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Analysis of Multi-scale Infectious Disease Model Under the Influence
of Limited Medical Resources
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Abstract: Considering the influence of the viral load in the host and limited medical resources on the transmission of infectious dis-
eases, a multi-scale infectious disease model with saturated treatment rate coupling within-host and between-host dynamics is pro-
posed. Firstly, for the between-host disease transmission model, the basic reproduction number is obtained, and a criterion describing
the existence and stability of the disease-free and endemic equilibrium for the coupled model is given. Particularly, when the basic re-
production number is less than 1, the model has two endemic equilibria, one of which is locally asymptotically stable and the other is
unstable. When the basic reproduction number is greater than 1, the model has a unique endemic equilibrium, which is global asymp-
totically stable under specific conditions. In addition, The existence of forward/backward bifurcation caused by limited medical re-
sources is analyzed. This means that the elimination or prevalence of the disease no longer depends on the basic reproduction num-
ber but is closely related to the initial state of infected humans and the supply of medical resources. Finally, the main theoretical re-
sults of this paper are explained by numerical simulation.

Key words: multi-scale infectious disease model; basic reproduction number; equilibrium; asymptotic stability; forward/backward bi-

furcation

WrFs B : 2023-05-25; #:3 H#§: 2023-10-12
E£UH : X ARREIE4 (11961066) s Hris 4t 5/R AR X A R FHA5E4: (2021D01E12;2021D01C070)
EB TN : T (1997—) Lo, NS R T ARERF 5T A: B9 ) il R Ee KW .. E-mail: wm970913@163.com
* @IS 1EE . Z M K (NIE Linfei) , E-mail: lfnie@163.com
BI3H&: TP, THEE, W« A BRI OIS MR T 0 22 ROBE A Yo R AR 9 [T ). Ll A3 CH ARBIAAR) L 2025,
48(3):445-455. DOI:10.13451/j.sxu.ns.2023159.



446 PR 224 (H SRR R 48(3) 2025

0 515

e s 7™ B £ E N AE A (R, IR 48 AT TAE AR TR A R i 2 ANl . I AE R, — 2Ll
5 7 5 R B9 1% YL s , 41 an 32 1 4 1 #4 (Ebola Hemorrhagic Fever , EBHF ) ', &% 9% ( Acquired Im-
mune Deficiency Syndrome , AIDS )", 3 %4 5 IR 955 7% &% 4 ( Coronavirus Disease 2019, COVID-19)"#*!
S AR EARZ A E B A EHEIE LT, B MEAL DL 00 1L 1 2085 KA G 7R L 43 )
BT A PN e B R L AR RN i T R A A R R K PR A a4l S B O P T T BT R 4
AR EAEEE L, i, — S E A # A T AR R E 3 2 )R 5 R 1 R
RUCSUT S T i T A PN RE R R O E T 2 R RE B S e R Hb , Gilchrist 88 R 1E A
P BB L B R i AR R MR R B R S TR S I Z R R R
Feng % 7R SCHER L9 ] By JE Al b 51 A MM T 15 3244 3 s 2 Wk B2 (0 A% 1 3, 4518 R BB R 7 &
ZRIAE BUAE AR B 0 AR 5 G R G AR TR A R T A A 4L YL 1A% 1 LA

2019 4F2R , 317 2 e IR s R J% 5 1 110 5 SR 25 D TR 30 PN i 4610 ) R A, el A5 4% T A R R A
Bl 4 i L 0B B B R AN A Rk R T X R A T A R R T R U RIS 1 By
FEMERE B SRR B IR YT o A PR Y BT 0T YR X A% Y A% 1 R ] A 52 51 R TR b
B )z 7, BN, Yadav 46 8 T HA R IT 2 19 SIRS (Susceptible-infected-recovered—suscepti-
ble ) BEHY, 4347 1 HH T BT BE RS 2 T B A VA T AR X B B AR U R . Hu S50 N 1 P SR
Bem B AR B L SARS-CoV-2 (Severe Acute Respiratory Syndrome Coronavirus 2) &£ #% , 351 A1
RIS I 6 o BIOR i 3R B 7 IR AT B , 245 S 28 W I 7 W U %) AL 1 o) 4% T B i AL 4 B S B I

BT LR TTIe , % R 200 B AL Y AL 1 o B b i = e e B T TR R A A PR AR SOR T — 2%
ELARFNRYT R0 2 RO BN RN G B8, 8 1 32 0 P s o5 280 et AT PR B 7 % 088 4 o] 552 i 62
FEfE EZ R G4 o

1 R ST

B HE X RN T4y = B IRE R R R s AR £ i 20 i B 4 5 S (1),
I(t)FIR(t)s Z BRI B XTI EREA Y BN RE 37 R 5 B s FIRNRIR R E vV
B, AYTRAERE R T AV A, 5% Y 7 5 25 R Y 25 550 0 1 0 T AR, o D TR
SR KT o BRI, 5 5 76 15 2 22 18] 9 4% 58 A ply R TR (1) (9 G843 7 R L A i

S0, pWVISOIL)
A el (1) pS(2)+ kR(2),

dr(z) _p(V)S()I(z)  yI(z)

At 1+ad(s)  1+01(2) (), ()
drR(z)  yI(2)

dr 1401(z) (st 0)R(),

Hor A, R 5y BE AN R 3 p R 1E B (G 5 BE B B MK E 5 ) 1 H AR IE TR, k RoR K
0 Ve R ) EE R AR AT B R R . MO RIR YT R I/ (14 01 R iR T BT R A B X B
Y FRIRIT R, O RWA AL, 0= 0 KRR B B W] LLEZIRTT , 0 BOR 3R8 BT BRI A PR .

e ER BRI B (V)i B(0)=0,8(V)=0,8(V)>0,"(V)<<0., p(V) Iz e X
EApV)=aV, K IE RO (V)=aV/(1+b6V) F1 B(V)=aVI(0<<qg<<1), Hd a fl b 2 IF
L

R TR VI RRIER, FES PSRN RN MRS, T OCER(10], %
FEAE T2 AR P A AR R T TSR (2) A B R AL A A



FAE A RSP IR 2 RO AL YRR TS 447

dr](;fs) =A— T (s)V(s)—w,T(s)T(s)— p.T(s),
dr];f‘g):KlT(S)V(S)—O—/czT(s)T*(s)—(M—l—af)T*(s), (2)
d‘gfs)zpif*(ﬂmvu),

Fer T (s), T°(s) A0V (i) 20 590 2 71N Akt B A% 4 O % 2 A 240 i R 90 85 o 3 7 ) 220 s IO IR BE o A, 3R
5 A 00 I 018 b FE R ey R T AR TR R ey, S TR T A A0 M ) 2 fk R R R 3RS 0 N
R AR, SR UL PR A i) B AR FE T, O s R IR 40 IO B4 PR FE T, p s SRR e A AR D ) o 2
BETAR e, 270 MR R 75 1) T B R

TERCTY (1), 2 7 i T A1 5 22 (B A% R 0 g 1) RUBE , FEA Y (2) v, s SR AR A, g 5 70 1 14
AL A I TR] RURE o 38 15 00 1, 0 78 7 i 1A A B 0 P 3 2 v T A 1 2 22 [ A9 A5 1 3, DRIk
¢ g —AG IR ] RUE T s S — PRI REE S AR r = s, Horb e s — D AEH /NI IE F 8.

2 A AP T R Y

AR (2) 2 W2 38 SO B MR R (T (5), T(s), V(s) ) W6 L 40 b 4 1
T(0)>0,T(0)>0,V(0)>0, (3)
S FRERL (2) fif i IR AV FEE R IR a2 B AR BT
TEIE1 BEAY(2) 0 R UA 2 (3) I (T (s), T°(s5), V() ) RHTAT s = 0 42 1E B9 A e A7 FL 1
RESCTE ER B (2) B AT A BN
<K1p+/€2ﬂy>T0
ppt0.)

H To=A/p o KTER(2) M3 Sy, 72 SCHk[ 15 I E A M58, LRSS .

S FRERL (2) A o A7 PE A T A 458 .

EE2 AR, MBI (2)(AFAETCREG T 2 Uy = (T, 0, 0); 45 R > 1, WAL (2) B U,
SNETEAEME— R Y F i U= (T, T, V), X B T= T(;,T*: o , :p""(mino

RE K p Ko, K p e,

FFUMU ML ENE, A Fmnsis.

B3 4Ry < 1, WIJCIRYL -7 5 U, 4 i R s 45 R = 1, MEGL -5 5 U 42 Joy i e o
3 15 2 [A] SIRS #i SR A

HT T 2 7E i A P A SR e A b o B R T B E A R A A R R IR UL B A R 22 )
F 5 995 1 1 5t AR AT R AL 15 BN RR SRR VE AR B HBES V., IRy <]
B, V=04 Re> 10, V="V, Y Re< 1M, B 0 N A0 3 500 5 &0 I, 0 o 75 5
AR R A AT Wik, EETRMHerh, AT B 2B R >1. R R >1, 0
B(V)=p8(V), MK E (1) T 2k 5 g

L{S—

0

ds(z) . BV)S(HI()

d =A, Tl(z‘) pS(1)+ kR(1),

di(e) AV)SIW)  y1(e) 1) "
dz 1+al(2) 1+0I(z)

dR(z) _ yI(z)

& Tra(y (#ERRO.




448 PR 224 (H SRR R 48(3) 2025

A N(1)=S(2)+1(¢)+R(¢), A (L) FHAN () /dt=A,—puN (1), % *%ﬁ%,}@ N (t)=A,/o

BRI, 2 5 AR (4) 0 2 2 15 B A A I B 3 B30 912 7
_ (S(z),I(z),R(r))ERi:O<S(z‘)+1(z)+R(z)</:
F R = (s ) = 0,6 = 1,2, 3}, WA, 5 SO (4) B 37K P28 B

250,8(\7)
pty

0 o

3.1 TFERmEEN

B (4) B 7776 TG I - 5 Wi = (S0, 0, 0)o F5BEA (4) 7775 HL 7 955 - 55 W= (S, LR, )

S R N 1<
v)sr . .
Ah—ﬂ( >~ —uS+kR=0,
1+a
AT T
1+al 1+01
v 5
-—(pu+x)R=
Trap )
i =0 (5) B9 56 2 A FEE 34~ F2 0T LA AS 2]
- 1 ~ - yf
S=——(—L—+ ) 1+af), R=— .
B(V )(1+6I #)(1+ed) (1+0I)(p+x)
PR ORAR )RS 1A, 1558 Tk 2
al? -+ b+ c=0,
Hrp
N
a=ul #Oi + 11, 62# (#JF}’) MJra +pl | — S0 — 2 )
B(V) B(V) 7z ptK

C—

/x(ﬂ+7)/xSo=ﬂ<1‘7>/1(/x+7)(1Ré)o

1
A(V)

I, A =6 — dac = b* — dap(pu + y)(1 7RS)/B(V),H%’IA)Oﬂﬂ‘,ﬁ(’?)ﬁﬁid:ﬁo 4

738:1—7[72’6)(‘/) ;
dap(p+y)
SR AT DLAS %)
A0 RI<REL A=0RI=R) A<O0SRI>TRL
PR, 28 Ry = 1B, 5C T 4 5 9 - 5 I AFZE 1, A NI 4538 .
EE4 BERy>1,0
1) AR (4) AT A b 5 9 A5 524 ALY T 91 55 22— WloT
(DRE>RE, (DRI=RIUIFH =0, (i) RE<<RI<1IH b >0,
2) ALY (4) 77 78 ME— B M 7 5 - 5 0 W24 LAY Y R 91 5k R 2 — BT
(VRI<RI=1HHbs<<0;(v)RI>1; (VD) RI=RI<<1FHH b0,

3) B (4) A7 AE A 7 5 i 4 WL = (S, L, R) M W' =(S",I',R") 24 HAL 4 N iff #Y 4%

}Jijo

(5)

(6)

(7)

<A



FAE A RSP IR 2 RO AL YRR TS 449

(Vi) RI<RE<13H b<0.
B L=(—b—VA)/2a I =(—b+ VA )/2a.
52 FEAMEER
B Tie W i s Ea e v
EIE5 é:Ré<1EnL,Womﬁéﬁiﬁi&%%%;%’m{;>1m,WOM%%O
WEER  FEAY (4)E W, &b 11 Jacobi %6 f45 Sk
— —B(V)s, K
J(Wo): 0 ﬂ(V)SO*}/*/j 0 5 (8)
Y —p—K
ES I A S (T ]
(A ) (A tw)(A=B(V)So+y+u)=
BCRRE T BEA A AR IR — el —p — ke, I8 — DR EE
A=p(V)S—y—u=(y +u)(Ri—1),
élR’<lﬁT Fr A W) REAE B AR 2 A T 53, DRI W 2 Rl 3 i i B i Y 5 T 24 R > 1B AR — A

FRIEME K FEF, B W, BARER . IEE.
TS WM W R R AR e AR (4) A6 AT 7 b T g S i 5 AL 9 Jacobi B Ry

_ﬁw)f_ 1 Y
1+a * 1+al(1+€[+ﬂ) K
= B 1 ( ) y ,
1+tal 1+l 1+0I+” atay »
Y o
0 (1+01) mor
A, SR 7 7k
(A+u) (A=t ,(I)A +det/,(1))=0, (9)
Hop
i
deD=aranarayt 4

F(I)I(,u+/c)<a,u+,8<v>)6’2]2+26’</x+/c)(a;z+ﬁ<‘7>>l+

BV ut+rty)talpty)(ptr)—yo(utr)

1 ,
v G(I), G(I)=AI*+ BI*+ CI+ D,
()= (1+al) (1401 (D), (1) + +

:*82(,8(V>+a(2,u+/c)>, B:*((92(/1+/c)+ 2€<ﬂ<V)+a<2,u+/c>>),
C:yé’—26’(;1—0—/c)—a(2;z—|—/c—0—y)—,8<‘7>, D:—(/x—O—/c)O

EE6 WRRI<RI<TTH b0, B (4) {3 5 T 5 W& 8 5
UERR FRAE 5 AR (9) WARA — DRI — e, HORFFAEME A — v/ (1) A + det/y(1) = 0 i & -

WKL =( — b — VA )/(2a) A F ()13

—b—VA
2a

*yﬁ(,a+/c)+2(9(;1+/c)<a/1+,6’<\7>>ﬂ+

F(I*)Z(pﬂL/c)(aer/?(V))ﬁz( 2




450 PR 224 (A SRR 48(3) 2025

—VA(—=b— V)
2a
—0p(V)(ute) (1 —b—VA
7 ﬂg+ 2a

08(V)(+ x)
i

+

BV utrty)talp+y)ntr)= +c—%(b+ﬂ)

<0,

BV p+rty)talpty)(pte)—y0(ptr)=

B det/ (1) << 0, W 24 W. 77 AE B, B 2 8k . IEEE
FE7 YRI<RI<1IFHb6<O0R,
1) #5 C<<0, B (4) 1Y Hb J7 95 P A7 53 W S Jag 05 9 30 B 1Y)
2) A C=> 0, R (4) 1) b 5 5 P 8 W JR 3 B 19 2 B A SRR 2 — o,
(1)G(L)<0;Gi)G(L)=>0HTI €(0,L,)U(I, +=),
XL AL 5350k G (1) B /MBS A KAE S, LA L R G (1) = 0 I PN IESEAR .
TERR TR 6 MEN 5T = ( — b+ VA )/ (20) A F (1) 13

05 (V _
B(V>(#+K)ﬂ(1+ b+ﬂ)>o’
7 g 2a

Bl det/,(I") >0, £ F k% Ew/(I') W5

DBce<omt, i e)mEXIXTH, GUI)<0(I=0), BRA w/,(1)<0(I=0), WA
tr]l( )<O;

2) é’.c>oa¢,5}'ﬁunz( — 2B+ 4B — 12AC)/(6A)%[113=( —23—«/432—12Ac)/(6A)
S L G () B M5 R R A () 2 G (1) < 0, G(1) << 0(1=0), WA w/,(I') << 05 (ii) %
G(I)=> 00t , %51 €(0,L,)U(L, +oo), WA /(1) << 0.

ZE LIRS WO R EREE AR B . UERE

BJE TS Y R > T, M)y 5 P s W= (S, L R) ) & sy B 1k .

EES ARC>1,0

1) M a=0=0HmF, 1o J5 I i 5 2 4 5 W fa e 09 5

2) Ma=0,0F 0"}, 759 -7 55 = 4 s i e e n9 2 JHACY T AT,
2(p+x)

F(I')=

u
1— —<< o (10)
(p+0A,)(1+0I) Y
IERR X Hb 5 % - 5 W, A4 1 Lyapunov B8 8CINF
LZZI(S—S_—H—H—R—R)Z—FZ#(I I—TIln= )+”(R—R)Zo
2 g Iy
AR (4) 1158 L 94 S 80, w7 LA 5

dL, dS  dI | dR 2u I\dl  2u ~ 5vdR

i =(S—S+I-T+R— R)(dl+ +dz)+ﬂ<1 I)(le+y<R R) =

. 2uy0 — 2;1(;z+/c))

—u(S—Sy— _|(1—Ty— HEE N (R—RY—2 —

S5 +/9(1+¢91>(1+51)>( ) (”+ ;) Fzs =S

ey o o o 2u(I-I)(R—R) o ( BS  pS )
2 S = SR =R)=2e(I=D)(R=R) = T U DT e

Ma=0=0H,
d“:y(ss‘)zuufy(ww)(l%mz2#(SS‘)(RR)<OO




FAE A RSP IR 2 RO AL YRR TS 451

Ma=0,0+# 00},

dllg ~\2 2;1}’(9 \2 ( 2/1(,[1 K) ) D \2
=—u(S—S;P—|u+t+ I—I— |+ 22 (R—R
de “ ) (# ,8(1+(9I)<1+¢9I_))( it 4 ( )

_ _ 1 = _ 2pey0
2u(S—S)(R—R)—2u|1— — |(I—=I)R—R)<—|u-+ =
" ﬂ( (1+61)(1+6'1)) : ﬂ(1+<91)(1+61))

(I—I‘)Z—M(R—E)Z+2ﬂ 1— £ — ||I—I||R—R|,

(p+0A,) (1+0T)

M RE > 1, B 4 1F (10) B, W XHE B (S(2),1(2), R(2)) A dL,/dt << 0. 4 HALHS S=S,1=]1,
R=R W , A dL./de=0. i, {W) & {(S(2).1(£).R(¢))€QUL(¢)/de = 0} {5 5 K K455, th
Lyapunov & ¥/l LaSalle /AN 7AE J5U 7 AT HI W 4 Jey i Fa 2 (1 . JESE .

FOEEHSH, HETTHERI 1M, a=0=0Ma=0,0701F0 FHMBITIHRFHENERBEEE. 2
A5 0] L) 3E i K 1 Al Y Lyapunov bR L EE 25 R B AR B A5 0F JSUE BT 2 a £ 0, 0 74 0 B b 07 0 7 A 2 4 R AR
P — A A A iR R ) () R, AR A BC(EASE 0L 38 23 S I 2« 7= 0, 0 = O I 3t J5 5 ~F- 157 ki 1) 42 Ry R 1
3.3 HIE/EESZHEEE

KT AL (4 H I/ I 10 73 S AFFE v A R 4518 .

EIO 00, WA (4)7F RE= 14 HBUS 17140 525 4 0 <0, WIB R (4) 76 Ry = 1 4b i 81
i I 43 3, Horp
(;1+y)<2a(;1+/c)50+/1+/c+y>

Zy(;z—i—/c)So

iEBl 4 S=ux, =, R=ux;, WA (4) ] LE N
dL(Z): 73(‘7)11(1)1”2“)7

h

é:

o]

v (1) + kxs(2)=fi,

dz 1+ axs(2)
dxz(z‘)iﬂ<v)xl<f)12(l‘>_ yoo(t) o
& 1t 1ean(n AT

dxs(2) _ yas(t)
dz 1+ 0x,(1)

MRE= 1B, 1 (8) " H1J (W) Xf 1 ) ¢ AiE J5 72 Ay
AA+p)(A+p+r)=0,
P, J (W) BYRFIEAE A3 0 A, =0, As = —p, Ay = —p — ko BIRA, = 0 — D EHEAEAG, T (W) B
FCAb R AEELAR AT 0 SE 80 . PRI, AT AR SCHR [ 18 T i v 3 T8 BE S R 18 3 S A TR
PPN L1 R B (V) M K 42 X B8, W RE = 1540 F

~ +
pV)=rg =

LI, 2% 2 (V) = & i, ol SR 19 ] o7 B0 4.1 7T 60 JE 5 A 8 W, Jie— A 1 8 7 4
w =0, 0, 0y) FRGERFAE A, = 000 LAY F7 FFAE ) &k, KWL T (W, 27 )w =0, B
—pw, — B Sow, + kw; =0,
(B°Si—p—7y)w.=0,
yo, —(p+ K ), =0,

_}Af:a(f>_ KIS(Z)::]%O



452 PR 224 (A SRR 48(3) 2025

A5
= (utrty) o =ptr 0=y, (11)
WAL W R v e w =115 F R AEE XS W 09 28 FRAE 1] 5 v = (v, v, vs) T THAY J7 B2 4H 45 1
—pv, =0,
—ﬂ*So‘vl—0—(,8*50—;1—7)"02—1—)/‘03:0,
/cv1*</x+/c)'03200
H A5
v,=0, v,= ix,v;g:OO (12)

THEAE TG -4 05 W b 1 — i O 5 B A
8“]‘1 o 82]‘1 _ <V> adfl _ aﬂleZaﬂ(V)S a~f3:72(9y,

dr,0r, Or,0r, ’ ax2aﬁ(x7) - axs - xs
A A ‘ ‘ (13)
@ f @ f -~ & f 7 fe ~
= =p\V), — =5 =—2aR(V)S,+ 20y,
al“lalz 31231‘1 IG( ) al‘gaﬂ<‘7> 0 a‘z‘% aﬁ( ) 0 V4

HHAL = S8 S 5, Fibh 1), 12) f13) , o] DL SCHk [ 19 1@ B 4.1
YWEaFmOWMT,
S @’ f. . .
a= 2 vmwl-wjaxié;j(Wo)—Qx—O—/c—O—y)ﬂ — 2af8 S()(/x+x>+26y(;z+x)o

ki j=1

n az /c az
[7: 2 Ve f (Wo):vzwz#<W0):So>oo

= E):c,@ﬂ(V) 8123,6’(‘7)

HFREO MONIE, NI, 350> 0, IR B a N IE, WA () FFAEJG 4 3 450 <0, BN R Mta hy
T, ML RS (4) AF R R 0] 73 520 UEEE

4 FUEBL

ATl I MATLAB 844 AT BUERT . 558, MR s ER MBI (2) B A AR R > 1
BE, f 32 A P9 2 ok B 0 1 R IR B B 2 . LR (V) = aV Bl , i 8L a = 0.77 X 10 ",
X T B (4) , PEHL A, = 750, 1 = 0.000182, k = 0.002,y = 0.11,0=1.85,a=0.20, Z %
ik d, B F =R

(1)M A =1500,p=23,,k, =18 X 107, k,= 15 X 1077, p, = 0.01105, 8, = 0.68, p, = 10.258
(SRR )R PR B Ry = 1.087 4 = 1, M AR 48145 21 R Y 25 1R B B 25 1+ 1) s (9 A8 fk ks T
R B H V=2391.3423, W 1(a) TR . BLEE, 15 TR R (4) B FEAR A B R =0.1127 <1, 781X
PG O T, T T 8 W 2 42 Jmy T R Y, R S K 4, BT 1 (b) i o

(2)4 A, =1290, =30,k =>55X107, k, =50 X 107, £, =0.0112, 6. = 0.58, u, = 12 ( =
B AL d) B, SRR B Ry = 3.6529 = 1, DT AL 40045 B 44 P4 5 75 vk B BE A )R] s 19 A2 Ak s T
FasEfE V=39617, WK 2(a) /", BL, 75 T IR (4) A A B R =1.1409 > 1, fE X
Fig B0 R, A7 7 M — B b 5 e A W, HHE & R i R e 0, BRI R a1, IRl 2
(b) fi7m o

(3)24 A, =1500, p=23, Kk, =18 X 1077, k, =15 X 107, pr. = 0.01105, 6. = 0.68, x, = 9.248
(BB R DB B Ry = 11740 = 1, AT AR 48145 1) 44 P9 9 25 1k B Bt 25 6k 1) s ) A8 b T
Fa 2 V=2800, K 3(a) T R . MEmF, fi E I (4) By FEA AR RE=0.2304 < 1, IF HAFAE




FAE A RSP IR 2 RO AL YRR TS 453

KRR A, 3K T IR 36 A 14 A A 2 W 8 M B A7 ) (L 2% F , 500 1) R 5 K 4 B 22 i Ok
SR 1 9 R K, A& 3(b) B i o

1 400 12 000
(a) (b)
1200 10 000 |
1000 —.
= 800
< S 6000}
600
400 4000
200 | Ziooo ‘\
0 N L " i (o) =
0 200 400 600 800 1000 0 1400 2800 4200 5600 7000

s/d t/d
B BR2) R (4) R8sl A7y, Kb Ry =1.0874>1,R§=0.1127<1
(a) HERY (2) R V- 0 09 4 Jm 000 RS2 1, e RS = 1.0874 = 15 (b)) BERY (4) Jo i - iy 3 A 4 Jay ¥ 30 A 1
HpRI=0.1127<1,
Fig. 1 The dynamic behaviors of model (2) and model (4), where Ry =1.0874>1, Ri=0.1127<1
(a) The global asymptotic stability of infection equilibrium of model (2), where Ry =1.087 4> 1; (b) The global asymptotic stability
of disease-free equilibrium of model (4), where R;=0.1127<1.
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Fig. 2 The dynamic behaviors of model (2) and model (4), where Ry =3.6529>1, Rt=1.1409>1
(a) The global asymptotic stability of infection equilibrium of model (2), where Ry =3.652 9> 1; (b) The global asymptotic stability
of endemic equilibrium of model (4), where R{=1.140 9> 1.
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