related public health measures the 

transmission rate of SARS-CoV-2 has been high enough to let 
the virus undergo remarkable mutations. Researchers suggest 

that the original strain of SARS-CoV-2 that arose from China 

has now been almost all replaced by mutant strains comprising 

structural changes in the spike protein of the virus (Hou et al., 
2020). Continuously emerging new variants has allowed the 

virus to evolve for larger transmissibility in humans (Callaway, 

2020). This suggests that mutation in the viral spike protein 
tends to make virus variants evolve new characteristics which 

may lead to unexpected outcomes from virulent strains in the 

future (Harvey et al., 2021). Therefore, scientists highly 
recommend a continuous implementation of control measures 

by the public (Henderson, 2021). Otherwise, the virus would 

consistently have a high progeny rate which will allow 

continuously emerging new variants with probably higher 
infectivity and virulence.  

Although some findings suggest that low temperature and 

relatively low humidity allow SARS-CoV-2 to remain 
infectious for long periods outside the host body (SanJuan-

Reyes et al., 2021; Aboubakr et al., 2021), in the current study, 

there was no association between the prevalence of covid-19 
mortality and the average yearly temperature. Understanding the 

durability of a pathogen in the external environment can help to 

make better predictions about its transmission and risk analysis 

(Walter and Ewald, 2004). SARS-CoV-2 is described as a 
highly contagious virus having the ability to transmit via 

aerosols, respiratory droplets, and contacts (Ren et al., 2020). 

Physical touch with contaminated surfaces can be a potential 
route of viral transmission. It has been reported that the novel 

SARS-CoV-2 can remain infectious outside the host body for a 

longer period than its ancestral families such as SARS-CoV and 

MERS-CoV (Goh et al., 2020; SanJuan-Reyes et al., 2021). It 

has also been found that strains of SARS-CoV-2 show different 
stability/survival rates on surfaces (Ren et al., 2020). These 

findings might alert that continuously emerging new variants can 

lead to changes in the viral stability in the abiotic environment.  

We found that a weak, but significant negative correlation 

between mortality rate among covid-19 positive cases and the 

rate of death due to cancer diseases and number of available 
physicians. Inadequacy of healthcare services including number 

of physicians and number of hospitals may have caused lower 

numbers of cases being diagnosed with covid-19, lesser 

therapeutic intervention and eventually higher death rates 
(Wirawan and Januraga, 2021). It has been reported that cancer 

patients are at increased risk of contracting SARS-CoV-2 

infection with a higher proportion requiring higher risk of death 
(Curigliano, 2020).  On contrary, we found that there is a 

negative correlation between death rates due to cancer and the 

death rate caused by covid-19. Centers for Disease Control and 

Prevention has listed the cancer disease as the top risk factor for 
Severe covid-19 (CDC, 2022) and therefore this negative 

association might be explained by strict control measures have 

been applied by the 25 countries to contain cancer patients during 
the pandemic time (Mattiuzzi et al., 2021).  

While the covid-19 pandemic is still a serious threat to public 

health, the courses of disease extent remain ambiguous and 
continuously discovered new SARS-CoV-2 variants make a 

large concern about the virulence evolution of the virus. Studies 

have found that newly emerged variants have a higher fitness at 

least by increasing virus transmission rate. The evidence of 
evolving variants with higher transmission efficacy could 

represent a significant evolutionary step toward higher virulence 

in the future.  

 

4. conclusions 

Depending on the available data and theoretical models in the 

literature we expect that management of the future risks of 

SARS-CoV-2 virulence evolution can only be achieved by 

providing proper healthcare services, implying strict infection 
prevention measures for vulnerable people and control of the 

disease spread. We conclude that more studies are required to 

determine the key factors driving virulence of SARS-CoV-2 
virus.  
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