ISSN 2348-1218 (print)
International Journal of Interdisciplinary Research and Innovations ISSN 2348-1226 (online)
Vol. 12, Issue 3, pp: (68-73), Month: July 2024 - September 2024, Available at: www.researchpublish.com

THERAPEUTIC RESPONSE OF
OPTIMIZED THERMODYNAMIC
CONTROL MODEL IN HIV DYNAMICS

llo, C. P.*",Omenyi, S. N.% Dim, E. C.}

! Department of Mechanical and Production Engineering, Enugu State University of Science and Technology, Enugu,
Nigeria.

2 Department of Mechanical Engineering, Nnamdi Azikiwe University, P.M.B 5025, Awka, Anambra State, Nigeria
DOI: https://doi.org/10.5281/zenodo.13861624
Published Date: 30-September-2024

Abstract: In a continued quest to permanently have a cure to HIV infection, a thermodynamic optimized control
infectivity model was introduced in an adopted basic viral dynamics model. The ensued model, an Ordinary
Differential Equation (ODE) was solved at two instances. First under the condition of uninfected cell (CD4+)
proliferation with saturation response and secondly when there was no uninfected cell (CD4+) proliferation and
saturation response with each having two series of controlled and uncontrolled dynamics. The Ordinary
Differential Equation (ODE) solution method was a numerical integration that utilized explicit Runge-Kutta
method in MATLAB™ function ode 23. Historical drug parameters for the model were introduced to the model
for simulation of the infection dynamics from day 20 to 300 for cure. The infection time course showed that in the
first instant for the controlled brown series, both infected cell count (y) and viral load (v) were forced to die out

and converge to equilibrium of 0 (CellS/uL) and 0 (copieS/mL) respectively, at about five (5) days after

introduction of the drug control parameters that is about the twenty fifth (25th) day of infection. The uninfected
cell converges to equilibrium average supply rate from thymus and taking cognizance of proliferation to about
1200(cellsuL™1) at about thirtieth (35th) day after introduction of control that is about the fifty fifth (55th) day of
infection. The uncontrolled blue series progressed as expected. In the second instant for the controlled green series,
both infected cell count (y) and viral load (v) were again forced to die out and converge to equilibrium of 0

(CellS/uL) and 0 (COpies/mL) respectively, at about five (5) days after introduction of the optimized control drug
parameters that is about the twenty fifth (25th) day of infection. The uninfected cell converges to equilibrium
average supply rate from thymus to have Mﬁ(ce”s/uL), 1000(cellsuL™1) at about thirtieth (35th) day after

introduction of control that is about the fifty fifth (55th) day of infection hence validating the model. The
uncontrolled red series progressed as expected. This explains recovery and making up of the depreciated
uninfected cell count. Combined front of interfacial energetic approach of Hamaker -coefficient and
spectrophotometric approach have proved effective at optimized condition in the fight against HIV. Clinical
management as well as the pharmaceutical industries should adopt the method for a clinical extinction of the
disease.

Keywords: Human immunodeficiency virus, Interfacial energetics, Control Infectivity, Absorbance, Hamaker
coefficient.

1. INTRODUCTION

Although the burden of the epidemic continues to vary considerably between countries and regions an estimated 0.6%
(0.6-0.7%) of adults aged 15-49 years worldwide are living with HIV. Again, 39.9 million (36.1-44.6) people were living
with HIV at the end of 2023 (WHO, 2024). UNAIDS, (2013) documented that the solutions for the global increasing rate
of Human Immunodeficiency Virus (HIV) infection are continuously being sought for, for its elimination. 88. 4 million
(71-3-112.8million) people have been infected with the HIV virus and about 42.3 million (35.7-51.1) million people have
died of HIV since the beginning of the epidemic (WHO, 2024).
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Clinical solution to the problem of HIV is hampered by the rapid genetic mutation of HIV. About ten billion new viral
particles of HIV can be generated daily, in chronic cases (Omenyi, 2005). Variability in response to therapy has made
some individuals experience virologic failure on therapy that is highly effective on others. Under the use of Highly Active
Anti Retroviral Therapy (HAART), transient rebounds of plasma viremia have also remained a problem (Jeffry, 2006).
Most viral diseases have the ability to develop resistance. Ronsard et al., in (Santoro & Perno, 2013), noted that a rate-
limiting factor in the management of HIV infections, is the plethora of genetic variations in infectivity leading to failure
of clinical trials. HIV, as one of the most intensively studied viral infections, now has massive drug development efforts
starting soon after identification of the virus with twenty seven (27) different antiretroviral drugs (Hill, Rosenbloom,
Nowark, & Siliciano, 2018), capable of halting viral replication and preventing transmission and progression to AIDS but
still without a cure. Virus infectivity in HIV infection is observed to vary (Ganusov, Neher & Perelson, 2012).

llo, (2024a) had developed a validated model through concepts of thermodynamics implementation to unravel the mystery
of transcriptional bifurcation in HIV dynamics. llo, (2024b) had also established HIV adhesion driven infectivity through
electrostatics interaction mechanism. llo, (2022) through thermodynamics spectrophotometry gave an insight control
infectivity in HIV dynamics. Ani, (2015) through the study of interfacial energetics been established that the lymphocyte
is the target of the virus. Ilo, Omenyi, and Dim, (2021a) had applied thermodynamics in the dynamics of HIV. llo,
Omenyi and Ani, (2021b) had quantified drug primary mechanism of action through thermodynamics Hamaker concept.
Thermodynamic optimization of HIV drugs in this study, drove its impetus from all these successes recorded in the
thermodynamic approach to HIV infection analysis.

2. PREVIOUS WORK/LITERATURE SURVEY
Control model of HIV dynamics

Costanza et al. cited in Rivadeneira, et al., (2014) showed a control aggregate parameter which is a function of drug
amount gave aggregate control parameter 5., under therapy as

Bc = (Bo — Biu — Bou?) €y
B, is probability of infection, the second term is the drug primary (dominant) mechanism of action term while the third
term is the drug secondary mechanism of action term with B, being identified as a function of ;. §; drug primary
mechanism of action parameter and has value greater than one, 3, is drug secondary mechanism of action parameter and
has maximum value of one, u represent drug amount.

Bonhoeffer, et al., (1997), also proposed a basic model of viral dynamics at therapeutic condition as equation (2) which
come from their HIV immunological analysis rooted on the fact that uninfected target cells and free virus experience mass
action with some probability B, for infection to be established. This is according to a simple mass action term, that is
Boxv which generates infected cells, y, that are lost at rate, a, larger than d to reflect viral effects in shortening the
infected cell lifespan and free viruses are produced by infected cells at constant rate kper cell and cleared from circulation
at rate u per virus.

x=2A1A—dx—(1—n)Byxv

y = (1 - U)ﬁoxv —ay,

v =ky—uv. 2
Where x is susceptible cells, y is infected cells, v is virus particle, 4 is rate of production of susceptible cells, d is death

rate of susceptible cells, 8, probability of infection, a is death rate of infected cells, k is rate of virus production, u is
clearance rate of virus particles and 7 is drug response.

In the quest for infection control the above model is a fall out of their model equation (3) and that of so many notable
researchers which is a representation of the disease immunology.

X =A1—dx— fxv,
y= pxv—ay,
v =ky—uv. 3)
A solution of model (3) was provided by (Pantaleo, Graziosi and Fauci, 1993) where three (3) main stages, namely the

acute HIV infection (primary infection), asymptomatic and the advanced — aids are clearly shown in a typical HIV infection
course of figure 1.
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Figure 1: Approximate Time-Course of HIV Infection. (Pantaleo, Graziosi and Fauci, 1993)

When infection is not yet established, normal CD4" T cell counts range from five hundred (500) to one thousand six
hundred (1600) cells per cubic micro litre, on the average (1000) cells per cubic micro litre and drops to less than hundred
(500) cells per L (cells mm™) if infection is fully established.

Materials in interaction peak absorbance surface effects

Peak absorbance in particles involved in HIV infection were analyzed by (Ani, 2015). He came up that if blood
component surface is completely covered or coated by the drug film, a; = 4,,; meaning one hundred percent efficacy. He
also concluded that when coating is not complete, (d,4 — d,) is less than (3,; — a,) as also experienced when 3,,; = 3,.
Where is 4, peak absorbance for drug film only, &, is peak absorbance for blood component only and 3,; is peak
absorbance for drug film coated given blood component.

Coefficient of adhesion
llo, (2022) had come with adhesion coefficient 8y, a thermodynamic expression for HIV infectivity,

Bor = & (222 ) @

YPLtYSL

Where yg;, vpr @nd  ypg are interfacial energetics between susceptible cell and serum, virus and serum and virus and
susceptible cell respectively, y static dynamic factor, € the genetic factor.

3. METHODOLOGY

Aggregate control adhesion parameter model had been thermodynamically optimized using linear optimization technique
by (llo, 2022). The model is introduced in an adopted basic viral dynamics model and the ensued model an Ordinary
Differential Equation (ODE) was solved at the first instance of two series: brown for therapy and blue for untreated both
for condition of uninfected cell (CD4+) proliferation and saturation response while at the second instance also of two
series: green for therapy and red for untreated there was no uninfected cell (CD4+) proliferation and saturation response.
The solution approach of the Ordinary Differential Equation (ODE) was numerical integration that utilized explicit
Runge-Kutta method in MATLAB™ function ode 23. Imported historical drug parameters were introduced from day
twenty to day three hundred at both the first and second instances to actually showcase that the optimized model was
capable of curing permanently the HIV infection by primarily forcing down the viral load to O(copiesmL™1), infected cell
count to O(cellsuL™t) and same time optimizing the uninfected cell (CD4+) count to thymus average supply rate of
1000(cellsuL™1) for model 5 and 1200(cellsuL™1) for model 6, when proliferation and saturation of uninfected cell
(CD4+) are experienced. The control model was tested on a worst-case scenario where the infection is maximally
ravaging the patient with the maximum genetic factor. The imported drug parameters were introduced from day 20 to day
300 for the two scenario that is a situation of both uninfected cell (CD4+) proliferation and saturation response and no
uninfected cell (CD4+) proliferation and saturation response to showcase therapeutic effects of the optimized model for
disease extinction.
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Thermodynamics optimized control model of HIV dynamics

Optimized model equation (5) incorporating uninfected cell (CD4+) proliferation and saturation response had been
proposed by (llo, 2022) to extinct the HIV infection.

X / D ¥ps) /(APL+A5L) \ \ v
X=A—dx+rx (1 — —) —|e <—YPS ) —| (APS+ALL)/ | w — .32T(1oo%na)w2 |
X

Xima \ YoL + Vse \ (:zb:__;:) / /1 +av
o [ Yo

. Yyps) (Aps+ALL)
y= \E (m) - |\ psTaLL (ﬁf’d_?b) /l w = ﬂzr(mo%na)w
ag—dp

v =ky —uv. 5)

But, when there was no uninfected cell (CD4+) proliferation and saturation response, the model reduced to equation (6),

Q
3
1S9

|

Q
53

D (¥es) (ApL+AsL)
. Ps
x=21—-dx—|¢ (m) - (APS+ALL/ apg—a ) ® = Boroown@? | xv,

/ b (rs) / (ApL+AsL) \ \
= | g(#)_l (pstA) [ | — wn % | xv — ay,
Y \ YpL + Vst \ Apa ab)/ Bar100%nq) y

v =ky —uv. (6)

dq—ap

Where 3, is peak absorbance for drug film only, &, is peak absorbance for blood component only, 3&,, is peak
absorbance for drug film coated given blood component, w is amount of drug, x,,,, 1S the population density at which
proliferation cuts off, B,r(1000n,iS secondary drug mechanism of action parameter at hundred percent efficiency, r is
maximum proliferation factor, « is the saturation response, Apg is hamaker constant for both particles of virus (p) and
lymphocyte (s), 4, is hamaker constant for serum (plasma) (L), Ap, is hamaker constant for both particles of virus (p)
and serum (L) and Ag;, is hamaker constant for both particles of lymphocyte (s) and serum (L).

4. RESULTS AND DISCUSSIONS
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Fig 1: Simulation with optimized drug parameters with uninfected cell (CD4+) proliferation and saturation
response.
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Fig 2: Simulation with optimized drug parameters without uninfected cell (CD4+) proliferation and saturation
response.

Upon the introduction of the optimized drug parameters, dynamics of each plot for every series comprised subplot of
uninfected cell (CD4+) count (x) (cellsuL™t), infected cell count (y) (cellsuL™) and Viral load (v) (copiesmL™1)
infection time-course. Figure 2 and 3 show actually that the optimized thermodynamics control model changed disease
dynamics to extinctive. Dynamics of figure 2 revealed disease extinctive ability of the model (3) which has uninfected cell
(CD4+) proliferation and saturation response. Figure 2 shows two series blue and brown both of worst case scenario, of
each sub-plot, that is uninfected cell (CD4+) count (x) (cellsuL™?), infected cell count (y) (cellsuL™1) and viral load (v)
(copiesmL™1) infection time-course of dynamics equation (3) for 300 days. Series blue was uncontrolled for all the 300
days with w value set to zero (0) amount of drug for the three hundred days. Series brown was initially uncontrolled with
value for w set to zero (0) from day 0 to day 19, but controlled with optimized drug parameter introduction from day 20 to

300. Both infected cell count (y) and viral load (v) were forced to die out and converge to equilibrium of 0 (CellS/uL)

and 0 (COpieS/m L) respectively, at about five (5) days after introduction of the optimized control drug parameters that is

about the twenty fifth (25th) day of infection. The uninfected cell converges to equilibrium average supply rate from
thymus and taking cognizance of proliferation to about 1200(cellsuL™1) at about thirtieth (35th) day after introduction of
control that is about the fifty fifth (55th) day of infection. This explains recovery and making up of the depreciated
uninfected cell count. The blue series progressed as expected without control.

In the second instance, model (6) also showed a similar dynamic in figure (3) except that uninfected cell (CD4+)
proliferation and saturation response were not observed. Both infected cell count (y) and viral load (v) were forced to die
out and converge to equilibrium of 0 (Cells/uL) and 0 (COpieS/mL> respectively, at about five (5) days after
introduction of the optimized control drug parameters that is about the twenty fifth (25th) day of infection. The uninfected
cell converges to equilibrium average supply rate from thymus to about X/é(cells/uL), 1000(cellsuL™1) at about thirtieth
(35th) day after introduction of control that is about the fifty fifth (55th) day of infection. This also explains recovery and

making up of the depreciated uninfected cell count. The red series progressed as expected without control.

Interfacial energetic approach of Hamaker coefficient and spectrophotometric approach have proved effective at
optimized condition in the fight against HIV. Clinical management as well as the pharmaceutical industries should adopt
the method for a clinical extinction of the disease.

Page | 72
Research Publish Journals




ISSN 2348-1218 (print)
International Journal of Interdisciplinary Research and Innovations ISSN 2348-1226 (online)

Vol. 12, Issue 3, pp: (68-73), Month: July 2024 - September 2024, Available at: www.researchpublish.com

[1]

[2]

[3]

[4]

[5]

[6]

[7]

8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

REFERENCES

Ani, O. I, (2015). Surface energetics study of the interactions between HIV and blood cells treated with
antiretroviral drugs. Ph.D dissertation, mechanical engineering department, Nnamdi Azikiwe University, Awka.

Bonhoeffer, S., May, R.M., Shaw, G.M. & Nowak, M.A, (1997). Virus dynamics and drug therapy. Proc of the
National Academy of Science of the United States of America, PNAS, Medical Sciences 94(13): 6971-6976.

Ganusov, V. V., Neher, R. A., & Perelson, A. S. (2013). Mathematical modeling of escape of HIV from cytotoxic T
lymphocyte responses. J. Stat Mech. 2013: P01010-. doi:10.1088/1742-5468/2013/01/P01010.

Hill, A. L., Rosenbloom, D. I. S., Nowark, M. A. and Siliciano, R. F.(2018). Insight into treatment of HIV infection
from viral dynamics models, Immunological Reviews, 285, 9-25, John Wiley & Sons Ltd.

llo, C. P., Omenyi S. N., and Dim, E. C. (2021a). ”Genetic factor simulations for HIV infectivity in viral dynamics.”
Journal of Engineering and Applied Sciences (JEAS), volume 19, number 1, pp 436-450.

Ilo, C. P., Omenyi S. N., and Ani, O. L. (2021b). “Quantifying drug primary mechanism of action parameter in HIV
(viral) Dynamics.” Journal of Engineering and Applied Sciences (JEAS), volume 19, number 1, pp 615-624.

llo, C. P. (2024a). Thermodynamics of genetic transcriptional bifurcation in HIV Dynamics via computational
technique. Digital Innovation and Disruptive Technologies Towards: Towards Achieving a Digital Nation, 1st
International Conference/Homecoming of ESUT CEE Alumni, June 26-28.

llo, C. P. (2024b). Electrostatics-Thermodynamics Adhesion in HIV with CD4" T Cell Dynamics. Innovation in
Electrical and Electronic Engineering for Sustainable Development, 1st International Conference/Homecoming of
ESUT EEE Alumni, July11-12.

llo, C. P. (2022). Surface Thermodynamics of infectivity in HIV viral dynamics. PhD dissertation, Nnamdi Azikiwe
University.

Jeffry A. M. (2006). A control theoretic approach to HIV/AIDS drug dosage design and timing the initiation of
therapy. PhD dissertation, University of Pretoria. Available [online]: http://www.upetd.up.ac.za/thesis/available/etd-
12152006-104428/.../02chapter3.pdf.

Omenyi, S. N. (2005). The concept of negative hamaker coefficient. Nnamdi Azikiwe University, Awka, Inaugural
Lecture Series No. 8, 1, p.23

Pantaleo G., Graziosi C., Fauci A.S. (1993). New concepts in the immunopathogenesis of Human
Immunodeficiency Virus Infection. N. Engl. J. Med, 328, 327-335.

Rivadeneira, P.S., Moog, C.H., Stan, G., Brunet, C., Raffi, F., Ferre, V., Ferre, V., Constanza, V., Mhawej, M. J.,
Biafore, F., Quattara, D. A, Ernst, D., Fonteneau, R., and Xia, X. (2014). Mathematical modeling of HIV dynamics
after antiretroviral therapy initiation: A Review. BioReseach Open Access, 3(5), DOI:10.1089/biores.2014.0024.

Santoro, M. M.and Perno, C.F. (2013) HIV-1 genetic variability and clinical implications. ISRN Microbiol. 2013:
481314 10.1155/2013/481314

UNAIDS, (2013). UNAIDS report on the global AIDS epidemic 2013” 46 http://www.unaids.org/sites/default/
files/media_asset/UNAIDS_Global_Report_2013_en_1.pdf .

WHO (2024). HIV. The Global Health Observatory. Explore a world of health data. Blink media.
https://www.who.int/ data/gho/data/themes/hiv-aids.

Page | 73
Research Publish Journals




