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Abstract 

The COVID-19 pandemic has killed more than 400 thousand and infected more than 7                       
million people in the whole world as of 06/10/2020. Many open systems, such as educations, transportations, 
entertainments, sports or foods, have been completely or partially locked down in many regions of the world to 
prevent COVID-19 spreading. Therefore, how to reopen all of the open systems after the shutdown has become a 
world urgent issue. 

Evidences of COIVD-19 have showed: person-to-person transmission occurs among close contacts; virus 
droplets (or aerosols) play an important role in the transmission; people can prevent COVID-19 by measures of 
mask-wearing or maintaining social distancing. However, how these measures work to prevent COVID-19 is still not 
clear in a perspective of biomedical Infophysics. 

In this study, (1) we think the transmission of infection can be accomplished by real or virtual person; (2) 
we define a virtual person as ghost airflow, a term we coin to describe virus droplets (or aerosols) that are initially 
generated by human carriers and remain in the air to be transmitted. These ghost airflows are as dangerous as the 
real virus carriers particularly in enclosed (confined) environments; (3) we propose biomedical infophysical models 
(BMIPM) of filtering the ghost airflows by mask-wearing and maintaining social distancing, to help people to 
understand the filtering mechanisms and willingly follow the guidelines of preventing covid-19, and therefore to 
successfully reopen all of the open systems after the shutdowns (lockdowns) and (or) to avoid the shutdowns 
(lockdowns) in future epidemics or pandemics. 

Significantly, we compare the prevention efficiencies of COVID-19 between people who are accustomed and 
not accustomed to masks based on the published WHO, CDC or NHC pandemic data. The compared results support 
our models in this investigation. 

Coronaviruses easily survive and have high toxicity, in dirty, wet and cold environments, and the air 
pollution is linked with higher COVID-19 death rates. The dingy environments and air-conditioning, freezing systems 
sufficiently provide such necessary dirty, wet and cold conditions and polluted airflows to exacerbate the mortality 
rate of COVID-19. Therefore, we strongly suggest: to use air conditioners as less as possible, to turn the wind levels 
as low as possible and to clean (disinfecting) the air-conditioning systems (filters and channels) and environments as 
frequent as possible. 
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Introduction 

COVID-19 pandemic has killed more than 400 

thousand and infected about 7 million of people in the 

whole world as of 06/10/2020 [1]. Many open systems, 

such as educations, transportations, entertainments, 

sports or foods, have been completely or partially shut 

down or locked down in many regions of the world to 

prevent COVID-19 spreading. Therefore, how to reopen 

all of the open systems after the shutdown has become 

a world urgent issue. 

 Evidences of COIVD-19 have showed that 

person-to-person transmission occurs among close 

contacts and the virus droplets (or aerosols) play an 

important role in the transmission [3-6]. 

In the middle of February 2020, we urgently 

suggested American people to wear masks to prevent 

the respiratory infectious diseases [3]. We believe the 

people would have significantly reduced the death rate 

of COVID-19 pandemic if they had worn the masks early. 

 WHO (World Health Organization) [1], CDC 

(Centers for Disease Control and Prevention) [2,7] and 

NHC (National Health Commission of China) [8] have 

issued precautions or measures to prevent COVID-19 

transmission, such as washing hands frequently, 

maintaining social distancing, wearing face masks 

(covers) properly. 

People can prevent COVID-19 by measures of 

mask-wearing or maintaining social distancing [1, 2]. 

However, how these measures work to prevent               

COVID-19 is not clear from a perspective of biomedical 

Infophysics. 

In this study, we propose biomedical 

infophysical models (BMIPM) of filtering ghost airflows 

(GAF) through mask-wearing and maintaining social 

distancing, to help people to understand the filtering 

mechanisms and willingly follow WHO or CDC guidelines 

of preventing covid-19, and therefore to successfully 

reopen the systems after the shutdowns (lockdowns) 

and (or) to avoid the shutdowns (lockdowns) in future 

epidemics or pandemics. To our knowledge, there is not 

any published model like ours. 

Medical and surgical masks were invented in 

Europe about 100 years ago [9, 10] and they are 

successfully applied in hospitals. However, most people 

in Europe and America are not used to wearing face 

masks. In contrast, most Eastern Asian people are used 

to wear face masks (covers) to protect their faces, 

nostrils and mouths from winds, sands, dusts and 

pollutions. Thus, they easily accept the wearing of masks 

to prevent respiratory infectious diseases [3, 11], as 

seen with well efficient prevention of COVID-19             

today [1]. 

In this article, we compare the prevention 

efficiencies of COVID-19 between people who are used 

to and not used to wearing masks, based on published 

WHO [1], CDC [2] or NHC [8] pandemic data. The 

results from this comparison support our models; we 

also believe our models are applicable (suitable) to 

prevent other respiratory infectious diseases. 

Methods 

 We develop our models by using published                

data [1-16], infection and virus theories [17], 

information theory, basic sciences and mathematical or 

engineering equations [18 - 22]. We apply Microsoft 

Excel to perform statistic and graphing work. 

Models  

Prevention Efficiencies of Maintaining Social Distancing 

and Mask-Wearing Measures 

The functional value of maintaining distancing 

and mask-wearing are evaluated through the efficiency 

of a mask’s filtering efficiency. Previous findings suggest 
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that a homemade mask should only be considered as a 

last resort to prevent droplet transmission from infected 

individuals, and that it would be better than no 

protection [12]. 

A recent study that examined the capacity for a 

range of types of cloth masks to filter particulate matter 

of 10 um or less (PM10) found that four different types 

had filtering efficiencies that ranged from 63% to              

84% [13]. 

We think, another important prevention effect of 

mask-wearing is to keep your nose and mouth from 

being touched by your infected hands. 

 The sizes of O2 and CO2 molecules are smaller 

than 1 nm [18]. We assume, when most people breath 

normally, that while more than 90% of O2 and CO2 

molecules can pass through (cloth) face masks/covers, 

only 50% of COVID-19 droplets can pass [13],                 

because the COVID-19 droplet sizes are about                  

10 nm – 500 um [13, 14]. 

We simplify the distributed-element of 

maintaining social distancing as a lumped-element to 

describe the transmission of COVID-19 droplets                 

through the air medium. Figures 1 to 5 illustrate our 

model of equivalent transmission pathways or 

waveguides [23]. The models describe using masks or 

social distancing as prevention measures for 

transmission between a virus carrier and a non-infected 

individual; the virus carrier can be a real or virtual 

person. 

We define virtual persons as ghost airflows, a 

term we coin to describe virus droplets (or aerosols) that 

are initially generated by human carriers and remain in 

the air to be transmitted. The viral ghost airflows can be 

generated naturally (virus transmitted through coughing, 

speaking) or artificially (virus carried through                          

air-conditioning, fan). The ghost airflows form after the 

real virus carriers release virus droplets into the flowing 

air; regardless of whether the real virus carriers are still 

present or not, assisted with the winds or air gusts, 

ghost airflows can exist for up to three hours [24].The 

ghost airflows are as dangerous as the real virus carriers 

in enclosed (confined) environments, such as inside of 

rooms, airplanes, trains, buses, cruises. 

We assume (Figure 1): neither the virus carrier 

nor non-infected person wears a face mask (cover or 

filter) measure; they only maintain social distancing 

measure; the prevention efficiency is 50%, meaning the 

non-infected person inhales 50% of the droplets from 

the virus carrier; in comparison, the prevention 

efficiency of no precautionary measures is 0%. 

In Figure 2, we assume that only the                         

non-infected person wears a mask and social distancing 

is not maintained; here, the prevention efficiency of the 

measure is 50% too; in comparison prevention efficiency 

of no precautionary measures is 0%. This means the 

non-infected person also inhales 50% of the droplets 

from the virus carrier in Figure 2. We will not draw a 

separate figure for the scenario where, only the virus 

carrier wears a mask with no social distancing as its 

model and prevention efficiency is similar to that of 

Figure 2. 

 In Figure 3, we describe a scenario where either 

the carrier or non-infected individual wears a mask and 

social distancing is also maintained. Based on the 

models in Figures 1 and 2, we calculate to prevention 

efficiency to be 75% (100% - 50% x 50%), and the 

amount of viral droplets inhaled by the non-infected 

person to be 25% (100% - 75%). 

In Figure 4, we describe a scenario where 

people are in crowded environments, such as that of 

classrooms, stadiums, restaurants, airplanes, trains, 

buses or cruises. Here, they can still have a 75%         

(100% - 50% x 50%) prevention efficiency and the                           

non-infected person inhales only 25% (100% - 75%) of 

the droplets from the virus carrier as long as the carrier 

and non-infected person both wears face masks/covers 

even if social distancing is not maintained.  

Based on the above modeling equations and 

calculating results, we can see that the measure of mask

-wearing plays a more efficient, significant and practical 

role than the measure of social distancing, in COVID-19 

prevention, especially in crowded or enclosed (confined) 

environments; in crowded areas, there is not enough 

space to maintain social distancing and in confined 

environments, ghost airflows create a significant 

transmission risk. 

In Figure 5, we describe an optimum scenario 

where both the carrier and non-infected individual wear 

masks and also keep social distancing. The calculated 

prevention efficiency of that situation is 87.5%                     
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Figure 2. Equivalent person to person transmission (incident,              

reflected, transmitted and scattered) pathways or waveguides.           

Only the non-infected person wears a face mask and social                   

distancing is not maintained.  

Figure 1. Equivalent person to person transmission (incident,               

reflected, transmitted and scattered) pathways or waveguides. Virus 

carrier and non-infected person maintain social distancing only; 

none wears a mask. The drawing is not to the scale. 
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Figure 5. Equivalent person to person transmission (incident, reflected, 

transmitted and scattered) pathways or waveguides. Both persons wear 

face masks and maintain social distancing. 

Figure 4. Equivalent person to person transmission (incident, reflected, 

transmitted and scattered) pathways or waveguides. Both persons wear 

face masks and do not maintain social distancing. 

Figure 3. Equivalent person to person transmission (incident, reflected, 

transmitted and scattered) pathways or waveguides. Only the non-infected 

person wears a face mask; social distancing is maintained. 
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(100% - 50% x 50% x 50%) and the non-infected 

person inhales only 12.5% (100% - 87.5%) of the 

droplets from the virus carrier. 

Obviously, for human autoimmune systems or 

medical treatments, it is much easier to defeat reduced 

amounts of virus droplets (12.5%, 25% or 50%) than 

100% of the virus droplets. We believe mask-wearing 

measures are the key to answer why people who are 

accustomed to wearing masks are preventing COVID-19 

pandemic more efficiently than those who are not. 

 Of course, sick or weak people should stay 

home to minimize risks of serious infection and death 

because their immunological systems are less efficient 

than that of the healthy people. We strongly suggest 

that sick or weak persons wear masks at home during 

the infectious season or during periods of possible 

infection, to prevent COVID-19, just in case they get 

infection from family members, guests or ghost airflows. 

Using Newton’s Second Law to Describe Spreading and 

Reverberating of Virus Droplets (Ghost Airflows) 

We think Newton’s second law (momentum 

transfer equation) is a suitable equation to               

approximately describe the spreading and reverberating 

of the virus droplets, O2, or CO2 through medium 

materials (such as masks or air distances) with external 

forces (natural coughing/talking or artificial winds or 

gusts of air). According to Newton’s second law, we 

modify a basic equation in hydro- and aerodynamic 

applications as [22], 

   (1) 

Where, subscript i = 1, 2, 3, …, and denotes different 

substances, such as virus droplets (or aerosols), O2 or 

CO2; i, vi and pi respectively denote the mass density, 

velocity and pressure; ivi denotes the mass flux or 

momentum; Fi and fi respectively denote the body force 

and friction, per unit mass, acting on the mass contained 

within the region; the mass density, velocity, pressure 

and forces are functions of space - time coordinates, 

temperature and humidity; and the gradient operator is, 

 (2) 

Where, letters in hats denote unit vectors for the partial 

differential operators. 

 In this study, we consider only spatial and time 

variables. Therefore, our modeling equation 1 is 

simplified to a 4 dimensional (4D) model. 

Based on equation 1, natural gusts of air, such 

as coughing, loud speaking, or strong respiration 

(exhalation or inhalation); or artificial winds or gusts of 

air, such as air-conditioning, fans,  can increase the 

force Fi and (or) negative gradient pi; the increased 

force Fi and (or) negative gradient pi raises the droplet 

momentum ivi; the raised ivi increases spreading 

range. Therefore, the larger (longer) the spreading 

region, the stronger the infectivity (infectant power). 

 Also based on equation 1, the measures of  

mask-wearing or maintaining social distancing increases 

the friction fi; the increased fi decreases the droplet 

momentum ivi; the decreased ivi reduces spreading 

range. Usually, the longer (thicker or denser) the 

distance (mask), the smaller the momentum of the 

transmitted droplets, therefore, the narrower (shorter) 

the virus spreading region; and the weaker the 

infectivity (infectant power). 

 The masks should have appropriate densities 

and thickness to maintain required friction, to reduce the 

spreading ranges; a balance between reducing the 

spreading ranges and keeping normal respiration should 

be optimized. 

In enclosed or confined environments, possible 

solutions of equation 1can be reverberating or oscillating 

waves of the ghost airflows（virus droplets) in time 

domain. 

Assisted with winds or gusts of air, the ghost 

airflows can reverberate (oscillate) for long periods of 

time [24] in the enclosed or confined environments, 

travel long distances into people's respiratory systems to 

directly infect people, as well as come into contact with 

things to indirectly infect people [3]. Therefore, in the 

enclosed (confined) environments, these oscillating 

waves should be minimized and mask-wearing measures 

play a more efficient, significant and practical role than 

social distancing to prevent COVID-19. 

Importantly, in order to minimize the incident 

wave [19] of any ghost airflows that enter the masks (or 
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nasal cavity or mouth), people should avoid too closing 

and directly facing to all outlets of natural (human 

respiratory) or artificial (AC, fans) winds or gusts. 

Speaking softly or adjusting the AC wind or gust levels 

as low as possible can also help. 

Equation1 is a point form of the mass flux. We 

can obtain a related integral form as the following 

equation, 

(3) 

Where, we define Mi(z) as a total mass of some 

substances, such as virus droplets, O2, or CO2，at the 

coordinate z (Figures 1 - 4) during an interval time; the 

inner integration in spatial domain (x and y) is a mass 

flow, the most important location z is at the nose or 

mouth, the integral depends on sizes of the opening 

mouth or (and) nostrils that directly correlate inhaling 

and exhaling rates of the substances; the external 

integration in time domain (t) depends on the duration 

of the mass flow, the most important time interval is the 

inhaling duration that directly correlates the inhaled 

amount of the viruses. Obviously, the larger the sizes or 

the longer the inhaling duration, the more the inhaled 

viruses. 

Based on modeling equations 1 and 3, we can 

assume that the less virus a person inhales or the 

healthier a person is, the easier the recovery from 

infection. 

Therefore, we suggest that medical or 

healthcare workers who are treating patients with 

COVID-19 should limit their working hours; patients with 

COVID-19 should take more rest, drink more water and 

nutrients, and reserve energies as much as possible to 

fight the viruses in their bodies, rather than to do 

exercises. In potentially infected environments, all 

people should wear masks, eat foods as quick as 

possible (such as at schools, in transportations, or 

restaurants), rest while wearing masks, or do exercises 

while maintaining social distancing in uninfected or wide 

openly ventilated fields (such as beaches or parks). 

Using Fick’s Laws to Describe Spreading and 

Reverberating of Virus Droplets (Ghost Airflows) 

 Fick's laws elucidate how particles under random 

thermal motion diffuse from a higher concentration 

space to a lower concentration space [20-22]. 

We think Fick’s laws are suitable to                 

approximately describe the thermodynamic spreading 

and reverberating of the virus droplets, O2 or CO2 

through medium materials (such as masks or air 

distances). Equation 4 is our modified multiple 

dimensional Fick’s first law [20 – 22], 

(4) 

Where, subscript i = 1, 2, 3, …, and denotes different 

substances, such as the virus droplets (or aerosols) O2  

or CO2; Ji and i respectively denote diffusion fluxes and 

densities; Di denotes the correspondent diffusion 

coefficients (depends on the properties of the medium 

and temperature), is decreased by the mask or air 

substances, and is roughly a constant for a specific 

medium in this investigation; x, y, z, t respectively 

denote spatial and time coordinates; T and H 

respectively denote temperature and humidity. 

 In this study, we consider only spatial and time 

variables. Therefore, our modeling equation 1 is 

simplified to a 4 dimensional (4D) model: 

 (5) 

 Based on equations 4 - 5, the mask-wearing and 

maintaining social distancing measures decrease the 

droplet diffusion flow Ji because of reduced Di; the 

decreased Ji reduces the spreading amount. Usually, the 

longer (thicker or denser) the distance (mask), the less 

the droplet diffusion flow, therefore, the weaker the 

infectivity (infectant power) and higher the prevention 

efficiency. We emphasize again, a balance between 

reducing the droplet diffusion and keeping normal 

respiration should be optimized for the mask materials. 

 Equation 5 is a point form of the diffusion. We 

can obtain a related integral form as the following 

equation, 

  (6) 

Where, we define Qi(z) as a total quantity of some 

substances, such as virus droplets, O2, or CO2，at the 

coordinate z (Figures 1 - 5) during an interval time. The 
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analysis of equation 6 is the same as or similar to that of 

equation 3. 

 When the diffusion is neither absorbed nor 

emitted by the medium, we obtained the equation of 

continuity that is also the conservation law of substance 

and is equivalent to Fick’s second law, using divergence 

theorem [21] and equations 2 and 5: 

 (7) 

Where, Laplace operator is, 

 (8) 

 If we consider Ji = ivi (see equation 1), 

equation 7 is equivalent to a basic equation of hydro                     

dynamics [22]. When the substance can be absorbed 

(destroyed) or produced (created), equation 7 can be 

modified as， 

 (9) 

Where, ki is a constant and is sometimes called the 

growth factor [20, 22]. 

Because of the growth factor, equation 9 

indicates possible sources of the virus droplets. The 

sources can be artificial as well as natural (persons’ 

respiratory systems). We believe, some artificial sources 

of the virus droplets are air-conditioning systems 

because the systems can absorb, release and transmit 

virus droplets.  

Coronaviruses easily survive and maintain high 

infectious rates in dirty, wet and or cold environments, 

such as some meat markets [8] or plants [25]. The                      

air pollution is linked with higher COVID-19 death               

rates [26 - 27]. The dingy environments and (or)                   

air-conditioning, freezing systems sufficiently provide 

such necessary dirty, wet and cold conditions and 

polluted airflows to exacerbate the mortality rate of 

COVID-19. Therefore, we strongly suggest: to use air 

conditioners as less as possible, turn the wind levels as 

low as possible and to clean (disinfecting) the                      

air-conditioning systems (filters and channels) and 

environments as frequently as possible. 

Constant ki in equation 9 is usually positive for 

virus carriers and negative for the non-infected persons 

or masks, meaning the virus carriers and non-infected 

persons or mask materials respectively produce and 

absorb the virus droplets. 

Of course, there is a maximum absorption 

saturation of the mask materials. Therefore, frequent 

cleaning (disinfecting) or changing masks should be 

performed to maintain the appropriate absorption, this is 

very significant especially for the medical or healthcare 

workers who treat patients with COVID-19. 

Frequent cleaning (washing) our upper 

respiratory tracts (nostrils, tongue, throats, mouths), 

hands, faces, eyes, and ears; and taking warm showers, 

are also very helpful to prevent or cure the                       

diseases [3, 28]. 

In enclosed or confined environments, possible 

solutions of the equation 9 may be reverberating or 

oscillating waves [21, 22] of the ghost airflows (virus 

droplets) in space domain, and the smaller the space, 

the stronger the oscillation characteristics. These waves 

should be minimized too. 

Comparisons of the Prevention Efficiencies between 

People Who Are Accustomed and not Accustomed to 

Wear Masks 

We define an absolute death rate (ADR) in a 

region as: 

ADR = Rtd
ap= (Total Deaths) / (Absolute 

Population) (10) 

Where R denotes the rate; superscript td and 

subscript ap respectively denote total deaths and 

absolute population, and ADR is also mortality rate. 

ADR is equivalent to a mixed representation of 

the death rate: covariant to the total deaths and 

contravariant to the absolute population, which means 

the less the total deaths or the more the absolute 

population, the lower the death rate. The lower the 

death rates, the higher the prevention efficiencies. See 

the pandemic data in Figure 6，there is a significant 

difference between people who are accustomed and not 

accustomed to wearing masks. 

To associate the absolute death rate (ADR) with 

information theory, we consider ADR as absolute death 
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information intensity (ADII) [29], and define absolute 

death information (ADI) in a region. Based on Shannon’s 

information theory, ADI is: 

ADI = -Log2(ADR) = -Log2(R
td

ap)  (11) 

 The higher the ADI, the higher the prevention 

efficiencies are. See the pandemic data in Figure 7, 

there is a significant difference of ADI between people 

who are used and not used to wear masks. 

Because the areal sizes between different 

regions vary greatly, for example, the areal size of the 

United States is about 14,000 times of that of               

Singapore [17], we define a relative death rate (RDR), 

to emphasize impacts of different areal sizes (km)2. RDR 

is: 

RDR =Rtd
rp = (Total Deaths)/ [(Relative Population)* 

(km)2] = (Total Deaths)/[(Absolute Population)* (km)2/

(Areal Size)] = ADR* (Areal Index) =Rtd
ap* (AI)= Rtd

ap
ai

                                                       (12) 

Where subscript rp and superscript ai respectively 

denote the relative population (population density) and 

areal index (AI) with zero dimension，AI is， 

Areal Index (AI) = [(Areal Size)(km)2]/(km)2 (13) 

RDR is also equivalent to a mixed representation 

of the death rate: covariant to the total deaths or areal 

index, or contravariant to the absolute population, which 

means the less the total deaths or the areal index, or 

the more the absolute population, the lower the death 

rate. The lower the RDR, the higher the prevention 

efficiencies are. 

Figure 8 illustrates a comparison of RDR of the 

pandemic data between people who are used and not 

used to wear masks. We see some difference between 

people who are used and not used to wear masks, 

though P value = 0.18. 

To associate the relative death rate (RDR) with 

information theory, we consider RDR as a relative death 

information intensity (RDII) [29], and we define a 

relative death information (RDI) in a region. Based on 

Shannon’s information theory, RDI is: 

RDI = -Log2[RDR] = -Log2[R
td

rp] = -Log2[R
td

ap
ai]  (14) 

 The higher the RDI, the higher the preventing 

efficiencies are. See the pandemic data in Figure 9, 

there is a significant difference of RDI between people 

who are used and not used to wear masks. 

The current pandemic data are highly correlated 

to the effects of mask-wearing:  since the beginning of 

the pandemic outbreak, (1) people who are accustomed 

to wear masks have been wearing masks at high 

percentages and they have high prevention efficiencies; 

Figure 6. The comparison of absolute death rates (ADR) between people 

who are accustomed and not accustomed to masks. ADR are from 0.0 to 

0.0000073 for those who are accustomed to masks. Means                                

and SDVs for the accustomed and not accustomed mask-wearers are 

0.0000028+|-0.0000026 and 0.00074+|-0.00072 respectively; P value = 

0.015. NYC means New York City, USA-NYC denotes USA excluding NYC. 

See the text. 
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Figure 8. The comparison of relative death rates (RDR) between the accustomed and not accustomed 

to masks. RDR are from 2.03 (NYC) to 2690 (USA-NYC) for the not accustomed to masks and 

0.000609 (Hong Kong) to 31.9 (China Mainland) for the accustomed to masks. Means and SDVs for 

the accustomed and not accustomed mask-wearers are respectively 4.10+|10.5 and 423+|-857; P 

value = 0.181. NYC means New York City, USA-NYC denotes USA excluding NYC. See the text. 

Figure 7. The comparison of absolute death information (ADI) between people who are accustomed and 

not accustomed to masks. Means| SDVs for the accustomed and not accustomed mask-wearers are     

respectively 19.94|3.06 and 10.75|0.94; P value = 0.0000088. NYC means New York City, USA-NYC 

denotes USA excluding NYC. 0 deaths are approximated to 1 death for the log function. See the text. 
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(2) people who are not accustomed to wearing masks 

have been wearing masks at low percentages and they 

have low prevention efficiencies. Therefore, the current 

pandemic data support our models in this study. 

In similar ways as equations 10 - 14, we also 

define an absolute infection rate (AIR), i.e., absolute 

infection information intensity (AIII)[29], in a region as, 

AIR = Rtcc
ap = (Total Confirmed Cases) / (Absolute 

Population)                                   (15) 

and absolute infection information (AII) as: 

AII = -Log2(AIR) = -Log2(R
tcc

ap)  (16) 

and a relative infection rate (RIR)，i.e., a relative 

infection information intensity (RIII) [29] in a region, 

RIR = Rtcc
rp = Rtcc

ap * AI = Rtcc
ap

ai             (17) 

and relative infection information (RII) as: 

RII = -Log2[RIR] = -Log2(R
tcc

rp) = -Log2[R
tcc

ap
ai] (18) 

to compare prevention efficiencies of infectious diseases 

for people in different regions.  

 Due to the different standards countries or 

regions have in measuring infectious cases, we have 

listed these equations here as they are important but we 

have not found an appropriate method to make direct 

comparisons. 

Discussions 

 So far, during the COVID-19 pandemic, the 

rates of fatalities and (or) mortalities of people who are 

accustomed to wearing masks are roughly the same as 

that of influenzas infectious diseases; in contrast, the 

rates of people who are not used to wearing masks are 

ten to hundred folds of that of the people who are used 

to wear masks [1-2, 8], see Figures 6 - 9. 

Comparing the death rate of Sweden (without 

lockdowns and nor mask-wearing) and that of Republic 

of (S) Korea, Taiwan and Japan (without economic 

lockdown and with mask-wearing) [1], we think we can 

avoid the lockdowns (shutdowns) in future epidemics or 

pandemics, as long as we follow WHO or CDC guidelines 

of the precautionary measures (mask-wearing is the first 

important). 

The face masks (covers) don't have to be N95 

for medical or healthcare workers; they can be                    

general medical masks or homemade cloth masks 

Figure 9. The comparison of relative death information (RDI) between the accustomed and not                 

accustomed to masks. Means|SDVs for the accustomed and not accustomed to masks are respectively 

3.24|5.37 and -6.61|2.99; P value = 0.00038. NYC means New York City, USA-NYC denotes USA             

excluding NYC. 0 deaths are approximated to 1 death for the log function. See the text. 
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(covers) [12, 13] as long as long they are hygienic and 

can filter out ghost airflows or virus droplets. The more 

people wear masks in daily life, the less the N95 masks 

are needed for healthcare workers in clinics. Of course, 

infants under 2 years old should not use any mask or                        

cover [1-2]. 

We believe the following measures could be 

very helpful to cure or to prevent COVID-19: to drink 

more warm liquids with complete nutrients [3, 29 - 32] 

and water for easy digestion, energy supplementation, 

and blood clots prevention [33]. This is a similar solution 

to altitude sickness during hypoxia: drinking more 

nutrients and water than usual when we have no 

appetite to eat; to sip distilled liquors, 60%-70% by 

volume, 1 cc or ml/an hour (for adults only), according 

to our previous initial clinical trials of treating flu 

infection before [29, 30]. 

 In similar ways to equations 10 - 14, we could 

define an absolute natural herd immunity rate (ANHIR), 

i.e., absolute natural herd immunity information          

intensity [29] (ANHI II), in a region. ANHIR is, 

ANHIR =AIR – ADR = Rtcc
ap - R

td
ap= Rtcc-td

ap (19) 

and an absolute natural herd immunity information 

(ANHII) : 

ANHII= -Log2 (ANHIR)= -Log2(R
tcc-td

ap)  (20) 

and a relative natural herd immunity rate (RNHIR), i.e., 

a relative natural herd immunity information intensity 

(RNHIII) [29], in a region. RNHIR is, 

RNHIR = RIR – RDR = Rtcc
rp - R

td
rp = Rtcc-td

rp = Rtcc-td
ap* 

AI =Rtcc-td
ap

ai (21) 

and a relative natural herd immunity information 

(RNHII): 

RNHII= -Log2(RNHIR) = -Log2(R
tcc-td

rp) = -Log2(R
tcc-td

ap
ai)

  (22) 

 Based on equations 19- 22, high natural herd 

immunity rates could be achieved by the high infection 

rates and low death rates generally, such as the 

immunity data of Singapore [1]. 

 The mask-wearing or maintaining social 

distancing might play a role to minimize the rate of 

infection mortality and to maximize the natural herd 

immunity; with measures of mask-wearing and other 

precautions, we would significantly reduce the losses of 

our lives and economies in the battles against                   

COVID-19. It is possible, that most of the mildly 

symptomatic individuals have achieved the natural herd 

immunization, regardless of whether or not they have 

been detected using a virus test kit. 

Just like current security examinations, we 

predict, in future, that virus tests will be routine to 

prevent the spread of infectious diseases for some public 

activities such as traveling, entertainment, banquets, 

sports, assemblies or meetings as well as working, 

because the it is uncertain when the respiratory 

infectious diseases break out. 

 Therefore, we suggest all people routinely carry 

face masks (covers) with them when they are outdoors 

or in public environments, and wear masks when 

necessary, in similar ways to how healthcare workers 

wear masks in hospitals or as how we would wear a hat 

or scarf. We should use proven precautionary measures 

to respond to the unpredictability of viruses for future 

prevention of infectious epidemics or pandemics. 

Conclusions 

It is much easier to defeat reduced amounts of 

virus (12.5%, 25% or 50%) than to overcome all 100% 

of the virus. 

The both measures of mask-wearing and 

maintaining social distancing can prevent COVID-19. 

However, the mask-wearing is more efficient and 

practical than the maintaining social distancing in 

crowded and (or) enclosed (confined) environments, 

because of limited spaces or ghost airflows. 

You can protect not only yourself but also others 

with mask-wearing, especially in crowded or confined 

environments. The current COVID-19 pandemic data 

support our models. 

For the comparisons, we proposed new 

equations based off of existing information theory, basic 

science, physics, and mathematics: areal index;        

absolute and relative rates of the death, infection and 

natural herd immunity and the related information 

(intensities), contravariant, covariant and mixed variant 

representations. 

We also predict: in the future, most people will 

carry or wear face masks (covers) in their daily life; the 

virus tests will become routine tests to prevent infectious 

diseases, similar to current security examinations for 
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public activities; we will use our proven measures 

(precautions) to respond to the unpredictability of 

viruses to prevent the epidemics or pandemics. 

We believe we can successfully reopen all 

systems after lockdowns, and (or) avoid the future 

lockdowns (shutdowns) as long as we follow all of the 

prevention guidelines: including mask-wearing, 

maintaining social distancing, hand washing, and 

frequent cleaning of artificial (such as air-conditioning 

systems) as well as natural (such as persons’ respiratory 

airways) sources of ghost airflows. 
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