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Abstract. The Viruses are pathogens capable of infecting more than 10% of the world’s population
annually in epidemics responsible for 3 to 5 million cases of severe illness and up to 500 000 deaths. In
addition, new virus variants pose a continuous threat of sparking pandemic outbreaks. The success of the
viral attack is attributed to their sheath in a capsid, abnormal mass production of infective RNA or DNA
genetic material in living target. Other features include, great symmetry in structures based on assorted
geometries with amazing mechanical properties. Consequently, prognostic models have been deployed to
regulate and unravel understanding for successful treatment of viruses. In particular, this report seeks to
investigate SARS-CoV-2 through its viral shell mechanical properties and a novel point of entropy and
thermodynamic principles. It concludes with recommendation of effective physical remedies for SARS-
CoV-2 from a local and global outlook.
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1. Introduction

As the shock waves of COVID contagion still reverberates around the globe, an anti-epidemic
battle rages on [1]. Consideration of the viral rudimentary duplication, time for replication and
consecutive interval of each viral stage necessitates statistical models. Arguably, COVID
solution is strictly either medical or biological however, theoretical studies based on
mathematical modelling serve as indicators [2]. Their significance ranges from preliminary
determination of epidemic outbreak physiognomies, predicting the modulation and termination
points in mitigating the spread [3]. Mathematical modelling dynamical equations actually
provide more detailed insights into the underlying forces of the epidemic. The regular
susceptible exposed infectious recovered (SEIR) model is the most extensively embraced for
characterizing the COVID-19 epidemic in China and other countries as shown in Figure 1 [4].
Analysis of the COVID contagion based on the conventional SEIR model uses seven classic
states. They are described as {E(t), S(t), P(t), I(t), Q(t), R(t), D(t)} representing total cases of
exposed cases; susceptible cases, insusceptible cases, infectious cases, quarantined cases,
recovered cases and death respectively. A version of the SEIR model is as summarized in
Figure 2 [5].
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Figure 1: Word Cloud of Countries in the World with higher index cases of COVID-19

Recovery (R)

Susceptible (S)

/ \ Quarantined (Q)

Unsusceptible

Exposed (E)

Death (D)

Infective (1)

Figure 2: Revised SEIR model [6]

Some notable exceptions to the SEIR evaluation model were found in the subsect of persons
either quarantined or not quarantined. Consequently, statistical methods became sorely tried
in trying to assess the effectiveness of each method. In response to this situation, torrents of
SEIR models were adapted to mimic transmission, source contagion, capsid storage and
variations in prey. This further led to a rise in extensions to the classical SEIR model which
was specifically to address routine delays, such as the interval during incubation and time for
recovery. A peculiar challenge still arose, pioneer models were either too complex thus, they
did not prescribe solutions to the overfitting problem. Nor were the factors estimated based on
sufficient and precise data, obviously giving rise to doubtful prognoses. However, due to the
lack of official data and the change of diagnostic calibre during the early stage of the
outbreak. Inspired by these reasons, another model, a SELIAHRD model is prescribed. It
comprises eight compartments, {Susceptible, Exposed, Latent, Symptomatic/Infected,
Asymptomatic, Hospitalized, Recovered, and Death}. This is due to an addition- the latent
compartment, this includes the people which can be classified as symptomatic and
asymptomatic people. SELIAHRD model, shown in Figure 3 reckons with patients with mild
cases of COVID 19 symptoms which are responsible for the spike in cases in many countries.
A revision to the SELIAHRD model reasoning is that, exposure to the contagion is
responsible for the susceptibility as indicated by Figure 3. Symptoms latent or otherwise, are
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classified as symptomatic or asymptomatic. Asymptomatic are treated as outpatients while
symptomatic ones get hospitalized, some recover and are discharged, others who do not
recover die. There are a number of cases reported by world health organization (WHO) that
show a deviation from this pattern due to underlying health complications described by
medical standard practices. The latent state also has a probability of either being positive or
negatively contagious as a hypothesis. Laboratory tests affirm the validity of this idea, in
which case, the prognosis [7]. In this work, we discuss the effect of introducing a new
quarantined state, authentic cures, preventive measures, key factors; such as latent time,
quarantine time and effective reproduction number in a comparative way. Mathematical
interpretation of inflection point, ending time and total infected cases in 228 regions are used
to predict and validate some direct and indirect evidences. In view of continuous revisions to
combat resistant strains of COVID -19 and a re-infection of already vaccinated people, the
analysis of affected countries is still in progress. A multi-dimensional effort is expressed
simultaneously through biotechnology, medicine, nanotechnology, drug application,
thermodynamic principles. They all remotely working on evolving a novel drug design adept
from hijack of subsequent viral insurgent is the future prescribed in this study [8].

Hospitalized (H)
Susceptible (S)
Symptomatic (1) ,
Exposed (E) Recovery (R)
‘ L Asymptomatic (A)

Latent (L) Death (D)

Figure 3: Revised SELIAHRD Model [9]

Background Theory

A general model for viral replication dynamics is given by Equation 1. Where A represents the
total number of cells before infection, they die normally at rate of dn , vulnerable uninfected
cells, n(t), are infected when they meet free viruses, v(t). They get infected at a rate of fnv, as
denoted by Equation 2, this results in infected cells, y(t), producing new virus particles at a
rate ky. Infected cells multiply at thatk/(d + o), infected viruses’ decay uv as given by
Equation 3 [10].

ay _ 5 _

a—/l dn — fnv 1
%=,an—(d+a)y 2
dv

i ky —uv 3

The consequence of Equations 1-3, i.e. infection, reproduction and death determine the
number of incidences within a time frame. Immunity of a host cell symbolizes an energy
barrier any virus, or COVID-19 needs to overcome, each viral attack is a probability function
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of this failure or success. Energetic viruses have a higher probability of surmounting the
potential barrier of the host immunity. One method of overcoming this barrier is by using
temperature increase in the viral system, these two parameters are represented by Arrhenius
equation for temperature dependent reaction, Equation 4. S successful viral attempts must be

> e;exp(%j, e; represents probability of success and T signifies temperature of the

system. Although one of the most abiotic factor that affects any ecosystem, susceptibility and
sensitivity are the key factors that describe viral reproduction or annihilation with change in
temperature. Results suggest that whilst the rank order of species susceptibilities may remain
the same with changes in temperature, some species may become more susceptible to a novel
pathogen, and others less so.

InK =1lnA— e (Ea/RT) 4

. . E Ea . .
In Equation 4, as Temperature (K) increases, ﬁ decreases, -R—;f increases where E, is the

activation energy, RT is average kinetic energy and K is viral load constant. When A, pre-
exponential factor is a small value, entropy decreases smoothly and continuously as
temperature is raised. This explains viral sensitivity, the ability of a virus to either multiply
below par or not at all, at body temperature. Temperature sensitivity thus influences the
constraint of the infection to respiratory pathways, reducing the probability of systemic
infection and the range of the viral attack. In the event of a minor respirational ailment
coupled with an inadequate immune response relative to the systemic infection, re-infection
may occur later. At high values of A, entropy fluctuates to the normal body temperature of the
host, a temperature zone where viruses replicate poorly are less virulent than those that can
replicate freely at body temperature. The Boltzmann’s constant is introduced to obtain the
universal product as shown in Equations 5 to 7.

_ —Aij/ iAQ .k/ N-/
= . . — = KgTe ] ] |
P=]lj-1P=1lj=1|nNye BTe 4 KsT N;' 5
In this way, entropy is regarded as logarithm of P as expressed in Equation 6.
e 4 Q) N
S = KB [lnjzl(ﬂklek e KpTe + KBT) /N' 6
J
1 .
S =2 [Zj=1 NiKsT + Nj(Zi=r b — 1 +18Q5)] 7

Results and Discussion

A plot of COVID-19 incidences obtained from database is as shown on Table 1, this revealed
Figure 4. The figures were in turn used to obtain information on the prototype of behavioural
pattern across the 228 countries considered over time. Six distinct characteristics: A, B, C, D,
E and F were identified. Type D was the most predominant, while E was least in
occurrence.In order to discuss the inflexion parameters, each graph would be considered as a
point of ¥2 symmetry.

Table 1: Classification of 228 World Countries according to graphical prototype
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41

Anguilla, ATG, BDI,
BEN, BES, BLZ, BMUy,
BTN,, BWA,, CMRy,
COG, CPV, CUW,
CYM,, DMA,, ECUy,
COG,, ERI, Fl,, FLK,
GMB, GNB, GNQ,
GRD, GRL, GUY,,
HTlg4, LAO, LBY, MNG,
MNP, MOZ, MRT,
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50

Albania, ARM, BEL,
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TKKq, TLS;, USA;,
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The viral loads are given as; 10, 21, 7, 13, 13 and 0 days respectively, the subsequent peak
indicates the rate of infections which is highest in type B, with 2,500 cases in 57 days.
Recovery rate was largely due to number of testing and swift isolation and treatment of
patients as indicative in types F and C.
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Figure 4: Graphical representation of COVID-19 cases in 228 Countries.

A Physics Interpretation of Graphical Responses

From Figure 4 (a)-(f), 228 Countries considered, in terms of entropy and infection, outcomes
can be classified under two broad groups:Se< 1, one cell averagely produced less than one
new infected cell, the viruspopulation nosedives and becomes defunct, resulting in an
infection-free system. This is typical of Type C and F Countries as shown on Table 1, the
viral infection has attained an equilibrium Eo. Conversely, when Sp> 1, represents a condition
where one cell averagely gives rise to more than one newlyinfected cell, and the viral
infection can spread quickly until the system converges to attain a positive equilibrium, this is
the case in Country Type A. There is a variant of So> 1, this describes a situation when the
viral infection is rapidly spreading and the equilibrium position is yet to be attained, an
illustration of this is given by Country Types B, D and E. The graphic picture of a Viral
model as shown in Figure 5 [20] corroborates with the different types of COVID-19
presentations in Figure 3. In the model, (T) stands for susceptible target cells, (1) represents
viral producing cells and (V) connotes the virus load. Type A and B graphs coincides with
points K and P respectively on the viral model whereas Types C, D, E and F are linear
representations of Graphs A and B. Graph B is an illustration of a P-V diagram.

P
= Q (1 - e)k
D s rype

o Type B
75‘ w/ (L + = F
TN _praren — J-os
g b ©5 F

—’ V
Figure 5: Comparison of Viral model and thermodynamic cyclic process [11]
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The P-V interrelationship link the viral pattern of behaviour to a thermodynamic theory, Table
2 is used to present these associations. The work done (W) by the virus is described by its
replication in Equation 8 and 14. Rate of infection (I) is explained by the change in energy or
entropy given by Equations 9 and 15. The effect of this multiplicity factor is as denoted by a
change in volume, dv which gives rise to change in the internal energy of the host, termed
COVID-19 as shown in Equations 10, 16 and 17. A specific application of thermodynamic
application to anti-viral therapy is akin to an ideal situation, i.e. before the viral insurgence
given as Equations 10-13 and 18-20.

Table 2: A representation of Mathematical Vs Thermodynamic model

Mathematical Model Thermodynamical Model

= A—dT - KVT 8 W = pdv 14

i dQ = SdT 15

a =~ KVT -3l o U = dQ — dW 16
dU = SdT —pdV 17

L pI—cv 10 Ideal-Gas Condition:

dt as

Anti-viral therapy: =0 18

% =A1—dT — (1 - g)KVT 11 Z_:> 0; Popnet, = ‘;_Z> 019

dI dap dT

= (1 —&,)KVT — 61 12 e 0; anst.:5> 0 20

Z=(-g)PI-cV 13

Exploring the effect of pressure by COVID-19 in a patient is indicated in Equation 20, this
suggests that blood pressure of patients would be above the normal range. At the various
hospitals and isolation centers, Figure 6 portends a green baseline colour predictive of the
expected outcome after isolation and treatment. A restoration to point zero, normalization
factor where the effects of the pandemic have become insignificant.

20 3 104 COVID-19 control chart

—e— Data

e O Violation
Center
LCL/UCL

No.of Cases

A N T A S Y
Country in the World

Figure 6: Software analysis of control charts of fifty countries with COVID-19 cases

Use of ultrasound as a therapy against COVID-19 viral; attack is a prognosis for future
treatment from Equation 20. Acoustic waves are directed to the viral high energy pain ridden
respiratory tracts, where the energy stimulates repairs and regeneration of damages. This
would be particularly useful in patients with underlying health conditions as described in
Equation 13. The characteristic pressure jump, irregularity and high amplitude is a diagnostic
prescription which targeted at any viral target, should cause annihilation [12-17]. This is akin
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to a projectile’s motion, causing energy by compressing air molecules as it transmits from its
source to the viral targets.

Conclusion and Recommendations
The following solutions are prescribed for subsequent viral attacks from a Physics perspective
1. Restore system to zero by vaccination: We propose a spatial normalization factor |
+S=1, where | represents the infection, S denotes (1 —¢,). An organic
penicillin,containing spray-like virus inoculum deposited along the human respiratory
tract capable of engulfing the virus is a proposition. This would weaken the virus and
be a function that depends on time and depth, V(x,t) [18-19].
2. Heat shock treatments: Locating the viral infection and encircling the area with heat

higher than the viral optimal temperature, %> 0, of the viral system will kill the

viruses directly. However, the outcome of these interactions may be difficult to predict
due to susceptibility and sensitivity effect of virus temperature on the host and
pathogen species [20-21]. Our results show that changes in temperature may change
the likelihood of pathogens successfully infecting certain species, which does not
eliminate the possibility of resistant species being the most susceptible to a novel
pathogen.

3. Sonic therapy: Another recommendation in the form of the use of pulsed ultrasound
waves, to treat viral infected area successfully navigates barriers, and is vouched

toxin-proof in nature. The ultrasound with acceleration (a>ay. %), bursts through the
viral shell of SARS-CoV-2. It creates A Py,and outruns the virus, the sonic waves
spread out and results in a sonic boom causing the virus to explode [22] as represented

in Equation 13.
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