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Abstract

The occurrence of infectious diseases is a great threat to human life and health. In order to
understand infectious diseases more effectively, people can establish appropriate mathematical
models, use theoretical analysis and computer simulation to formulate reasonable control
strategies to block the transmission of diseases, and do our best to reduce the harm of diseases
to human beings. The content of this paper mainly consists of two parts, which respectively
study the SEAIR infectious disease model with relapse effect and the SIQR time-delay model
with media effect.

In the first part, we studied an SEAIR model with relapse effect. Firstly, the existence of
two kinds of equilibrium points is proved by the threshold of the model. Secondly, the stability
of two kinds of equilibrium points is analyzed by using the LaSalle invariant set principle and
the method of constructing the Lyapunov function. Then, as an application of the model, the
cumulative number of COVID-19 cases reported in Hubei province is selected in this study.
The model is fitted with reported data and simulated the development trend of the disease.
Finally, the sensitivity analysis of the parameters is analyzed, and the effect of different relapse
rates on the COVID-19 is studied. The results show that the higher the recurrence rate of
COVID-19 becomes, the more severe the disease will be. The results of the study indicate that
the government should take strict isolation measures, and individuals need to wear masks to
reduce the infection rate and secondary relapse.

In the second part, a delayed SIQR epidemic model with media effect is established. Firstly,
the existence of two kinds of equilibrium points is proved by the threshold of the model.
Secondly, the stability of the two types of equilibrium points under the influence of the delay
7 caused by media reports is analyzed by using the Hurwitz criterion and other methods, and
the existence conditions of the Hopf branch are obtained. Finally, the model is simulated
numerically. The research results show that when 7 is fixed, as the degree of deviation & of
the susceptible persons' understanding of disease information under media reports increases
continuously, the model will change from periodic oscillation to equilibrium point. With the
increasing of the maximum reduction effect of media coverage on the effective contact rate, the

model changes from equilibrium to periodic oscillation. By studying the impact of important

11



parameters on the development of infectious diseases, the conclusion is given: it is beneficial
for the media to widely report the information of infectious diseases and improve the

information accuracy so as to reduce the spread of infectious diseases and effectively control

the outbreak of infectious diseases.

Key words: Relapse, COVID-19, Stability, Media coverage, Hopf bifurcation
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LI (B) LSRN (A +d)g(A)=0, Hrh

g(A) =2 +b A’ +b,A° + b A +b,
=(A+p+ (A’ + a2’ +a, A +ay) - prog(A+M,) - pro(1-g)(A+M,)
=(A+p+u)f(A) = prog(A+M,)-pro(l-g)(A+M)=0,
b=a+p+u>0,b=a(p+u)+a,>0,
by =a,(p+ 1)+ a; = prioq — pr,o(1-¢q)

A A
:|:M0M1 _O-qﬂZZ—I—MlMZ +MM, _G(I_Q)A;}(p*'ﬂ)

+

{Mz MM, —oqp, )~ o1-9)p 2 M, }(p v 1)
p+u H 7

prioq(p+u)— pryo(1-g)(p+p)

pPTH

A A
>|:MOM1 _GQﬂzz"'Mle + MM, _6(1_9):@;}(17"'/1)

_l_

{Mz(MoMl _Gqﬂzﬁ)_a(l_Q)AAMl}(p"',u)
ptHu M M

priogM, —

pr,o(l-q)M,
p+u p+u

A A
:|:M0M1 —O'qﬂ2;+M1M2 + MM, _G(I_Q)ﬁlz}([)+ﬂ)

+M0M1Mz(1_Ro)
>0,

14
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b, = ay(p+ u)— priogM, — pr,o(1-q)M,
=(p+ MM M,(1-R,)
>0,

HE 1S
bb, —b,=(a,+ p+pla,(p+p)+a,]-a,(p+ u)—a,+ prog + pr,o(1-q)
=aa, +a;(p+u)+a(p+p) +a,(p+ )+ prog+ pro(l-q)
—a,(p+p)—a,
=a@, —a,+a;(p+m)+a(p+p) + prog+ pro(l-q)>0
[F] s
(b1b 2 _b3 )b3 - b12b4
=[aa, —as+al(p+ @) +a,(p+p)’ + prog+ pro(l-@lla,(p+ 1) +a, — prog— pr,o(l-q)]
—(a,+ p+ p)’[ay(p + p) = priogM, — prio(1-q)M,]
= (a)a, —ay)a,(p+ 1) + (a,a, — ay)ay + aja,(p+ p)’ +ajay(p+ p) + aa,(p + 1)’ +aa,(p+ )’
+a,(p+ ) polng+n(l—)l+a,polrg +r,(1-g)]+(a, + p+ p)’ polrgM, + r,(1-q)M,]
—(a,a, —ay) polng +nr(1-@)]-a; (p + Wpolng+r(1-q)]-a(p+ u)’ polrg+r(1-q)]
—{polnqg+nrn(1-1y —aja,(p+ w)—ay,(p+ ©)’ = 2a,a,(p + p)’
=bypolng +n(1- @)1+ (aa, —a)b, +al (p + p)aa, —a,) + (@@, —a;)(p + p)°
+(a,+ p+ u) polngM, +r,(1-@)M |1 a,(p + p)(a, + p + ) polrg +r,(1-q)]
=bypolng +1,(1- 1+ (aa, —a)b, +a/ (p + p)aa, —a,) + (@@, —a;)(p + )’
+(a,+p+ppoi(a +p+wlngM, +n(1-gM,]-a,(p+ wlng +r(1-g)1}
=bypolng +1,(1- 1+ (aa, —a)b; +a/ (p + p)aa, —a,) + (@@, —a;)(p + p)°
+(a,+p+upoila(n+a,)+(p+ M, —aplig+la(+a)+(p+ M, —aplr(1-q);}

M p<min{r; +a,r,+a,} 1, A (bb,—b,)b,—bb, >0 .
R4 Routh-Hurwitz FI4f, RIBREH TP 5 B 7E X X B R #iiniatasE. R, > 1
I
b, = ay,(p+ u) - priogM, — pr,o(1-q)M,

A A
= [Mz(MoMl - Ggﬂz ;) - O-(l - Q)ﬂl ;Ml](p + /1) _prlo-qu —pl’20'(1 - Q)Ml

_(pr MM - 2I8A _oU=DBA  prog __pro(=q)
MM,  uMM, (p+ru)MM, (p+p)MM,
=(p+ MM M,(1-R,)
<0.
15
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FRUAY R, > 1, J(P) A — AN IERHEAR, PRI Y T 1A RO R E
SEFE 3.3 YR <K, PAeEEnLiaE; 4R, =18, PBAaRWE].
IER MR <1WAH

TSRS N T
uM M, M M,(p+ ) UMM, MM (p+ u)

WAELE P > P EFS

(l—q){ pho_ __ por }<pl<l,q[ pho  __ por }<p2<1,
uMM, M M,(p+ u) uM M, MM, (p+ p)

E‘p1+p2<l’ JH:

w_ﬂﬂléﬂ%MMOMz , p+ﬂﬂzé+,,l <MM0MI,
p Y2 po(l-q) poq

2T

(l—q){ pAo . pon }r |:ﬂ2AO_ .___pon }Spl+p2£1,
uM M, M M,(p+ u) uM M, MM\ (p+ u)

#it Liapunov BRI %{

yoPMprp) P M(pry) o PHU L
po(1-¢q) poq p

RV () RTHEIG )2 S H:

v pM(p+ 1)
d  po(l-q)
Pty

(01~ ) ~ M 1]+ 2L (g )
poq

+ (B.SI + B,SA—M,E + pR)+[rA+rI —(p+ )R]

< PM(p+ 1)
po(l-9g)
PHH

[o1- g8~ 1]+ XL (g g,
poq

+ (A%I+,6’2%A—M0E+pRj+[r1A+rzl—(p+y)R]

:{leo(pw) ol —q)s LMPEH) P+ﬂM0}E
po(l-q) poq

16



H=F REAAERYNK SEAIR #HH7)Hr

{Mﬁlém_m(lﬂ_wMosz,
p H po(l-q)

{uﬂzéﬂ_wMoMle
p H poq

+ + A +
:(pl+p2_1)uMOE+[uﬂl_+,,2_MMOMZJI 37)
p P M po(l1-q)

+(p+ﬂﬂzé+n_MMoMle
V4 H poq

<0.

é\Q:{(S, E, 41, R)|‘L_I;=0}={(S, E, A 1, R)|A:1=E=0}, QWY ol

S FiLl Py R K o A%, i LaSalle FASEER, X A AL
y7i

Bt R, KUICmiE T B 2R EnLfasE .

i—llRO:lHﬁ" ﬁ

o Ao g . [ade e .,
uM M, M M,(p+ ) uM M, MM (p+ u)

WA P+ P flifE

_\| _BAc por,
a q)LlMOM2 +M()Mz(p+ﬂ)}sp1 <1 (3.8)
il
A Ao por;
q|:ﬂMoM1+M0M1(p+,UJSp2S1 G5
WIFAELT 3 Fh§ TR«

(i)(l—q){/““+ pes }:L{@Am por, }:O

uM M, M M,(p+ p) uM M, MM (p+ p)

(ii)(1—q)[ PAo _, _ por }:o {@A"+ P }zl;

uM M, M M,(p+ u) UMM, MM (p+ u)

17
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(iif) (l—q){ Pho __ pon }1, {ﬂzA“ +— P }1

q
uM M, MM,(p+ u) uM M, MM, (p + u)

XTEE Q) , ARFE p,p, 15 p, =1, p,=0. RIFEXG.7)AT1H

d_V:[pwﬂZAM_MMOMJASO_
ds p yz poq

é\Ql={(S, E, A1, R)|‘11—It/=o}={(s, E, A, I, R)|A=E=0}, f£Q N2t —> olff

I—>0, R—0, S—)A.

U

XITEE (i), AISEE p, » p, iR p, =0, p,=1. FMREGE.7) 5

QK:(P+ﬂﬁ#£+G_£i£iﬁLMM@j1So_
ds p u po(1-q)

/%Qz:{(S, E, 4,1, R)|C11—It/=o}={(5, E, A4, 1,R)|I=E=0},7EQ,NHt—> ol 450,

Rao,Sa%.%%mnS&dNE%ﬁﬁ%$%M,ﬂuﬁﬁﬂm%%ﬁwﬁﬁ
£, H LaSalle NN, HRIHE TP 5 P, 2R 5] .

3.4 ERE—HFAMN

o T A REAE 55 4 L2214 4 LS ) — SR A RO i
.

SEH 34 YR >IN, FE—ANESm, FHEBEMG.HIETA EM (S0),E®@), A®),

1(2),R(t)) i /2

min{nm inf A(f), liminf I(¢), liminf R(t)} > &,

t—x =

HI B 2 — BUF A
18
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EM 4 X, ={(S,E,4,1,R)e X|E,I,A,R>0}, 0X,=X\X, XHIEXRKG.2).
HIA Y (3.1) 1) 58 — AN J7 R AT 0
E(t)> E(t,)e """ > 0. (3.10)
HIARE AL (3. 1) I B8 =N 7 R T 1
A(t) > A(t))e i) 5 0 (3.11)
AR (3.1) B 28 DU A 5 5 AT R0
I(t) = I(t,)e o) 5 0., (3.12)
HIAE AR (3. 1) IR 58 AN T R AT R
R(t)> R(t,)e " > (. (3.13)
FITPA X, A IEAEE . oX, 75 X AT A4, 5 AMERL3.1) & SRR . 4

S%=K&mﬂm»mmﬂmﬂm»waamAmeﬂ@»aw¢wzq,

ik

Q, ={(5(0),0,0,0,0)|S(0) > 0} .
2R

{(5(0),0,0,0,0)|S(0) =0} = Q>
R iR

Q, ={(5(0),0,0,0,0)[S(0) > 0} . (3.14)
BB (S(0), E(0), 4(0),1(0),R(0)) e Q, , IEWIRMER A= 0/, A()=0, I(H)=0,
R())=0, E()=0. #FHBEEAWKL, FF1Et,>0, Tz —mr:
(i) A(t,)>0, (i) I(,)>0, (i) R(1,)>0, (v) E(t,)>0.
A (1) AL, SAERGIDEARME T AL, SN TAER >, #H A1) >0. FHifH

BG)HAFE(@) >0, 1(1)>0, R(t)>0. FrLA(S(0), E(2), A1), 1(2),R()) NJE T 06X, , X
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5 (8(0), £(0), 4(0),1(0), R(0)) € Q, FHTF & . T (i) A (did) RIS L, 07T LA HH SRALLT T
() for, Mivest,, B

A(t) = A(ty)e T j oqEe " iy
PRI Ve >, ZE@W)>00, G A(¢)>0. RS ()RR EN

(1) = I(t,)e o) j o(1— q)Ee e s .
Xve>t,, AI({)>0. HEMEHWEL DTS

R(t) = R(t,)e™ "0 4 j (rA+70) e dt .
HVE>ty, BR(E)>0. #H(S@),E@), A, 1(t),Rt)) ANET oX,,» FAx)E. Fitkfdh
(B 14AL, FRALG)HIBIRIE LR B R miniata e, BAREQ, B RA AP
P MR LR, HEH B X RIS, (RN X, =D . fEQ, TR IS
EUHT B, BEQ, HRAEFRI. HSCHRIS2IMERE 4.6 41, PR XT (X,.0X, ) B
REA. HSCHR[S3]E 3 2.4 13 BIBA G ) — AP (S 7, 471 R BT X, , 1
HL ERFUM S >0. %S =0, MBEHEUGCNDRE =4 =1"=R =0, #HHTE,

Rt P = (S*,E*,A*,I*,R*)%*ﬁﬂ(3.1)9@~4\ﬁ¥@%ﬁ.

3.5 REINH

MRYERRY (.1 FIRF 5, AT R AR ZY (3. 1) % B it 28 AT I 9
3.5.1 BIE

AT AL 11 HE 25 H s Bt g EdEses (LK 3.2).
3.52 RESHAI

WL B AN 214 11081000 AP, (K] AR 15 S(0) = 11081000 . AR P& & A] 41,
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FoF REGRKINE SEAIR B34t

ekt R B ARINZI8 7 R, BHito =% - R SE T RIAE 2020 55 3 H 29 H A A

1) €2019 RO ERAETFFME S KRS AIRDY FISAETZEN 0.0057, HAEZRN
0.0128, #EHHEIAN A =11081000x0.0128 =141836.8 .

B 3.2 1 H 11 HE 25 HEwHEE Bitms

WA E AN T A 110 HEN 1T A 25 HEEs iR 2 v B ST B O K
3.3), MEIFHAKRMSE, SEEIMETHE & 3-1.

o
1/10/2020 1/16/2020 1/20/2020 1/25/2020
B[]

K33 BEANE
3.5.3 FiERITHES
M 1A FRFFEER SR T M B i, AT I2nt B0 A 117
REGWA, BT LAAS B B B AT BRI IR B T, BT R (3. )RR 4 Kk AT il
M. xF 2020 4F 1 H 26 HE 1 H 29 HiAbE Rt BEAYRGI R i an &l 3.4, MWEEH]
FIRE G, B il 2 e I k™ 8, AR KJR R 1 TER T IANIR 2 N 5t 580
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