5546 % 55 23] ¥ B #4 2 £ £ % & 3 4 Vol. 46,No. 2

201642 A JOURNAL OF UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA Feb. 2016

LS. 0253-2778(2016)02-0095-09

AR HEXRFHELIER SEIR BBy #T %53

w1 2
I3 R, 5k R e
(L. RO B AN IR BRI A AR 23008852, P 2 RHEE R B2 B B PE 15 22 710049)

WE AL T—E2EREPBEEYEAL LAY SEIR B ERER . FETARATEFHE

1B ARKBAHR.EM Liapunov S8 5 %, T H R<1 W, LR F#E E AAHLHEL, %

H IR %A A Hurwitz IR GER T 5 R >1 B, E, RAEE 7 5 F 475 £ B 30 iL 4

s ERARATERPBREARN TR IFHEE 2BHLERBE  RRFEAE RE.HFT

IS AUBALABE DR B — F B dE IR G 25 R 4G A

KEBIF AR B AR HE ;A B #TEAE T M Liapunov & 2 ; #Lil #1448 2

hESES.0175 X HEAPRIRED A doi:10. 3969/j. issn. 0253-2778. 2016. 02. 00

2010 Mathematics Subject Classification: 92D25

5| A#&3X: Ma Yanli. Zhang Zhonghua. Asymptotical analysis of SEIR model with infectious force in latent and
immune periods[J]. Journal of University of Science and Technology of China, 2016,46(2):95-103.
IhHET L SR R, WIRE AR 2 B L et iy SEIR BE R A9 s v M (1], P E R E R K2k
#%,2016,46(2):95-103.

Asymptotical analysis of SEIR model with infectious force

in latent and immune periods

MA Yanli', ZHANG Zhonghua®

(1. Public Curriculumm Department, Anhui Xinhua University, Hefei 230088, China;
2. School of Sciences, Xi’an University of Science and Technology, Xi’an 710049, China)

Abstract: A type of SEIR epidemic model with infective force in the latent and immune period was studied.
And the threshold, basic reproductive number R, which determines whether a disease is extinct or not,
was obtained. By using the Liapunov function method, it was proved that the disease-free equilibrium E, is
globally asymptotically stable and that the disease eventually goes away if R,<Z1. It was also proved that in
the case where R,>1, E; is unstable and the unique endemic equilibrium E” is locally asymptotically stable
by Hurwitz criterion theory. It was shown that when disease-induced death rate and elimination rate are
zero, the unique endemic equilibrium E™ is globally asymptotically stable and the disease persists. Finally,
numerical simulation was given to illustrate the theoretical analysis.

Key words: basic reproductive number; equilibrium; global asymptotically stability; Liapunov function;

orbital asymptotical stability

s B :2015-03-19; & B B #1:2016-01-09
EETEH . BHRKAREI S (11201277,11402054) , Z A A R B3 & T S0 H (KJ2015A308,KJ2015A331) ¥ B,
TEET AT DHamd GEIRMEH) . & . 1983 &A= Hil+ /PF0l. #9807 17 : A ¥ %%, E-mail: Linda-mayanli@163. com



96 T EAFHERKFFR

% 46 %

0 5§

S UIE SR PN (3 A DN ST Sl W
I — IR X — UK W 2 AT 25 N IR A RR S ok
TEXMIHE. AR T AEHL (WTO) & £H(2013
AEHE SR DA RS )R AL G R AR S AR5 — R
T H AT BRI B0 1132 2 4 Fl R 6] 14 e 55 1
JE . AR B RS TS Y, A R M L8
LB A AL YL PR 4R Sk £ 4 T — 28087 B L an 3K
W99 CATDS) A e M AE MUY il 28 (SARS) 4 4l >k
X1 %

AT R AR 22 45 Y4 05 1E By 1835 B IR L 5 A
SR BT AF ARG B VAR 0L R L B AL Y B AL
SEI. SEIR # SEIRS %, # & F| F % 4 Poincaré-
Bendixson 4 5 3k §iF B b 5 9% F #7025 A0 4 /B fa
P 56 T3 75 1 A9 A% G A R I R 2D LB (H R —
P ) A% Gl 1S HR 58 /0 b 25 SRV AR 2R BB R LA L
YL 7 I O o T PN TR R RS BRI A B L AE VAR
WS 2 LA — o AL Y T 2R T B Y
TR E IR IRE MBI E Y B ALY TR SEIR
BRI 4 R e L, B H EY e T R B
2 il 1 SETR A5 Y () B 1 o0 M. &k A SR AE ik
TR R F o8 h R H BB WEM, — LR FE
N5 B A0 A 3% O =X AT BE L2 ok R) 3% M 5 i %
AR B R B E T RAT R R AR R LT ST
ik [8-9 ] #5570 v 2 J A 58 0 & A Bl LR MY L Y
P 508 AR K ), 3 F & 2B R AR R AN A5 A S bR
(. SRR 10 I 4% Yo o5 B 780 2 18 A Je — B =X i 42
il %, HL3X Bl & 2E R — R R 0 B . 32 Sk
[8-100MIH K AR SCH ST T — K HA AR R R
SEIR ft Y 95 A5 Y, [R] B 25 186 75 AR 248 0 e g 28 0%
U5 B S W, 18 T 9 T A R b T o P A A
f 4 Jmy B ML R R OF SR AL RO AT T B

1 RHBEEIREX

KR BE N 5 I S IRE E YR E 1
H# R.iC N=S+ E+ I+ R, &7 B G brE R E R
) SEIR WiATHe BRI 25 4548, i 1 R, Hip, A
R RHE O R B AR IR R AR LY B iR
As Ao s Ag A3 RN TRAR L UL ORI RS Y AL
RERBG s 500 FR R IEIRE 5 YT 5 1 i S
TR, ANHRIETI R kok R ERREBRES
YL & B B 385 v R W R &R Y el B2
VAR B e o B L 4 A8 1y R B TR 5 e
Feom NG F R I HL B, 1/ e S F 3 R
AR Avdisds Ao ars aos Vs ko koo ds e K 1F
AL

AR AT 3 ) s B RS
SEIR &1
dS_ ., SE_, SI_ . SR
dt—A Al N Az N Ay N dsS.,
dE_, SE. S SR
dt—/\l N+)xz N+)ks N (y+d+a+kE,
dl
d_tny*(€+d+ag+k2)Ia
dR

— = ¢l — dR
t

(D
NSNS ¥ S|
N =A—dN— (o + k)E— (ay + k) L.

AR, N'<A— dN. AR R 58 (1) 1 A= ) 2 3 s
Hits B AR 4R

I'={(S,E,I,R) € R*|

0 S+E+I+R=N<A/d}

NWFSERGE(D  Horp RO RO R I IESE. 7675 18
FRGE(DORYEPRE L A FPIEIE TN E D2
YD —AIE 1] i KRR

HEAL. i 5 AR ] A 2
AE+ AT+ AR
A N ¥E &
» S E » ] R
ds (d+ay+k)E (d+antho)l dR

1 SEIR RITRIZBECELH

Fig. 1 Compartment structure of SEIR epidemic model



Hpk K FoAs th K LA A F M 6g SEIR AR A 64 7 i 1% 5 4 97

NA((S* dDow—yd+e)

S:
)\1(U+ Af)’y+k
E— w(A— dN)
(6— dDw—yd+o’
[— Y(A— dN)
(56— dDw—y(d+eo’
&
ECA—dND
R— d

(00— dw—y(d+ o

Kb,
d=d+a+k+7,
w=d+ o+ ks +e
IR RT N’
F(N)(A—dN) = 0.

=,
FON) —— Ad | work v+ & | [ v+ 2 |+
== Ad|hot XY+ A | |otrt 7]
( Bl
adeplw+Azy+&»El—((@—dm—y(dﬂnj.

ARG (1) A8 X A (0. A/dD) i
E (A/d.0,0,0). AN

S AR TE R P A A

FC0) :*Ad[llw+lzy+)\a %] [er 7+%]<09

F(A/d) = SwA (8w — dw— dYy) -

(Aler)ngJr)kg%y |
J 5o J

Aot A v A 27
TRBEARFAER R=
i, FCA/d) >0, F(0)<<0. X AN

F'(N) = 8wd((Ry, — Do+ d(w+ 7)) =0

FIFLL ECND ZE X JA] (0, A/ d) b kg B i 8 bk B0, ik
F(N)=0 7EX [0, A/ FAFAEME— M N* LRI &R
G (D AEAEME— BT A o E7 (S™LE .17 R,
X S ,E . . R ALK (D hE.

2 ERFERNERREM

EE1 Y Re<<1 B, WV E 4Rk
g R >1 B, oW P s E, A, JFHER S
BhAh N T NFEAEEIE Eo 5 R W fRERIE 2 E,.

PERH  HX Liapunov PR%X
Mo+ Y+ A & A TLi)\s

dE+ d

80) ]

LR >1

V =

Ay
I+ dR'

(A—dN) +dN(d— dDw— y(d+ )

b

(2

B RGE D RHU

Mot A r+ A

dv d .

dz |<1>: Sw

SR

SE., .Sl
A N+)\2N+;\; N

—oE |+

€
A+ P Az

(VE — wh) + 2 (el — dR) =
w d
B
N
(ME+ X414+ 4R (R, — 1.

MR, <1 B}, V'<<o H V=04 HAY E=I=
R=0a R,=1. FTLL{(S,E,I,R)ER" |V =0}
e RAAEE M={E, }. #4E LaSalle /725 42 J5 g2
FIAL M Ro<<1 B, Joi P a5 E, 4 Jmy i i £
MR, >1 B, M E=1=R=0 4% S o4
A/dB A V>0, g E=1=R=04 N T N7
SYEEIE Eo SR IR ERIE B . O

3 AR FEANRBRES

EIE 2 W R 1.0 AR S (DAY b I s - i
WOET R R E 1.
PER RS (1) TE E* &b Jacobian iM% K

(}\1E+A21+)\3R) [Ro *1J<

a ay asz ay

y as  dg az a

J(E") = '

Y w 0

0 0 e —d

Hrp,
S*(yN"—(LE" + 201" + 3R ))
Ay —— <92 ’
N*2

ST (N —WE + AT 4R

b

NXQ



98 T EAFHERKFFR

% 46 %

S (MN" — (LE" 41 F AR

a; — N

% = N\I;SulE AT AR,

a“ — S*(MN" —(LME" + 0617 AR ))

6 NXZ ’

a; — %0 *85
N2

ag — NAZ .

PR B R T R
det(AA — J(E™)) = 0.
Fod, A g DU B R SR

OE" N~

St = ,
MET+ 2T + AR

E'=2"1".R =—1",
Y
i i A
A+ DX+ b X+ b+ by —
A

b = wotd+

£
d

€7a,|) - O

E” I s R
A +)\‘_ + A 4+

N’
()\gd‘k)\;i)(?y
)\1dﬂ)+()\2d+)\3€)7
(Ad+ A e)dvd
AMdo+ (Ad+ A0 7

>O!

b, = dw—+ +

8NN;S(A1F F Al AR+
oN* & (d+ S
NXZ

_ STWE + A1 FARD(d+ ey + od)
N*?

(LMET +2T7 4R >0,

by +

NN%PQIE* +al + AR >0,

WA MR b b, — (by + eya) >0, BRI Hurwitz
FIYE AT R G (1) W Mo 7 9 M 05 B 2 R B i
FaE ). J
4 WAREESNERERENE

PAF 858000 T 3070 P 0 £ 2 R i i
T € PEUE B,
FIELIT RSE

)

= f(t, ) (3
ol

y= g(y 4
K, f, g #F R % 2L R 8L B /2 R 3 Lipschitz 4%

P HER >0, KR ERAFTE. & 1= oo B X &
€ R"HA [t g() JUFRER G (4) H#iiT A
B ARG IR R 4.

S 1 % PR RS ()K= ke g
FLwRRGE GO WA R o(O—4 o PR, W
R o€ w BRI KM y(0) =y W y(O—>
P(t>c0) ] o= {P},Bl 2()—>P(t>0),

IS 1 R RS ) MR A A H A R
RGO WP PR REHERERN, AR5
HIEEMR (DWW E 2()—>P(1—>c0),

& r=dt, RY (D AT LABUR I 240 2

ds_ A ,SE_,SI_, SR
dr  d ‘BlN BZN B“’N S,
dE _ , SE Sl SR
dr_BlN+‘82N+BSN oF:,
i - (5)
E:'}’(JE*(UI’
dR _
d'c_aJI R

K,

D S ¥
Bl—daﬁz daBC; d’

O0=1+%tas+ ky,o=1+& + o + ks>

70:%7&1:57(1102%5
azo—%vkm—%vkzo—%-

ISYNIS ¥ ]
AN A N (e ki) E— (a4 ko) L
dr d

H N=S+E+I+R, ZREGCNEM RGN
dE _ E 1., , R,
i B NJrﬁz NJF,B.a N

(N—E—I1—R) —JE,

dl
dT—%E wl ,
dR
dr_%I R
d71\]2é*A‘\I*(O(w‘ka)E*(0(204’/320)1
dr d

(6)
W T={(E,I,R.,N) ER |0<E+ I+ R<N<
A/dy NERG(6) B — A IE M K AL X FRE
(6)7%,[ = g = kyp = kyy =0 H#v%lﬁ%ﬂﬂﬁﬁ%

@ﬁw%%%mﬁ%%ﬁﬁﬁgzg—Nﬂﬂ,



%28

Hpk K FoAs th K LA A F M 6g SEIR AR A 64 7 i 1% 5 4 99

%rmme»gﬁﬁﬁ@ummwmgaﬁ

%:<@E+&I+&R>-

% ?—E—I—R—SE,
%:VOE*va
(ii_I::&vI*R

é\
xz?—E—I—R,
y:Es Z:Iy
0 Ead bR R EEM T
de _ A
dr d

(B 4+ B =Ry g —prz— ] Lo

— By BB~

7
EEI FEUT RS

r= (), f€ C(RY, 2 TCR" (8
K. TH IR ERGEWE T RO TH
FETE— B 5748 KCT:Q £ T NAFTEME— 1
A PO R W L AR E 15 © Wi 2 Poincaré-
Bendixson 1 5T ; @ & — /> J&] 1 18 2 B3 W i f

SER P AE T PN R 4 Ja T A AR E 1Y
T A RGN FAE AW {P(D:

0<i<o) R4 RS z’<z>=—{%<P<t>>z<t>%i$T

g 360 2L 1 i Jacobian % 1 2L 1y

, g 2] .
:mgﬁﬁ%é%ﬂaozgt ik %

G(OXRT PO HWEH RAK.

5132 RS (D WAL EJE W, A A T7E, N2
LT W R E .

ERE B (0. y(D, 2z RBEFH(DWEA
/N IE RV < JE B0 A EL G JE (e C0) 5 y(0) 5 2(0))

e T NHER, WL iE {(P(D):0<<r<t}. A5 F]
Wi y :J(P)y?'f%/ﬁﬁﬁﬁlj\lﬂ/ﬂgmk S
=P o R R R S

X/:a11X+(Bz*BJ)%x(Y+Z),
&”=%X+@ﬂuw&—&>%ﬂ, TS,
, ( d
Z = apY— |0+ w— (,81*,83)21‘ Z
X,
— 145 *x*

[&%H@—&)yﬂﬁg—@n B ]——5,
@ =—1— ot La
[&§+w&f&nww&f&mf&4%,
——2p 4o+

M§+m v+ 8 —pz| L,

J(P) =
a4 8 —(@—Bg%x —(pz—&)%f
aw BB Lr—d (B Lr |’
0 0 — w
JEP) =
a (&*,83)%1 (@—&)%I
Yo Qzz *(31*,83)%1‘
0 a — o wt (B —p L
A

XD, YD), ZO) ARG (9 —
F& Liapunov PR%X
V(XaYaZ,Iaya ) =

A . %

sup |X\,l<\Y\+| D)

HUEHE 3 1 5% A O FELE B B >0 (75
VXY Zoasys) = | (X.Y.2) |
V(X.,Y.2) € R,(x,y,2) € P.
AT VA RGO R
Dy X(o [<ay | X(» |+



100 v EAFRAKRF

% 46 %

B —B) Sz
(Y [+ Z [ Ao

D+‘ Y([) ‘< Y ‘ X(I) |+ [¢53] | Y([) |*
d
B =B | Z(» | 1D
Do| Z(o | < ap | Y0 |—
[8+w— [(&—&)
QDM 2%

D gu Yo |+ 2o |) =

%IHI Z(o | (12)

Mo | X |+
P4
[{j—%—wﬂ]%(\ Y0 [+] Z(o ) (13)
B2 (10) ~ (13) 15 5
D, V(0 < sup{gi»g V(D (14)
Horr,

a=—1—0—(pL—p dat @ —pryt

4 (&—ﬁg%xz
<32—33>z—33x)x+f (15
g-zzy—”“+[i—3—w—1J (16)
Z y Z
ARG (D W5 A TT RSl
d
(B—PB) x= ;
A vy d x
- A a X
y y A y
oy d d z’
B =B jrtpg an
Mo — 2 (18)
Z Z

X ADMRAXADH AKX A AL (1675
Yy, adfd
glfylﬁsAAry{

dd—a— 3 %y—@g %: (19)

Boa

=Y 1 (20)
y

o
&2

—1H

<<r<\

Frh sup{g (), g ()<

stup{gl(t),gg(t)}dté Iny(t) | —t=—r1,

M B QDR
V(XyYy Zy Xy Yo z) =

@JllmV(t)*O 1

ALY oo, (XD, YD, Z(D) =0, Bl [ &
B RGOSR E N, BARYE E 3 MRS (D
JAWIR (2o W y(D s 2(0) R PIE W TR E /. R IE .
MRYEHEIE 1 AT A CECD . 1Co » RCo) & B I8 #r i £
Y, X REFL S E T H 3 1 S @35 ]
S5IE3 Y R>1HB RE (D& —BHEn.
IERR A B 3 Y SR PR A L DU 208
é”f‘a MRAEE 3 4 O R 1, RGE (7)) & —
AR, Fo bW G={P, ). g 3 AA, Y
Ro>1 B FE s G AVESAE S B, ke 2 I
IS R E R G AE T &I iy, W R, > 1
BF R G0 (7 e B 20T B A5 B0 D B KR AR
E£GHETWHREMIN;QGHWRELEGSIT
(THWHF. FE. 2 R >1. W RS (7)) & — 84
2R, O
T OALN—BBSEREFNTEEINE
#Q.
534 M R>1H ao
ARG G5 MUY R4

— o — k km 0 Hj‘ ’

ic T BINTE N
T—{((E.,LR,N) € R* |
0<E+T+R<N< A/d}.

iEHH /7“\11:591'2:E9I;;:1913,1:R.
AR & 58 (5) BUS I T A g =X
A d [A

a'izgfﬁlsx 3*1'1*173*171 -
&S%[?*l}*xg*an
ﬁas%[ﬁfxlfxzfxs]*xm
‘81 J>+‘8) _l +BS 61'29
Th= Yoxy — axs
11:5‘;1‘"*1"1
M H iR R G AT LS Ban T IE R

= (A — B)x+ C(1),
Hob, a=(a 200 2, 1) € R, BN 4 B 8003 4 B4
CCo) A~ [7] 5t R AR, 6 3 B 7 2 03l H LR OE
. H R



Hhtk kAo A b £ A 4R e 0 SEIR AL A 69 3 15 M - A7

101

d
B +Bz+ﬁs)SA

d
B +prs4
&S%—%
’YO
0

<&+&w%

d
BZSA

- &

&

d
B JrBz)SA

d
S
0
0

B B AE X 2R on B AR T, BRSOk 18 -19 ]38
LR J7 k] AW ik 2R G 2 R 0 R BE (5)
(FENE K={(S,E.I,R)ER'|S=0,E=0,

120, R=0) 4 B9 1R P J 38 % 0. U T I 36 . R 5

(S)ETV\]‘%E Poincaré-Bendixson P fi. []
EIES R R 1, MRS (D) Y HE T 9% F i
ROETE a= o=k =k, =0 W &4 i £ 1.

5 HEEH

Y R, =0.55<C1 A}, BEHL
A=0.6,d=0.05,e=0.07,7y=0.15,
[o4] =0.08,a2 — O.lskl — OO4;/Q2 — 0085

12

10

0 50 100 150 200

2.5

2.0

0 50 100 150 200
f

(©

A = 0.08,4 = 0.15,A = 0.03.
JEEL 5 HWIE (1.5,2.5,.3,4.6),(6,0.4,3,2.5),
(6.5,1.8,0.5,2),(3.8,2.6,2.1,3.3),(5,1.7,
2.3, ) AT BUE R TR ML AL SR A 2 B
7~ B 2 AT DLE B, 6T 38 M AIE . S=S(D),
E=E(.,I=1(0) M R=R(t) # ¥ T T 9% F i
E X 5@ 1 Z2WA R, BCHK 5 E 22
I R .

MR, =1.73>1 B, B HL

A=0.6,d=0.05,e=0.07,7y=0.15,

a = 0,0 =0,k =0,k =0,

A =0.07,4 = 0.15,4 = 0.05.
IEBEE 3R 5 A RIE SE AT BUE AL 3 5 HL A B4

2.5

2.0

0 50 100 150 200

(b)

150 200

2 R =0.55H,S,E, AR FERE ¢ T4 ik
Fig. 2 Variational curves of S, £, [ and R with t when R, = 0. 55



102 T EAFHERKFFR

% 46 %

0 50 100 150

(2)

3.0
2.5

20¢

~ 1.5
1.0F

0 50 100 150
t

(©)

2.5
2.0
1.5
=
1.0
0.5
0 L L
0 50 100 150
t
(b)
5
4t
3t
o %\
2l —
1
00 50 100 150
t
(d)

B3 R = 1738, S,E, IR BERFIE + B9EE4L i &%
Fig. 3 Variational curves of S, E, [ and R with t when R, = 1. 73

ESRANE 3 Fros. WA 3 T LLE B, 6T 5k E /4
H,.S=S(D,.E=E(0.I=1(0)F R=R(0#B# T Hb
FREATE B X S 5 WA, B35 %
i o5 E R4 R iR g 1.

6 ZHit

AR SCHEST FFSE T — 280 IR MRS R 2 A
LY I SEIR it 4795 B AU L 45 3] T He 5 92 9 4 K
S0 AR R, Y Re<<1 B (UAETE L
T A B, B 4 JR W R e Y, R K 4 2
Ry => 1, 77 76 ME— 1 b 5 96 F- 15 43 £ R JC 9% - i
B, HR TR A 5 B, R R RE I 7 S 7
E* 2R R 1 Y o = o = ki =k, =0 HT,
HEBA T MO S 5 ETORY 4 JR) B A R E M L R
Fpg, NIEAR A B R, MBS A IR 2%
FR WY T ARG (DR A F1 A BN,
A T A S 0 B R T IR SR RS
S BT A Y B0 o N F B o 0 0 o A
7 ELEE s ) VAR 0 A RN RS b A AR Y

NHE S TR T A 250 s ) R T BR B Y S 5, AN
% SRR IR IS RIS Hh 28 10 4% G Ty o 1 I 4 i A P A K

S Y )\Z = EWN N AN >, N
H Ro="0 AR R Ry LRI L 3 B AR

IR I BA L G Iy B 1 T L R A BE A 2R H0
R PRI 75 Ty I L T5 9« AN R A e B4 4 ol
B, X 9 B S AR T PP B S PR A Ol e — S A3
T A X RS AR 2 88 HAT 2 G J1 i SEIR A% %
TSR A RO 9T, W T AR B 3 T e i 5T
AR IF AL BN 1 B i o R B IE T B8
IR R . AR SCAE A% e g 1 70 vp 2% JR Y R i 2 07
AR 4 A SR 0 JH At 2 o) 7 2K fik v D 245 ) A
A frdt— .

2 2 SLHR (References)

[1]JLi M Y, Muldowney J S. Global stability for SEIR
model in epidemiology[]]. Mathematics Biosciences,
1995, 125(2): 155-164.

[2]LiMY, Muldowney J] S. A geometric approach to the
global stability problems [ J]. SIAM Journal on



Hhtk kAo A b £ A 4R e 0 SEIR AL A 69 3 15 M - A7

103

[5]

L6]

L7]

£8]

L9]

Mathematical Analysis, 1996, 27(4): 1 070-1 083.
Li MY, Graef ] R,Wang L C, et al. Global dynamics
of an SEIR model with varying total population size

[J]. Mathematics Biosciences, 1999, 160 (2):
191-213.
Yuan Sanling, Han Litao, Ma Zhien. A kind of

epidemic model having infectious force in both latent
period [ ] .
Biomathematics, 2002, 169(4): 392-398.
JR AT BRI, ThAN L — 2R WK 0T R g o ) ) 4%
QAT BERLLT ). A= W oA 24 4. 2002, 169 (4)
392-398.

Xu Wenxiong,

period and infected Journal of

Zhang Tailei. A kind of nonlinear
SEIRS epidemic spread mathematic model[ J ]. Journal
of Northwest University (Natural Science Edition) ,
2004, 34(6): 627-630.

WoCHfe, skORER. —JAR Lk SEIRS Ji AT 1% 45 5%
BERILT]. VAL iR CEARBR RO » 2004, 34(6)
627-630.

Chen J J, Liu X G. Stability of an SEIS epidemic model
with varying total
population size[ J]. Math J Chinese Univ Ser B, 2006,
21(1): 1-8.

Mukhopadhyay B, Bhattacharyya R. Analysis of a

spatially extended nonlinear SEIS epidemic model with

constant recruitment and a

distinct incidence for exposed and infectives [ ] ].
Nonlinear Analysis: Real World Application, 2008,
9(2): 585-589.

Li G, Wang W, Jin Z. Global stability of an SEIR
epidemic model with constant immigration[ J]. Chaos,
Solitons and Fractals, 2006, 30(4): 1 012-1 019.

Li G, Jin Z. Global stability of a SEIR epidemic model
with infectious force in latent, infected and immune

period[J]. Chaos,Solitons and Fractals, 2005, 25(5):

1 177-1 184.

[10] Ma Yanli, Xu Wenxiong, Zhang Zhonghua. Stability
analysis of SEIR model with general contact rate[ J].
Journal of University of Science and Technology of
China. 2015, 45(1) . 737-744.

e, fROCHE, AR B — RO 2 il 2 Y
SEIR #R MR EME S AT L], R HOR K 2 2241
2015, 45(1) . 737-744.

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

[12] Hale ] K. Ordinary Differential Equations[ M]. New
York: Wiley-Interscience, 1969: 296-297.

[13] Thieme H R. Convergence results and a Poincaré-
Bendixson trichotomy for asymptotically autonomous
differential equations[J]. J Math Biol, 1992, 30(2):
755-763.

[14] Li M Y, Muldowney J S. Global stability for the SEIR
model in epidemiology[J]. Mathematics Biosciences,
1995, 125(2): 155-164.

[15] SR, MG, #ianr et 5eE kM.
JeuC AL E AL . 2001 147-150.

[16] Muldowney ] S. Compound matrices and ordinary
differential equations[ J]. Rocky Mt J Math, 1990,
20(4) . 857-872.

[17] Hofbauer J,
repellors for maps[J]. Proc Amer Math Soc, 1989,
107: 1 137-1 142.

[18] Smith H L. Systems of ordinary differential equations

So J] W H. Uniform persistence and

which generate an order preserving flow[]J]. SIAM
Rev, 1988, 30(1): 87-113.

[19] Herzog G, Redheffer R. Nonautonomous SEIRS and
Thron models for epidemiology and cell biology[]J].
Nonlinear Anal, 2004, 5(1) . 33-44.



