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Abstract

This paper mainly investigates the stability and Hopf bifurcation in a delayed epidemic model
system with double epidemic hypothesis. We study the stability of the unique positive equilibrium
for the system under different conditions. By analyzing the distribution of characteristic roots of
corresponding linearized system, we obtain the conditions for keeping the system to be stable.
Moreover, it is illustrated that the Hopf bifurcation will occur when the delay passes through a criti-
cal value. Then we use the MATLAB numerical simulations for justifying the theoretical results.
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Figure 1. The positive equilibrium of system (1) is locally asymptotically stable when z,

=05<7,=1 (Fig-

ure 1(a)), the hopf bifurcation will occur in the equilibrium of system (1) when z,=15>r,=1 (Figure

1(b)), where initial value is “10, 10, 0. 1”
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Figure 2. The positive equilibrium of system (1) is locally asymptotically stable when
7,=117,=17<7,=175 (Figure 2(a)) , the hopf bifurcation will occur in the equili-

brium of system (1) when 7, =1,7,=2>7, =175 (Figure 2(b)) , where initial value is
“11,0.1,1”

B 2 %He=1r=17<r,=175/, REG)EEFEHEILENEEHHRENGAE
2@), &1, =11, =2>1, =175, R (1) EFE 2 &£ Hopf 58 (F0E 2(b) BT 7w,
Ho#EHR “11,0.1,17

WJE, BAME ¢ FGEX R T ® o, , WK o, (FA DS H. & =1F %, =175, =

7, €[0,1.75) I, RGUHE T 51 E" 42 Rsiif bz M, Me>r, =1750, REKMEKA Hopf 4%,
WK 2 s

5.

& 4k

ICN=A

ASLEZLIIHT T SINASFI i Ja (0 G R AR € P 5 Hopf 20 25, ST T AEAN SO0 T R80T

17 by A AENE LR AR, R RIS, SR Hopf 22 20 ¢ I Sl . e
M MATLAB HEATHUERA, WAEFTARIMEE0e. EUSIKTIES, AT a0 IR HIgE4T
— BT,

E&WE

[ 2% AR R34 42 (11161027, 61364001); Hift 4 Rl %44 (144GKCAO018).

SE Wk (References)

(1]

(2]
(3]

(4]

(5]
(6]

Kang, H.Y. and Fu, X.C. (2015) Epidemic Spreading and Global Stability of an SIS Model with an Infective Vector on
Complex Networks. Communications in Nonlinear Science and Numerical Simulation, 27, 30-39.
http://dx.doi.org/10.1016/j.cnsns.2015.02.018

Li, C.H. (2015) Dynamics of a Network-Based SIS Epidemic Model with Nonmonotone Incidence Rate. Physica A:
Statistical Mechanics and its Applications, 427, 234-243. http://dx.doi.org/10.1016/j.physa.2015.02.023

Economoua, A., Gomez-Corral, A. and Ldpez-Garcia, M. (2015) A Stochastic SIS Epidemic Model with Heterogene-
ous Contacts. Physica A: Statistical Mechanics and its Applications, 421, 78-97.
http://dx.doi.org/10.1016/j.physa.2014.10.054

Zhang, J.C. and Sun, J.T. (2014) Stability Analysis of an SIS Epidemic Model with Feedback Mechanism on Networks.
Physica A: Statistical Mechanics and its Applications, 394, 24-32.
http://dx.doi.org/10.1016/j.physa.2013.09.058

Li, J., Zhao, Y.L. and Zhu, H.P. (2015) Bifurcation of an SIS Model with Nonlinear Contact Rate. Journal of Mathe-
matical Analysis and Applications, 432, 1119-1138. http://dx.doi.org/10.1016/j.jmaa.2015.07.001

Cai, Y.L., Kang, Y., Banerjee, M. and Wang, W.M. (2015) A Stochastic SIRS Epidemic Model with Infectious Force
under Intervention Strategies. Journal of Differential Equations, 259, 7463-7502.



http://dx.doi.org/10.1016/j.cnsns.2015.02.018
http://dx.doi.org/10.1016/j.physa.2015.02.023
http://dx.doi.org/10.1016/j.physa.2014.10.054
http://dx.doi.org/10.1016/j.physa.2013.09.058
http://dx.doi.org/10.1016/j.jmaa.2015.07.001

e &%

http://dx.doi.org/10.1016/j.jde.2015.08.024

[71 Zhou, T.T., Zhang, W.P. and Lu, Q.Y. (2014) Bifurcation Analysis of an SIS Epidemic Model with Saturated Inci-
dence Rate and Saturated Treatment Function. Applied Mathematics and Computation, 226, 288-305.
http://dx.doi.org/10.1016/j.amc.2013.10.020

[8] Luo, J.F., Wang, W.D., Chen, H.Y. and Fu, R. (2016) Bifurcations of a Mathematical Model for HIV Dynamics.
Journal of Mathematical Analysis and Applications, 434, 837-857. http://dx.doi.org/10.1016/j.jmaa.2015.09.048

[9] Hao, P.M., Fan, D.J., Wei, J.J. and Liu, Q.H. (2012) Dynamic Behaviors of a Delayed HIV Model with Stage-Structure.
Communications in Nonlinear Science and Numerical Simulation, 17, 4753-4766.
http://dx.doi.org/10.1016/j.cnsns.2012.04.004

[10] Liu, B.W. (2015) Convergence of an SIS Epidemic Model with a Constant Delay. Applied Mathematics Letters, 49,
113-118. http://dx.doi.org/10.1016/j.aml.2015.04.012

[11] Zhao, Y.N. and Jiang, D.Q. (2014) The Threshold of a Stochastic SIS Epidemic Model with Vaccination. Applied Ma-
thematics and Computation, 243, 718-727. http://dx.doi.org/10.1016/j.amc.2014.05.124

[12] Meng, X.Z., Zhao, S.N., Feng, T. and Zhao, T.H. (2016) Dynamics of a Novel Nonlinear Stochastic SIS Epidemic
Model with Double Epidemic Hypothesis. Journal of Mathematical Analysis and Applications, 433, 227-242.
http://dx.doi.org/10.1016/j.jmaa.2015.07.056

[13] Huo, H.F. and Ma, Z.P. (2010) Dynamics of a Delayed Epidemic Model with Non-Monotonic Rate. Communications
in Nonlinear Science and Numerical Simulation, 15, 459-468. http://dx.doi.org/10.1016/j.cnsns.2009.04.018

[14] Celik, C. (2008) The Stability and Hopf Bifurcation for a Predator-Prey System with Time Delay. Chaos, Solitons
Fractals, 37, 87-99. http://dx.doi.org/10.1016/j.chaos.2007.10.045

[15] Zhang, L.Y. (2015) Hopf Bifurcation Analysis in a Monod-Haldane Predator-Prey Model with Delays and Diffusion.
Applied Mathematical Modelling, 39, 1369-1382. http://dx.doi.org/10.1016/j.apm.2014.09.007

[16] Celik, C. (2009) Hopf Bifurcation of a Ratio-Dependent Predator-Prey System with Time Delay. Chaos, Solitons
Fractals, 42, 1474-1484. http://dx.doi.org/10.1016/j.chaos.2009.03.071

[17] Hale, J.K. (1977) Theory of Functional Differential Equation. Springer-Verlag, New York.
http://dx.doi.org/10.1007/978-1-4612-9892-2

[18] Hassard, B.D., Kazarinoff, N.D. and Wan, Y.H. (1981) Theory and Applications of Hopf Bifurcation. Cambridge Uni-
versity Press, Cambridge.

L !
LY
Hans Xt
BT 8RR = 32 T AR SS

BRmaTE RS (QQ. TE . HRAE & W)
I VL L i A & AT

24 /NS DA DS R 16 TR BT A 55 1)

KT AL 45 R LTI

LAV I AT VP

IR

A 4% 78 i HET IS IR AL

Noo~owhpRE

WhaiE A http://www.hanspub.org/Submission.aspx
PATIME4E: aam@hanspub.org



http://dx.doi.org/10.1016/j.jde.2015.08.024
http://dx.doi.org/10.1016/j.amc.2013.10.020
http://dx.doi.org/10.1016/j.jmaa.2015.09.048
http://dx.doi.org/10.1016/j.cnsns.2012.04.004
http://dx.doi.org/10.1016/j.aml.2015.04.012
http://dx.doi.org/10.1016/j.amc.2014.05.124
http://dx.doi.org/10.1016/j.jmaa.2015.07.056
http://dx.doi.org/10.1016/j.cnsns.2009.04.018
http://dx.doi.org/10.1016/j.chaos.2007.10.045
http://dx.doi.org/10.1016/j.apm.2014.09.007
http://dx.doi.org/10.1016/j.chaos.2009.03.071
http://dx.doi.org/10.1007/978-1-4612-9892-2
http://www.hanspub.org/Submission.aspx
mailto:aam@hanspub.org

	Analysis on Stability and Hopf Bifurcation in a Delayed Epidemic Model with Double Epidemic Hypothesis
	Abstract
	Keywords
	带有时滞的双传染病假设模型稳定性及Hopf分岔分析
	摘  要
	关键词
	1. 引言
	2. 平衡点及局部稳定性
	3. Hopf分岔的存在性
	4. 数值模拟
	5. 总结
	基金项目
	参考文献 (References)

