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In this paper, a mathematical model depicting the transmission dynamics of Chickenpox is developed by
incorporating a new parameter denoting the rate of precautionary measures. The influence and the importance
of following precautionary measures are showed by applying the real data collected at Phuket province,
Thailand. The model analysis such as positivity and boundedness of the solutions are provided. The rate of
precaution for the spread the of chickenpox was a factor that influenced the basic reproductive number, which
was calculated using the next-generation matrix approach. The model’s equilibrium points are identified, and
the condition for the disease-free equilibrium’s local and global asymptotic stability is established. The model
also shows forward bifurcation. Numerical simulation is carried out to show the importance of considering the
precautionary measures while controlling the disease spread and the influence of those introduced parameters
are depicted graphically. Though our results, we concluded that the rate of precautionary measures plays an
vital role at the same time it reduces the chance of getting infected by Chickenpox virus.

1. Introduction model data shows its effectiveness and understanding of the epidemic’s

evolution and disease control measures. As a result, the findings of this

Mathematics plays an important role in human life, it can be ap-
plied in many fields [1-8]. In particular, medical professionals can
apply mathematics to simulate disease incidence and treatment and
as a tool to help understand many aspects of health, such as the
environment that causes various diseases and disease prevention. The
significance and advantages of using mathematical models to simulate
at-risk populations, infections, vectors, and infected individuals in or-
der to address the ongoing crises of numerous diseases [9-14]. The
dynamical behaviour of infectious diseases has been widely described
using mathematical models. One of epidemiology’s main concerns is
the study of epidemic models with vaccination and treatment [15-17].
Studying the mathematical models of epidemics makes it possible to
know the epidemic and the results obtained from the model. Identifying
characteristics that can limit the spread of the disease can support re-
searchers. Including having a correct understanding of the transmission
of the disease. The study also identifies the strengths of a mathematical
model capable of modifying epidemic characteristics. Analyzing the
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study are very helpful in lowering the risk of infection, preventing the
spread of infection, and controlling epidemics.

An air-borne disease named Chickenpox caused by Varicella Zoster
Virus (VZV) recorded almost every countries [18]. Chickenpox is char-
acterized by a flat red rash, blisters, bumps spreading on the face,
body and back, and fever. Varicella virus, or Human herpes virus type
3, is the same virus that causes shingles. By direct contact with the
blister or by touching objects such as water glasses, handkerchiefs,
towels, blankets, mattresses, etc., that have been contaminated by the
blister of a person with chickenpox or shingles inhaled by the blister
droplets through the mucous membrane. The incubation period 10-20
days in cases of shingles can be transmitted in the form of chickenpox,
especially by nursing mothers. When considering by age group, it was
found that the 5-9-year-old group had the highest morbidity rate of 579
per 100,000 population, followed by the 0-4 age group, 10-14 years
old and the group over 15 years old. Early chickenpox symptoms start
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with a low-grade fever in young children, but adults tend to have a
high fever and blisters appear within 1-2 days. It starts from the body
and face and then spreads to the arms and legs [19,20].

In history, there exist numerous number of research articles that
studies the spread dynamics of Chickenpox by the aid the mathematical
models. For instance, the authors of [21-23] were studied the effects
of implementing vaccination strategies against VZV by developing SIR,
SVEIR models. In [24], SVEITR models of Chickenpox is analyzed in the
presence of control measures such as vaccinations, medical assistance
for infected individuals. The authors of [25], thought about how the
conventional SEIR model was used to quantitatively describe the im-
portance of immunization of newborn infants against the chickenpox
and treatment of both latently and actively infected individuals in
preventing the spread of the disease. Anyways the vaccine protects up
to 70 to 90 percent of people from severe illness [18]. In [26], the
characteristics of a basic discrete-time stochastic model is examined.
According to [17], suitable compartmentalized mathematical is pro-
posed and analyzed the model analytically as well as numerically for
its stability results. In [27], a mathematical model in both deterministic
and stochastic models were examined via the Euler Maruyama method.
Also, the author proved that the susceptible population increase in size
when the vaccine wanes. In recent years fractional order models of
VZV spread is also attracts the researchers. In [28], the author studied
the detailed analysis of fractional order MSEIR model in the sense of
Atangana-Baleanu (Caputo).

Various field studies of chickenpox recorded in [29-32]. Chickenpox
in Phuket is a highly contagious disease. Especially in school nurseries
or according to the general residential community, It is a disease that
can be found all year round. Still, it tends to spread during the winter at
the end of the year and at the beginning of every year [33]. Information
on surveillance of chickenpox at level Thailand found that in 2016 there
was a morbidity rate of 71.52 cases per 100,000 population. In 2017,
there was a morbidity rate of 91.28 cases per 100,000 population.
Found in the school-age group the most. Surveillance of the disease
in Phuket found that in 2016 there was a sickness rate of 90.70 cases
per 100,000 population, and in 2017 there was a sickness rate of
115.63 cases per 100,000 population. It is most common in the school-
age group. This information reflects that chickenpox is a problem.
Important public health in Phuket For this reason, the study authors
saw the benefit of evaluating the chickenpox surveillance system in
hospitals, schools, and other places in Phuket would allow them to
know. Surveillance system performance can improve and plan for the
protection and better control of the disease.

By studying a mathematical model, the chickenpox epidemic is
known to spread. Moreover, complications are caused by chickenpox.
This complication is often found in newborns, adults, or people with
impaired immune systems. Bacterial skin infections, bloodstream infec-
tions, thrombocytopenia, pneumonia, encephalitis, and other serious
consequences are the most usual and severe. The model helps the
researcher to understand the factors that can control the spread of the
disease. as well as having an accurate understanding of the transmission
of chickenpox in Phuket. The advantage of the mathematical model
is that it can modify the characteristics of the epidemic. In the data
analysis process, the researcher focused on the study of patients with
complications from chickenpox.

Furthermore, patients without complications will help researchers
understand outbreaks’ evolution and disease control measures. There-
fore, the results of this study are highly beneficial in reducing the risk
of chickenpox infection. Moreover, chickenpox control with the preced-
ing, the researcher realized and saw the benefits, so they researched a
mathematical model to control the chickenpox epidemic in Phuket.

The following is the paper’s main contribution:

o The Mathematical model was used to investigate Chickenpox
outbreaks in order to assist researchers better understand the
mechanisms that control the disease’s progress.
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Demonstrate the disease transmission dynamics of infected per-
sons with and without complications.

The local and global asymptotic stability of equilibrium points
were examined through Routh Hurwitz’s and Castillo-Chavez’s
theorems. While studying the influence of the transmission rate
Ay, we ended up with forward bifurcation.

With varied levels of precautionary measures, this study would
be extremely advantageous in lowering the risk of infection and
reducing the basic reproductive number.

2. Model formulation

The study of a mathematical model demonstrates the role and utility
of a mathematical model in solving the ongoing chickenpox crisis in
Phuket. It simulates populations at risk of infection-pathogens, vectors,
and those infected-by converting the data into mathematical equations
to describe the nature of the outbreak and progression of chickenpox
without the researcher needing to study directly with humans, which
may endanger the lives of the researcher and the patient. It also helps
to reduce the budget for supplementing measures for treatment and
prevention of chickenpox in Phuket according to actual needs as quick.
When numerous interacting factors are present, an infectious disease
can spread in a complex manner. A mathematical model is one of the
methods used to investigate and anticipate the spread and severity
of a disease. This study developed a biological compartmental model
that separates the human population in a Phuket city C into six com-
partments in order to better understand the dynamics of chickenpox.
Susceptible (Cy), Vaccinated (Cy ), Exposed (Cp), Infected individuals
with complications (Cjy,), Infected individuals without complications
(s IW)’ Recovered (Cg) individuals are in a Phuket city C. Let A is the
total recruitment. Here also we consider that susceptible individuals
enter into the infected with or without complication compartment
through exposed class. Susceptible people will have a rate of A, con-
tact with infected individuals and n be the modification parameter
that accounts for reduced transmission in infected individuals without
complications. People move to vaccination class with rate of 4,. A3
be the wanning effect, so that proportion will move to susceptible
class. 0 be the vaccine efficacy, so (1 — 6) proportion with infected
and vaccinated individuals are move to exposed compartment. Disease
progression rate of infectious of exposed individuals is 4,. From there,
9 proportion move to without complicated infected compartment and
remains be in complicated infected compartment. y,; and y, are rate
of recovery of infected with and without complication respectively.
71,72 and y; are natural death rate and death rate of infected with and
without complication respectively. Rate of loss of infection-acquired
(natural) immunity is y;. The interactions and parameter descriptions
are explained in Fig. 1 and summarize in Table 1. The system as follows:

dc
% = A= W Cs(Cry +1Cp) + 4sCy + uCp = (r + 1)Cs + w3 Cr
dc,
_dtV = 1hCg — (1 = 0)4,Cpyy Cy — (1 = O)AnC,7:Cy — (A3 +1)Cy
dc
5 = (=04 Cpy Cy + (1= OANC :Cy + iy Cs(Cry +1C )
- (A4 +7+n)Cg
dc
d’IW =94Cg — (W +y +7)Crw W
dC =
% =1 =-NNCr — (wr +v +1)Cp5
dCp

e viCrw + o Cpyr — (¥ + w3)Cr

where Table 1 contains a description of the parameters utilized in the
aforementioned model. Model (1) presupposes that each of its variables
are positive. Cg(0) = CSO >0, Cy(0) = CVO >0, Cg(0) = CEO >
0. Cpy(0)=Cyy 20, C;77(0) = Cy, 20, Cp(0) = Cp, > 0.
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Fig. 1. Illustration for the dynamics of Chickenpox transmission.

Table 1
Detailed description of parameters of the model (1).

Parameters Description

A Recruitment rate

A Disease transmission rate

n Modification parameter that accounts for reduced
transmission in
infected individuals without complications in C

A3 Waning effect

Ay Vaccination rate

p precaution taking individuals

0 Vaccine efficacy

Ay Disease progression rate of infectious of exposed individuals

9 Proportion of individuals to infected individuals with
complications

v, The rate of recovery for those who have been infected but
have complications

723 the rate of recovery for those who have been infected but do
not have complications

7 Death rate for those who have been infected and have
complications

7 Death rate for those who have been infected and do not
have complications

y Natural death rate of individuals

v Rate of loss of infection-acquired (natural) immunity

2.1. Analysis of the model: Basic qualitative properties

The dynamic system’s solution must be positive and bounded for all
values of time 7 in order for the mathematical model to have biological
validity. The boundedness and positivity of the solution are established
by the ensuing theorem.

Theorem 2.1 (Positivity). Let the initial data Cg, > 0, Cy >0, Cp, >
0, Cr, > 0, Cy, > 0,
Cp, = 0. Then, the solutions (Cs,Cy,Cg,Cyy,, C 37, Cg) of model (1) are

w>
. .06
nonnegative for all t > 0 in RY.

Proof. Since it is assumed that every parameter utilized in the model
is positive, the following lower bound can be determined for each
equation in (1):

dCg
- > —(44(Crw +nC ) + (v + 42)) Cs;,
dCy,
- > —(1 = A Cry + (1 = 0)4nC 37 + (43 + 1)) C
dCg dCry

i > —(Ag +7+ uCg, T > -y +ry+r)Crw
dc>(++)C Cr o _c

dt %) 14 Y2 w: dt YCR

Solving the above inequalities respectively leads to:
Cg > CSOexp<—(/11 /(C,W +Cdt + (v + mr)) >0,

Cy > Cy exp— (A-0)4 / Crydt+(1 - 0)/1111/ Cpdt + (43 +7))
>0,
Cg > CEoexp(—(L; +y+wt) >0, Cry > CIOexp(—(wl +y+yDH) >0,
Car> CAoexp(—(u/2 +y7+7)1)>0, Cg > CROexp(—yt) >0
Thus, for all r > 0 the solutions (Cg,Cy,Cg,Cyy,,C
(1) are nonnegative in RS. [

7 Cr) of model

Theorem 2.2 (Boundedness). The solutions (Cg,Cy,Cg,Cry,,C
of model (1) are bounded.

1w Cr)

Proof. We add each equation in the model (1) to demonstrate bound-

dCy
edness, = A=yCn=71Crw —12C 575 where Cs, Cy, Cp, Cryy, C 57,
dcC
Cr = 0. This implies that d_tN is bounded by A —yC, Using standard
comparison theorem [34], we obtain 0 < Cp (1) < 4(1 —e ) + Cy(0)
Y

Hence, limsup,__,, Cn(?) < A O
14
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The model (1) is feasible in the following region Y’ ={ (Cy,Cy,Cp,

CrwCrrnCr) € REJ0 < Cy(0) < % } Also, it is the model’s (1)

w
positively invariant region. Moreover if Cy (0) > A the solution of (1)

either enters Y in a finite time or Cy (¢) approaches A asymptotically.
14

Consequently, the region Y attracts all solutions to (1) in RS.

According to the above theorem, the region Y contains all of the
model’s (1) feasible solutions. It is sufficient to examine the dynam-
ics the system generates in Y because the model is said to be both
mathematically and biologically well-posed [35].

2.2. Basic characteristics of the model and its local stability

In this section, we will outline the model’s key characteristics before
calculating its mathematical output in terms of stability analysis. We
emphasize the disease free equilibrium (DFE) of model (1) given by
9,, and computed as follows

9, = <C5, Cy. Cp. Crw» Cpypps CR>

_ < A(A3 +7) A
4+ ) + A3) = A3y (r + A3 + Ay) — Asdy
The primary factor in mathematical epidemiology that determines
whether a disease may spread or be controlled is the basic reproduction
number. Consequently, to derive the model’s (1) basic reproduction
number is denoted by R ;. We apply the strategy described in [36]. The
following matrices are available to us based on [36],

,0,0,0, 0)

MA[ +4) + (=04 AnA[y + A3+ (1= 0)Ay)
F = 7+ )7 + 43) — 434, 7 + A + 43) — 434,
0 0 0
0 0 0
(g +ry+mw 0 0
7 = -9 (yi+7r+r) 0
(1 =9 0 W +7r+1)

Finally, the spectral radius of the matrix p(% % ~!) yields the fundamen-
tal reproduction for the model (1) as
B A [(r + A3) + (1 — 0) 1y
t [((y + )+ A3) = )y +r +y))(A +y + M)]
. A = Ay [(r + A3) + (1 — 0)4,] ]
((r + ) + 43) — 3wy +v + 1)y + v + )
=R+ Ry,

where

R, = [ WAy + A3) + (1 = 0) A4y ]
(7 + A + A3) = A3A)(wy +v + 1)Uy +7 + 1)
_ A = Ay [(r + A3) + (1 — 0)4,]
Tl )Y+ A3) = B3y + 7+ )y +7v + u)
Next, we show the result that the model (1) at 9,

Ry

2.3. Local stability DFE

When the basic reproduction number R, < 1, the dynamics of the
model (1) at the disease-free scenario 9, are locally asymptotically
stable. We provide the outcome listed below.

Theorem 2.3.
R, <L

The model (1) at 9, is locally asymptotically stable if

Proof. The Jacobian matrix of the system (1) at the disease-free case
9, is obtained in order to demonstrate this fact, and it is provided by
(see Box I),
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It can be seen that the matrix Jg, has the eigenvalues, —(y +
v3), =¥, —(A, + A3 +7) with negative real parts. It is possible to determine
the remaining four eigenvalues of the Jacobian matrix Jg, using the
following equation:

B+ L2+ L+ L =0

Lr=U +h+13), 2L = (1 =Ry D + (1 =Rl +1,13),
Ly =1 =R L,

Lh=g+r+mw. L =W +r+y).L=Wr+r+7)

Now, 1%, = %3 = (I + L + ) [(1 = Ryl + (1 = R3] + 5 +
L3+ Ryl >0

Since all /; > 0, where i = 1,2,3, from the above we can clearly
observe that &; > 0, where i = 1,2,3, only if R, < 1. Hence by Routh
Hurwitz’s theorem we can says that the 9, is locally asymptotically
stable if R, < 1. [

Remark 2.4. Theorem 2.3 indicates that an epidemic will not occur if
there are only a few infected people in a population so far R, < 1. This is
true from an epidemiological perspective. It should be noted that somehow
this outcome is dependent upon that population’s initial infection rates.
Consequently, a global stability analysis is required in order to rule out this
dependency.

2.4. Global stability of DFE

The following explores the global asymptotic stability of the model
(1) for the disease-free condition 9,. Using Castillo-Chavez’s theo-
rem [37], global stability analysis of DFE was investigated. Then (1),

dX

= =F(X,2)
dt
% =G(X,Z), G(X,0)=0 2)

where X = (Cyg,Cy,Cg) € R* denotes uninfected populations and Z =
(Cg. Crw, Cpy) € N3 represent the infected population. &, = (X*,0)
represents the DFE. If this holds the condition (0,),(0,)

(©)) For = F(X,0), X* is globally asymptotically stable.

©y) Y2 = p,6(x*,0Z - G(X.2), GX.Z) 20 for all (X, Z) € Y

In %{ght of the fact that 9, is globally asymptotically stable, we
draw the following conclusion, which is supported by Castillo-Chavez’s
theorem [37].

Theorem 2.5. The equilibrium point 9, = (X°,0) of the system (1) is
globally asymptotically stable if R, < 1 and (©,), (0,) are satisfied.

Proof. By defining additional variables and segmenting the system
into smaller systems, we begin the proof. X = (C4,Cy,Cg) and Z =
(Cg, Crw, Cp37). We have two vector valued functions G(X, Z) and
F(X, Z) provided by from (1),

A= 4 Cs(Cry +nC37) + 13Cy + uCp — (v + 4,)Cq + w3 C

F(X,Z)=]| 4Cs—(U-0)4CpyCy —(1 —=A4nC 37 Cy — (43 +1)Cy
viCrw + v Crip — ¥Cr —w3Cp

and

G(X,Z) =

(1-=0)4CyCy +(1 = NAnC7Cp + 41 Cs(Cryy +1nC ) — (g +7 + WCg
ICr = +y +7)Cry
(1 =DYCE — W +y +7)C

Now, let us look at the simplified system % = F(X,0) from (6,)

dCg
T =A+ A:;CV - (}’ + AZ)CS

dcy,
—- = 4Cs = Uy +1)Cy
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—(r+4p) A3 H —4,Cs, —AnCs, V3
A —(43+7) 0 -(1-6)4,Cy, —(1=0)AnCy, 0
A 0 ~Gy+r+m (1=04Cy +4Cs (1 =0)4nCy, + 4nCs, 0
! 0 0 9y - +r+7) 0 0
0 0 1 =92 0 -y +7+1) 0
0 0 0 1%} 7] —(r +v3)
Box I.
D,G(X*,0) =
IhA A A A
—(A+y+u) (A-0)A + A (1 -0)An + Ain
¢ "+ A T+ A o+ +i) T+ A
Iy =y +ry+r) 0
(1 =944 0 Wty +7
Box II.
dd& =0. 3 and Cy is the positive root of the equation P Cél + P,Cp +P; =0,
t

We see that the dynamics of this class of infected people without
complications are independent of the initial conditions in Y, implying
that the convergence of the solutions of the simplified Eq. (3) is global
inY.

Then (see Box II) From (©,) we get

Al
Gx,z)=|o|.
0
IhA A
where, A; = (1 = 0)4;(—————— —Cy ) + 4 (——— - Cg) + (1 -
' 1(w+ayw+zp v) 1Q7+@) )
6)2 W(L—C )+ An(—2— — cy)
! (7 + 43)(r + 42) VIR v+
Here, — % > C,,—>— > Cg, so we can say that
r +43)(r + 42) 7+ 42)

@(X ,Z) > 0 for all (X,Y) € Y. This demonstrates that DFE is
globally asymptotically stable according to LaSalle’s invariance prin-
ciple [38]. O

2.5. The endemic equilibrium point

If infection persists with in the population(ie, Cgy > 0,Cy > 0,Cg >
0.Cry 20,Cp57 20,Cp 2 0), the model has an equilibrium point called
endemic equilibrium point represented by @ *.

H * * * *
That is <CS,CV,CE,C

T C:W’ CI‘;1> # 0. Then we obtain

*
c* = kg — k4k7CE c* = Arky C* —k.C
s x VT x> w1
ke + k;CL ke + k7CL

C*_ = kyC}, Ch = ksCp,

*
E’

w
where,
Ky = N k= (1-94, ’
i +r+r) W +7+1)
k3:W1k1+W2k2 4:(/14+7+14)’
vty Ay(ky +nky)

_ (A=A 1ky + (1 = 0)Ank,)
> Ay(ky +nksy)
ky = (1= 0)Ak; +(1 = 0)4,7ky.
ks = kyk — ks Ayk,

, kg =ks+ (A3 +7),

where,

Py = Aykykgky +nkykaky + pky +ys3kskq,
Py = Akg — Atkikg — nkykg — (v + Apkyky + pke + ws3kske
Py = Akg — (r + Apks + Ay Aok + pikg

2.6. Existence of forward bifurcation

The system’s center manifold theory may be used to demonstrate
the forward bifurcation occurrence (1). We conduct bifurcation anal-
ysis by applying the center manifold theorem. The following variable
rearrangements and modifications must be made to the model in order
to use the center manifold theory (1). Let us start by considering that,
Cs = 01.Cy = 02.Cp = 03.Cry = 04.Cp = ¢5.Cp = 5.
Additionally, by employing vector notation C = (¢, @5, @3, @4, @5, Pg) "

dC dcC dc dcC W
with —2 = 2, —X = ¢, L = o, =W _ o W _
dt dt dt dt dt
dCp dC T . .
gs,d_f = Y. (—) = (£,.%,. %, %y, L5, F)' provided in the

following by choosing 4, as a bifurcation parameter and solving R| = 1,
which leads to

Ly =A = 4101(@4 +19s5) + A3y + pp3 — (v + )@ + w306

Ly =hhe — (1 = 0)A1040, — (1 = D) Aingsp; — (A3 + 1)y

Ly =(1 = 041040, + (1 = DA n@s@y + 4101 (@4 + 1@s) — (Ag + 7 + W3
Ly =92403 — (W +7r+711)

Zs =(1 = Niyp3 — Wr +7 +12)5 “)
L =v194 + 205 — (7 +¥3)06

We choose 4} = 4, as the bifurcation parameter, especially because it

is more sensitive to changes in A, than any of its other parameters, in
R,. If we consider R| =1,

((r + ) + A3) = A d3)(Ag +y + )y +v + 7)) +y +72)

RS
Adg|(r + 43) + (1 = 9)/12]] [8(W1 +r+r)+nl =y +r+r)

1

(5)

Now, at problem DFP, the Jacobian of the linearized system (5) using
the identity 21 when A} = A, is given by (see Box III), where
A A
A Ay =Ty
Lr+a)" T T+ Ay

A=
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=y +4) A3 U Ay A, w3
A —(43+7) 0 A, Ay 0
0 0 —(Ag+7+ 0 A A 0
%) = 4 5 6
T2, (4D 0 0 L - +r+r) 0 0
0 0 1-94 0 ~(+7+n) 0
0 0 0 "4} %3 =y +w3)
Box III.
B - Ay B - A3y + 7 +712) + Ag(1 = NAy(wy + 7 + 7)) _ 94y
VA W +1+1)As + 1w +7 +7) T T i tr+n)
g Bl tutys B +r +7)Waty+ )+ Wa +r 1) A8+ A - DA +r +y)
N o +7+12)((r + A) = By As)wy +7+7)

Box IV.

* ’12/‘ * }‘ZA

A3=-(1-OA ———————, Ay=—-(1-DA\n—F—F"—,
(r + A3)(r + 42) r + 43)(r + 4)
A

As=(1-0)1F 2 x 4

7 + 430 + 4p) (r+42)

A
Ac =(1—0)A*y 2 *n
6 o+ +4) U+

To compute the right eigenvector, t = (y,7,, 73,74, 75, 7). , take the
system Jz = 0.
=+ )1 + 37 + Uty + Ayt + Ayt + w3t =0
oty = (A3 + V)7 + Ay7y + Agrs =0
—(Ag+ry+ w3+ Asty + Agr5 =0
gz — (W +r+r)rg =0 6)
(I =PDAyrs —Wr+7 +7)75=0
YTy +ypts — (y +y3)76 =0
From (6) we get,
T =By73
7, =(B, B, + By);

73 =13 >0
74 =B373
(1 =9)Ay7s
Ty =——————
W +7r+1)

[W1924(w +7 +72) + (1 = D)Wy +7 + 7|73
W +7+r)T +y3)w +r+712)
where (see Box IV)

T =

Next, we must determine the left eigenvector,
Tt = (r;‘,r;,rg*,r:,‘r;,rg)T, take the system z*J = 0.
—(r+ A7) — A7 =0
It = (A3 +7)r; =0
Ut = g+ 7+ W7k + 82,75 + (1= 9)Ayri =0 %)

Ay} + A3ty + Asty — (W + 7 +y)T g =0
At} + AgTs + AgTy — (W + 7 +12)7E + YT =0
w3t = (r +w3)7g =0

From (7),

*o__ * ko
7 —r2—16—0,
* _ %

T, =13 >0,

AS *

e . Ag .
Yty ?

‘r;‘ = ——1]
W2 +7+1)

To guarantee that the eigenvector satisfies the condition 7;.7 = 1, We
have considered the expression for the A1*, in which 7} is computed.
The bifurcation’s direction R = 1, the direction of the bifurcation
coefficients a and b, which were determined from the partial derivatives

above, defines:
a=-2027} A% [ By(B, B, + B,)(1 - 6) + B;B,

+ (1 =8)Ag(By By + By)(1 =0 By(1 —9)iyn ] 0

W +7r+r) Wy +r+n)
— ( A (1-0)ihA > ( 9 n(l =9,y )
=T,T
N +h) G0+ )\ +r+r) Wty +n)
>0

The model experiences forward bifurcation because the sign of coeffi-
cient b is positive while that of coefficient a is negative. We therefore
reach the theorem that follows

Theorem 2.6. At R, = 1, the model (1) indicate forward bifurcation.

3. Numerical simulations

To validate the findings of analytical experiments, numerical exper-
iments are examined. The population of Phuket in 2021 is 418,785 peo-
ple. Phuket Province, Thailand consists of 3 districts, Mueang Phuket,
Kathu and Thalang. Mueang Phuket District has more than 300 cases
of chickenpox. And Thalang has less than 300 cases of chickenpox as
shown in Fig. 2.

The research results as a mathematical model for chickenpox epi-
demic control can be used as preliminary information on disease pre-
vention to reduce the number of cases and to be used as academic
information for surveillance agencies. With infectious diseases for chil-
dren of the Epidemiology Unit, Department of Disease Control, Phuket
Province, as well as presenting information to the public health au-
thorities, taking measures to control and prevent chickenpox following
various measures suitable for the general population in Phuket at risk
of contracting chickenpox and reduce the number of chickenpox cases.
The suggested model’s experimental baseline parameters can be found
in Table 1. Stability of the model (1) is investigated numerically by
initial population such as (see Table 2)

- Number of Susceptible individuals: 83,812 people

- Number of Vaccinated individuals: 573 people

- Number of Exposed individuals: 604 people

- Number of Infected individuals with complications: 70 people.
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~

- Number of chickenpox cases > 300

:] Number of chickenpox cases < 300

Fig. 2. Spread map of Chickenpox in Phuket province.

Table 2 Table 3
Defining the model’s parameter values. Impact of p in R,.
Variables Value (day~!) Source Precaution (p) R,
A 9 [39] 0.0006 16.39017
A 0.000010778 [39] 0.0012 13.68622
n 0.002218 [39] 0.0083 4.63595
A3 0.03423 Assume 0.0342 1.35862
Ay 0.000504 [39] 0.0783 0.61652
n 0.157 Assume 0.2383 0.20676
0 0.0684 [39] 0.6423 0.07720
Ay 0.00242 [39] 0.8123 0.06109
9 0.000318 [39]
78] 0.000106 [39]
Y, 0.002105 [39]
n 0.00001694 [39] a significant variation in R, that is a slight increase in y causes a sharp
72 0.00001694 [39] decline in Rl
y 0.00001694 [39] . B . .
v 0.000429 [39] Figs. 3-5 illustrates a plot which shows the dynamics of the re-

production number by varying the parameters. The plots helps to
forecast reproduction number in relation to the input variables. With
the use of the plot, we can understand how each parameters affect the
reproduction number.

Figs. 6-11 shows the simulation of susceptible individuals, vacci-
nated individuals, exposed individuals, infected individuals with com-
plications, infected individuals without complications, and recovered
individuals, respectively. In Fig. 6, which represents the simulation

Table 3 depicts the association between R, and preventative mea- of susceptible individuals, there is an increase till day 10 and then a
sures. Its apparent from the table that even a slight change in u reflects decrease from day 10 to day 30. But after day 30, the simulation of

- Number of Infected individuals without complications: 464 peo-

ple.
- Number of Recovered individuals: 178 people.
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0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

u
Fig. 3. The behavior of reproduction numbers (R,) with respect to to precaution (x) and Disease transmission (4,).

-

Fig. 4. The behavior of reproduction numbers (R,) with respect to to Vaccination rate (4,) and Disease transmission (4,).

-7
x 10
10

-

Fig. 5. The behavior of reproduction numbers (R,;) with respect to to Proportion of individuals to infected individuals with complications (9) and Disease transmission (4,).
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Fig. 6. Simulation of susceptible individuals.
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Fig. 7. Simulation of vaccinated individuals.

susceptible individuals is increased. As shown in Fig. 7, simulation is
increasing gradually for vaccinated individuals. From Fig. 8 of exposed
individuals, it is showing a steady decrease till day 20 and is having
a constant momentum afterwards. In Fig. 9, infected individuals with
complications show a steep decrease from day 1 to day 100. In Fig. 10,
for infected people without complications, till day 10 there is a steady
increase, but after that it is decreasing. In Fig. 11, there is a steep
increase in the simulation for recovered individuals.

Efficacy of precautionary measures on the model

From Figs. 12-13 we can observe that when we started to follow
precautionary measures there are notable decrease in the infected
population. In our model (1), we considered one parameter y as a pre-
cautionary measure, which influence the rate of disease spread. In our
simulation we tried to show that how this particular parameter used to
reduce the size of the infected population. When we gradually increased
the use of precautionary measures such as quarantine and individual
hygiene there is a notable decrease in both infected individuals with
and without complications compartments.

We are implementing the precautionary measures in an increasing
manner and see how it influence the disease spread. That is, when u

takes the values such as 0, 1%, 5%, 20%, 40%, 80%. We observe that when
there is no precautionary measure (u = 0), the number of infected
individuals without complication is 661 and 1150 in 50 and 100 days
respectively. And when we increasing the precautionary measures such
as 4 = 1%,5%,20%,40%,80%, we can notice a considerable amount
of decrease in infected individuals without complication is 622&938,
533&618, 457&448, 438&412, 428&394 in 50 and 100 days respectively.
From this illustration we can simply conclude that to control the spread
and deaths due to chickenpox by strictly following the precautionary
measures.

These total number of infected people on days 50 and 100 for
various preventive measures is shown in Table 4. From Figs. 12-13 we
also notice that the impact is higher in infected individuals without
complication compare to infected individuals with complication while
imposing preventive measures.

Conclusion

This research studies the mathematical model built to investigate
the dynamics of chickenpox transmission with precautionary measures
in Phuket province. The study results found that the factors affecting
the activity of chickenpox were:
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Fig. 8. Simulation of exposed individuals.

Infected individuals with complications

69.1 ! ! ! ! !
0 10 20 30 40 50 60 70 80 90 100
Time(days)
Fig. 9. Simulation of infected individuals with complications.
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Fig. 10. Simulation of infected individuals without complications.
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Fig. 11. Simulation of recovered individuals.
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Fig. 12. Effect of precaution on Infected individuals with complications.
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Fig. 13. Effect of precaution on Infected individuals without complications.
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Table 4
Cumulative number of infected individuals in 50 and 100 days as varying precautionary
measures.

Days p=0 p=0.01 p=0.05 p=02 p=04 p=08
50 661 622 533 457 438 428
100 1150 938 618 448 412 394

1. The rate of a precaution for the spread of chickenpox was found
to be a factor that influenced the basic reproductive number, and
it was found that if the precaution was increased, the reproduc-
tion number was decreased, which meant that the precaution
value would result from a reduction in the disease transmission
of chickenpox in Phuket.

2. It was found that vaccination against chickenpox was directly
related to the reproduction number. Therefore, an increase in the
number of chickenpox vaccinations will result in lower levels of
infection, which means that a large increase in the chickenpox
vaccination rate will result in the spread of chickenpox decrease

3. The factors affecting the activity of chickenpox were the number
of individuals with complication group and the individuals with-
out complication group. It was found that reducing the number
of individuals with complication group to a smaller number
would reduce the spread of the epidemic.

By studying efficacy of precautionary measures in mathematical
model of chickenpox spread in Phuket province, the model helps the
researcher to understand the factors that can control the spread of the
disease, as well as having an accurate understanding of the disease
transmission of chickenpox in Phuket. The advantage of the mathemat-
ical model is that it can modify the characteristics of the epidemic.
Therefore, researchers understand outbreaks’ evolution and disease
control measures in the data analysis. Therefore, the results of this
study are highly beneficial in reducing the risk of chickenpox infection.
Moreover, the researcher saw the benefits of chickenpox control with
the preceding, so they researched a mathematical model to control the
chickenpox epidemic in Phuket.
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