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Media Coverage and Personal Protection Awareness with

Hopf Bifurcation Analysis of Multi-Time Delay

Vector-Borne Disease Model

HAO Xinjie, NIE Linfei
(School of Mathematics and System Sciences, Xinjiang University, Urumqi Xingiang 830017, China)

Abstract : Considering the effects of media coverage, personal protection awareness and time delays on the
spread of vector-borne diseases, a model of vector-borne diseases with delayed media coverage and incubation
period delays is developed. Firstly, the exact expression of the basic reproduction number is given and used to
characterize the existence and stability of the equilibria and the existence of the Hopf bifurcation. That is, when
the basic reproduction number is less than 1, the stability of disease-free equilibrium will not be affected by the
media coverage delay and the latency delay of virus in vectors. When the basic reproduction number is greater
than 1, the media coverage delay will affect the stability of the endemic equilibrium, and the model will generate
the Hopf bifurcation. Further, by using the bifurcation theorem, the direction of Hopf bifurcation is discussed and
some sufficient conditions for the stability of periodic solution are obtained. Finally, some numerical examples are

given to explain the main theoretical results.
Key words : vector-borne disease; media coverage; basic reproduction number; Hopf bifurcation and stability
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BRI A(0) D TFRRAF(H +iw RURRAE LA e A S TFARHAE(E —iw MERAE [ i, 1538 ¢(0) = (1, 02, G5, das
gs) ™" S A(0) SETHFHE (M Hiw ROERAE R, o

KM* +KS;qs A
2= Zw+a+ » B ; Bne —eTh CD*e—twTy ’
i (it + pn) + T~ oot Poomn)
. ,'7e—z'w‘r:,1 s . De~ Ty 03
4 lw+ﬂo 9 5 Zu}‘i’,um +P67i“"7u .

B, TR g7 () = (1,05, 05,45, 5)° " S A S TR —iww (PRSI BE, oo

- «a . W+ A+ KM A p, — kMg
(Iz—m’ qs = A )
._ BrS;+KSi¢;+Bgs L Cqy-C

e —iw+ fio T T w4 Pre—ivm

= (16) A1 (g(0),¢7 (s)) =1, A5

-1

G = (14005 + @05 + s + 005 + e “mng;gs+7 e ™ ¢ (Dgs — Pgs))
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HRA Hassard 2504 25 1 AL T LIAS S T80 & Hopf 43 32 75 18] F143 S R A Ra 2 M i — B 51 R %
920 =27,,G{aBune ™" (@5 — 1)gs + (T — 1)qs — aBpe " Gasgse 7™},
g1 =75,G{aBune™ ™ (35— 1) (G5 + a5) + £(3 — 1) (qa+ @) — aBpoe™ 7 G (4385 + T3a5) } »
902 =27, G {aﬂvhe Mgy — 1) g5+ k(G5 — 1) Gy — aBroe T G GsGae” T } ;
921 =7,G {7 8,(35 ~ D@WEY (0)+ W (0) + WY (0) + 27 (0)gs)
+r(; — 1)WY (0)+ Wi (0) + @, (0) + 2,1 (0)s) — aBpe ™™
X (2WY) (—0)gze ™™ + Wi (—0)@se™™ + G WY (—0) + 20} (_U)q&.,e—m)},

Hrr:
Zg q 0 eiwr,,*n@ Zg q 0 efiw,,*na I
Wio () = 20 L(ml 4 Yoz éw)T* 1 E e¥wmm®
i q 0 emfjne ig q 0 e—imfne
Wu(e):_ g (E”?* + Ju (w)T* +E,,

Hp: B, = (B, E® E® EY EPHYT E, = (E{Y EP ESY BV, BT . nT LAt FAEERGR I B,
E, H1A.

3 -« 0 kS;—B C DI
—kM* 2w+ a+p, 0 —KS; 0 K(4
—A 0 2iw+ g, +n B —-C |E, = i s
0 0 —ne"2Tm w4, 0 0
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Horp: ¥y = 2iw+ A+ pp +KM*, By = 2w+ Pe” 2™ 4y, N3 = —aﬁvhe_pM*%—H(]m Xy = aﬁche_pM*%’ X5 =
aBnee ™ q3qs, L6 = —aBune ™™ (g5 +35) — k(qa+ 1), S7 = aBene ™™ (g5 +q5), Ts = aBr,e” 2™ (Gaqs + ¢35 )-
I, AT DU M

7

C\(0)= WJ)%I _Re{C1(0)}

2 —
(911920 2|gll| 3 +7 M2 = Re/\'(T;:l) )
Im{C,(0)}+ pIm\'(0)

Wo T

m

-
2w, T},

B2=2Re{C,(0)}, Tp=

LR UL Lo, Al AR E B 6.
EHE 6 > pp > 0(pup < 0) I, JEIYIE AR S O 70 325 24 8, < 0(82 > 0) I, AR AR & (AN HY;
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5 HEEM
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fH N, =5.788 2, A, =22 500, ), =1/(71 % 365), p, = 0.05.
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5 BSHXT Ro BN
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XL R RS2 RIS —ACHERE D, fath 1 205 A T BORK 4 1 BB AR FEAS PR R, RSB R
ik B, Y Ry < LI, TR PAE S ARl R e 19, 28 R > LI, Jof P ATEE , BORFAAErE— 1 H 7R
VAL 2D, AT IE T 5P R RS E PR Hopf 73 S AFTENE. DFREES SRR i T2 B8N 17
T ARSI TE A R N BOTER ORI (7)) MBI B2 R LA — 5 AR 1, BECE T DRI OB, BEA P A
BRI, 22 W0 IR TE A A A AR DRI e b 8 i 8 RS T LA 1R 114 e 83 5 X T i 1 4%
A AR, DR AR A B TR B, RE R BHAHGE I HER , (LR R = 2%, 7
i s eI HARE P Mt BRI B G B, Hopf 70 XA,

IR, R T AT E R BRI AT, WA TR AR AR A A v s, 90, AR AR s PR 3 A
TR A1 0 S L A S o LA E i R AR DRI | o LA RTRR ) 2 R | 9 e R 7 B A R
SO AEAE. N BAT — el M D Z R A B GO BB 0 s 12470, (AT — PR AIRTE.
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