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The influence of infection ratio on Gradual Reduction of Drug Dose
for the treatment of AIDS patients

EHWE-BEE
(Kang-Hyun Lee, Nam-Hoon Jo)

Abstract - In this paper, we study the influence of infection ratio on gradual reduction of drug dose for the five state
HIV infection model that explicitly includes the population of the virus. We first compute all equilibrium points of the
model and investigate the stabilities of them. As a result, a bifurcation diagram is obtained which shows a change in
the equilibrium points, or in their stability properties, as the drug effect n is varied from 0 to l(alternatively, drug dose
is changed from 1 to 0). Based on the bifurcation diagram, we show that the gradual reduction of drug dose can be
applied for the treatment of AIDS patients. Moreover, we analyze the influence of the variation of infection ratio on the
gradual reduction treatment. Computer simulation results are also presented to validate the proposed results.
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Fig. 1 Eigenvalue trajectories of X4 for 0<n<1

Eigenvalues of point B

0.5+

0 0.2 0.4 0.6 0.8 1

n

x 1072 Eigenvalues of point B

0.0401

0.04

0.0402

a8 2 0<n<1 (Y 82 0.0399 <75 <0.0402 (otz 23f)
of st x%2 /A HAH

Fig. 2 Eigenvalue trajectories of X% for 0 <7< 1(above)
and for 0.0399 < 5 < 0.0402(below)

H8A AL 0, mALE BYY stelE} 22 Fof
A AN ALE 4 JAT, THeAAA FHT IAE BN
Yelat 2d stebiest 9asiel Fued 120904 AHEE @
2 olg @t

1A 1. HIV 2928 (DY A29 disses
A=1, d=0.1, f=002,2=02p=1,¢=01
q=05,b=001, k=01, k=25, p=1,7" =098

< UEH J

AIDSEA X725 218 MM ASH2IHo HESZaFT oA ¥

at

Trans, KIEE. Vol. 56, No. 1, JAN, 2007

%}—_ﬂ—iy 7]'13 l% E’l‘é‘s}‘_\:‘ 0"?"9’] M 7y 773% ﬁ])\\lsﬂ E’-‘E
7, =004, 7,=0.04008, n,=0.7676 o]t}

23 Hade otHE 24
227014 4uE WYPe) GAEES 2487 A4 4y
2d ()¢ BYY 224 AgHARA. FBER 7} p,Q @
(DS BYHE XL 4L, o= X—X,, bp:=n—n, & Helahg,
w4 (D9 dEshe
8o = A(X,) fz+ B(X,) &
s 2ol BYY 5 AT 74 AxwHLd QYL

—d—fp 0 —Pz 0 0

B —a—pz P 0 —py

AX)=| © k. —u 0 0
aqw cxw—cqw 0 cxy—cogy—b 0

0 oqw 0 ogy —h

B(Xo)——-{—ﬂzv Bxv 0 O O]T

ot} oz = 7+ 7)¥(Lyapunov indirect method)l )3t
HAYY x4, x5 X0 xPe] 224 QA (local stability) & Z7+9)
Pyl Al2d $F A(X) LFAE AEt BAHE F
itk WA, YA X9 AAEE W] Y3t 97k 0914 1
742 da g o AXNe] THAE TE F, 2 A8E EAE A
S a8 194 2 F ok 29 1904 xF, yE 2 44 0% 2
frA e AERE Yy, 52 Aoz FA8 AL 1{A
27 $EHE RS veldd. 13 128E 0s9<004 7}
A BE TH5X7F 020 &3, n>004 ojH L{XF st

Eigenvalues of point C
T T

0 0.2 0.4 0.6 0.8 1

n

x 1072 Elgenvalues of point C

-1} /
-1.5 .

0.0399 0.04

0.0402

a8 30<n<1 (8l 18)2 0.0399 <5< 00402 (ofzf )
of theh X2 DRA HH

Fig. 3 Eigenvalue trajectories of X ¢ for 0<n<i{above)
and for 0.0399 < 7 < 0.0402(below)



BEBEHIEE 568 18 2007F 18

Eigenvalues of point D

0.5
X057 X 0.77
Y: 0 Y:0
Of~ = - - e e = R e

-05

-1
-15}

-2 'F
-25 . . . A

0 0.2 0.4 0.6 0.8 1
n

ag 4 0<q<10] tfE XPo DFA AHN
Fig. 4 Eigenvalue trajectories of X” for 0<n<1

7} 0% Z2AY AZE & 5 vk wWEAN B¥Y xi:
0<n<004 g o ¢A3}c}

olAl BH¥H X% AAEE By At AXD)9 uk
A9 #A & 8 wgton, o]F I 2044 B 5 3tk 1Y 28
RE, 0<n<004 X e n5X7 03 AL A3,
0.04 <n<0.04008 oAM= EE IHAZ 0BT 3Fon,
0.04008 < < 0.7676 M= 3lte] THA7F thA 0BT AR
o, n>07676c A= ThAl RE n4x7F 020} FopF L &
& Aok Y 29 ohA 2P L n=004 THNA AKX 1
29} AHEL s AOZT 0.04<n<0.04008 oA ZE 3
A7t S5Y9E F 9 988 nodEoh webs, 39 x°
0.04 <7 <0.04008, 0.7676 <n<1 4 o A &}ct.
A wAE, 3384 X% dAEE 1Y 3220y & F 3
%, 0= < 0040080 M = Fhe] RHA7F 054 ZFAY 2
00408 <n <1 N E RE LHX7 0BT FolH e &
Aok opAetez HHAP x¥Po dARE 1Y 42RE &
Atk &, 0<y <057 M & shve] 2FATE 03 ZAY
ax, 057<p<077 s BEE IHAJF 0o Fon,
n>077 A GA] shtbel m§As} 05 2AY AR

i 4o o

S )

3 27 Mk & xRIY

¥ "o £rl M Z(bifurcation diagram)E& ©]-&3}
Alzg getvEst Y 1§ w5 do XavYEE dot
EEEZ 3t 74 18 BEFT o F¥E XL X% X% oA
Ag AHestd E 19 Zx ofE F4U g= HHE
n=10°1AM9 Z HY¥H Hx FX& X 29 2ok X 157
B 22%¥, 4&E Foqvt gl AdHedA 74 B3H 84
9o g setd ¢ gk F¥F XY= HIVE A8 Zx
A B ARG AR AHE ondy, EAXAT FHH
o &, dg HIVY 2¥E A4S & RA4E Fusd
HIVZE gl AHE HEE odus RS 9rdn

178

E 1 EEd x4 x5Xx%| omy. s'E sie HEHol
SR, "uE g2orEEe odul#

Table 1 The stability of equiibrium point X4,X%Xx°¢ "S"
implies stable equilibrium point and "u” implies

unstable equilibrium point.

A A 0<y<y, |m<n<n | <<y | <<l
x4 S u u u
X% u S u S
Xx° u u S S

x 2718 18 URsSHes HR(B=002), n=1¢ of HH
HES Fxl#

Table 2 The numerical values of equilibrium points when
n=1 under Assumption 1(8=0.02)

FYA FAF (n=1)
x4 [10, 0, 0,0, 0]
X5 [0.4, 4.8, 120, 0, 0]
b.od [9.47, 0.011, 0.28, 814, 4.54]
xP [0.53, 3.59, 89.7, 0.036, 0.064]

BYAH X% A7} HIVY) &5 o, HIVZ 2A 2d& 4
H2A AIDDSEA 2§ 9njsin], GBS ALESA ¥ 7
+ HRFE & & Aok YA Xc ¥ =9 CTLpY
ol HIVZE 383 AdAE 2, 238 22 T ME(x)
9 gto] AA Y Y AaddA A 4L §7)d F83) 2
ok &, o] FHF L v YA FAY FEE onisiy AA S}
o ¥ X7 A9 Ao BEY BEF on o}
TEEA @3 glen, & =FdXE #49 o] ohrh

¥ 13 X 225EH FERH o} ATl we HIPHFE)
TrlE &3, AEE w0l Jte A & F e, ol
& oz FEE 4 gv Aol #7] AZ(bifurcation
diagram)eltl, 2E HEH L2 579 AE x, y, v, z, wo =R
TA5e] 7] dEed AES EVMAEE HMe 6394
o] E71MA=s ot stAT 6349 EU|HERE ¥
e AL E7Fsd] W', AdAH ez 33 2AE £7]
A=7b 29 5019, 971 yF & 5709 AL x, v, v, 2z, wE
Al 83t Aotk &, 1Y 5% € 5H nE BV W
<+ (bifurcation parameter)2 A3t n=0 oA =1 7= W
q 2 e FHAPY A FAHEE Jebd) 17 594
Fe Aoz FAE HYHE AATES Yelia e Ao
2 ¥A9 934 BaAde vehad =9, 334 x°
o AL 0z <y oME B2 A= EAZE Hol A FL

g, ol 2 B3 JEF 7t o7 dEd =94

o2 AT 4 Yok e dehich 3 XC, X7 3
5 EAHA @ FEL st ol Hrol UL 9

ol e,
9 52RH, FBHE MM BEAINUE, 18 17
A 12 F7IAR) B X@=0) SA D FHES



a3y 571y 18 uEE oo HEH
M3 gt
S LIERY,

Fig. 5 Bifurcation diagram of all equilibrium points under
Assumption 1. The thick and the thin line indicates
that the corresponding equilibrium point is locally
exponentially stable and unstable, respectively.

E A HEIS dJehlE
XMm=1)9 2AZ o158 F U&<L d 4 3}, o] o
GBS YR F43 ZqUstE, gxte) Aes 43 3y
B(Eedez FA)Y -r%°3°—‘1 (Region of Attraction;
ROA)E HoluA Hol, f o] #&AS we 714 ¢A =
o} dA = wlolg)xe FHEL udx] ¥ 43 Bdoj
e o8 XNE71del ERHolgte Ro| FnER
(11104 AL en o0& HAA GEgar|Yolgdn
o} AT (11l = 2dsA) e HIVe UEg F7is
HS Fnd 53 Bl giHME ol HAF ofE7iv)
Hol AAAHIR)E Rt} o¢ thal, B =& AN
EIMEE ol 48d 53 2dd dfHE HAFH FEFL
1Yol A7Ad Aolgte A& d&5F & gk 53 2d (1)
of g B Axe] Awrd 344 N27EE 923 ol
"53% RE B =FdMEs AANMNG,
WA dAdE Ad 42(F, vu=1)& 43 7|3

(°l °“ o2 BEADo)d Fodle @xte] FeHE HEA
Xin=1¢ wW$ vz Fez Hech

2) F WA dANE GE FoIg A7 FAE
L2 ZAN)TL u=194 u=022 MX3] FqLt7} F2e
AErt £7) AE9 F24E uel A Hojs) IAFHo
2 3y8y XUM=1d FE3] 717 FH7t HES o
Z, 829 4E7) 9P XM=1)2 $8399 Yo £A3}
ZE g,

3) oA, FEF
Fo &9 mE-glo) “333%
AT = Ak

Fl

)
(n= ) 2A9 %

ADS&R X125 HE MIH dsULIH Z2EST

Trans. KIEE. Vol. 56, No. 1, JAN, 2007

P

AAST 44 po Wstol o3t
AN epEavIgel B Y

2 AelME ofEol W@ HIVE sdwol, 8xe A
ot AZH Watel miet HIV 2dEd (D9 2a&Ed
7 744 1949 @3 oE 4 9] 92, o sx 7
d&wol galA BAH tBRarIMel HENEER B4
& mnA g,

41 00154<pB<02411 ¢ H=S

Zvzte] Hy A AAHEEF 33 FYT WP EAHE
F Qoew, 2 A% 3F M U £ AEE €& F A
ek webA, 3R AE FAA FAVEE o]E8d
At AEE uAPAH A dEHE BE F U FaE,
B=0241 % A%, n=1¢ o] Z FHYHL & 37 goy,
PHEol AME WE n,mn T AT BE p =0.003319,
n, =0.003326, 7, =0.06370}t},

B 34=0212 E, n=1Y ©f BHHEES XL
Table 3 The numerical values of equilibrium points when
n=1 and $=0.241

BYA FX gk (n=1)
x4 (10, 0, 0, 0, 0]
b [0.0332, 4.98, 124, 0, 0]
x¢ [2.32, 0.055, 1.38, 500, 13.8]
XxP [2.16, 0.0603, 1.51, 424, 12.8}

42 5>02411 2 AP

67F 0241120 & 59 &7 A= 73 £ A, 3%
9 27 =g & FH2E Forves RS & F At
§ A2, f=025¢0 A5, n=1Y W] 7 BYPHL ¥ 49
Zon HYHE ME WUE n,ma & AN BE
n, =0.0032, n,=0.003207, n,=0.06140]c} Eo]3 HL& p=1d
o, B3¥H X XPr} skl Ho AARE EAA
et Rtk E3, X9 X7 vt g7t &6y 2

2 7, =00644 o], AFHOF OY 67} L BV ARE
d-g ¢ Uk WA, FEARE U F9 A g4
Mol BHRQ X=1)0] EAeA %7 F&l, o o}
AIDSEAE v AP ERE TE 5 Uk

x 4 =022 A2, n=1Y of HYHES Fxg
Table 4 The numerical values of equilibrium points when
n=1 and =025

HyYH FRAH (=1
x4 f10,0, 0, 0, 0]
XZ [0.0320, 4.98, 124, 0, 0]

X |[2:13+0.74, 0.05— 0.024, 1.3~ 0.564, 364 + 3231, 23.08 + 4.35]

XP {[12.13-0.74, 0.05+0.024, 1.3+ 0.564, 364 — 323, 23.08 — 4.35]
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