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Abstract

In this paper, a deterministic model incorporating social media in controlling tungiasis disease is
considered. The model is shown to be positively invariant as well as bounded. We showed that
the model has two equilibria points: disease free and endemic equilibria points. In both cases,
the steady states are locally asymptotically stable provided the basic reproduction number is less
than unity.
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1 Introduction

Tropical parasitic diseases are experienced by millions of the poorest population of the world.
However, many of them are not listed by the World Health Organisation WHO as Neglected Tropical
Diseases, as a consequence, they are ignored by governments and health care workers alike. These
category of diseases therefore do not receive scientific research interest they merit,tungiasis included
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[1]. According to Kahuru et al [2, 3], tungiasis is a skin disease caused by sand flea called Tunga
Penetrans. The disease is endemic in poor resource communities where various domestic and sylvatic
animals act as reservoirs for this zoonosis. The flea infestation is associated with poverty and
occurs in many poor resource communities in the Caribbean, South America and Sub-Saharan
Africa,[4, 5,6, 1,7, 3,8, 9, 10, 11, 12]. Although a naturally self-limiting diseases, tungiasis causes
considerable morbidity, [6]. Fissures, ulcers,gangrene, lymphedema, deformation and loss of nails
and auto-amputation of digits are known sequels. In a non-immunized individuals tungiasis is a risk
factor for tetanus. Treatment of tungiasis involves identification of the parasite especially through
mechanical removal using a sterile, sharp pointed objects such as needles or pins followed by an
antiseptic dressing. It may also be effectively treated using surgical extraction of the embedded
sand flea under sterile condition in medical facilities, [2]. The fleas may also be deterred by washing
the affected areas with disinfectants like potassium permanganate and even coconut oil. Personal
hygiene and wearing of shoes are key in the control of jigger infection. Children and the elderly
need to be well taken care of through provision of primary and affordable amenities and health care
facilities, [13]

Nyanginja, [13] asserts that transmission of the infectious disease has been of great interest to
both medical practitioners and scholars. It is therefore critical to study epidemic transmission and
take effective strategies to prevent and contain it. Individual response to disease threat depends on
risk perception that is gained largely through information reported by the government to the public.
Public health programs such as public vaccination or immunization, isolation through media and
even education through social media can affect disease transmission during an epidemic contagion.

Mathematical modeling is an important tool used in analysing the dynamics of infectious diseases[14].
Several models have been formulated and analysed to explain the dynamics of tungiasis disease
transmission[15, 2, 16, 13, 9]. Pigler,[10] proposed that control of Tungiasis in a resource - poor
population with interventions target at the human and animal population.. He also mentioned
that high prevalence of tungiasis in endemic area and the important morbidity associated with this
parasitic skin disease call for the implementation of control measure. Pigler, [10]also determined the
impact of repeated rounds of surgical extraction of embedded sand fleas in humans and found out
that interventions were effective in controlling tungiasis for short term but failed in the long run.
He recommended prevention of infestation, rather than surgical extraction of the already embedded
sand fleas. Creating awareness of the disease through social media in this study forms the basis of
prevention of transmission rather than treatment as effective control measure of the disease.

Kahuru et al, [2, 3]constructed a model that investigated the dynamics of tungiasis. He employed a
system of ordinary equations that incorporated interactions between humans, animal reservoirs and
flea infested soil. He aimed at determining the effect of environment in controlling tungiasis disease
and found that reducing on and off-host flea population and effective contact rate is an effective
intervention, however, Kahuru did not consider the impact of social media in controlling the disease.

Nyanginja et at,[13] formulated and analysed a susceptible S, Infected I,and Educated E (SIE)
epidemic model incorporating public health education in control of transmission of tungiasis. His
findings indicated that establishing public health education is an effective measure of controlling
jigger menace as it reduced the spreading threshold. They further recommended proper control
measure to be put in places especially in resources-poor communities where the diseases is usually
endemic, however, they did not consider social media as an intervention strategy.

Social media has been known to greatly influence an individuals behaviour as well as government

policies on prevention and control of infectious diseases. In this paper,we seek to understand the
effects of social media in transmission of tungiasis disease.
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2 Model Formulation and Description

The human population is subdivided into classes of susceptible Sy, individuals exposed to social
media Sg, the infected population I, individuals who are chronically infected C' and the recovered
population R.

We make the following assumptions:

1. Human birthrate and natural death rates takes place at different rates

2. Both susceptible and exposed individuals get infested but at different level.
3. The recovered group can also become susceptible
4

. Chronically infested individual die from natural death or from disease induced death.

The recruitment into susceptible population Sy takes place at the rate of (1—m)A, while recruitment
into the exposed class occurs at mA where 7 is the proportion of susceptible exposed to social media.
Natural death rate occurs in Sy, Sg, I, C and R classes at the rate p. Individuals in compartment
C suffer an additional death due to the disease at the rate o. Individuals leave Sy to Sg when
they become exposed to health information via social media at the rate £&. We assume that the
mass action incidence transmission is defined by 8Sn I where (8 is the effective contact rate for the
disease transmission. Dissemination of information via social media may not be very effective due
to either political or economic reasons and so the exposed individuals will get mildly affected at
the rate (1 — §)B3Sgl where ¢ is the success rate of control and preventive efforts through social
media and (1 —J) is the failure rate of the control efforts. Classes I and C' recover at the rate x and
A respectively due to treatment or other interventions. Recovered individuals revert back to the
class Sy at the rate w. Individuals in class I move to class C' at the rate o due to highly infested
environment.

The figure below gives the schematic diagram of the model.

1R

AC

#SEJ' TA nG oC

Fig. 1. The flow chart showing dynamics of Tungiasis transmission
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From the flow chart in Fig.1 we obtain the following system of ordinary differential equations

BN (- A+ wR— BSNT — uSx — ESx
% = TA+ESN — (p+ (1—-9)BI)Sk
% = BSNI+(1—08)8Sel — (n+k+a)l
% = al-(A+p+o0)C
% — WI+AC—(w+ )R (2.1)
with initial conditions
Sn(0) > 0,55(0) > 0,1(0) > 0,C(0) > 0,R(0) >0 (2:2)

3 Basic Qualitative Analysis of the Model

3.1 Positivity of Solutions

The nonnegativity property of the model is explored in the following theorem

Theorem 3.1 Suppose that condition (2.2) holds, then the solutions of the system (2.1) remain
non-negative for all t > 0.

Consider the first equation of the model system (2.1) at time ¢

s
d—f + BSNI — Sy — £Sn > (1 — m)A

This is like a first order differential equation in S which has the solution

t u
Sn(t) > Sn(0)e GBI HtOds | = [FBIG) tuterds / (1 — m)Aeld BI@Futdu g, 5
0

for all ¢ > 0 since e’ > 0 for all ¢.
Similarly, it can easily be shown that
Se(t) >0,I(t) >0,C(t) >0,R(t) >0 (3.1)

Therefore the solutions remain non-negative for all ¢ > 0.

3.2 Boundedness of Solutions

Theorem 3.2 (Invariant Region) Let N(t) = Sn(t)+Se(t)+1(t)+C(t) + R(t). Then the feasible
region of the model

Q= {(SN75E7[7C7R) eR’ :N(t) < %}

is positively invariant.
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By adding the equations in the system (2.1) we obtain

dN
P A— N —
i pN —oC
from which we have
N
dcTt +uN <A (3.2)
This is a first order differential equation in N whose solution is given by
A A
N(t) < =+ (No - 7) e M (3.3)
p I

from which it follows that limsup,_, . N(t) < % Hence N is bounded and all feasible solution
sets of the model system approach or stay in 2. The region {2 is therefore positively invariant and
the model system is epidemiologically meaningful and Mathematically well posed in the domain
Q). Hence it is sufficient to consider the dynamics of the flow it generates in a proper subset
Q= {(S~,SE,I,C,R) € R}

4 Existence of Equilibria Points of The Model

To obtain equilibria points of the model system in equation (2.1), we equate the right hand side of
(2.1) to zero and solve for the variables. That is,

(1-mA+wR —BSNIT —uSy —€6Sy = O
A+ €Sk — (ut (1-0)BI)SE = 0
BSNI 4+ (1 —=08)BSEIl" — (p+K+a)I" = 0
al"—(A+p+0)C* = 0
K["4+XC" — (w+p)R* = 0 (4.1)
From which we have;
« (@—-mA+wR"
gn = U-mMA+wk 42
AT e 2
* mA + &SN
_ 43
P p+ (1= 0)pI (4.3)
SI*V:(,LLJr/iJra)f(lfé)ﬁSE (4.4)
B
. ol (4.5)

C'=—
A+pu+o
« A+ pta)tal

(it w) A+t a)

4.1 Disease Free Equilibrium of the Model

The model system has a steady state at a given period where there is no infestation in the population
under consideration that is I* = 0. Hence, the DFE point is given by
E° = (S,5B,1°C"R")
~ (U s Omh it g )
p+E n(p+€) T
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4.2 Basic Reproduction Number

The basic reproduction number is an important epidemiological parameter. It is denoted by Ro
and is the expected number of secondary infection produced by a single infective individual in
a completely susceptible population ,[14]. The basic reproduction number Rsg of the model
system equation (2.1) is the number of secondary tungiasis infections caused by a single jigger
infected individual in the presence of social media awareness creation intervention. When no such
programmes are employed, the basic reproduction number is defined by Rp. It measures the power
of the disease to invade a population under conditions that facilitate a maximal growth. The basic
reproduction number is important in that it is directly related to the effort required to eliminate
infection. In general, the basic reproduction number depends on the demographic, disease and
morbidity parameters.The basic reproduction number has been obtained using the method in [17],
that is, the effective reproduction number Rsg is given by the formula Rsg = p(FV ') where
p(M) represents the spectral radius of the matrix M, F' is the rate of occurrence of new infections
while V' is the rate of transferring the individuals outside the original group.

From the model system in equation (2.1), we wee that

BSxT + (1 — 6)BS5I (Bt rta)l

F = , V= A+ p+0)C — al and

0
(1—m)BA (p+&)TAB+(1—7)BAE
eu T (1-9) 1(nt€) 0
=
0 0
(n+K+a) 0
V =
—« A+p+o)
with )
V71 ptrta 0
B —« 1
(n+rta)A+pto)  (Atpto)
Thus,
1 (A—m)BA _ 8§t mAB+(A—m)BAL
. ﬁﬁaciﬁf+“'5) M=) ) 0
FV— =
0 0
The eigenvalues of F'V ™ are
X: =0
X, — BA {(1—7T)u+(1—7r)(1—5)€+(1—5)(u+5)ﬂ]
u(p+k+a) (€+n)
Therefore, the effective reproduction number is given by
BA {(1—71') 1-0)r (1—5)(1—71){]
Rsg = + 4.6
(mtrta)| p+g j wlp+8) (4.6)

In the absence of social media awareness, £ = 0 and m = 0 and the effective reproduction number
reduces to
BA

Ry = ———
’ p(p+ £+ a)
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This implies that

Rop — o[ =Tt A=+ (1 S+ O

€+ n)
Since 0 < (1 —0) < 1, it follows that
Q-—mp+A-mA =6+ A—-0)(u+ o™
( G )<t

which implies that Rsg < Ro. When 7 = £ = 0, Rsg = Ro. Thus from equation (4.7), it is
clear that social media creation awareness on transmission of tungiasis has a positive impact on the
reduction of new infections.

4.3 Existence of A Unique Positive Endemic Equilibrium

In the following Lemma, we explore the existence of a unique positive endemic equilibrium for the
model system (2.1).

Lemma 4.1 A unique endemic equilibrium E* = (Sx, Sg,I",C*, R") exists provided that Rsg > 1

At disease endemic equilibrium (DEE), I # 0 and solving for Sy, S5, C*, R* in (4.1), we obtain

. bi(1—m)A + boI*
S = - - 4.8
N by (BI* + ba) (48)

WA(blﬂI* + b1b4) —|—£b1(1 — 7I')A + bzf*g

e = (b1 BT + biba) (i + (1 — 8)5I7) (49)

cr = 24r (4.10)
bs

o= Bp (4.11)
b1

Using equation (4.4), we can also express Sy as

 be(ut (1 8)BI7) — (1 §)BrA
SN = T A= 9)BT 1 (1 - D)) (412)

where

bi = (u+w(A+p+o), br=waA+pu+o)+wal, b3=A+pu+o,
by = p+E bs=rx(A+p+o)+ar and bs=p+r+a

Equating equations (4.8) and (4.12), we obtain after a lengthy computation
AsT™ + AiT™ + Ag =0 (4.13)
Where

Ay = (1—10)B*{bibs — b2}
(1 — 6)52{,[1,1)3(66 + w) + aw(u + U)} > 0= bibg > bg, i.e.
(mt+w)A+p+o)(p+r+a)>wA+p+ o) +wad,

Ay = (1= 8)Bb1(babs — AB) + B(ubrbs — bz [p+ (1 — §)¢€])
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By definition bsbs > AB and since A2 > 0, we see that ubibs > baba. Thus A; > 0 and
Ao = —/.Lblb4b6 [RSE — 1] (4.14)

Where Rsg is as given in (4.6).

By the Descartes’ Rule of Signs,[18] existence of a positive root now depends on the sign of Ao.
Ao has to be negative for a positive root, I* > 0 to exist. But from (4.14) it follows that Ay <
0if Rgg > 1 With this information, one can approximate I* using the quadratic equation in (4.13)
as follows

2A2ub1b4b6 [RSE — 1]
Ay
= M(Rs, —1)

I*

where M = W > 0. The endemic equilibrium point E* can then be easily obtained using
equations (4.8),(4.9),(4.10),(4.11).

5 Stability Analysis of Equilibria
5.1 Local Stability and Disease Free Equilibrium

In this section, we investigate local stability of the DFE, E°

Theorem 5.1 The disease-free equilibrium of the model system (2.1) is locally asymptotically stable
whenever Rsp < 1 and unstable whenever Rsg > 1

It suffices to show that the eigenvalues of The Jacobian matrix of the mode system (2.1) have real
negative parts. The Jacobian matrix at DFE, E°, is given by

—B(A-—mA

—(n+8) 0 — ptE 0 w
_ (1 — 5\ Bt TA+BE(A—T)A
¢ i a-9 w(p+8) 0 0
0y
J(E”) = o 0 BUSDA L g)BLHOTABU_TIA _ (4 ) o o
0 0 a —A+p+o0) 0
0 0 K A —(w + p)

The characteristic equation is given by |(J(E®) — XT)| = 0, which yields

e+ X)(p+X)|(ptr+a)(Rse —1) = X|(A+p+o+X)(pt+tw+X)=0

Thus,
X1 = —(p+§
Xo = —pu
Xz = (Bsp—1p+r+a)
Xe = —(A+p+o)
X5 = —(w+tp)

Where Rsg is as given in (4.6). All eigenvalues are negative provided Rsg < 1.If Rsg > 1, then
X3 > 0 and therefore DFE is unstable.
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5.2 Global Stability of The Disease Free Equilibrium

In this section, we investigate the global stability of the DFE, E°.

Theorem 5.2 The disease free equilibrium

o (A=mA (p+&mA+E0 —m)A
g _( p+€ n(p+€) ’0’0’0>

of the model system (2.1) is globally asymptotically stable(GAS) if Rsg < 1.

Let
1—m)A

SR, = ( and SO — (M+£)7TA+£(]— _ﬂ—)A

E
3 =+ §)
and consider the following combination of linear functions and Voltera-type Lyapunov function:

L=L(Sx,Se,I,C,R) = Sx — S¥InSn + S — SyInSe + I+ a1C + asR

where a; and a2 are constants to be determined. L is defined and continuous. It suffices to show that
‘Z—’;‘ < 0. Therefore, the derivative of L in the direction of the vector field given by the right-hand
side of the equation (2.1) is

dL  dSy S% dSg 5% dI dc dR
a dt(l >+( Se) Tar T a T

= 7_(*5‘,: S & (S5 = Sp)°
(n

—|—[BSR;+(1—6),BSQE— —|—/~c—|—a)+a1a+a2fi]1

Sn — S
+la2A —ar(A+p+0)]C+ [w (%) 7&2(w+/,b):| R
N
S S,
+eSy (1 SN) (1 Se
Choose a1 and as such that
aA—a1(A+p+o) = 0
)
w(M) —axw+p) = 0
SN
Thus
e (s
a2 = u+w <1 SN>
wA ( S?V)
ay = 1—-—=—".
(b +w) A+ p+o0) SN

With this in mind, % becomes

b 0 (5~ 687 Lo(S = S8)” + (4 5+ @) (R — 1)
dt SN Sk

wiad wkl S S S,
1- 28 Sof1=22)[(1-2&
+((u+w)(/\+u+0)+u+w>< szv)*“( sv)\' 7 S
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Since the arithmetic mean exceeds the geometric mean, the following inequalities hold
wAal i wkl 1_ ﬁ
(m+w)(A+tp+o) ptw SN

0 0
§SN<1§N><12E> < 0
N E

Thus 2& < 0 if Rgp < 1 with equality if Sy = S%, Se = S%, and Rsp = 1.
Since it is easy to show that the largest invariant subset contained in the set

IA
o

L: {(SN,S&I,C,R) EQ:% :0}

is the DFE, E°, it follows from La Salles Invariance Principal [14, 19, 20, 21], that every solution
of the equations in the model system (2.1) with initial conditions in ©Q, approaches E° as t — oo
fOI" RSE S 1

5.3 Local Stability of The Endemic Equilibrium

Theorem 5.3 If
(2—-90)BM(Rse —1)+p+r+a>(1-96)85k (5.1)

where S% is as giwven in (4.9), then the disease-endemic equilibrium of the model system (2.1) is
locally asymptotically stable

Since N(t) — % as t — 0o we can express Sy as

SN:%—SE—I—C—R

Thus, it is enough to study the stability of the subsystem

dSE _ A * * * *

=2 = 7rA+£(;—SE—I —c —R)—(M+(1—6)B[)SE
I A

= = 6(;—SE—I—C—R)I+(1—6)5SEI—(u—&—n—&—a)]
dc

- al —(A+p+0)C

% = K[+ X0 — (u+w)C

The Jacobian matrix at the equilibrium point Sg, I*,C*, R* is

LI S e
* — — — — + — —
J(E):< 0 LB A+t o) 0 >
0 K A (1 +w)
Let
a = p+E+(1-=08)BI", ca=-2I"+(1-06)BSg — (u+r+a)
cs = al+kbs, ca=E+(1-0)BSE
b3 = Atputo, bu=p+f bs=pt+rta, br=ptw
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—C1 — X —C4 —§ —§
- —0pI" co— X —BI* —BI*
(J - X1I) = 0 a —by— X 0
0 K A —b7 — X

The characteristic polynomial is then

X* (c1—c2+ b3+ b?)X3 + c1(bs + by — c2) + [bsbr — cabs — c2by + aBI" + BRI

—6/3041*])(2 =4 [b3b7 — Cobs — cobr + C1aﬂ1* =+ ClﬁKLI* — cobsby + Oéﬁf* +4 C3ﬂI*

75ﬂ1*04(b3 —+ b7) — 551*04045 — 5ﬁ[*C4H5]X —+ claﬁb71* — c1c2b3by + Clcgﬁf*

755[*C4b3b7 — 5[3[*066[)7 — 5,31*563
For negative eigenvalues, it is enough to show that the independent term a4 in

X4 + CL1X3 —+ a2X2 + a3z X + a4
where
a4 = C1 (Cgﬁ[* =+ Oéﬁb71* — 02b3b7) — (Sﬁl* (C4b3b7 + Oééb7 =+ 503)
is positive, see [15]. Rewriting a4 we have
as = Ci (03/31* + Oéﬂb7f* — Czbgb7) — 5ﬁ1* (046367 4+ a§b7 + §C3)

Atp+o)(pt+w){6Bul™ +u+E+(1—08)BSElp+r+a+(2-08)BI"
—(1—-0)BSE]} + {€x(A+ p+ 0)BI" (1 = §) + al(p +w)(1 — 6)BI" + aXé +
[+ (1= 8)BSE]aX + k(A + p+0)BI" + alp +w)BI*] — aX&SBI™ }

The sum of in the second curly bracket is clearly positive. The sum in the first curly bracket is
positive if

2-0)BI"+ (p+r+a)>(1-906)BSE (5.2)
By the results in [15], it follows that the endemic equilibrium point is locally asymptotically stable
provided condition (5.2) is satisfied.

6 Numerical Simulation

Numerical simulations were carried using MATLAB R2021a to graphically illustrate the long term
effect of social media intervention on the dynamics Tungiasis infestation. The simulation of the
model above is done using parameter values shown in table below.

7 Discussion

From Fig.4 we see that the population of the susceptible individuals immediately begins to drop
because of the highest degree of Tungiasis infestation, consequently the removed individuals starts
to rise. The number of tungiasis infested individuals increase then come to a decrease. At the
same time, the population of those who are removed rises swiftly then reaches the peak showing
the biological reality that tungiasis infestation can be fatal. The model is realistic to show the
situation. therefore, the medical practitioners, health departments and stakeholders should focus
on this moment. Moreover the population of the susceptible also decreases at this time as more
people get infected showing that the spread of the disease is high and should be controlled.
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Table 1. Detailed description of the state variables and relevant parameters of the
proposed [Sn,5g,I,C,R] Tungiasis Model

Detailed Description Symbol Value Source
Susceptible Population Sn(t) 5.478 x 107 [22]
Mildly Infected Population I(t) 6.75 x 10* [4]
Chronically Infected Population C(t) 1.0 x 10t [4]
Fraction Exposed to Social Media ™ 3.995 x 102 Assumed
Mildly Infected Recovery Rate K 6.975 x 10~ 1 Assumed
Chronic Infection Rate « 1.5 x 1078 Assumed
Susceptible Recruitment Rate A 1.245 x 106 [5]
Natural Death Rate u 5.2 x 1078 [22]
Infestation Death Rate o 2.607 x 109 [22]
Recovered Reverting Rate to Susceptible K 6.75 x 101 Assumed
Effective Contact Transmission Rate B 3.2398 x 1077 [22]
Success Rate of Social Media Intervention $ [0,1] Assumed
Dissemination Rate of Control Strategies £ 5.99 x 1073 Assumed
Chronically Infested Recovery Rate A 1.375 x 1071 [22]
Recovered Reverting to Susceptible Population w 3.75 x 10~4 Assumed

o’ Model Simulation of the Effects.of Soclal Media en Control of Tunglasis
T T T

Number of Incividuals

1 L I | L | | L 1
2 . a [ ) 12 14 15 " F)
Years

Fig. 2. Effects of Social Media on Control of Tungiasis § = 0.18

P Nodel Simulation of the Effects Control of Tunglasis
T T T

12 T4 8 e ]

0
Years

Fig. 3. Effects of Social Media on Control of Tungiasis § = 0.23
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- 107 Mode| Simulation of the Effects of Social Media on Control of Tunglasis
‘ T T T T T T I I

o of Indivi duals

Mumbs

Fig.4. Effects of Social Media on Control of Tungiasisé = 0.32

From Fig.4, Fig.3 and Fig. 2 with § = 0.32, ¢ = 0.23 and § = 0.18 respectively shows that the
number of infested individuals reduces from 5.0 x 107 to 2.0 x 107.

l 1) ‘ Infested Population ‘

0.18 5.075 x 107
0.23 4.303 x 107
0.32 2.05 x 107

From the graphs, we see the relation between social media intervention and the population infested
with tungiasis. It is clear that when the social media intervention success rate is increased, the
number of those infected with tungiasis decreased.

8 Conclusion

In this study,a mathematical model for tungiasis transmission incorporating social media intervention
as control strategy was formulated. The stability of the disease free and endemic equilibrium have
been analysed. The results of the disease free equilibrium showed that the model is both locally
and globally stable when Rgg < 1 thus reducing Rsg to less than unity reduces the spread of the
disease. Endemic equilibrium has also been analysed and was found to be locally asymptotically
stable when Rsg < 1. Numerical simulation shows that in the presence of social media intervention,
the disease dies out faster while lack of social media intervention in the disease and other preventive
measures greatly increases the number of the infested individuals. The study has not carried out
optimal control and cost effectiveness of the different tungiasis intervention strategies which can be
explained in future to find out the best strategy.

Acknowledgements

The authors would like to express their sincere thanks to the editor and the anonymous reviewers
for their helpful comments and suggestions.

44



Night et al.; ARJOM, 18(7): 32-46, 2022; Article no. ARJOM.87740

Competing Interests

Authors have declared that no competing interests exist.

References

(1]

EIRE

[10]

[11]

[12]

Girma M, Astatkie A, Asnake S. Prevalence and risk factors of Tungiasis among children of
Wensho District Southern Ethiopia. Journal of BMC Infectious Diseases. 2018;18.
Available: Doi.org/10.1186/s12879-018-3373-5

Kahuru J, Luboobi L, Yaw Nkasah G. Modeling the dynamics of tungiasis transmission in
Zoonotic Areas. Journal of Mathematical and Computational Science. 2016;7:375-399.
DOI-10.28919 ISSN 1927-5307.

Kahuru J, Luboobi L, Yaw Nkasah G. Optimal control techniques on a mathematical model
for the dynamics of tungiasis in a community. International Journal of Mathematical and
Mathematical Science; 2017.

ISSN 1687-0425

Doi-10.1155/2017 /4804897

Ahadi Kenya Trust. The Jigger Menace in Kenya Report. 2011;2.

Bazile J, Mutter J, Keith J, Shonya S, Ruddle A, Ivers L, Lyon E, Farmer P. Tungiasis in Rural
Haiti: A Community-Based Response, Journal of Tropical Medicine and Hygiene. 2006;100
(10):970 — 974.

ISSN 0035-9203.

doi.org/10.1016/j.trstmh.2005.11.006

Feldmeier H, Heukelbach J, Eisele M, Saboila-Moura RC. Severe Tungiasis in Underprevileged
Communities- Case Study from Brazil. Journal of Emerging Infectious Diseases 2003;9(3):949-
955. Center for Disease Control and Prevention (CDC).

ISSN 1080-6059

DO1.10.320/eid0908.030041

Heukelbach J, Araujo F, Oliveira S, Gerhird H, Feldmeier H. Tungiasis - A Neglected Health
Problem of Poor Communities, European Journal of Tropical Medicine and International
Health. 2001;6(4):267 - 272.

Nyangacha R, Odongo D, Oyieke F, Bii C, Muniu E, Chasia S, Ochwoto M. Spatial
Distribution, Prevalence and Potential Risk Factors of Tungiasis in Vihiga County, Kenya.
Journal of PLOs - Neglected Tropical Diseases. 2019;13(3).

Available: DOIorg/10.1371/journal. Pntd0007244

Nthiiri JK. Mathematical modeling of jigger infection incorporating treatment as a control
strategy. International Electronic Journal of Pure and Applied Mathematics, 2017; 11(2).
Available: DOI. http//dx.doi.org/10.112732/iejpam.v.11i2-2

Pigler D, Schwalfenbera S, Heukelbach J, Lars W, Mencke N, Khakban A, Feldeier H.
Controling Tungiasis in Impoverished Community: An Intervention Study, Journal of PLOs -
Neglected Tropical Diseases. Public Library of Sciences. 2008;2:1- 7.

Ruttoh SK, Ochieng DO, Wanyama N. Tunge Penetrans - A Silent Setback to Development
in Kenya. Journal of Environmental Science and Engineering; 2012. ISSN 1934-8932

Ugbomoiko U, Ariza L, Ofoezie IE, Heukelbach J. Risk Factors in Tungiasis in Nigeria:
Identification of Target for Effective Intervention, Journal of PLOs - Neglected Tropical
Diseases. Public Library of Sciences. 2007;1(3).

Available: doi.10.1371/journal. Pntd.0000087

45



Night et al.; ARJOM, 18(7): 32-46, 2022; Article no. ARJOM.87740

[13]

[14]

[15]
[16]
[17]
18]
[19]
[20]
21]

22]

Nyanginja R, Angwenyi D, Musyoka C, Orwa T. Mathematical Modeling of the Effects of
Public Health Education on Tungiasis - A Neglected Disease with many Challenges in Endemic
Communities. Journal of Advances in Difference Equations; 2018.
DOl.org/10.1186/s/13662-018-1875-5

Carlos Castillo-Chavez, Blower S, Van de Driessche P, Krischener D, Aziz AY. Mathematical
Approaches for Emerging and Re-emerging Infectious Diseases (Models, methods and Theory).
The Institute of Mathematics and Its Application. 2002;126. Springer Science + Business
Media, New York.

Anna LOS, Rodney CB. Stability analysis of epidemiology models incorporating heterogeneous
infectivity, Journal Computational and Applied Mathematics. 2020;39:246.

Imbusi NM, Nduku WM, Nyabadza F. Modeling The Dynamics of Jigger Infestation - Insights
from a Theoritical Model; 2019.

Van de Driessche, Watmough J. Reproduction numbers and sub-endemic equilibria for
compartmental models of disease tansmission. Math. Biosc. 2002;180(1-2):29-48

Fiegenwilling A. Real Root Isolation for Exact and Appropriate Polynomials Using Descartes’
Rule of Signs; 2010.

LaSalle JP. The Stability of Dynamical System. SIAM, Philadelphia; 1976.

Olsder GJ, Van Der Woulde JW. Mathematical Systems Theory(Third Edition) VSSD Delft,
The Netherlands. 2006;2005:208.
ISBN 978-90-71301-40-7

Pastor J. Mathematical Ecology of Population and Ecosystems. John Wiley & Sons, Singapore;
2008.

The Central Intelligence Agency. World Fct Book (2020-2021) Skyhorse Publishing, New York,
USA; 2020.

© 2022 Night et al.; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (hitp://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:

The peer review history for this paper can be accessed here (Please copy paste the total link in your browser
address bar)

hitps://www.sdiarticle5.com/review-history /87740

46


http://creativecommons.org/licenses/by/4.0

	Introduction
	Model Formulation and Description
	Basic Qualitative Analysis of the Model
	Positivity of Solutions
	Boundedness of Solutions

	Existence of Equilibria Points of The Model
	Disease Free Equilibrium of the Model
	Basic Reproduction Number
	Existence of A Unique Positive Endemic Equilibrium

	 Stability Analysis of Equilibria
	Local Stability and Disease Free Equilibrium
	Global Stability of The Disease Free Equilibrium
	Local Stability of The Endemic Equilibrium

	Numerical Simulation
	Discussion
	Conclusion

