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Abstract:- Infectious diseases such as tuberculosis chickenpox, Hiv/AIDS poses significant challenge to global health,
characterized by diverse transmission methods varying severity,and substantial socioeconomic impacts while modern
medicine has provided effective vaccines and treatments these diseases still cause millions of deaths annually particularly
in developing regions

In 2026,mathematical modeling will remain a key tool for understanding the global impact of tuberculosis
,chickenpox and HIV/AIDS. These diseases are described using compartmental models that divide the population into
groups such as susceptible, infected and recovered to predict spread and evaluate control strategies.
Introduction:- There are many diseases that we want to analyze mathematically so that we can understand their rate of
spread, containment, and recovery, Are people recovering is the disease spreading , or is it subsiding. Having
mathematical concepts is crucial for solving these problems. The mathematical data obtained in this way makes it easier
for us to prevent many types of dangerous diseases.

For example, the SEIR model is useful for tuberculosis, the SIR model for chickenpox. And SI and SIR model for
diseases like HIV/AIDS .These models help determine the rate at which these diseases spread and also identify their
causes.
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Theory
Mathematical concept to solve the contagious diseases:- (1),(2),(3)
. S(t) = Susceptible population
. I(t) = Infected population
. R(t) = Recovered population
. N =S+ | + R (total population)
ds _ _gs]
- P
di/dt=pSI — yI
dR/dt=yI
Where:

B (deta)=transmission rate
y(gamma)=recoveru rate
Rate of epidemic spread depends on 4S/

SIR MODEL IS BENIFICIAL FOR IDENITIFICATION PERMANENT IMMUNITY FOR chicken pox Therefore:
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Basic Reproduction Number:
Ro > 1 — epidemic spreads
Ro<1-disease dies out
Mathematical solution of chickenpox spreading and control
Chickenpox is a highly contagious viral disease, so it is well described by (4),(5)
the SIR epidemic model.
Population Division

Let total population = N

. S(t) = Susceptible individuals
. 1(t) = Infected individuals
. R(t) = Recovered (immune) individuals

N=S(0)+1(©)+R(0)

Differential Equations (Rate of Spread)

ds S/
a- P
di/dt=SI — yI
dR/dt=yI
Meaning of Parameters
. B (beta) = Transmission rate (how fast infection spreads)
. v (gamma) = Recovery rate
. 1/y = Average infectious period
Rate of Spread of Chickenpox (6),(7),(8)
The infection spreads when:
dl
a0
BSI —yI >0
BS >v
Basic Reproduction Number(Ro)
Ro=BSo/y
Where S, is the initial susceptible population.
. Ro > 1 — Disease spreads (epidemic)
. Ro <1 — Disease dies out (controlled)

For chickenpox
R0~8-12(very high)
RO<1
£<1
14
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This can be achieved by:

. Reducing p (less contact)
. Reducing S (vaccination)
. Increasing vy (faster recovery)

Effect of Vaccination (Control Model)

Let v = vaccination coverage

S=(1-v)N
Condition for control:-
RO(1-v)<1

1
v>1-—
Ro

For chickenpox (Ro =~ 10):
v>0.9(90% vaccination required)v>0.9(90% vaccination required)

Graphical Interpretation (Conceptual)

. S(t) decreases continuously
. I(t) increases rapidly, reaches a peak, then declines
. R(t) increases steadily

Peak infection occurs when:

s-Y
B
Medical Control
. Antiviral drugs (Acyclovir)
. Fever control (avoid aspirin — Reye’s syndrome)
. Adequate hydration
. Chickenpox spread follows SIR model
. High Roe (8-12) — rapid spread
. Control achieved by:
o Vaccination
o Isolation
o Reduced contact
. Mathematical condition for control:
Ro<1

Graph:-

Tuberculosis:-

Spreading of Tuberculosis (TB)

TB  spreads slowly and many  people  remain latent  (infected but not infectious).
So we use the SEIR model.

Population compartments
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Let total population = N

S(t) = Susceptible (healthy but can get TB)
E(t) = Exposed (latent TB, not infectious)
I(t) = Infectious (active TB)

R(t) = Recovered (treated or immune)

N=S+E+I+R
Differential Equations (TB Spread)
L = A-fSI-uS

dE _ -
P BSI (O'+Iu)E
dR_ ,

parameters

. B= Transmission rate of TB
. o = Rate of progression from latent to active TB
. y = Recovery rate due to treatment

. 0 = TB-induced death rate

. 1 = Natural death rate

. A = Recruitment (birth) rate

Basic Reproduction Number Rg

0= po
(oW +u+o)

. If Ro>1 — TB spreads in the population
. If Ro<l— TB dies out
Mathematical Control of Tuberculosis

Control measures reduce f# and increase y.
(a) Treatment (DOTS)

Y=

(b) Isolation & Mask use

B}=Reduced transmission

(c) Vaccination (BCG)

S|=E|

(d) Early detection

o|=Less progression to active TB

Controlled Model (With Control Function u(t)
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=L =B~ (y+u(D)!

6. Precautions Against Tuberculosis

Precaution Mathematical Effect
Wearing mask 1B
Good ventilation LB

BCG vaccination 1S
Early diagnosis lo
Complete treatment 1y
Nutrition & immunity | progression

Conclusion
TB spread follows an SEIR mathematical model

. Control aims to reduce Ro<1Ro<1
. Treatment and prevention decrease infection rate
. Mathematical modeling helps in planning TB control programs

HIV/AIDS spreading in society :-

Mathematical Model for HIV/AIDS Spread (9),(210),(12)

HIV spreads slowly and mainly through specific contacts, so an SI or SIR-type model with treatment is used.
Population division

Let total population N(t)N(t)N(t) be divided into:

S(t)S(t)S(t) — Susceptible (uninfected people)

1)) 1(t) — HIV infected (can transmit)

AMA()A() — AIDS patients (advanced stage)
T@®)T(D)T(t) — Treated individuals (on ART)

N(t)=S(t)+I(t)+At)+T(t)
Differential Equations)
(1) Susceptible population

dI—A SI— S
Prin B 1}

O A = birth/entry rate

O B = HIV transmission rate
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O u = natural death rate

(i) HIV infected population

dl

P BSI — (a+ pu+ 1)l

O a = progression rate from HIV to AIDS
[0 = treatment (ART) rate

AIDS population

dA_ .
P al (u+d)A

d = AIDS-related death rate

Treated population (12), (13),(14),(15)
ar_ .
e tl—uT

Basic Reproduction Number Ry

- BSO
Ro= a+p+t
Interpretation:

. Ro>11: HIV spreads in population

. Ro<1: HIV infection declines

Reduce transmission rate gg

. Safe sex practices

. Condom use

. Sterile needles

. Safe blood transfusion

Increase treatment rate t

. Early diagnosis

. ART (Antiretroviral Therapy)

(iii) Reduce susceptible population (16),(17),(18)
. Awareness programs

. Pre-exposure prophylaxis (PrEP)

ART effect:

. Reduces viral load — transmission = 0

. Converts HIV into manageable chronic disease (19),(20),(21)
In model:

=1 =>Re<1
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7. Equilibrium (Long-Term Result)

Disease-free equilibrium:
(1LA)=(0,0)if Ro<1

Endemic equilibrium:

(1>0)if Ro>1
conclusion

In conclusion, this type of mathematical model can help us analyze data related to various diseases. Theses can be very
helpful in preventing ,cure them and control them. (22),(23),(24),(25)

References;-

(1) Peng, L.; Yang, W.; Zhang, D.; Zhuge, C.; Hong, L. Epidemic analysis of COVID-19 in China by dynamical
modeling. arXiv 2020, arXiv:2002.06563.

(2) Hethcote, H.W.; van den Driessche, P. Some epidemiological models with nonlinear incidence. J. Math.
Biol. 1991, 29, 271-287.

3) Li, M.Y.; Graef, J.R.; Wang, L.; Karsai, J. Global dynamics of a SEIR model with varying total population
size. Math. Biosci. 1999, 160, 191-213.

4) Fernandez-Villaverde, J.; Jones, C.I. Estimating and Simulating a SIRD Model of COVID-19 for Many
Countries, States, and Cities; NBER Working Paper No. 27128; The National Bureau of Econmic Research:
Cambridge, MA, USA, 2020.

(5) Panayotounakos, D.E.; Zarmpoutis, T.l. Construction of exact parametric or closed form solutions of some
unsolvable classes of nonlinear ODEs (Abel’s nonlinear ODEs of the first kind and relative degenerate
equations). Int. J. Math. Math. Sci. 2011, 2011, 387429.

(6) Salinas-Hernandez, E.; Mu noz-Vega, R.; Sosa, J.C.; Lépez-Carrera, B. Analysis to the Solutions of Abel’s
Differential Equation of the First Kind under the Transformation y = u(x)z(x) + v(x). Appl. Math. Sci. 2013, 7,
2075-2092.

(7) Batista, M. Estimation of the final size of the COVID-19 epidemic. medRxiv 2020.

(8) Peng, L.; Yang, W.; Zhang, D.; Zhuge, C.; Hong, L. Epidemic analysis of COVID-19 in China by dynamical
modeing. arXiv 2020, arXiv:2002.06563.

9) Harapan, H.; Itoh, N.; Yufika, A.; Winardi, W.; Keam, S.; Te, H.; Megawati, D.; Hayati, Z.; Wagner,
A.L.; Mudatsir, M. Coronavirus disease 2019 (COVID-19): A literature review.J. Infect. Public
Health 2020, 13, 667—673.

(10) Tang, B.; Bragazzi, N.L.; Li, Q.; Tang, S.; Xiao, Y.; Wu, J. An updated estimation of the risk of
transmission of the novel coronavirus (2019-nCov). Infect. Dis. Model. 2020, 5, 248-255.

(171)  Stock, J.H. Data Gaps and the Policy Response to the Novel Coronavirus; NBER Working Paper No.
26902; The National Bureau of Econmic Research: Cambridge, MA, USA, 2020.

(12) Atkeson, A. What Will Be the Economic Impact of COVID-19 in the US? Rough Estimates of Disease
Scenarios; NBER Working Paper No. 26867; The National Bureau of Econmic Research: Cambridge, MA,
USA, 2020.

(13) Ivorra, B.; Ferrandez, M.R.; Vela-Perez, M.; Ramos, A.M. Mathematical modeling of the spread of the
coronavirus disease 2019 (COVID-19) taking into account the undetected infections. The case of
China. Commun. Nonlinear Sci. Numer. Simul. 2020, 88, 105303.

(14)  Prem, K.; Liu, Y.; Russell, T.W.; Kucharski, A.J.; Eggo, R.M.; Davies, N.; Jit, M.; Klepac, P. The effect
of control strategies to reduce social mixing on outcomes of the COVID-19 epidemic in Wuhan, China: A
modelling study. Lancet Public Health 2020, 5, e261-e270.

[J]NRD2601132 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org) b227



https://ijnrd.org/
http://www.ijnrd.org/

INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD) 8
© 2026 IJNRD | Volume 11, Issue 1, January 2026 | ISSN: 2456-4184 | INRD.ORG .

Diekmann, O. Thresholds and travelling waves for the geographical spread of infection. J. Math. Biol. 1978, 6,
109-130.

(15)  (Kermack, W.O.; McKendrick, A.G. A Contribution to the Mathematical Theory of Epidemics, I. Proc.
Roy. Soc. Lond. A 1927, 115, 700-721.

(16)  ( Kermack, W.O.; McKendrick, A.G. A Contribution to the Mathematical Theory of Epidemics, Il. Proc.
Roy. Soc. Lond. A 1932, 138, 55-83.

(177)  naba, H. Kermack and McKendrick revisited: The variable susceptibility model for infectious
diseases. Jpn. J. Indust. Appl. Math. 2001, 18, 273-292.

(18)  Thieme, H.R. A model for the spread of an epidemic. J. Math. Biol. 1977, 4, 337-351.

(19) Metz, J.A.J. The epidemic in a closed population with all susceptibles equally vulnerable; some results
for large susceptible populations and small initial infections. Acta Biotheor. 1978, 27, 75-123.

(20)  Inaba, H. Kermack and McKendrick revisited: The variable susceptibility model for infectious
diseases. Jpn. J. Indust. Appl. Math. 2001, 18, 273-292.

(21)  Diekmann, O.; Heesterbeek, J.A.P.; Metz, J.A.J. The Legacy of Kermack and McKendrick. In Epidemic
Models, their Structure and Relation to Data; Mollision, D., Ed.; Cambridge University: Cambridge, UK, 1994.

Harko, T.; Lobo, F.S.N.; Mak, M.K. Exact analytical solutions of the Susceptible-Infected-Recovered (SIR)
epidemic model and of the SIR model with equal death and birth rates. Appl. Math. Comput. 2014, 236, 184—
194,

(22)  Diekmann, O.; Heesterbeek, J.A.P. Mathematical Epidemiology of Infectious Diseases: Model Building,
Analysis and Interpretation; John Wiley and Sons: Chichester, UK, 2000.

(23)  Diekmann, O.; Heesterbeak, J.A.P.; Metz, J.A.J. On the definition and the computation of the basic
reproduction ratio RO in models for infectious diseases in heterogeneous populations. J. Math. Biol. 1990, 28,
365-382.

Copyright & License:

v¥, © Authors retain the copyright of this article. This work is published under the Creative Commons
Attribution 4.0 International License (CC BY 4.0), permitting unrestricted use, distribution, and
h?\!“ _Q reproduction in any medium, provided the original work is properly cited.

[J]NRD2601132 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org) b228



https://ijnrd.org/
http://www.ijnrd.org/

