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Abstract.  

An understanding of the origin, evolution and biochemistry (molecular biology) of SARS-

COV-2 is a prerequisite to its control. There is no definitive answer as to the origin of 

SARS-COV-2. The evolution of SARS-COV-2 can be gleaned from a comparative study 

of its Infectivity and Virulence in different populations and environments. A method for 

measuring the Infectivity and Virulence at the population level has been designed. IP 10000 

defined as the Number of Individuals Infected with SARS-COV-2 Per 10000 Population 

and DP 10000 defined as the Number of Deaths Per 10000 Individuals Infected with 

SARS-COV-2 measure the Infectivity and Virulence of SARS-COV-2 respectively. There 

is no correlation between IP 10000 (Infectivity) and DP 10000 (Virulence). Based on their 

associated IP 10000 and DP 10000, one Group in Asia Pacific (Group A), two Groups in 

Europe (Group B and Group C), and one Group in North America (Group X) can be 

identified. Group A countries are also associated with high temperature, high humidity and 

high Far Infrared Irradiation. Group B countries are associated with low Temperature, low 

Far Infrared Irradiation but high Humidity whereas Group C countries are associated with 

low Temperature, low Humidity and low Far Infrared Irradiation. Group X countries are 

associated with low Temperature, relative low Humidity and relatively low Far Infrared 

Irradiation. 

___________________________________________ 

Introduction. SARS-COV-2, the etiologic agent of 

COVID-19 [1-4] has been ravaging the 
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entire world causing much suffering, 

deaths in the hundreds of thousands (still 

counting) and economic upheaval costing 

trillions of dollars (still counting). 

Currently, the only effective means of 

avoiding morbidity due to infections by 

SARS-COV-2 is through population 

control and contact restriction which 

appear to be quite effective in some parts 

of the world and not others. However, the 

number of deaths in various populations 

and regions of the world are not uniform 

[5,6] (See below). Although the medical 

infrastructure, medical response strategy 

and medical protocol play an important 

role in mitigating illnesses and deaths as a 

result of SARS-COV-2 infection, other 

factors, including environmental factors 

cannot be ruled out and must not be 

ignored. 

 

In order to study the effects of various 

factors on the Infectivity and Virulence of 

SARS-COV-2 in various populations and 

locations, measures of Infectivity and 

Virulence of SARS-COV-2 are necessary. 

Here, we have developed a method for 

determining the Infectivity and Virulence 

of SARS-COV-2 at the population level in 

various countries. IP 10000 Number and 

DP-10000 Number which are defined as 

Number of Individuals Infected with 

SARS-COV-2 Per 10000 Population and 

Number of Deaths Per 10000 Individuals 

Infected with SARS-COV-2, are 

calculated from total number of 

individuals infected with SARS-COV-2, 

total population, and total number of 

deaths and total number of individuals 

infected with SARS-COV-2 respectively. 

Here, we show that IP 10000 Number 

(Infectivity) and DP 10000 Number 

(Virulence) provide a means to compare 

Infectivity and Virulence in various 

populations and locations around the 

world.   

 

Methods. 

Data for the total number of individuals 

infected with SARS-COV-2 and total 

number of deaths due to SARS-COV-2 

infections for each country was curated 

from the World Health Organization, the 

United States Center For Disease Control 

and Prevention, and Department of Health 

of each countries. IP 10000, a measure of 

Infectivity is defined as the Number of 

Individuals Infected with SARS-COV-2 

Per 10000 Population. DP 10000, a 

measure of Virulence is defined as the 

Number of Deaths Per 10000 Individuals 

Infected with SARS-COV-2. IP 10000 
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and DP 10000 were calculated based on 

the total number of individuals infected 

with SARS-COV-2, population and total 

number of deaths due to SARS-COV-2 

infections. 

 

Temperature, Humidity and Far Infrared 

Irradiation values were curated from the 

Meteorological Readings and forecasts of 

each country. 

 

Data was analyzed for correlations by the 

Pearson method [7,8]. Differences 

between groups were determined by the 

student t-test [9,10] or one way Anova test 

[11,12] with p < 0.05 accepted as 

statistically significant.  

 

Results. 

As a first step in determining whether 

Infectivity and Virulence of SARS-COV-

2 may be changing and different in various 

populations and locations, the number of 

Individuals Infected with SARS-COV-2 

Per 10000 Population or IP 10000, and  

the number of Deaths per 10,000 

individuals infected with SARS-COV-2 

or DP10000 in a given population were 

calculated based on the available data 

curated from the World Heath 

Organization (WHO), the United States 

Center for Disease Control and Prevention 

(CDC) and the Departments of Health 

Services from each country. Figure 1 

shows that IP 10000 (Infectivity) and DP 

10000 (Virulence) varied quite 

considerably in different populations and 

regions of the world. The lowest IP 10000 

Numbers (Infectivity) (~2) and lowest DP 

10000 Numbers (Virulence) (~193) were 

recorded for countries in Asia and Pacific, 

including Taiwan, Hong Kong, 

Bangladesh, China, India, Malaysia, 

Australia, New Zealand, Sri Lanka, and 

Singapore, respectively. The highest IP 

10000 Numbers (Infectivity) (~26) and 

highest DP10000 Numbers (Virulence) 

(~1242) were obtained for countries in 

Europe, including Spain, Italy, France, 

United Kingdom, Belgium, Netherlands 

and Sweden. Although part of Europe, 

Finland and Germany had average IP 

10000 Numbers (Infectivity) and DP 

10000  Numbers (Virulence) of ~12 and 

~283 respectively. United States, New 

York City and Canada were associated 

with intermediate average IP 10000 

Numbers (Infectivity) and DP 10000 

Numbers (Virulence) of ~89 and ~652 

respectively. Figure 2 shows that there is 

no correlation between Infectivity and 

Virulence. 
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____________________ 

Figure 1. Comparision of the Total Number of 

Individuals Infected with SARS-COV-2 (Panel A), 

Total Number of Deaths due to SARS-COV-2 (Panel 

B), IP 10000 or Number of Individuals Infected with 

SARS-COV-2 Per 10000 Population (Panel C) and 

DP 10000 Number or Number of Deaths Per 10000 

Individuals Infected with SARS-COV-2 (Panel D) in 

different countries, including Hong Kong, Taiwan, 

Thailand, Sri Lanka, Malaysia, Bangladesh, 

Australia, Finland, China, Netherlands, Sweden, 

Germany, India, United Kngdom, Singapore, Italy, 

France, Belgium, Spain, USA (NYC), USA and 

Canada.  The data is for April 18, 2020. 

____________________ 

 

 

 
 
Figure 2. No Correlation between IP 10000 

(Infectivity) and DP 10000 (Virulence). (p = >0.05). 

____________________ 

Based on their associated IP Numbers 

(Infectivity) and DP Numbers (Virulence) 

for SARS-COV-2, countries can be 

classified into four groups (Figure 3). 

Group A countries are located in Asia 

Pacific Region and have low IP Numbers 

(Infectivity) and DP 10000 Numbers 

(Virulence) for SARS-COV-2. Group B 

countries are European countries and have 

intermediate IP Numbers (Infectivity) and 

DP 10000 Numbers (Virulence) for 

SARS-COV-2. Group C countries are 

European countries and have very high IP 

Numbers (Infectivity) and DP 10000 

Numbers (Virulence) for SARS-COV-2. 

Group X countries are North American 

countries and have relatively high IP 

Numbers (Infectivity) and DP 10000 

Numbers (Virulence) for SARS-COV-2 

(Figure 3). 
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____________________ 

Figure 3. Identification of 4 groups of countries based 

on their associated IP 10000 (Infectivity) and DP 

10000 (Virulence) for SARS-COV-2. Group A 

countries include Australia, Singapore, Malaysia, 

Thailand, Bangladesh, New Zealand, Hong Kong, 

Taiwan, Sri Lanka, India, and China. Group B 

countries include Finland and Germany. Group C 

countries include Spain, Italy, France, Sweden, 

United Kingdom, Belgium and Netherlands. Group 

X countries include United States and Canada. 

Means of Groups were significantly different (p < 

0.0001); Means of Group A and Group B were 

significantly different (p = 0.004); Means of Group A 

and Group C were significantly different (p < 0.001). 

Means of Group A and D were significantly (p < 

0.001). Means of Group B and C were significantly 

different (p < 0.001). Means of Group B and D were 

significantly different (p < 0.001). Means of Group C 

and D were significantly different (p = < 0.001). 

____________________ 

 

Group A countries are also associated with 

high Temperature, high Humidity and 

high Far Infrared Irradiation. Group B 

countries are associated with low 

Temperature, low Far Infrared Irradiation 

but high Humidity. Group C countries are 

associated with low Temperature, low 

humidity and low Far Infrared Irradiation. 

Group X countries are associated with low 

Temperature, relatively low Humidity and 

relatively low Far Infrared Irradiation 

(Figure 4).  

 

Discussion. 

In the present work, a method for 

comparative study of Infectivity and 

Virulence of SARS-COV-2 in different 

populations and locations is present. IP 

10000 is defined as the Number of 

Infected Individuals Per 10000 Population 

and DP 10000 is defined as the Number of 

Deaths per 10000 Individuals Infected 

with SARS-COV-2. IP 10000, a measure 

of Infectivity and DP 10000, a measure of 

Virulence can be calculated from the total 

number of individuals infected with 

SARS-COV-2, population and total 

number of deaths due to SARS-COV-2 

infections. IP 10000 Numbers and DP 

10000 Numbers allow comparative 

studies across the board irrespective of the 

number of individuals infected with 

SARS-COV-2, number of deaths of 

individuals infected with SARS-COV-2 

and size of population.  
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____________________ 

Figure 4. Identification of 4 groups of countries based 

on their associated Temperature, Humidity and Far 

Infrared Irradiation during the months of December 

2019, January 2020, February 2020, March 2020 and 

April 2020. Panel A, Means of Groups were 

significantly different (p < 0.0001); Panel B, Means of 

Groups were not significantly different (p = 0.14); 

Panel C, Means of Groups were were significantly 

different (p = 0.007). 

____________________ 

 

Discussion. 

In the present work, a method for 

comparative study of Infectivity and 

Virulence of SARS-COV-2 in different 

populations and locations is present. IP 

10000 is defined as the Number of 

Infected Individuals Per 10000 Population 

and DP 10000 is defined as the Number of 

Deaths per 10000 Individuals Infected 

with SARS-COV-2. IP 10000, a measure 

of Infectivity and DP 10000, a measure of 

Virulence can be calculated from the total 

number of individuals infected with 

SARS-COV-2, population and total 

number of deaths due to SARS-COV-2 

infections. IP 10000 Numbers and DP 

10000 Numbers allow comparative 

studies across the board irrespective of the 

number of individuals infected with 

SARS-COV-2, number of deaths of 

individuals infected with SARS-COV-2 

and size of population.  

 

The present work shows that there is great 

variability of IP 10000 Numbers 

(Infectivity) and DP 10000 Numbers 

(Virulence) of SARS-COV-2 in various 

populations and locations. There was no 

correlation between Infectivity and 

Virulence indicating that many factors 

determine the Infectivity and Virulence of 

SARS-COV-2 within a population and 
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deaths due to SARS-COV-2 infections 

can be prevented. In Europe, Finland and 

Germany registered relatively low IP 

10000 Numbers (Infectivity) (~12) and 

relatively low DP 10000 Numbers 

(Virulence) (~283) for SARS-COV-2  

while other European countries, including 

Spain, Italy, France, United Kingdom, 

Belgium, Netherlands and Sweden 

experienced the highest IP 10000 (~26) 

and highest DP 10000 Numbers 

(Virulence) (~1242) for SARS-COV-2 

(Figure 3). It is difficult to explain why 

countries, including Spain, Italy, France, 

United Kingdom, Belgium, Netherlands 

and Sweden, all members of the European 

Union with very similar Healthcare 

System and fairly sophisticated Medical 

Infrastructure that is comparable to that of 

Finland and Germany, and relatively high 

degree of competence of their Healthcare 

Professionals, were not able to counteract 

the effects SARS-COV-2 with respect to 

their DP 10000 Numbers (or Deaths Per 

100000 Individuals Infected with SARS-

COV-2). The DP 10000 Numbers for 

Spain, Italy, France, United Kingdom, 

Belgium, Netherlands and Sweden were 

1069, 1322, 1289, 1388, 1476, 1128 and 

1071 respectively representing ~378%, 

467%, 455%, 490%, 521%, 399% and 

378% of that of Finland and Germany (DP 

10000 = ~283). These data suggest that the 

Medical Infrastructure, and Response 

Strategy and Protocol to SARS-COV-2 

infections in Finland and Germany were 

better suited to mitigate the effects of 

SARS-COV-2 on mortality. 

Incompetence of the leaderships of their 

Medical Research Establishments, 

Response Agencies and Governments 

may also explain in part these abominable 

DP10000 Numbers but it is submitted that 

there may be explanations that have to do 

with SARS-COV-2 itself, in particular the 

biochemistry (or molecular biology) of 

SARS-COV-2 due to mutational events 

that may have affected and changed its 

Virulence.  

 

New York City deserves a special mention 

because in comparison to any of the other 

countries, its associated IP 10000 Number 

(Infectivity) is extremely high and its DP 

10000 Number (Virulence) is also very 

high. It is not clear why. Further 

investigation is necessary. At this point in 

time, it appears that the New York City 

and the New York State Governmental 

leaderships were caught off-guard and 

were inadequately prepared in their 

Response Strategy. As there is no 
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correlation between Infectivity and 

Virulence of SARS-COV-2, there is no 

justifiable reasons to account for the 

distressing figures that are being recorded 

for New York City and the State of New 

York. Failure to pay attention to details, 

and to repertory and analyze small chaotic 

events will lead to irreversible and 

complete chaotic events in the forms of 

deaths [13].  

 

In this work, it has also been shown that 

countries can be classified based on their 

associated IP 10000 Numbers (Infectivity) 

and DP 10000 Numbers (Virulence) 

SARS-COV-2. Thus, Group A countries 

are located in Asia Pacific Region and 

have low IP Numbers (Infectivity) and DP 

10000 Numbers (Virulence) for SARS-

COV-2. Group B countries are European 

countries and have intermediate IP 

Numbers (Infectivity) and DP 10000 

Numbers (Virulence) for SARS-COV-2. 

Group C countries are European countries 

and have very high IP Numbers 

(Infectivity) and DP 10000 Numbers 

(Virulence) for SARS-COV-2. Group X 

countries are North American countries 

and have relatively high IP Numbers 

(Infectivity) and DP 10000 Numbers 

(Virulence) for SARS-COV-2 (Figure 3). 

The method of classification of countries 

described here is further supported by the 

fact that they have distinct environmental 

features that distinguish the different 

groups from one another. Group A 

countries are also associated with high 

Temperature, high Humidity and high Far 

Infrared Irradiation. Group B countries are 

associated with low Temperature, low Far 

Infrared Irradiation but high Humidity. 

Group C countries are associated with low 

Temperature, low humidity and low Far 

Infrared Irradiation. Group X countries are 

associated with low Temperature, 

relatively low Humidity and relatively low 

Far Infrared Irradiation (Figure 4). The 

analysis presented here may be useful in 

the development of Response Strategy for 

the control SARS-COV-2 that take into 

account factors that are specific for each 

population and location.  

 

There has not been any studies of the 

Virulence of SARS-COV-2 in different 

populations and environments. Such 

studies are greatly anticipated. However, 

current available data points to differential 

Virulence of SARS-COV-2 in different 

populations and environments. These 

results strongly suggest that there may be 

different SARS-COV-2 strains within 
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different populations and environments. 

The sequences of several SARS-COV-2 

strains have been determined [1-4,14,15]. 

Liu et al. [14] reported that they sequenced 

SARS-COV-2 genomes from nine 

individuals from the same location and 

found that they had 99.98 sequence 

identity.  However, analysis of the 

sequences of SARS-COV-2 in different 

populations and environments must be 

made in order to determine differences in 

Virulence that are populations and 

environments specific. There is some 

evidence that SARS-COV-2 is a highly 

mutating virus and that mutations 

affecting key functions of SARS-COV-2 

encoded proteins have taken place in 

various populations and locations [Tung, 

H.Y.L. and Limtung, P, manuscript in 

preparation]. Pursuant to the Theory of 

Chaos [13], small but significant changes 

can in principle have tremendous impact 

that can lead to Irreversible and Complete 

Chaos in the form of death as seen in 

SARS-COV-2 infections.  

 

Medical Infrastructure, Preparedness and 

Response Strategy alone cannot explain 

the lack of correlation between Infectivity 

as measured by IP 10000 Number and 

Virulence as measured by DP 10000 

Number. Other factors, including 

Temperature, Humidity and Far Infrared 

Irradiation associated with each country, 

prior health status of individuals infected 

with SARS-COV-2 and Mutations of 

SARS-COV-2 encoded proteins also play 

important roles in determining the 

Infectivity and Virulence of SARS-COV-

2. At the population level, all these factors 

must be considered together when 

devising and implementing a specific 

response strategy. 
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