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Abstract

During the infection process, we consider two types of target cells: CD4* T cells with a fast integra-
tion rate and macrophages with a slow integration rate, and establish an HIV infection model
based on the two types of target cells. The main features of this model include the recovery phase
of the transformed cells from infected cells into normal cells. We obtain the basic reproduction
number R, disease-free equilibrium point Ey; and infection equilibrium point E* of the model, and
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theoretically derive the local asymptotic stability of the model at the two types of equilibrium
points. Furthermore, by using Lasalle’s invariance principle and the Lyapunov function, we obtain
that when Ry < 1, the disease-free equilibrium point Ej is globally asymptotically stable. Finally,
the actual range of parameters is determined by consulting the literature, and the model is nu-
merically simulated to verify the correctness of the stability theory.
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][l

X =4 —dx - pxyv+ay

V= Pxy =06y —ay,

X, =4, —d,x, - px,v+a,y, (2-1)
Yy =Py =06,y -4y,

v=ky +ky,—cv
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Figure 1. A schematic representation of the model system
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Bk, BT ERIETE, AT EA TR 0, BATR BN R A
A —dx - pxyv+ay =0
Bxyv—-oy,—ay, =0
A —dyx, = Box,v+a,y, =0 (3-1)

Prx,v =0, —a,y, =0

kv +k,y,—cv=0

X FICH T 2T ISR R, AWy =0, M4y =y =0, v =0. BLFE, HFH X _ﬁ, x;’:dﬁo
1

ﬁﬁﬂ%%ﬁ%ﬁ?@ﬁEz@ﬁmﬁoqo
wH, ﬁé)(%%iiﬂiﬁzéilg, EAREEA HIV 5 85 A7 15 W1 1R T RE AL B T 200 [0 A fit e 1M 240
- 8 (3

R, = l(klﬂlxlo " kzﬂzx;)j

c\o+a, 0,+a,

DOI: 10.12677/aam.2021.105193 1836 IR Esid


https://doi.org/10.12677/aam.2021.105193

K 4F

TR TR SRR, BB v 20, hF— AR FAB AR PR o O A)AH
d1(51+a1)+ﬁ1"51

- Pk =k A IF AN U = (Bta)h
Ty - I BB SRR TRB AR AU 5= S
e PYh g 5 MBS AR TR

d, (8, +a,)+ Bv6,
Movh | RBVA 0, T v 20, BB AT L v i, kAl DL E

d (6, +a))+pvs, d,(8,+a,)+ p,v6,

o[ (+a)A B A (8, +a,) 4 BV’ A, V*J
d, (51 + 411)4-[3111*51 ’ d, (51 + a1)+ﬁ1v*51 d, (52 + a2)+ﬁ2v*52 d, (52 +a2)+ﬁ2v 0,

oy i 2

P Y. S . S
d,(é’1+a,)+,[3lv51 d2(§2+a2)+ﬂ2v§2
Mo, By =0,

F(0)=—kBA_, kb _czc[ltklﬂle+k2ﬂ2x2J_1}

S d(8+a) d,(5,+a,) c\ 6 +a b +a,

HIHEA PR E L, 33 F(0)=c(R,-1), MMilim,_, F(v)=-c<0, , JfH

Fi(W)moe OWBA_ GkBih o s F () RIS, BT
[d,(6,+a)+Bvs | [dy(0,+ay)+B5, ]

F(v)=0, Z R >1IAME M, 2R, <1 BATIER.
4. TERREM
4.1. TR E R EBREEY
EHL 1 MR <1, TERTAE A E, R R 2
R, > 1B, TP s E, AR e B .
UE]: BERY3-1)FETEH T 1 E, AL () Jacobi JEFEN, 4 |[EE-J(E,)[=0, Bl

—d, = B a, 0 0 -Bx,
By -0, —q, 0 0 Bix,
0 0 —d, - B,v a, —B,x,|=0
0 0 B, -0,—a, p,x,
0 k, 0 k, —c

(EEEEE WP
(§+dl)(§+d2){(§+5l +a1)[(§+52 +a2)(§+c)—k2ﬁ2x§]—klﬁ,xf’ (E+0, +a2)} =0

DOI: 10.12677/aam.2021.105193 1837 IR Esid


https://doi.org/10.12677/aam.2021.105193

K 4

.
kyB,x _ ks Box; _
(E+d)(E+d,)(E+c)(E+6,+a)(E+6, +ay) 1—(§+C)(§+51+a1) Ero)(erova) =0
soh g, (£) =1l L

C(E+c)(E+6,+a) (E+0)(E+8,+ay)
T4 E, 1R R E IR T ¢, (£) = 0 IR,

w k px° k, 3, x) . .
I, —1— 1771771 _ 2772772 —1_ s s 1 :1 R L
(1) HR,>11, ¢,(0)=1 (6 +a) o6 +a) 1-Ry» ¢,(0)<0, Hlim,, ¢(&)=1>0. Ll

MEREES g, (&) £ (0,400) EEAH MR, FTLLE, 1 R, > 1 ERAFEER
(2) MR, <1, BBLRe(£)20, WA WL g (£) =0T LLFFE]

_ kX! + k, B, x;
B (E+c)(E+6,+a) (E+c)(E+6,+a,)

kX 4 k55 |
(E+c)(E+6,+a) (E+c)(E+0, +a2)|

kﬂlxl |+| kﬁzxz |
(E+c)(E+6,+4a) | | (E+c)(&+6, +a2)|

IA

kﬂzxz |
c(6,+a,) |

kﬂ1x1
c(6, +a)

IA

MRy =15 R <1 MG, MAATLIAFEIRe(£)<0, Hrhg (£)=0. LM R <1Bf, Re(&)<0,
eI T4 1y A2 SRR e 1
i B, MR, < VB, ToRETHE s E, 2R WnE AR € 1 2 R, > VI, Jo-T- 5l E, A AFRGE 16

42. TRFEROEEREN

EﬂZéR<1E%Ed;5 d;@ﬁ TR 5 E, 2 W Rz 1

WERH: I ER 1, MR, <1BF, TBRPTRE R iR e 1, I AUE B ARG .
AMELNSTHER >0, B—DREH x(6)>0, x,(1)>0. FHAK M, 7 LG H
Lyapunov J5#£[4] [5]

d, +9, d, +0, d, +9,
+ + , + y
o +aq 0, +a, k,

R U () S8 IR A =dx,, [EIWT:

DOI: 10.12677/aam.2021.105193 1838 IR Esid


https://doi.org/10.12677/aam.2021.105193

K 4F

. d +0 x
U= |:dlxlO —dx, - pfxv+ay, __l(dlxlo —d\x; - fixyv+ayy, ):|
o, +a, X,
a
+—10(x1 -x +y1)(d1x10 —dyx, = fxyv+ay, + fxyv==6y _alyl)
(6, +a,)x
d,+6 Xy
+#|:d2x2 —dyx, = prx,v+ayy, __Z(dzx;) —dyx, = fxv+ayy, ):|
0, +a, X,
a
+—20(x2 -x; +y2)(d2xg —dyx, = Xy, v+ayp, + frx,v=6,, _azyz)
(6, +a,)x;
d +3, d,+5, d +6,
+ XV=0on —ay )+ X,V—0,y, —a + ky +k,y, —cv
5 +a (,31 1 g Iy]) 5 +a, (132 2 2 V2 2.V2) k ( 11 TR, )
2
dl(d1+§1)(xl—x1°) ay(d+6)(, x") d+6, , ,
= — + 1__ +—ﬂlxl v
(6 +ay)x, o, +aq, x ) O, +a

- 0

2
_a,d] (xl_xlo) a5’ +a1yl (d1+51) -
(6 +a)x (6 +a)x S +a N

0 2
d,(d,+3,)(x,~x7) +a2y2(d2+52)(1_£J+d2+5

225 xM
(6, +ay)x, 0, +a, x, ) &+a, >

0\2
_azdz(xz_xz) B a252y22 +“2)’2(d2+52)[1_x_2J_d1+510v

(6,+a,)x; (6 +a,)x; 0, +a, x5 k

2 2
X, x' ) S +a X, x5
+“1)’1(d1+51) Z—i—ﬁ +a2y2(d2+52) 2_£_ﬁ
51"1‘611 52 +a2
_ a8y _ a,8,; +c(d1+51)
(6,+a)x (6,+a,)x; k,

(R -1)v

FIL 5, 4R, <18, %U(l)zoo U4, %U(l)zO‘é’lHW‘é’lxl(t):xf, %, () = xRS, B

Lasalle A4E R HE[6], REBSUEIATE E, &R EI1.
Frh, R, <18, JoWi P il E, &2 R A2 e 1 .
43. BRI HLEPREEN

FEHL 3 R > 1IN, ATl £ 2R S s e /.

M BOG-DERHST A £ A8 Jacobi B J ('), % |¢E—J(E7) =0,
—d, _ﬁl"* a 0 0 _ﬁlxl*
,Blv* -0, —q, 0 0 ﬁlxl*
0 0 ~d, =B,V a ~pox,|=0
0 0 ,Bzv* -0, —a, ,Bzx;
0 k, 0 k, —c

iSIECY

DOI: 10.12677/aam.2021.105193 1839 IR Esid


https://doi.org/10.12677/aam.2021.105193

K 4

- (&+d)kpx 3 (§+dy)kpyx; —0
(o) (e+d+ BV )(E+8)+a(E+d)] (S+e)[(E+d+ B )(E+8,)+ay(E+dy)]
B Re(£)=0, b WL |EE-J (E")| =0, AT
| = (&+d )k fix; + (+dy)kBox,
(o) (e+di+ AV )(E+8)+a(E+d)] (S+e)(E+dy+ By )(E+8))+a, (£+d,)]
_ (é"’d )kﬁlxl (§+d2)k2,82x;
(+c)[(e+d)(&+8,+a)+ By (£+5,)] (§+QU§+@N§+@+aQ+ﬁﬂX§+@ﬂ
kBx . kpx |

SEro)(Erara) (Ero)Erora)

klﬁlx: + kzﬂzxz |
0(51+a1) 0(52+a2)|

BB TRA B A RT: ko +hy—ov =0, BI—AN_ KBBY e <,

0(51 +a1) 0(52 +a2)

TS, W Re(£)<0.

iAW, HR >IN, BACTH £ 2R EHa e E 1.

5. BUEHRT

FEATRISH, RSN | e ISR R GEEAT — SR, SRR A SCE B IR 1
SRS S B R AV DA e S 4 fE 5

WHES % TR 71 TS HITE FEl, IR4s & SCRk[S1H s, K5
£ 1 TR

Table 1. The meaning and value of the parameters in the system (3-1)

F 1. RBEG-DFSHEXERE

2 e L XA K1 K 2 i
A4 T 4 A R ul'-day ™ 14 18 0~20
d, T 4HfRAET % day™ 0.015 0.02 0.007~0.1
A T 4R e 2 ul'-day™ 0.0002 0.0002 107°~0.5
a, R T 4l S 2 day! 0.5 0.5
S, JRY T 4HIFTT % ul ' -day ! 0.08 0.08 0.007~0.1
k, TR T 200 AR BSOS R R day ! 3 400 1.25~4200
4 A A B pl-day ! 8 12 0~20
d, LI L AE 1 %6 day ™ 0.01 0.015 0.007~0.2
B 55 6 24k e 26 ul'-day™ 0.0001 0.0001 10°~0.5
a, SRR T e 5T 26 day ™' 0.1 0.1
S, Y B AT R ul'-day™ 0.06 0.06 0.007~0.1
k, TR LR i AR Fs T day ! 2 300 1.25~4200
c JHEH R day ! 36 36 3~36
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Table 2. The initial value
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Figure 2. The local asymptotic stability of the uninfected equilibrium point of the

system (3-1)
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Figure 3. The local asymptotic stability of the infected equilibrium point of the
system (3-1)
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