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Table 1 ~ Reproductive numbers

notation produced by expression therapy
Ry T-cells M independent of theraj
0 oy (py + k) Py
ToNk k
Ry virus s no
(g + k)
% T-cells and virus Ry + Ry no
v . My o
Ko (1) virus l‘«i‘* k4D( 0 Ry yes
Ry (1) T-cells and virus J\’(Y( 1) + :f\)g yes
2.2 HF

G (1) MEE LT [0, 00 ), HAEH EEZIF BORTRL ATRERIA AT 800 1,k =1,2,
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FHE2.2 # k() > 1, R FER(T,,0,0,0) EAFEEH.
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MRS (1) 28N
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di_k3k1((T0+x)V+k2(To+x)T*)_ T 4
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(, +k4D(t))V+k3x(k1V+k2T )
N Mo + ks ]
BESR ko (B, V + by T ) /(g + ky) HE(ogy = 1) (u, + k,D(8)) V/N &,

(C/\)o - 1)

dL (u, +k, D))V kyx(k )V + k,T7)
L =(K-1 N + vk =0, (7)
W2 oy (2) > 1B, RSSO 2 S Ak B AN NGB 38k BT B R B (6) B SRS R AN R E

(1, TR GE (1) I TCH - A A FRUE | TIEER.

AT N E FRIER, AT AN 5 3.

SIEB2.1 R f(r) R—ESE AR HAER B RE( 8 lim sup, ., f(1) TE) . & x(1)
JEdo/de < f(1) - ax BUTE—f# (HERE « > 0 #BT) . N

lim sup x(t) < }:lim sup f(t) .
WERR XA AR du/de < f(1) — oo N HEESE PR AT 75
x(t) < e *x(0) + J'tf(s)em ds/e* .
0

TN L hospital ] BI AT 58 iR,
TEER 2.2 5518 2.1 fZERE L FRATATIESY o (1) > 1| B RG R —EFF A7 1.
EE2.3 #HR(t) >1Hor < 1,0lim sup, ., T"(t) > 0,lim sup, ., T""(t) >0 H
lim sup,_,,, V(¢) > 0.
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lim inf| 23 o 0 .
t—0o (/,L[ + k3 +T (t> * N V(t>) >0 (8)

B, lim sup,_ ., T" () > 0. W], #lim sup, . T"(¢) =0, WXT RS (1) B9 3 RN AT
¥E2. 1 0[5 lim SUP,_,e T°"(¢t)=0. A lim SUP,_ye T (1) ZOHXﬂ’%éﬁ( 1) ROEE 4 AR G | 3
2.1 FATAAHim sup, .., V() = 0. [{AF AT 5 lim, ., 77 (¢) = 0,1im, ., 777 () =0, Hlim,_, V(1) =
0. Ik, L(1) —0, 54K (8) F)E.

T HUEH lim sup, ., T""(t) > 0. 2 lim sup, ., T (t) = O,NUXﬂ‘%%(l) I 4 DR
MBI 2. 1 7] #lim sup, ., V() =0. HFHlim sup, ., T*" (¢) =0 5lim sup, ., V(1) =0,FfX}
RE(1) W95 2 ANITRERHTIEE 2. 1 775 1im sup, ., T (1) = 0, HHHF .

B UER lim sup, ., V(1) > 0. #lim sup, ., V(1) =0. WX RS (1) 53 5562 A5k
oM S 3 2.1 A 45

k,T,
2% lim sup T** (1),
p e

ky +

k . ,
lim sup T"" (1) $Iu%lim sup T°(t), limsup T"(¢) <
—® b —® —x

ky k,T,
=20 Jimsup T"" (1) =

k .
limsup 777 (t) < > limsup T" (1) <
e My, e My by + g

Ry lirfl)iup T (1) .

RESK /y < 1, 3ATTSENim sup, ., 77" () = 0, B4 UE AR AT BEAY. JIEBH 52 hL.

I, #5 ey (1) > 1, HIV-1 5555 5L 1 T-40 Bt — B A A7, SRR R, AME HIV
SN ST Y Y T2 S

1) P A DDA A 14 S A P2 B oy (1), BT 2.1, SEFE 2.2 55E PR 2.3 ZIim 1 R&5:(1) (3
FIEMER Y o, (1) < 1), TEIREYLAY CDA+T 41 EE % 2 HIV-1 S EEE e A7, (H2 2
Ro(t) > 1, Tt CDA+T AffdslE & HIV s ARR A1 . XX AP B E LA O A 6 RS0 A 19
o)y A h B AR BUETRA AR PR RE R TA TR sl 12 A b L R B0 T R R 4598,

PR T-Z B ARG A8 o) > 1, ML AR PR 50 oo, (1) > 10 XFIRIRIE T, JEig7E
H2IBTT W T BERGHOS— B S A AE. NFR 2 PSS BT LB 1, <7 = 0. 098, /N T
LT AR R EAHE ory < 1 AIE B TR Y7 TR ms [ &,
2.3 HYFEIRKE

FIFH AR FRATT AT LAAR f-3th [ 28— R) R, BV 25 iR 7 I B AR AR 8 0, > 1 BOIR
BUT R ZYREIT /T LU oy (1) < 1057 o > 1 WANETTH AT et iy, B2 A" .
SR,  =ky < 1, AT LB RIS o, (0) /NT L BRATFHZGWIIRE D (1) SRAhd X it 2.
HREITRE(4) N ro (1) < LKA D(e), WIFRATAT LAAS H 259 700 6 1) [ 1

Mo (R, — 1

G k(1) < 15 H ALY D(r) > D, AL AT UL IH KN B2 T e ZE R 25k BE A =0, — 1 RS
BB, T D, AR o0, (1) B8 5 B IR VAT SR W ] i,

HIAVRUE 25 BE /KP4 572 D, 2 B B0 D(e) > D, = (w,/ky) (g, = 1)/(1 =
Ky ), WIBRRE R, RATFR D, = (u,/k,) (=8, = 1) /(1 = =y) ARG FAE. 2 T RILATE
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MBS TS5 D & r MBESME, UME D(¢) > D, 8% D(¢) < D,.

PRACRAAT, &M o0, (¢) < 18 > I X FRBR: > 0, TELET D(¢) BIRBRERKE
55, PN ZGYAEI ] 05 ¢ = ¢, AP BRER PR AT AR, T AR RIS E] 05, ¢, ARFRAE — BT
WIHATE , X SRS — B EE D, I D (1) NFELENIR. FIFLAD(¢) > D, 5D(1) < D,
I IE] ¢ R85 D (1) B BRI (D" =lim sup, ., D(¢)) 5 FHIA (D" =lim inf, ,_ D(1)) fF
B FTLMIE D(t) > D, —ADFor e D' > D, s xRS R I ¢ 115 ,D" < D,
PRIET D(t) < D, B2, %t BEKRE,D' < D(1) < D" fHT.

EHE2.4 # D" =limsup,,, D(t) <D, , HEWR—BERFEAAE HIV-1 i 58 T-20 ik
#3457 D' =lim inf, D(¢) > D, WICIEWI G S A Q] s d0 K 4a , R JCH P10 785 A 4 =) i
IEARE Y, TCIe HIV S 75 40 I B T-4H i #0Hs K 4a.

3 SR IMURA YT R

TEMRRIG T A S 50h , A T20 BFIE D' 5 R2YRIFG « J& 0T LA #E81, Fla D' 5
MR 2518106 = B —FE5 & L (D7) BEFRN—FA YT SR MG, & —FIGIT R (D', 1) BEIE 3L
D(t) > D.(BF ry(t) < 1), WIEE MY, 7 0T 2 A0, AR FRA T AR FRATn]
PRI — AR T SR M B i I ). B S b, I R RPN % 2 AR B e Ok, K
T T-20 W25 A U5 28, RATHE o3 B AE P2 25 AR 3 1 #BiR T (—20H kR 122 5
Michaelis-Menten HBR 3 127 ) BHEIRTT KBS L) 5 7.
3.1 —HimzshhzE

3 (2) TR i — R YE kR sh T2 D (o) iRl
%Die*g“*k”, Mhr <t < (k+ 1), k=0,1,2, -,
W D(e) W FRAE EFRSHHN.D =liminf,___D(¢)=D'e* /(1 —e™ ) 5 D" =lim sup, ,, D(1)
=D/(1 -e*).D(t) # D' 5 D" Prfw, AL TEG. 0,0 > D, Bor S ALY « <
(1/g)In((D" +D_)/D,); D" < D, WAr 4 H ALY 7 < (1/g)In(D,/(D, = D")) . FIH D" Al
D', FATAT I IR E L 2. 4,

EIE3.1 FIEHAI(1) 5—RAYNERRS 2% N# 7 < (1/g)In((D' +D,)/D,) ,iGIT
RME (D7) RN, A > (1/g)In(D./(D, = D')) JRITHRME (D', 7) SRR

B2 T B 3.1 (INES. I6Y7 I DX 37 T 3 B B2 DX, it i 4 DU A7 T T 1)
FFSE DX A6 8 12 1 DI, R sl WO vl fig & 2B B 5 2R I X B 3 L 43 ok =+ <
(1/g)In((D, + D')/D.) 5 7 > (1/g)In(D./(D, - D)) . X THEEMEYH & D v, =
(1/g)In((D' + D,)/D,) J&RELRUEMIRTT S W 18Iy 1 IR 245 1) B 1) s AR 5 S+ 8O 7 28 I il
AR RMEN 7, = (1/8)In(D,/(D, - D')) . BAV IR 7, 5 7, WG LR RIS
SR 24 (1B, [V b, 6 [ A IR 25 a0 o, ATl Dl LR IR R & (D,) SAL LR
R (D,) XF DRI (De™ ) /(1 —e™) > D, Al D, =D (e - 1);3KED /(1 —e™) <
D W4 D, =D (1 —e™ ) . BIXEF [ ARG MR 7, — > B B3R T7 HRm 1) e/ INIRE 77 oy
D, =D (e - 1), MXF—"RMAIEST RIS R KRG FI A D, =D (1 —e™) .

Hr o<1 <7t (BEMWD, <D < D), A BHERNZSS, IR o,(0) 751 BT
W sh, PR ARSE IS AT B & A, BN, FHER 1 RS, SRR 7 = 0.5 B T IRZG R R

D(t) =



* R E X 3

N

407

D'=3.55D = 2.8 KU, #A x,(1) 7E1 LT
AT D = 3.5 K7, =0.4504 <0.5 <71, =
0.8414 JBY7HEM(3.5,0.5) BRI, Wi D' =2.
SWflifE 7. =0.3751 < 0.5 < 7, =0.607 2,4Kfij
TBIT R (2.8,0.5) &M, OB RI(E 2) T2 failure
R K THRME (D' =3.5,7 = 0.5) HIV JHRERF K
Y (RLR) EXFTHRIG (D =2.8,7 =0.5) H{liE
Eﬁ%%?ﬁ@ﬁ( 9;%%) . successful
3.2 Michaelis-Menten & B Eh 715 3,
LY E D(t) M Michaelis-Menten T8 5530 D'

IO RE(3) Brokese , T B s XA 7 S itk BT SR EIRERA I TR 199 2
F1EPEVEAL. FRATTAT AR 25 5 Ml i 3k 338 V3 1) 5 3k Fig 1 Classfication of treatment regimens for

. X the first order elimination kinetic of drug
HH R MR 240 <1 < 1, BF,D(¢) BF
D'=35 =2
1.1 1.3 b 8
10 12
<09 <1
0.8 1.0
0.7 : : : . 0.9
0 100 200 300 400 500 0 100 200 300 400 500
D/d D/d
: 20 200
&~ ~
E 15 .g
§ 10 §
= =
2 s S
1) 1)
° 0 o0
0 100 200 300 400 500 0 100 200 300 400 500
D/d D/d

B2 4 ogy(e) 71 RTINS, ZREE (1) MW N —ZAH R B) 122 T W3 113
Fig.2 The dynamics of system (1) model coupled with the first order elimination

kinetic when =®,(¢) fluctuates around one
Gl
Kmln(ﬂ_) +D-D =—V_1.
D]
BRI, D, i e
Dl i
K In o +D, -D' =-V_ 1. (9)

Fflsts, D, i FAH

D .
Kmln( 2 ) +D, - (D, +D")=-V_.7. (10)
D, + D' ? : ‘

FH 61 19757 T KB D, s

D, |
Kmln[DfDij +D, - (D, +D) ==V, 7. (11)

j-1
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HiD'(t) <OFD, <D(t) <D_, + D 1E[t_,,t;) LR 8AK, D' =lim inf, ,, D(¢) =lim, ,, D,

5 D" =lim sup,, D(¢) =lim_,, (D, + D') = D' + D', D, By BRAFAFIRATTAT LAFI FH A 25750 ik D'
S MRG0 © A MR — AT HRME 2 15 ).
EIE3.2 78 (D, } WHCKHENY D -V, 7 <O,
IERA G EE, 2 lim, D, = D', NI
" b, (D, + D
1im£:lnDl,lim 2]-:, (Do + D) =In(D' +D").

f—o0 k ko k

7EZ (1) st 7 M1 B & SEA7 SR AR 45
k
K. 2 m( b, i) +D, —kD' =—kV, 7.

1—®

o+ D
HOHTHET 1%
2%_ In D; Zk_ In(D,_, +D) p p-v 7
= EEE—" +ﬁ:7]{mm . (12)
IR (12) SRARBR , FRATR I D' 705 2
(D) ~In(D' + D) = 2= VomT (13)

K
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Table 2 Variables and parameters
var meanings initial value units
T(t) concentration of uninfected CD4+ T-cells 180 mm™>
T"(t) concentration of latently infected CD4+ T-cells 10 mm™>
T (t) concentration of actively infected CD4+T-cells 10 mm™>
V(t) concentration of free HIV-1 virus 1 000 mm™
par meanings value units
s source rate of generation of new CD4+ T-cells 10 mm? - d!
Moy nature death rate of T-cell 0.02 d-!
ky rate of free virus infects T-cells 3x1073 mm3 -d~!
ky rate of active—infected T-cell infects healthy T-cell 3x107° mm? -d~!
ks rate of latent—infected cell converts to active-infected cell 1 d!
ky effect of drug 1 d!
My death rate of active—infected cell 0.15 d!
My death rate of free virus 2 d-!
N number of free virus produced by lysing a T-cell 500
g rate at which enfuvirtides are cleared 1 d!
Vax the maximum rate of change of concentration 11 ng - mm™>
K, the Michaelis-Menten constant 1
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Fig.4 The basic control number £, (¢) changes

with time under drug dose D' = 2.2
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Fig.5 The basic control number -%,(¢) changes

with time under drug interval 7 = 0.5
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Fig.6 The time-course of three CD4+T-cell and virus concentrations

under dosing interval 7 = 0.5 and different dosage
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Modelling Two Different Therapy Strategies for Drug
T-20 on HIV-1 Patients

SONG Bao-jun', LOU Jie’, WEN Qing-zhi’
(1. Department of Mathematical Sciences, Monitclair State University,
Montclair, NJ 07043, USA;
2. Department of Mathematics, Shanghai University, Shanghai 200444, P. R. China;
3. Scientific Research Department, Pingxiang College,
Pingxiang, Jiangxi 337055, P. R. China)

Abstract: A mathematical model that describes the antiretroviral therapy of the fusion inhibitor
enfuvirtide on HIV-1 patients and the effect of enfuvirtide (formerly T-20) using impulsive dif-
ferential equations were developed, taking into account two different drug elimination kinetics
first order and Michaelis-Menten. The model was a non-autonomous system of differential equa-
tions. For the time-dependent system, the disease-free equilibrium and its stability when thera-
py was taken with perfect adherence were focused on. Analytical thresholds for dosage and do-
sing intervals were determined to ensure that the disease-free equilibrium remains stable. The
effects of supervised treatment interruption were also explored. It is shown that supervised
treatment interruption may be worse than no therapy at all, thus strongly supporting no inter-

ruption strategies.

Key words: enfuvirtide; HIV; antiretroviral therapy; mathematical model; drug elimination ki-

netic



