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Abstract: In this research, we present an analytical analysis of HIV-1 infection of CD4 + T cells with a conformable
derivative model (CDM) in biology. An improved (Y’/Y)-expansion method is used to investigate this model analytically
to construct a new exact traveling wave solution, namely, exponential function, trigonometric function, and the hyperbolic
function, which can be further studied for more (FNEE) fractional nonlinear evolution equations in biology. Also, we
provide some graphs in 2D plots that demonstrate how accurate the results will be produced using analytical approaches.
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1. Introduction

The human immunodeficiency virus (HIV) predominantly
targets CD4 + T cells, the immune system’s biggest white
blood cells [1, 2]. HIV infection attacks all cells, but it is
CD4 + T cells that are the most damaging and impair the
immune system by eliminating them [3]. When the number
of CD4 + T cells falls below a particular threshold, the
cell-mediated immune system vanishes, the immune sys-
tem weakens, and the body becomes vulnerable to infection
[3]. Pearson [4] provided a straightforward mathematical
model for HIV infection. This model has served as an
inspiration for scientists working on HIV modeling [4-6].
The mathematical models for HIV described here are
extremely helpful in understanding the dynamics of HIV
infection [7-10]. A group of scientists led by Agosto et al.
[11] constructed an HIV model that included HIV cell-to-
cell transmission and studied the characteristics of
CD4 + T cells in depth. HIV-1 latency and processes have
been described by Ruelas et al. [12] in order to better
understand this deadly retrovirus. Sun et al. [13] indicated
the c-myc proto-oncogene in the context of HIV-1

*Corresponding author, E-mail: ouahidloubna@gmail.com

infection. The literature has supplied several mathematical
models that have applications in varied fields akin to
engineering, physics, etc., to the last of those sciences
[14-50]. In this regard, the 2019-nCoV pandemic that has
afflicted the world has been thoroughly explored and
studied [51-57]. Furthermore, COVID has impacted nearly
every country on the globe in terms of economic, social,
and psychological issues. Some key features of DNA have
been observed by Cattani et al. [58] utilizing a mathe-
matical model to describe them, and Owolabi et al. [59, 60]
examined epidemiological models that included fractional
order.

This study is arranged as follows: Sect. 2 offers an
overview of the research model. The analytical solutions to
this model and some diagrams for some of the analytical
solutions we shall get are in Sect. 3. In the final part, we
present the conclusion.

2. New algorithm scheme of the HIV-1 infection
of CD4" T cell

Let us first consider the new biomathematical model as
follows [61-63]

Klf(t) = By — Bof (t) — Baf (t)h(2)

K'g(t) = Baf (t)h(t) — Bag(t) (1)
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K/h(1) = Bsg(r) — Beh(1)

This model with f{?), g(t), h(t), v € (0, 1] and f;, (i = 1,
..., 6) is arbitrary constants that indicate the rate of
production of CD4 + T cells, the rate of natural death rate,
infected CD4 + cells from uninfected CD4 -+ cells, virus-
producing cells’ death, creation of vision viruses by
infected cells, and virus particle death.

The conformable derivative (CD) of order v can be
computed using the following formula:

MF () = Tim (£ (1 + e ) — £(1)/2) 2)

forallt>0,ve (0, 1].
Using the transformation described below
t’
{=c> (3)

v
Then Eq. (1), becomes
of () = B = Bof () = Baf(OR(L)
cg'(0) = Baf (Oh(Q) — Bag(0) (4)
ch'(0) = Psg(0) — Bsh(0)

In the following, the analytical scheme is used for
generating new exact traveling wave solutions of the
reduced Eq. (4).

3. New analytical solutions HIV-1 infection of CD4* T
cell

Here, the extended analytical method has been used for
getting new exact solutions for fractional Eq. (4).

3.1. Improved (Y’/Y) expansion method

In what’s follows [64-70], let the polynomial form of
solution for Eq. (4) can be presented as follows:

N
Q= AF ()
n=0
U
g(C) = ZBH Fn(z) (5)
n=0

h(Q) = M, F'(0)

where A(), Al, Az..., AN, B(), Bl, Bz..., BU,and M(), M],
M,,... Moy are constants, which can be determined by
considering the derivative term of highest order with
comparison of nonlinear terms of the governing equation,
while F(¢) is introduced by

F({) = (6)

where Y = Y({) follows the ODE in the following form:
YY' = a¥? + BYY + 5(Y') (7)

where o, f§, and ¢ are constants.
Equation (7) can be rewritten as

S eo®)

The generalized solutions of Eq. (7) are the four types of
solutions as follows:

Case (1) if A = > + 40— 426> 0 and f # 0, then

B
F(C)Zm

VA [9 exp(TAC) + 02 exp(’

>

N‘

¢
+
2(1-0) 01 exp(\/TZC) — 0, exp(‘T‘/ZC)
9)
Case (2) If A = B> + 4o — 406 <0 and f§ # 0, then
_ B
F({) =21-9)
BV—A id] cos (g{) — 0y sin(@ C)
+
2(1-9) i0 sin(@() + 0, cos(@()
(10)
Case (3) If A=o(1 —9)>0and =0, then
P VAL + dysin( VAL
F (D) = VA 1cos( ) zsm( ) (1

(1-90) \s, sin(x/KC) ) COS(\/KC)

Case (4) If A = (1 — §)<0 and § = 0, then

VIR (i1 cosh(VERY) - 8y sinh (V=AY

(1=0) \ioy sinh(V=AL) — 3, cosh (V=AY)
(12)

F({) =

where, { = ¢’ and «, 8,6, 61,0, are real parameters.
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3.2. Application of improved (Y’/Y) expansion Set (4)
method
A A(0—
C_CvA0:%7Al*A13A2* l(ﬂ )7302307
In order to use this approach on our model, we must strike Be(Ar + B))
a balance between f({) with f({)h({), g ({) with f({)h({) By =B, [, =— ;‘ Y.
and i’ ith 4({) in Eq. (4), and btain N = U = 2, !
nd /' ({) with h({) in Eq (4), an we obtain A1) cB\f 2e(5— 1)
O = 1. Then, the solutions of Eq. (4) yields B, = _T,MO = A M, = _T7
3 3
= Ay +AF(0) + A F?
f(C) 0 ! (C) : (O Br=0,B4=0,Bc=Ps
g(0) = Bo + BIF({) + B2F?(0) (13) (17)
h({) = Mo + M F({) Set (5)
Inserting Eq. (13) into Eq. (4) with the aid of (8) yields A Ao A A A A(6—1) R
a system of algebraic equations. By solving them, it gains. c=6400= gt T AL = [ B0 = Do,
Set (1) By =By, B4 =0, s = P,
Ao = ¢%,A2 - ;%M_l,e - (¢ﬁ+ VA —4a5+4a), B, = _A0-1) My = CBlﬁ,M1 _ (-1 ,
> rels 1 B B3A: Bs
Ay = Aty = ¢,Bo = Bo,By = —Ay, My = — 20— 1) pe(Ar + Bi)
B3 Bi=0,8,= A
ﬁ1:07ﬁ2:07ﬁ4207ﬁ6:ﬁ67 (18)
1 (A, 4C(—5$%+1>0€
BZ_Z_’MOZJFT Set (6)
26 A2 24
(14) c:O,Ao:%A](S Aﬁf(‘;i?; A A~ ALAy = Ay,
1 (A35— AT —AiBi + AiB10 — A fA; + 2430
B°*E<l A6 )
Set (2) By = By, By = —As, Mo — 6(315—/42[5:215 — A —31)7
2P3
e =g = By A =100 Ay = 0,8y = By, s
3
o= bt = (78 + VI 00 1 42), p—te
By = 0,My = My, M -1 B =0,B 1 By (4A-}5+2A§/32A, + 342 BA} — 4A3Boc + AT + 44,0430 — 4A Ao + AJO7 — 3A,BATS
2 =0,Mo = Mo, My = — P =061 =5—, A3(5—1)
B3 2 o . o2
) c(A2f+ Bi1o — By) c(A10 — Ay — Axf)
- ZM(céfciéw%i%) - 2a(c5fci%’f32M°i%> Bo=— Azl By == Azl = by = o
/2_¥ [ 7/4_¥ / (19)
15
(1) Set (7)
25 A2 2
Set (3) c=0,49 :%Ala AZ?; 7?)] L = A, B = fa,
¢ cATO? — 3cArBAS — 2cA3S + 2cAZ A1 + 3cArfAT — dcA3Po
c=c,Ay =A0,A =A1,A, =0,By = By, B = —Ay, 5, 1 —BuArA2S + B AZAL B+ BiArAl — 2,A 0 + cAY + 4cA A2 — dcA Ada
B — 0.1, — C(BoAod — BoAo — BoAf — Af) 2 Ao —1)
= ) 0 = )
’ B3A1(4o + Bo) B A B gy _ CAIO = 20A— B A 266 1)
c(d6—1) c(A36 — Af — ATa — A BA) 1 =415 =4, Mo = A5 M=y
My, = — Bs By = A J —2A35 + 2427, + 342 pAT — 4A3Bo + A3
10420 — 44, A0 4 A3 — 3A,pA3S
g, _ ClA30 — 45— Afz — A1) = g ORI AT SIS s — =
Ay (Ag + Bo) ,
c(A20 — A2 — A% — Ay BAy) 0
ﬁ4 = 5B6 = ﬁﬁ ( )
Ai(Ao + Bo)
Set (8)

)
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AoB 5 VA Ay
c=0,A0=Ap,A| =A,A, =A,By = 0 2’ r(0) = Bo— A B . BVA Olexp(zA)Jr()zexp( ZAS)
Ay L1 O 21=8) T 2(1-9) 516XP(‘/TZC)—52€XP(TAQ)
A1B, B.B>
Bi= B = BaMo = L My =0, =0, v 5 pvE [(hew(B)+aen(z80\ )’
T 209 2007 \ gy exp (452) — s enp (450
ﬁ:_ﬁ4B2ﬁ:[;ﬁ:[g ? ¥
2 A2 s P4 45 P6 6 (24)
(21) INE R
hi(1) = F———2—
Set (9) 7
S exn(E0) 4+ 5 exp (=LAt
c=c,Ay=Ay,A] =A;,A, =A,,By = By,B; = By, _2c(5]){ B N VA (OICXP(ZAQ)+02€XP(2AQ)>}
20-0) "2(1=9) \ 5 VA V&
By =By, My = 0,M; =0, =0, b PO 2000 renp (450) - a2 exo(420)
= 0,44 =0,f = _
& b o = Fs (22) Case (2) If A = > + 4o — 405 <0 and f§ # 0 (Fig. 2),
then
In view of set [1], Eq. (13) yields P, p ] /3\/——— i(;]cos(J;Ag) _5251[1(@{)
A LA 0 F AN 300\ in(550) e ()
= + A F -—F
=% 4 O i © :FlZAl{ B BV=A lélc"s(ﬂ )*5291“(QC) 2
1/4A 4 | 2(1=0) 201 =9) 5, sin(Y52¢) + 65 cos (V5A¢
g(0) =By —AF({) +Z_1F2(C) (23) i 1sm( ) zcos( )
i0) cos < >7529m<g§>
4e(=0F2L+1)a _ 2)=By—A B +
h(C) =+ ( = ) - 26(5 1) F(C) " ' l 21-9) 21— 5 0y sm(gg) + 0, cos(@l)
Zﬂ3 ﬁS VR, < 2
. . . 1/A, B /}\/_ lﬁlcos(— )752 gm(T )
Substituting Eqs. (23) in Egs. (9-12), we have. R 2(1=95) +2(1 =\, Sm(_ ) o cos(TAg)
Case (1) If A = > + 40 — 420 >0 and f # 0 (Fig. 1),
then (25)
VA —vE; de(—0FL+1)a
N TNV R G ) N e S
f1,1(t)=3F7+A1 2 )+2(175) = — 12 F 7
5lcxp(2 )7526)(1:) Tg) :
B N

20=0) T 2(1=9)

IZAI { B BVA (51 exp<@§) +62exp<g3(')> }2 . m
4y 5]exp<f ) ) - B3 VA (z5lcoq< ) —bzqm( )
(54)

2(1-9) \ g, sm( ) + d3 cos

Case (3) If A =a(1 — ) >0 and f = 0 (Fig. 3), then

745 0.174
—v=0.5
0173sf | v=0.81
.......... =1
0.173
0.1725

~
w
n

""5_ Né_ §_< 0.172 K3
o o5 £y
- - 730 T 01715
0.171
725
0.1705
238o 2 3 6 8 10 7200 2 4 6 3 10 0'170 2 4 6 8 10
t t t
2 2 2
(@) |f11 (’)‘ (b) |g1,21(tx (©) |h1,1(f)|

Fig. 1 Analytical solution of Eqgs. (24) with different v at « = 0.5, 6, = 0.02, c=0.1,0 =6, = f=A1 =3 =By =2



Novel analytical techniques for HIV-1 infection of CD4 + T cells

2323

2000 600

500

2

16, 50
-
3

2

12, 50
w
=]
[}

[~
=]
=]

100

2
I (O

@ |fio ()]

Fig. 2 Analytical solution of Egs. (25) with different v at « = 3, §, = 0.8, ¢ = 0.1,0 = J;

Ava VA S cos(\/x C) + 02 Siﬂ<\/KC)
fiz() = $;1+A1{(15) (51 sin(\//—\l> —52cos<\/KC)
lhAl S cos(\/KC) + 0, sm( ) i
T3 (1—5 515111(\/K )—5zcos \/KC)
L 5y cos(ﬁé) +6, sm(\/f\—é)
813(t) = By — Ay (1—5 5 mn(\/KC) —5zcos<\/KC)
+1@ S cos(x/T\C) + 0 sin< C) ’
4 a ) sm<\//w\(> - (32008(\/'()
(26)
hs(t) = :Fw

2c(8 - 1) { VA (51005(\“{) + 0, sin(ﬂ{)) }
a

B3 —9) o1 sin(\/KC) — 05 COo8 (\/KC)

where, i = v/ —400 + 4o.
Case (4) If A = a(1 — ) <0 and f = 0, then

14

) |g120)

© [n o 6)

=p=A1=p;=Bo=2

fia(t) =

:FMJFA vV=A i51€08h(\/jl) — 0, smh(”()
h 1 (1-=9) 0y sinh(\/jg) 0200§h<\/_AC)

2

1hA, | V=A i0 cosh(x/j{) 02 smh C)
4o | (1-0) <i51 sinh(ﬂ() — 0 cosh {)

g14(t) = By

0] smh(ﬂ() — 0 cosh \/7(

17A, — 151cosh(\/75) — 0 smh( C)
+4 o | (1-9) (151 smh(\/_AC> — 9, cosh(\/_C))
(27)

i0 cosh(x/_AC) — 0, sinh \/_AC
—A 1—()
2

4¢(—0+ 1)
1ifs
20(6-1) | V=A 0} cosh(\/j() ) sinh(\/jg")
Bs (1-9) i0 sinh(ﬂ{) ) cosh(ﬂ{)

ha()=7F

where { = c% and o, f3,0,01,0, are real parameters. For
simplicity, the sets [2-9] should be omitted here (Fig. 4).

121

I, sOF

by ;OF

813 (t)|2

Fig. 3 Analytical solution of Eqgs. (26) with different v at « =3, 9, = 0.8, c = 6 = 6; = 0.02,A; = f;

=By=2
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4. Conclusions

In conclusion, we introduced a novel fractional model in
biology, namely HIV-1 infection of CD4 + T cells. Here,
an extended (Y'/Y) method has been studied for con-
structing new exact traveling wave solutions such as
exponential function, trigonometric function and hyper-
bolic function which are shown graphically in 2D plots to
show the dynamical behavior of the proposed model for a
different fractal order to see how unique our solutions are,
as they are all fresh and different. Therefore, we came to
the conclusion that the analytical findings presented here
are both useful and fascinating. We want to propose a
simple and trustworthy way to the research that will be
conducted for the future of human beings.
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