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AL (3 AFLETL AP S Eo = (2,0,0,0,2,0,0,0), 3k S0P 8B = (S, 17,0, R,
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0 B2 (v2+da+m)+pusm? 0 BamApam(y2+da+m)
Fy—1 = (v2+d2)(v2+d2+2m) (v2+d2)(v2+d2+2m)
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HE B (3)FEFER2 5 0118 i B Ak JacobianfE B J (Es ) FIRHIEJT F2 M
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HTFRL < Ra, WM < 0. HTFy2+de — B > yo +dy — L2H2MS — 0 [N + Ay <
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Husm — Bo > OB, E.F,G, H #8/NT0. &M pam — B2 < (2m +d), Al#3
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E2 EEMAPR, < BT o R FIEHASTR, < Ro, T UL BRI LA bR
S 3E G HE R IR BRI R AR P AR RO I B R e e S A (AR

EFE4.4 HRo < LI, Y (3) oI F M i Eo 4 R #ii Fe e .

TR, = LA <1 W8 4+ pum < i+ i B (3)ATAG

. . S11 Sol
I+ I = (61 + plm)lTlu — i —dilin + (B + Mlm)QTfl —yido1 —dila <
61+ pim —y1 — di](Tn1 + Ion).
HEE R R B DL K 1 5 Ly AR SR Lt 15
thm (Ill + 121) = O7tlim I11 = 0, thm .[21 =0.

T lim Iy = 0, lim Iy = 0, ¥ FRA/NEHe > 0, FEH L > 0, At >
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Bl < e Iy <e, HHR(3) TS

. i Rul
Ry + Ry < 2716 — (B2 + pam e

) N —dRy —dRy <

Ro 15
— (B2 + MQm)TQ
2vie — d(Ry; + Ra).
Hﬂttiﬁ?ﬁ@?@t&@o sup(Ry; + Roy) < 2. MRy MRy WAE SLHERNA S, W13 % — ORIt —
oolf, ARy — 0, Ry — 0, Eﬂtlim Ry = O,thm Ry = 0.
HFRy = 252 < 1 W[ (Ba + pam) < 2 + da. BBRL(3) AT
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Silia  Rulia | Salss  Rolao
Ly + Iy = ( )f do)(I1z + Inn) <
12 + Ioo = (B2 + pom) N, + N, + N + N, (72 + d2)(I12 + I22) <

[(52 + pom) — (v2 + d2)] (Ii2 + I22).
FH LU S B R Ty o A1 Too RO AE AN S ’/fglftliI{.lo(Ilg + I32) =0, Eﬂtlingo I, =0, tlirglo I, =0.
EHtlim 111 = O7tlim 121 = O,tlim Rll = 07tlim Rgl = O,tlim Ilg = O,tlim 122 =0. ﬂ??af*&
MR &5

S1 =a+mSy —mS; —dSi, Sy =a+mS; —mSy — dSs.
V4 7 XA AT AR AR
S1 4+ Sy =2a—d(S; + S2),51 — Sy = —(2m + d)(S; — S5).
A EL ¢ S BE DL K2 Sy RS 1 JE B R0 AR ﬂ?%’c lim (51 + 52) = Z Jim (51— S5) =0
Ml lim Sy =4, lim Sy = §. ARy < 10, BT (3 )%rmﬁfzﬁmﬁ .
EF4.5 MR >1,Ry<1,2d>dy, H<|B —puim| < K, HAf
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OO Rt Rl (RO R Yl O ) U Y
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FUTEY (3) (RO EE PR 1 5 P40 5 i R

E HTRy <1, Eo ANFAE. HIfSEAL(3)13
: : S1+ Ru)l Sa + Roy) 1.
Lo + Ino = (B2 +ﬂ2m)<( - +N1U) =+ (5 +N221) 22

(B2 + pam — vo — da)(I12 + I22).
Xt BRI REAT IR I 15
(112(t) + Iz (t)) < (112(0) + I2(0))e P2 Hram=r2=d2)t,
HTR: <1, #8s + pom — v2 — dy < 0, 4t — oo B, tlir&flg = O,tlirgolgg =0.
AT 2% 18 7S A A Y

) — (2 +d2)(12 + I22) <

3 B1Silin ,ulmsj[jl
Si—ma— DO, - TSI g
Si+1Lin + Ry ! Sj+ 1+ Rj
. il i1
Iy = biSiln Sl +mlj —mly — vl —dili, (5)

Si+In+Ry  S;+1i+ Ry
Ry =l +mRj —mRy — dRy,i,j = 1,2,i # j.
}Ji& Lyapunov i %1
1
V(t) = 5{(51(¢) - S2(1))? + (11 (t) — T2t (£)) + (Ru(t) — Rau(t))*)}-
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V = —(2m + d)(Sl — 52)2 — (2m + v+ dl)(Ill — .[21)2 — (2m + d)(Rll — R21)2 + (ﬂl — /le)-

SQIQ1 51[11
— S1—52) — (L11 — I21)] + (111 — I21)(R1 — Rai).
HEP<SQ+I21 +R2l Sl +Ill +Rll)[( 1 2) ( 11 21)} '71( 11 21)( 11 2l)

( 52121 B 51]11 ) —
So+ Iy + Ry S1+ 111+ Ry
S981(I21 — In1) + Io1111(S2 — S1) + Salo1 Ry — S1121 Ry <
(S2 + Io1 + Roy)(S1 + i + Ruy) -
2S5 — Si| + 2121 — In1| + |Ru — Ral.
H 7Sy Lo Ry — S11h1 Ry, HHATASE
SolasrRiy — S1111Roy = Solo1 Ry — S1Io1Ruy + S1lo1 Ry — Silii Ry + S1liiRy — S1111Ra =
I R1;(S2 — S1) + S1Ru(I21 — Ina) + Sl (R — Ra).

V < —{(2m+d) — 2|81 — pam|}(S1 — 52)* — {(2m + v + d1) — 2|61 — pam|}(I11 — I )*—
(2m + d)(Ry, — Ray)? + 4|B1 — puum||Se — S1||I21 — I11| + |81 — pim||Se — S1||Ru — Ra|+
(181 = pam| 4+ v1)|[I21 — I1|| Ry — Ray.

VAEZEM T T AV EIESH, XH

(2m +d) = 2[B1 — pm| 2|61 — paml| —5161 = pam|
V= —2[B1 — pam)| 2m—+y +di) =281 — pm| —3(61 — pam| +7)|,
*%Wlfﬂl"ﬂ *%(\51*M1m|+71) 2m +d

VEEERYHACYER—Br . =7 £ 78K T0. BT H < |81 —um| < K, =
B T REAT0, VEIEER, BAVRER.
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Study on two-strain and two-patch epidemic model with
cross-immunity and transport-related infection
GAO Shu-kun'?, WANG Wen-cong"?, LIN Cai-hong™?, ZHANG Long"?
(1. College of Mathematics and System Sciences, Xinjiang University, Urumqi 830017, China,;
2. The Key Laboratory of Applied Mathematics of Xinjiang Uygur Autonomous Region, Urumqi
830017, China)

Abstract: Host migration and pathogen variation play important roles in the distribution and
persistence of infectious diseases. This paper establishes a two-strain and two-patch epidemic model
with cross-immunity and transport-related infection, and studies the impact of two strains spreading
between two patches on disease transmission. First, the positivity and boundedness of the system are
proved. The basic reproduction numbers R1 and Ro for strains 1 and 2, and the basic reproduction
number R of the system are established, by which we find that the disease-free equilibrium is globally
asymptotically stable if Ro < 1. Under some given conditions, we find that the strain 1 dominant
equilibrium F; is globally asymptotically stable if R1 > 1 and R2 < 1, and the strain 2 dominant
equilibrium Fs is globally asymptotically stable if Rq1 < 1 and R2 > 1, and demonstrated uniform
persistence of the disease. Finally, some numerical examples are given to illustrate the theoretical
results.
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