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Abstract
The objective of this research paper is to analyse the impact of bacterial population growth resulting from
unplanned urban on the well-being of the human population. In this approach, we have used a set of non-linear
differential equations to frame the problem/model and we have taken four key parameter/variable as the susceptible
population, the infected population, the extent of unplanned urbanization and the bacterial population. We have also
found the condition governing the local stability of this system. Additionally, we present a visual and numerical
representation of our findings.

Keywords: Mathematical model, Equilibria and Stability, Susceptible and Infected populations, Unplanned
urbanization.

1. Introduction

The shifting of people from rural areas to urban areas is known as urbanization.Urbanization is related to many
areas like public health, urban planning, Geography and Sociology. The major health problem is urbanization in this
century. To reduce the urban equity gap as well as promote healthy cities we need to take urgent action, which is
necessary for both rich and poor urban dwellers. To reap the potential benefits of urbanization, DR.Samlee
Pianbangchang, WHQ’s regional director for south-east Asia, said that we must act collectively. [18].

Although urbanization is necessary for the development of a country. Urbanization has many positive effects if it
happens within the appropriate limit such as the creation of employment, opportunities, technological and
infrastructural advancements and improved standard of living etc. But if it happens in an unplanned manner it
becomes harmful to the environment [7], [12], [13]. From the study, we found that the growth rate of the population is
around 17 million annually. If it increases by the same growth rate or more than at the end of 2050, the population of
India will be more than 1620 million. Due to unplanned urbanization environmental degradation has been occurring in
India [17].

Due to unplanned urbanization chronic illness has been increasing, which is not good for the developing world.
However, if we look at the list of low-income countries, infectious disease still has a profound impact such as
HIV/AIDS, diarrhoeal disease etc. So, unplanned urbanization is one of the reasons for infectious diseases, which
may cause death. The main renewable resources are the forest, which is continuously decreasing due to the growing
population [4],[10]. The main reason for the depletion of resource biomass is reducing the population of trees and
plants and also using the forest land without any plan for conservation. So, planned urbanization is required for
ecological balance. Mathematical model play an important role in the analysis and control of infectious disease and
thus effective measures can be taken to reduced its transmission as much as possible.The study of mathematical
model in epidemiology has received much attention from many scientists and some novel result are obtained [22-25].
Recently, stochastic analysis has widely has been applied in a mathematical modelling in biology [26-30]. Emerging
infectious are consider as an active cause of global change that represents compelling challenges in agriculture,
public health and wildlife management[31,32,33].
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Mathematical models have become important tools in examining the dissemination and control of infectious
diseases. Furthermore, mathematical models now play a key role in policy making, including emergency planning and
risk assessment, health-economic aspects, control-program evaluation and optimizing various detection. Modelling in
the field of epidemiology has had its roots in the early 20th century. In the last few years, people have designed
different epidemiological models (SI, SIS, SIR, SIER, SIERS etc.) with different strategies to control the spread of
diseases [34,35,36,37,38,39].

Many researchers have developed the non-linear mathematical model and analysed the effect of unplanned
urbanization. Abhinav Tandon et. al. (2016) have discussed a mathematical model to investigate the effects of
environmental pollution intensified by urbanization. The growth in urbanization is due to the growth of the population
and an increasingly high level of urbanization is not good for surviving in the long run. A.K. Misra et. al. (2014) have
discussed the depletion of forestry resources by a mathematical model, which occurs due to population and
population pressure augmented industrialization. They have discussed that the equilibrium cumulative biomass
density of forestry resources increases as the depletion rate coefficient of population pressure due to economic efforts
and the growth rate coefficients of the cumulative density of economic efforts increase. A.K. Misra et. al.(2015) has
also presented a model to see the effect of reforestation together with delay, which is involved in the measurement of
forest data and implementation of reforestation efforts on the control of the atmospheric concentration of COo-.
Analysis of the model obtained that the atmospheric concentration of CO2 decreases when reforestation takes place .
J.B.Shukla et. al. (2011) have investigated a model to analyse the depletion of renewable resources due to population
and industrialization taking resource dependent migration. J.B.Shukla et. al. (2009) have also discussed a model for
the survival of resource dependent population. They have also concluded, if the rate of emission is large then the
formation of the toxicant and its effect on a resource may be driven to extinction under fixed conditions as well as the
population, which completely depends on it. It is not sure that the population will survive or whether it is not directly
affected by the toxicant. Suhrit K. Dey et. al. (2010) have discussed a model using non-linear differential equations to
investigate the effects of urbanization and population growth on agricultural economics. B.Dubey et. al. (2009) have
analysed a mathematical model for the depletion of forestry resources including the role of population and population
pressure augmented industrialization. They have discussed that dependency on the growth of the population partially
occurs when a very large increment in industrialization then the resource may become extinct and it is not possible for
the dependent population for a long time. They have also found that if the growth of industrialization is sustained then
it is necessary to control its growth by some external agencies to maintain ecological stability in the forest. O.P.Misra
et. al. (2012) have studied the modelling and analysis of a single species population with viral infection in a polluted
environment. In their paper, they have shown that when the effect of pollution is not considered then the susceptible
population never vanishes and on the other hand, if the effect of environmental pollution has been considered then
the susceptible population can vanish. Niharika Verma et. al. (2017) have studied the depletion of the ozone layer with
greenhouse gases and discussed the effect on single species. She also discussed layer depletion due to greenhouse
gases and their effect on single species population. They have assumed that greenhouse gases increases in the
atmosphere due to which ozone layer deplete and the depletion of the ozone layer affects the species. Manju Agarwal
et. al. (2019) have taken a model to see the effect on biomass and the human population due to climate change,
which is intensified by unplanned urbanization. They found that the growth of unplanned urbanization is responsible
for the growing cumulative density of climate change. The excessive unplanned urbanization is also responsible for
the extinction of biomass and the human population. Naveen sharma at.al (2021) have investigated anti- viral
treatment in dengue fever using dynamics of T-cell and cytokines. Fahad at.al(2020) have presented a model to show
the effect of incubation and latent period on the dynamics of vector-borne plant viral diseases.

Keeping all these papers in mind, in this paper, we have proposed a mathematical model to see the effect of the
bacterial population on the human population surmounted by unplanned urbanization. The arrangement of the paper
is given as: section 1 is related to the introduction. The mathematical model is introduced in section 2. In section 3, we
have introduced the boundedness of the system. Section 4 and 5 related to the equilibrium analysis and stability
analysis respectively. Furthermore, we illustrated our finding results in section 6.

2. Mathematical Model

Unplanned urbanization is the cause of increase in bacterial population and when bacterial population increases,
human population suffered from many diseases. In the model, we have supposed immigration rate of human
population from outside region is constant. Susceptible population become infected due to increase in bacterial
population. We have taken that infected population is decreasing due to some therapic treatment and assumed that
unplanned urbanization is also decreasing due to some government activities. In our consideration, the susceptible
population is entering in the system at a constant rate and the growth rate of bacteria depends on urbanization. We
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have not taken logistic growth rate in the system (see details in [21]). In view of above, the model governing by the
following ordinary differential equations as:

as _ p — - qI-

= A-BSI - ——SI- w8 +T, (2.1)

S =BSI+——SB - vT -, (2.2)
du _ _

<%= BoN - BuU, (2.3)
2 =W(U) - aB, (2.4)

with the initial conditions and S(t) = 0, I(t) = 0, U(t) = 0, B(t) = 0.
where

W(U) = Wo + W1U,

N=S+I.

and

r

_r+1

In the model, system given by equation (2.1) to (2.4), S(t) and I(t) are presenting the densities of susceptible and
infected population at time t. At time t, U(t) and B(t) presenting the unplanned urbanization, bacterial population and
N(t) is the total population at time t. In the model, constants are given as;

A = constant immigration rate of human population from outside the region under the consideration.
B= it is presenting the rate of infection from susceptible population.

O =it is the rate at which susceptible population decreases due to bacteria.

M1 = natural death rate of susceptible population.

v = increase in susceptible population through treatment.

M2 = natural death rate of infected population.

Bo = Increase in unplanned urbanization due to total population (susceptible and infected population).
B1 = itis the rate at which unplanned urbanization is controlled due to some government agencies.

a = natural death rate of bacterial.

3. Boundedness of the System

Lemma 3.1 The solution of the system given by equations (2.1) to (2.4) is bounded within the following region:

R={SLUB:0<N<20<usfr gcpg Wbt Wihd)
1P} H1B1 1B

Proof: From the equation (2.1) and (2.2),

dN
ESA-}J1$-|J2|,

SA- (S +1),
<A - N,

by comparision theoremast — = :
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A
Nmax = —.
51

provided p1 = p2

From the equation (2.3),

(ji_[tj < BONmax - BlU,

< Bo= - BaU,
H1

by comparision theoremast — = :

max = Bos
H1B1

From the equation (2.4),
2% < Wo + WiUmax ~ aB,

< Wo8B1 + W1BoA _ aB,
5B1
by comparision theoremast — = :

— Wo8B1 + Q1BoA

Bmax 8B1ct

This complete the proof of lemma (3.1).

4. Existence of the Equilibrium Points

Equilibrium points are the constant solutions of differential equation .We have obtained that there is only one non
negative equilibrium point namely E(S*, I*, U*, B*) .This equilibrium points will exit if the value of S*, I*, U* and B* the
value of S*, I*, U* and B* is given by

A - BS*I* - 8S*B* — u1S* + vT =0, (4.2)

BS*I* + 8S*B* — vT - p2l* =0, 4.2)
Bo(S* + I*) - B1U* =0, (4.3)
Wo + W1U* — aB* = 0. (4.4)

By adding equation (4.1) and (4.2),
“US* - pl*+A=0
A= (S + 1),

From equation (4.3),
T—lA - BiU* =0,

* = ﬁOA
H1B1

From equation (4.4),

Wo + 2% - aB* =0,

H1p1
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B*=1<W0 +W1—B°A).

a H1B1

Now From equation (4.2),

BS*(A-uis) | 85° W1BoA o (A = 115%)
—+ — (W ——=) =-vT - (=—————) =0,
M1 a ( ot H1B1 ) ( My )

S* - (D1+ ‘/E)
2u B

>0,
provided D > 0,
where

Dy = S(Wop1B1+ W1BoA)

apy *BA Y ik,

2
D= {w + BA + uluz} — ApaB(VT p1 + 2A).

afy

Now from equation (4.1),

A= (2= (35 ( +2) - s (250) o T =0

2B 2y

2B H1B1

w_2m@+VT) _ (8 W1BoA Ha
"= D1+\/B {aﬁ (WO+ Hlﬁl) + B}>O,

provided

2pm@A+vT) 8 W1BoA 15
D1+D > ap (WO Toy:1 ) A B’

5. Stability Analysis

Theorem 5.1 The interior equilibrium point is E(S*, I*, U*

KaolW/2 < g K20a1,

where
_ (3Bs*(85%)?) 3(85%)2
Kao = max {Za (BI* + 0B™)(—BS™ + 1) ' 2a(BI" + 6B" + ul)}
and
_ o [2B1BSH(=BS* +up) 2B (BI*+6BF + H1)}
Kzo = min { 3BZ(BI* + 6B%) 382

, B*) non-linearlly locally asymptotically stable within the
region of attraction given by w provided following inequility is satisfied;

Proof: Let us consider S*, I*, U*, B* are the small perturbation around the interior equilibrium point E(S*, I*, U*, B¥) .

So we first linearize the model by assuming S = S* + Sy, | = I* + 15, U = U* + U1, B = B* + Bx1.

After linearization, the model is given as:

r
r+1

5 - -BS*l1 - BSal* -

*By — *
" S*Bs r+151B M1S1,

r * _r *
- S*B1 + - S1B* = pal,

+1

= S|

- = + S I* +
dt B ! B ! r
au; _
dt

BoS1 + Bol1 — B1Us,

dBy _ _
at =W1U1 - aBa.
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Let us consider — =3
r+1
Let us consider a positive definite function
1 1 1 1

Where K1, Kz, K3 are positive constants taken to be suitably. After differentiating V with respect to t, we get

dB;

av ds dr du
— =51 =2 + Kil1 =2 + KU1 —2 + K3B1 —2 .
dt dt dt

dt ar

. ds, dI du, dB
After putting the value of =%, =+ =L =1
dat = dt dt * dt

i—: = =SZ(BI* + OB* + p1) — [F(-KiBS* + Kipz) = UZ(K2B1) = Bf(Ksa) + Suli(—-BS* + Kafl* + Ki8B*)+ B1S1(-0S*) +

B1l1(K10S*) + S1U1(K2Bo) + 11U1(K2Bo) + B1U1(KsW1),

Bs*

now choosing K1 = i1 35"

we found that ‘;—Z will be negative definite if
2 2
a14_ < g aiia4a,
2 2
a24_ < E azezaaa,
2 2
ajz < 3 assaii,
2 2
asz; < 3 azzaass,
2 4‘
a3, < azsasa,
where
a1 = BI* + dB* + p1, aze = —“K1fS* + K1, ass = K2f1, ass = Kaq,
ais = —0S*, axs = K10S*, a13 = K20, a2z = K2Bo, azs = KaWa.
After combining these inequalities, we get the condition for the local stability;

K3oW? < g K200,

where
_ 3BS*(5S%)? 3(65%)?
Kso = maX{Za(ﬁI* + 0B*)(—BS* + 1) ' 2a(BI* + AB* + ul)}
and
_ i [2B1BST(=BST + 1) 2B1(BI* + 8B* +1y)
Kzo = min { 3B2(BI* +6B%) ’ 3B2 }

Hence theorem is proved.
6. Numerical simulation

In this section, we have introduce numerical simulation to explain the applicability of the results discussed above.
We choose the following hypothetical set of parameters in the model given by equations (2.1)-(2.4).

A =0.001, =0.01,8=0.003, y1 =0.002, p2 = 0.002, v=0.001, T =0.02, Bo = 0.2
B1=0.02, Wo=0.1, W1 =0.01, a=0.1.

For these values of the parameters, the value of interior equilibrium point E is obtained using the

JETIR2310518 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 9166


http://www.jetir.org/

© 2023 JETIR October 2023, Volume 10, Issue 10 www.jetir.org (ISSN-2349-5162)

MATHEMATICA and it is given by
S*=0.09685, I* = 0.40314, U* =5, B* = 1.5.

From these values of the parameters, we can verify the conditions of the local stability given by theorem (4.1) and
(4.2). Figure 1 is the time series graph. In figure 2, we have shown the variation of unplanned urbanization
corresponding to time t for various values of B0 and we found that with increase in o unplanned urbanization also
increases. Figure 3 is drawn to show the effect of bacterial population with corresponding to time t for various values
of Bo and we got that with increase in (o bacterial population also increase. Figure 4 is plotted for infected population
corresponding to time t for various values of Bo and found that with increase in Bo infected population increase. So
from figure 2, 3 and 4 we conclude that when unplanned urbanization increases, it leads to increase in bacterial
population due to which infected population also increase. Figure 5 is graph of bacterial population with respect to
time t for different values of a. It is clear from this figure with the increase in a bacterial population decrease. Since
with the increase in a bacterial population decrease, infected population also decrease with the increase in a (from
figure 6).

[}
©

5

o
o

— U
— B

Total population ———
o o o o o o o
-~ - S S D D4
- [} w = h o; -~
\
\
!
Y
|
\
\

o

UUg 1 1 1 1 1 1 1 1 1 ]
0 ‘

Figure 1: Time series graph

7. Conclusion

In this research work, a non-linear system of differential equations is proposed to see the effect of bacterial
population on human population generated by unplanned urbanization. Investigation of model shows that the present
model exhibits only single non negative equilibrium point. The conditions for the stability of equilibrium points are
obtained with the help of stability theory of the differential equations. Numerical calculation has been done to
illustrated the feasibility of our results.

The results of model, qualitatively and numerically show that the growth of unplanned urbanization is responsible for
growing bacterial population. If the growth continues, the human population will not survive in the long run. The
excessive unplanned urbanization is responsible for increase in bacterial population and increase in bacterial
population is responsible for many disease due to which human population suffer. Hence, to maintain ecological
balance, planned urbanization is required. In future research, any one can use this mathematical model to see the
effects of Urbanization and Industrialization on the human population.

JETIR2310518 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 9167


http://www.jetir.org/

© 2023 JETIR October 2023, Volume 10, Issue 10 www.jetir.org (ISSN-2349-5162)

0.2r
—e— =02
02r —+— =04
—+—B,706
18k
e
#
o
#F
> 016+ ﬁ*ﬁ
Nﬁ
014t o
*#ﬁﬁ W
DA2F Mfﬁ :
P o
A+ W”"’
T4 o
u1€ e'{}%I 1 1 L Il 1 1 1 ]
0 01 02 03 04 05 06 07 08 03 1
t ———

Figure 2: Variation of ‘U’ with respect to ‘t’ for different value of o

D22

—o— py0.2 o

0.2

0.18

@ 0.16

0.14

Figure 3: Variation of ‘B’ with respect to ‘t’ for different value of o

01p

By=0.2
~ — B2
L N ——— PB=30

01k

01r

0.0999

— 0.0939

0.0999

0.0999

0.0993

0.0998

0.0998 1 1 L L 1 1 1 1 L ]
b 01 02 03 04 05 06 07 08 09 1

f—
Figure 4: Variation of ‘I’ with respect to ‘t’ for different value of Bo

JETIR2310518 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 9168


http://www.jetir.org/

© 2023 JETIR October 2023, Volume 10, Issue 10

www.jetir.org (ISSN-2349-5162)

019
——g=0.1 v
018 ¢ —+— =03 J,/'/
——g=05| &
0A7H e
/‘/
016} e
"/’
0i5f ad g
o S
/

L s

0.14 e H*M
x’( *M
013} v . o
A e
,*) . **_*.4"
0.12¢ i ***J'r*
A g

01} ) (,»;'P.,Jf*
0.1 : 1 1 1 L 1 1 1 1 L J

0 01 02 03 04 05 06 07 08 09 1

Figure 5: Variation of ‘B’ with respect to ‘t’ for different value of a

1

0.1

—+— =01

—— o~

014

0.0999

— 0.0998

0.0998

0.0993 -

0.0997 1 1 L L Il Il | 1 L ]
o 01 02 03 04 06 06 07 08 09 1

t —————»

Figure 6: Variation of ‘I’ with respect to ‘t’ for different value of a

JETIR2310518 |

Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org

| 9169


http://www.jetir.org/

© 2023 JETIR October 2023, Volume 10, Issue 10 www.jetir.org (ISSN-2349-5162)

References

[1] Abhinav Tandon, Jyotsna kumari (2016); Modeling the effects of environmental pollution intensified by

urbanization on human population, International journal of modeling simulation and scientific computing, vol.7.

[2] A.K. Misra, Matri Verma, Ezio Venturino (2015); Modeling the control of atmospheric carbon dioxide through
reforestation: effect of time delay, Model. earth syst. envion. 1:24.

[3] A.K.Misra, Kusum Lata, J.B.Shukla (2014);A mathematical model for the depletion of forestry resources due to

population and population pressure augmented industrialization, International journal of modeling, simulation and scientific
computing. vol.5, pp.(135022-1)-(135022-16).

[4] Ashraf M. Dewan, Yasushi Yamaguchi (2009); Land use and land cover change in greater dhaka, Bangladesh: using

remote sensing to promote sustainable urbanization, Applied Geography, elsevier, vol.29, pp.390-401.

[5] B.Dubey, A.S.Narayana (2010); Modelling effects of industrialization, population and pollution  on a renewable
resource, Elsevier, Nonlinear Analysis: Real world Application, vol.11, pp.2833-2848.

[6] B.Dubey, S.Sharma, P.Sinha, J.B.Shukla (2009); Modeling the depletion of forestry resources by population and

population pressure augmented industrialization, Applied mathematical modeling, Elsevier, vol.33, pp.3002- 3014.

[7] Carl- Johan Neiderud (2015); How urbanization affects the epidemiology of emerging  infectious disease, infection

ecology and epidemiology, taylor and francis group.

[8] J.B.Shukla, Kusum Lata, A.K.Misra(2011); Modeling the depletion of a renewable resource by population and

industrialization: Effect of technology on its conservation, Natural resource modeling, vol.24, pp.242-267.

[9] J.B.Shukla, Shalini Sharma, B.Dubey, Prawal Sinha (2009); Modeling the survival of a resource dependent

population: Effects of toxicants (pollutants) emitted from external sources as well as formed by its precursors, vol.10,

pp.54-70.

[10] Kaiser Manzoor (2013); Unabated urbanization a case related to India with focus on Bangalore, 1JPSS, vol.3, pp.436-
459,

[11] Manju Agarwal and Niharika Verma(2019); Effect of climate change on biomass and human population intensified
by unplanned urbanization, International journal of ecological economics and statistics, vol 40(1).

[12] M.A.Bek, N.Azmy, and Sameh Elka Frawy(2017); The effect of unplanned growth of urban areas an heat island
phenomena, Ain shams engineering journal.

[13] Md Yahia Bupari, Md. Enamul Haque and Md. Jahidul Islam(2016) ; Impacts of unplanned urbanization on the

socio-economic conditions and environment of pabna municipality, = Bangladesh, Journal of environment and earth science,
vol 6(9).

[14] Niharika Verma and Manju Agarwal (2017); Modeling of the ozone layer depletion due to greenhouse gases and
its effect on single species population, International journal of engineering science and technology, vol 9(7).

[15] O.P. Misra, S. chauhan(2012); Modeling and analysis of a single species population with viral infection in polluted

environment, Journal of applied mathematics, vol.3.

[16] Suhrit K.Dey, Chanchal Pramanik, Charlie Dey (2010), Mathematical Modeling of the effects of  urbanization and

population growth on agricultural economics, Intellectual Economics, vol. 2(8), pp.7-20.

[17] S.Uttara, Nishi Bhuvandas, Vanita Agarwal (2012), Impact of urbanization on environment, IJREAS, Research gate,

vol.2, pp. 1637-1645.

[18] Unplanned urbanization a challenge for public health, 5 April 2010, new release India.

[19] Naveen Sharma, Ram Singh, Carlo Cattans, Rachana Pathak (2021), Modeling and complexity in dynamics of T-

cell and cytokines in dengue fever based on antiviral treatment, Chaos, solution and fractals non-linear
science,Elsevier,vol.153.

[20] Fahad Al Basir , Sagar Adhurya , Malay Banarjee (2020); Modelling the effect of incubation and latent period on

the dynamics of vector-borne plant viral diseases, Bulletin of mathematical Biology ,82:99.

[21] Ram Naresh, Surabhi pandey, J.B.Shukla (2009); Modeling the cumulative effect of ecological factors is the habitat
on the spread of tuberculosis, international Journal of Biomathematics vol, 2(3).

[22] J. zhang and Z.Ma, (2003); "Global dyanamic of an SEIR epidemic model with saturating rate” Mathematical Bio-
science, vol.185,n0. 1,pp.15-32.

[23] Z. Feng, W.Huang, and C.Castillo- chavez, (2005);”Global behavior of a multi-group of an SIS epidemic mode with
age structure,” Journal of Diffential Equations, vol.218, no.2, pp.292-324.

[24] J.M. Tchuenche, A.Nwagwo, and R.Levins, (2007);Global behavior of an SIR epidemic model with time delay,”
Mathematical Methods in the Applied science,vol.30 no. 6,pp.733-749.

[25] K. Hattaf,. N. Yousfi, and A. Tridane,(2012) "Mathematical anaysis of a virus dynamic model with general
incidence rate and cure rate,” Nonlinear Analysis: Real world Application, vol.13,n04,pp.1866-1872.

[26] Y. Cai, Y. Kang, and W. Wang (2017), “A stochastic SIR epidemic model with nonlinear  incidence rate,” Applied
Mathematics and Computation, vol. 305, pp. 221-240.

[27] D. Jiang, J. Yu, C. Ji, and N. Shi (2011) , “Asymptotic behavior of global positive solution to a stochastic SIR
model,” Mathematical and Computer Modelling, vol. 54, no. 1-2, pp. 221- 232,

[28] J. Adnani, K. Hattaf, and N. Yousfi, (2013) “Stability analysis of a stochastic SIR epidemic model with specific
nonlinear incidence rate,” International Journal of Stochastic Analysis, vol. 2013, Article ID 431257, 4 pages.

[29] A. El Koufi, J. Adnani, A. Bennar, and N. Yousfi,(2018) “Dynamical behaviors of a stochastic SIRS epidemic
model,” Journal of Mathematical and Computational Science, vol. 8, no. 3, pp. 421-436.

JETIR2310518 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | g170


http://www.jetir.org/

© 2023 JETIR October 2023, Volume 10, Issue 10 www.jetir.org (ISSN-2349-5162)

[30] A. El Koufi, M. Naim, A. Bennar, and N. Yousfi,(2018) “Stability analysis of a stochastic SIS model with double
epidemic hypothesis and specific nonlinear incidence rate,” Communications in  Mathematical Biology and

Neuroscience, vol.

[31] Binder, S., Levitt, A.M., Sacks, J.J., Hughes, J.M.(1999): Emerging infectious diseases: public health issues for the

21st century. Science 284(5418), 1311-1313.

[32] 9. Blower, S.M., McLean, A.R.(1991): Mixing ecology and epidemiology. Proc. R. Soc. Lond. B 245(1314), 187-192.

[33] Keeling, M.J., Woolhouse, M.E., Shaw, D.J., Matthews, L., Chase-Topping, M., Haydon, D.T., Cornell, S.J., Kappey,

J., Wilesmith, J., Grenfell, B.T.(2001): Dynamics of the 2001 UK foot =~ and mouth epidemic: stochastic  dispersal in a

heterogeneous landscape. Science 294(5543), 813-817.

[34] Biswas, S., Sasmal, S.K., Samanta, S., Saifuddin,M., Pal, N., Chattopadhyay, J.(2017): Optimal harvesting and
complex dynamics in a delayed eco-epidemiological model with weak Allee effects. Nonlinear Dyn. 87(3), 1553—

1573.

[35] Hu, Z., Liu, S., Wang, H.(2008): Backward bifurcation of an epidemic model with standard incidence rate and

treatment rate. Nonlinear Anal. Real World Appl. 9(5), 2302-2312.

[36] Hyman, J.M., Li, J.(1998): Modeling the effectiveness of isolation strategies in preventing STD epidemics. SIAM J.
Appl. Math. 58(3), 912-925.

[37] Xu, R., Ma, Z.(2010): Global stability of a delayed SEIRS epidemic model with saturation incidence rate. Nonlinear Dyn.
61(1-2),229-239.

[38] Zhonghua, Z., Yaohong, S.(2010): Qualitative analysis of a SIR epidemic model with saturated treatment rate. J.
Appl. Math. Comput. 34(1-2), 177-194.

[39] Zhou, X., Cui, J.(2011): Analysis of stability and bifurcation for an SEIV epidemic model with vaccination and
nonlinear incidence rate. Nonlinear Dyn. 63(4), 639-653.

JETIR2310518 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | g171


http://www.jetir.org/

