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Abstract

This article presents a transmission dynamics model and management of avian influenza. In order to analyze the
effectiveness of this viral disease, that do occur from animal to human, vaccine, treatment and quarantine were
used as intervention strategies. The qualitative properties of the model were examined with appropriate
technigues using the Jacobian determinant, and the effective and basic reproductive ratios were computed using
the next generation matrix. The bird population was classified into four groups, whereas there were seven
divisions for people. To comprehend pandemic phenomena and how to regulate them, the dynamics of the model
were examined. When effectively R2" < 1, the local stability analysis findings revealed that the DFE is locally
asymptotically stable. The model, when simulated on different sets of parameter values, demonstrates that using
the three controls together reduces the infection better than using either one or a pair of the controls.
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1. Introduction

A highly infectious viral infection that mostly affects the respiratory system is avian influenza, generally
known as the flu. Thousands of people perish worldwide because of this seasonal sickness, which has annual
outbreaks. There are four different varieties of avian influenza viruses: P, Q, R, and S. P and Q are the ones
that cause the seasonal flu epidemics in humans; R is extremely uncommon, and produces a mild respiratory
disease, and is not known to generate epidemics; and S mostly affects cattle. As a result of its extreme
severity, avian influenza infection has a mortality rate of around 60%, caused a great deal of hospitalizations,
fatalities, and economic damage. Depending on the kind, the flu in birds might start showing signs and
symptoms anywhere between two and seven days after infection.

In humans, influenza virus can cause mild to severe diseases and, in some cases, can result to death, according
to 2012 report from the CDCP. All or part of the following symptoms are frequently experienced by those who
have the flu, body pains, headaches, exhaustion (tiredness), and shortness of breath. The isolation and quarantine
of infected individuals, as well as pharmacological treatments such as the injection of antivirals and vaccinations,
can be used to prevent or suppress infection [1, 2]. Avoiding the causes of flu exposure is the greatest form of
defense. Treatments may change depending on the type of avian flu present and the symptoms it produces. Avian
influenza is a contagious illness that has caused severe problems for both bird and human life all over the world.
Through the use of a mathematical model, [1, 2] investigate the dynamics of influenza transmission on the
impacts of receiving vaccination effectively.

A key element in shaping the dynamics of influenza transmission is the recruitment of affected people. Their
study revealed the situation in which the population does not accept additional infected people and the case in
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which the population does accept the inflow of infective individuals. The model takes into account immunizations
that have been proven to be effective in preventing influenza from spreading across the population.

[1,2,5,13] considered Susceptible - Vaccinated - Infected - Treatment - Recovered (S—V —1 —T —R) model.
Using six classes for the human population and three classes for the bird population, [8] developed a model of avian
influenza on both people and birds. The R, and R;, reproduction ratios and control measures for both humans and birds
were calculated. In particular, the more the infectious population is confined, the better the recovery, according
to their study's findings, which also noted that the impacts of vaccination and quarantine played critical roles in
the disease's early recovery. The history, transmission, and methods for controlling the avian influenza epidemic
must thus be further researched. In order to have a more reliable categorization, a larger range of classes is taken
into account for avian influenza infection in this research. Additionally, by expanding the class of the current S
I R in an open population to S, =V, — E , — I, and S, =V, — E;, — I, — Q — T — R, analytical and numerical
techniques are used to address transmission dynamics and control of the flu transferred from bird populations to
human populations with a deterministic model.

2. Mathematical Formulation of the Model

The dynamics and transmission of the avian influenza infection from birds to the human population are
described in this section using a mathematical model. Incorporating the epidemiological characteristics that
take into account both birds and humans, ie., (S, — Vy, — E,— I,)and (S, — V), — Ep, — [, — Q —
T — R).
The core S, I, and R model from Kermack (1927) is maintained, but the open population is
taken into account by introducing recruitment into both human and avian species with extra
classes like immunized, exposed, guarantined, and treated subclasses. Then, the model
includes three controls (vaccination, isolation, and therapy). N,(t)= S, =V, — E, — I, —
Q—T —Rand Ny(t) = S, — V,, — E, — I, are used to signify the populations of both humans and
birds at any given period (t). Keeping in mind that when a person comes into touch with an infected bird or
consumes undercooked bird, the virus starts to grow within the cells of the affected area of the bird.

Figure 1 depicts the suggested avian influenza model's schematic flow diagram while taking the
aforementioned factors into account.
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Figure 1: Flowchart of Avian Influenza transmission model with intervention

The shattered line between the infected bird class, I, and the susceptible human population, S, shows that
the avian viral infection was transferred from the sick bird population to susceptible people. T’he dynamics
of an avian influenza infection with a variety of treatments, under the assumptions and descriptions shown
in the flowchart in Figure 1 and is the new deterministic model:

157



Akingbade and Bamigbola ILORIN JOURNAL OF SCIENCE

ds
al_th= Ap — BSply — BuSuly — (Wp + p + € + u)Sy + aR + YV,

av
d—th =pSp— (Wh + )V,
dE
d_th = BSply + BrSpln — (Wp + 0n)Ep,
dl
L= opEp —(k+u; + i+ 0+ up+ o)y

dt
L= (k+u)ly — 6+ m + DO,

d
—T— nh+ 6Q — (wy + vz + us)T, ! (2.1)

dR _
= (Y2 + )T + Vil p+ (¢ + uy)Sh — (up + )R

ds
—5= N = BoSols — (Mo + Pp)Sp + Y1V,

av
d_tb = ppSp— (WYp + W)V,

dE
—b— BuSply — (0 + Wp)Ep,

dI

d—tb: opEp — (Up + Pp)p. )

3. Qualitative Analysis of the Model
The autonomous model approach is given below:
3.1 Dynamics of populations N(t)

In order to define the human population (Ny),

Nh(t) = Sh - Vh - Eh - Ih - Q —T- R, (31)
Additionally, the definition of the bird population N, (t) is
Ny(@) = Sp = Vpy —Ep— 1 (3:2)

where the letters S,, V,,, Eyand I, stand for susceptible, immunized, exposed and infected birds,
respectively.

Derivatives of (3.1) and (3.2) result in
% __ asp avy dEp dlp

dt—?+—+—+—+—+—+ (3.3)
and
aNp _ 4Sp , Vp 4 dEp , dlp
- ata T et (3.4)
Substituting (2.1) into (3.3) after simplification, we have
d
= Ay —ma(Sp = Vo — En — In = Q = T= R)— ¢ulp — $Q (3.5)
and on substituting (2.1) into (3.4), yields
dN
dtb Ap —p(Sp — Vp — Ep — Ipy) — ¢plp. (3.6)
Finally, (3.5) and (3.6) can be expressed respectively in the form of population dynamics:
dN
dth Ap — pupNp — dnlp — ¢0, (3.7)
and
dN
—== N — Ny — Pyl (3.8)

The Model's Solutions' Boundedness and Positivity
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To generate the standard for the positivity of solutions and the well-posedness of the system, the fundamental
characteristics of the model system (2.1) are used in this section.

3.1.1 Boundedness of the model

The model's viability, which represents the area where the model's solution (2.1) is examined due to its
biological significance.

Theorem 3.1 Let the solution Q of the model (2.1) with starting conditions in R}! (set of vectors with eleven non-
negative components), for which (3.7) and (3.8) hold, approach and remain in the solution’s domain as t — oco. A
positively invariant set provided is thus the model's workable solution.

Q =Q,xXQ) = {(Sh'Vh'Eh;Ih:Q:T;R:Sb;Vb:Eb,Ib) € RI: Ny(p) < %,Nb(t) < %}
h b
Proof.

In the absence of the disease (i.e., ¢, = ¢ = 0), (3.7) reduces to

d;\ih Ah — HpNp. (3.9
Applying Lemma 2 in Birkhoff and Rota (1989; pg. 27) on (3.9), leads to

d

(Zh Ap = upNp () = dplp — ¢Q < Ap — upNu(t) (3.10)
Thus,

U< A — maNa (D), (3.11)
Solving inequality (3.11) by integrating factor (IF) approach, yields

Ny (£) < Ny(0)e et + %(1 — e Hnb), (3.12)

h

As t approaches infinity, approach /:—:
A
Np(t) < u—: . (3.13)

Thismeansthat 0 < N, < % which denotes that the model (2.1) trajectories are limited.
h

As a result, the region receives all practical solutions for the human population of the model system (2.1).
A

‘Qh = {(Sh,Vh 'Eh !Ih ,Q ,T,R) € ERZ_ : Nh(t) < u—h}

h

Similarly, the case of the bird population in (2.1) is boundedas 0 < N, < %
b

Thus, the feasible solutions of the bird population only enters the region
A
Qp = {(S5, Vo By 1) € RE+ Ny(©) < 22},
Hence, the feasible solution set for the system (2.1) is given by
Ay A
{(Sh: Vi, Eh In,Q,T,R,Sy,Vp,Ep, 1)) € R+ Np(t) < H_ Nb(t) ub}-
h b

th dNb

< 0. The host

population is asymptotically stable Thus, ER“ in the region Q for t > 0, and its posmvely mvarlant. Hence,
the system of equation (2.1) is epidemiologically meaningful and mathematically well-posed in the domain, Q.

Furthermore, whenever N, > =2, then by (3.9), < 0. Similarly, whenever N, > — , then —=

3.1.2 Positivity of solutions

Definition 3.1: If all of the state variables in the model assume non-negative values, the solution to

model (2.1) is said to be positive. The model in (2.1) must be shown to have non-negative state

variables for all time t in order for it to have epidemiological significance. It must be demonstrated

that model (2.1) solutions with positive beginning data continue to be positive for all times t > 0. The

outcome is displayed below.
Theorem 3.2 : Let the initial value of the system in (2.1) be

{(Sr(0),V4(0), En(0),1,(0) ,Q(0) , T(0), R(0), S (0), V3 (0), E (0), 1,(0))} € Q.
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Then, the solution set {S;, (t), Vi, (t) , Ex(t) , In(t) ,Q(t) , T(t), R(t), S, (1), Vy (), Ep (1), I, ()} of (2.1) is positive for
allt > 0.

Proof. The first equation in (2.1), that is,

ds,
E: Ah — BShlb - ﬁhShlh - (IJ-h + P + & + ul)sh + aR + l/)th-
for p € [0,1] and B}, < A
Shln

Thus,
1
fS—dSh > —(up + p + € + uy)dt,
h

Sp(t) = Ae~(ntp+e+uldt where A is a constant
Setting t = 0 and applying the initial conditions, yield
Sp(t) = Sp(0)e~Wntp+etudt >0 since (uy, + p + € + uy) > 0. (3.14)
Hence, S, is always positive fort > 0.
Other state variables in (2.1) are obtained as above
This shows that all the state variables are positive for all t > 0. Hence, the proof of Theorem 3.2 is completed.

3.3. Disease-free equilibrium state

When no one is infected or the illness has been completely eradicated, the situation is known as the
disease-free stability. After solving system (2.1) simultaneously, we obtained

Ef o (SH Vi Ef I, QY T, RY, SEVF EF IF) =
(Yh + up)(up+ @)Ap Ap(Upt @)
prl(un+ a+ e+ u) (up+ Yr)+p(u+ @)l upl(up+ a+ e+ u) (up+ Yp)+p(u+ @)l
Ap(e+u) @n+ 1) An(Pp+ up) Appp
" unl(unt at e+ u) (p+ Yp)+p(u+ @)1’ upWp+ o+ pp) " upWp+ up+ pp)” '

) OFOFOF
(3.15)

)

3.4. Basic Reproductive Number

This study employs the next generation approach, and the (R,) which is basic reproductive number, that is, the
average number of secondary infections lifespan. The differential equations related to the compartments
Ey,1,,Q,T, E, and I, given below are used to derive the effective reproduction number R.>". Figure 1 shows
the rate of new infection function (F;), and the transfer rate (V;). The system (2.1) starting with the infected
compartments E, ,I,,,Q,T, E, and I, then the uninfected classes Sy, ,V, , R, S, and V,. The next generation
matrix method is employed to determine the rate of emergence of a new infection in compartments Ej, and
Ep.

BSuly + BrSnln 0 BrSL00 0 BS,
0 0 0000 0
Fi 0 ’ F=10 0 o000 o (3.16)
BoSpl 0 0 000 B,S,
0 0O 0 000 O
(Mp + on)Ep
—opEp+ (K +uy + i+ 1+ W+ oply
v, = —(k +u)lp+ (6 + wp + P)Q
—nlp— 8@+ (up + v2 + ug)T ’
\ (0 + Wp)Ep /
—opEp + (Up + Pl
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(l/lh + O'h) 0 0 0 0 0
-0, E+u+vyi+n+p+ on) 0 0 0 0
V= 0 —(k +uy) (6 + wp + ¢) 0 0 0
0 | -6 (up + v2 + us) 0 0
\ 0 0 0 0 (o + Mp) 0 /
0 0 0 0 -0, (W + dp)

Solving FV ~1, the effective reproductive number for bird and human population are obtained as

b BbApop Wb+ Kp) and R? BrAnon(h + pp)(up+ @)

¢ = up(WPp+ up+ pp)(Up+ dp)(0p+ Up) - Url(upt+ a+ e+ u)(up+ Yp)+p(u+ ) ]up(Un+ op) (k+ uz+ y1+ n+ ppt+ dp)

Hence, the interface of effective reproductive number for both bird and human population is obtained as
R2"™ = RY.RE,

Rbh BoApop Brdnon(Wp+ up)Wh + pp) (up+ a) (3.17)
¢ up(WYp+ up+ pp)(Up+ ¢p)(op+ up)D '

where,

and

D= pup[(up + a+ e+ u)up + Yp) + pu+ )lpup(up + o)k + uy + y1 + n+ pup + ¢p).

From (3.17), the basic reproduction number when there is no control, implies that ¢ = 0, is obtained
below

bh __ BpAp0pBrAroh(Wp+ tp) WWh + up) (up+ @) (3.18)
0 ub(Wpt+ up+ pp)(ppt dp)(op+ up)unl(pnt at &) (upt Yr)+o(u+ A)lpp(unt op)(k+ y1+ 0+ up+ dp) '

Remarks 3.3.1: Epidemiologically,

(i) if Ry < 1, the disease's prevalence will decline and ultimately vanish;
(ii) if Ry = 1, there will always be cases of the sickness;

(iii) if Ry > 1, the sickness will continue to spread frequently.
3.4.2 Endemic-equilibrium state
When a disease cannot be completely eliminated but still exists in the population, it is said to be in an
endemic equilibrium. Then, none of the state variables in (2.1) may disappear, i.e.
Epn = (Sp Vi, En 14, Q% T* R, S, Vi, Ep, 1)y, # (0,0,0,0,0,0,0,0,0,0,0).
The solution to (2.1) at EE is obtained in terms of reproductive ratio.

. «_ S . _ Sh Ap(Yp+ ) BbAbos(Wh+ tp)
With, S; = 22andS; = =& where, S§ = —2+bTFb) - pb — bobZb YbT b St =
' b~ RE h = R ' b ¢ 1y (Wp+ tp+ pp) i+ Pp)(@p+ 1p)’ N

up(Yp+ tp+ ppy
(Wh + pp) (uat @)Ap and RM = BnAron(Ph + pp) (Hp+ a)
Hal(unt at e+ w)(pp+ ) +p(u+ O ¢ pnl(pn+ at e+ u)(pp+ Yr)+p(ut+ lup(up+ op) (k+ uz+ v1+ 0+ up+ dp)
After solving the system (3.34) simultaneously, the result obtained is given as:
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SF = Ap(rt tp) (it @)
R unl(un+atet ug) (un+ )+ ppun+ )IRE’
V}: — Ahp(ﬂh+ C()

unl(up+at+e+ uy) (up+ Pp)+ pp(up+ )RE’
EY — BARuy(Prt un)(un+ @) Wp+ up+ pp)[RIZ—-1][A+ BropAp(Pr+ up)(up+ @)
r =
Bo(Wp+ up)(un+ on)BA
« _ OnBApup(Wn+ up)(up+ @) Wp+ up+ pp)[RI2-1]
R Byt up)[ARE = Anon B (Wt 1) (un+ @)
T — onBARML (Pr+ ) (unt @) (Pp+ pp+ pp)[[RIZ—1][N(8+ pup+ §)+8(k+ uy)]
By (n + v2+ uz)(8+ pup+ §) WP+ up)[ARE - Apon Br(Wn+ n) (up+ a)]
) 0* = onBARup (k+ up) (Pp+ up)(un+ @) Wp+ up+ pp)[R]2-1] (3.19)
By (8+ pn+ §) Wp+ up)[ARE— ApopBr(Pn+ up)(up+ @)’
R* = B(ya+ u3)op BARty WPn+ up) Wp+ tp+ pp)[RIZ—1]C+ (up + v2+ u3)(6+ up+ ¢) A[B+ Wp+ pp)]
Bo(un + v2+ u3z)(8+ pp+ @) Wp+ up) AAp(e+u)) WYp+ up) ’

x _ Ap(Yp+ up)
Sp= —— ————,
ub(Yp+ up+ PpIRC
. _ Pplp
Vp = —————,
ur(p+ up+ PpIRC

Er = Folnt Op)Wpt ppt pu)[RE-1]
b Brop(Wp+ 1p)
[ = Moot it pp)[RE-1]
b BpWp+ p) ’

Where, A = [pup(up + op)(k+ uz + v+ 0+ up + d)[un + a+ & + u))(up + Yp) +
p(un + @)IRE — Aponfn(Wn + pn)(un + @)1,

B = ppl(un+ a+ € + u)un + Yp) + plup + OIRE, C =6+ pp+ @) + 5k + uy)l.

Thus, if R2 > 1and R? > 1,thenI; > 0and I; > 0, then the model (2.1) has a unique endemic-equilibrium
point given by E* = (S, Vy, E; I, Q" , T*,R*,S;,,Vy,Ep, I;), where in the presence of infection (I, # 0).
Therefore, to ensure the existence of a positive endemic-equilibrium, it suffice that Rf'h > 1.
Since Sy, Vi, Ex, I, Q% T* R*, S;, Vi, Ex, I, > 0 (when R2" > 1), the endemic-equilibrium E* is positive and
Iy, > 0. This complete the proof of equation (2.1).

)

3.5 Local Stability of DFE State

The behaviour of the model population close to the equilibrium point is examined to ascertain whether or not the
conditions necessary for the disease-free equilibrium state to be stable and, the disease to be completely eradicated
from the entire population.

To determine the stability or otherwise of the system (2.1) at the disease-free equilibrium point E*, the behaviour of the
model population near the equilibrium point is examined to determine the satisfaction of the conditions that must be met
for the disease-free equilibrium state to be stable and at the same time for the disease to be totally eradicated from the
population.

Theorem 3.3 : The disease-free equilibrium point E* is locally asymptotically stable if R2>" < 1 for tr(Jg+) < 0 and
det(Jg+) > 0, and unstable if R2" > 1 for tr(Jg+) = 0 and det(J+) < 0.

Proof. Following equation (2.1) and assessing the model at the DFE point E*. At the disease-free equilibrium
point E*, the Jacobian matrix
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A, Y, O —L o0 O «a 0 O 0 -pP
p —-A, 0 0 o0 O 0 o 0 0 O
o o —As L 0 0 0O o0 O 0 P
0 0 on —A, O 0 0 0 O 0 O
0 0 0 As —As O 0 0 0 0 O
Je¢=| 0 o o n 6 -A, 0 o0 0 0 0 [ (3.20)
As 0 0 y; 0 Ay A 0 O 0 O
o o0 0 o0 0 o 0 -B, ¥ 0 —-M
o o0 0 O0 0 o 0O p, -B, 0 0
0 0 o o0 0 0 0 o o B3 M
0 0 o o0 0 0 0 0 o0 o0, —Bs

where, A; = (up+ p + e+ w), Ay = Wn+ up) Az = (un+ o)  As= (k+ U+ y1+ n+ pup +
dn), As= (k+ up)  Ag= (6+tun+ d), A= (up+ v2+ uz) ,Ag= (e+ uy), Ag= (y2 + usz) ,
C
Ajo= (up+ @), By = (up+ pp) \Bo= (W¥p+ 1p), B3 = (0p+ tp) . Bs = (up + ¢p), L= C—;,P =
d
M= 27 C = Bufn@h + m)(n + @), G = pnl(un + @+ e+ u)(un + ) +plu+ )], C3 =
BAL(Wh + W) (up + @), dy = BpAp(Wp + Up), dy = tp(p + Uy + Ppy-

Matrix Jg+ in (3.20) is stable if tr(Jg+) < 0 and det(Jg+) = 0. The trace of matrix Jg+ is
obtained as:

C3
c,’

tT'UE+): —(A1+A2 +A3+A4+A6+A7+A10+B1+B2+B3+B4)

~tr(Jpv) <0
Also, the determinant of matrix Jy+ is generated as

detJg+ = AgA7A3A4B2B, (B2B1 — ppp) (A10p Yn + AzAga — A10A2A1) (1 + RP(1 —RD)
Thus, det]g+ > 0 provided B,B; > ppp, A104241 < (A1op ¥n + ArAga), and RPN < 1.

Consequently, the outcome implies that the sickness will eventually disappear biologically.

4. Numerical Simulation and Analysis

Maple, Matlab, and Julia software of a fourth-order Runge — Kutta scheme were employed for the analysis of the
results. The objective of the work is to numerically validate the analytical findings previously made for the model
(2.2).

The validation were carried out in Table 1. The value of R?" is calculated using the values of the
vaccination control (u,), quarantine control (u,), and treatment control (u3). The simulation graphs, which

are shown for different values of the three critical parameters u,, u,, and us, are shown in Figures 2 to 6.

Table 1: Parameter values of new avian influenza model

Symbol Description Estimated Value
An Rate of recruiting individuals 1000
Ap Rate of bird recruitment 30
Bn Efficacy of human-to-human interaction 0.1025
Bp Effective contact rate between birds 0.012
S Effective human-bird contact rate 0.2

€ gain in immunity 0.7
op Rate of transformation from exposed human compartment 0.05
Op Rate of transition from the exposed bird compartment 0.85
Y1 Natural recovery rate of infected people 0.3
Y2 Human recovery rate as a result of therapy 0.7
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dn Avian influenza mortality rate in humans 0.05
bp A bird's chance of dying from avian influenza 05
) Death rate as a result of quarantining sick people 0.01
U Humans from each class's rate of mortality due to natural causes 0.1
Uy Ratio of birds from each class that die naturally 0.033
a Loss of immunity frequency 0.08333
p Percentage of vulnerable people who must get immunized 0.8
o) Proportion of birds to be vaccinated 0.95
Yn Rate of decline of human vaccine-based immunity 0.002
Yy Progression rate from the infectious class to the quarantine 0.003
k Vaccination effectiveness rate 0.6
U, Vaccination effectiveness rate [0 - 1.0]
U, Quarantine effectiveness [0 - 1.0]

Figure 2: Graph of the state variables with time using controls u; = 0.0, u; = 0.0 and uz = 0.0; Ro = 2.4507 >
1. Figure 2 shows that if none of the controls is applied against the spread of avian influenza, the
disease will persists.

(a) (b)
(c)
Figure 3: Graph of state variables with time using controls: (a) us = 0.75,u, = 0.0 and uz =
0.0; Rp = 1.3852 > 1, (b) u; = 0.0,u> = 0.75 and us = 0.0;Rp = 1.3058 > 1 and (c) u1 =
0.0,u2 = 0.0 anduz = 0.75; Ro=1.7699 > 1.
Figure 3 (a), (b) and (c) show that if the rate of applying only one of the controls is at 75%,
the disease will still continue to spread.

(a ) oo — oo —

(b) - = @ =/

Figure 4: Plot showing variation in the state variables with time using controls: (a) u; =
0.75,u,= 1.0 and us = 1.0;Rp = 0.9398 < 1, (b) u1 = 1.0,uz = 0.75 and uz = 1.0;Ro = 0.9529
< land (c) ug = 1.0,u; =10andus=1.0; Ro=0.8763<1

Figure 4 (a), (b) and (c) show that the disease will be eradicated totally from the population if
one of the three controls is applied for a minimum of 75% rate and the

remaining at 100%.

5. conclusion
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In the present study, a deterministic human-bird avian influenza model in an open population
is developed and evaluated to understand the dynamics of the disease's transmission from birds
to people while taking infection controls like vaccination, isolation, and treatment into account.
The model took into account by adding new members to the vulnerable class through birth and
immigration, and those newcomers who are exposed to the disease can be added to the exposed
class. In order to evaluate the possible effects of these techniques on the dynamics of the
disease's transmission, the preventative strategies (such as immunization, quarantine, and
therapy) are incorporated in the model.

It was determined that if all the controls are put in place, the infection will decline and the
disease will disappear. To help with comprehension of the scenarios, the numerical outcomes
are graphically depicted. According to the findings, combining vaccination and quarantine
measures is the most efficient way to cut down on disease-related issues. Therefore, a lot of focus
needs to be placed on the previously outlined ways to totally eradicate illness, and then therapy should
come next to take care of the affected individuals.
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