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Abstract:

Leishmaniasis, a neglected tropical disease caused by parasites of the Leishmania genus, remains a significant
public health concern in many regions worldwide. Efforts to combat this disease have often focused on various
strategies, including awareness campaigns aimed at educating populations »about prévention and control
measures. In this study, we propose a mathematical model to assess the effectiveness of different media
channels in disseminating information and raising awareness about leishmaniasis. By incorporating
epidemiological dynamics and media influence, we aim to [quantify the impact of awareness campaigns on
disease transmission and control.

The proposed model consists of compartments representing susceptible individuals, infected individuals, and
those who have been successfully treated<or immunized against leishmaniasis. Additionally, media
compartments are included to represent the dissemination of information through various channels such as
television, radio, print media, and social media. Rarameterstgoverninggsmedia effectiveness, such as reach,
frequency, and credibility, are incorporated into the model.

Through mathematical analysisifand numerical simulations, we investigate the role of different media channels
in reducing disease transmission, and enhancing community engagement in prevention efforts. Sensitivity
analysis is conducted to identify ‘key factors influencing the effectiveness of awareness campaigns and to
optimize resourced@llocation for maximum impact.

Our findings suggest that leveraging multiple media channels synergistically can significantly enhance the
effectiveness of awareness campaigns against leishmaniasis. Moreover, targeting specific demographic groups
and geographic regions with“tailered messaging can further improve campaign outcomes. This mathematical
framework provides valuable insights for policymakers and public health authorities in designing and

implementing efficient strategies for combating leishmaniasis through awareness campaigning.

Keywords: Leishmapiasis, awareness campaigns, mathematical modeling, media efficiency, public

health, disease transmission, prevention strategies.

1. Introduction:

Leishmaniasis is a vector-borne disease caused by parasites of the Leishmania genus, transmitted to humans
through the bites of infected sandflies. It manifests in several clinical forms, ranging from self-healing
cutaneous lesions to potentially fatal visceral infections. Despite being preventable and treatable, leishmaniasis
remains endemic in many tropical and subtropical regions, disproportionately affecting marginalized

populations with limited access to healthcare and preventive measures.
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Awareness campaigns play a crucial role in combating leishmaniasis by educating communities about the
importance of vector control, personal protection, early diagnosis, and treatment-seeking behavior. Effective
dissemination of information through various media channels is essential for reaching target audiences and
mobilizing support for prevention and control efforts. However, the impact of awareness campaigns on disease
transmission dynamics and community behavior is not well-understood, particularly from a quantitative

perspective.

In this study, we develop a mathematical model to assess the effectiveness of differentimedia channels in raising
awareness about leishmaniasis and influencing behavioral changes among at-fisk populations. By integrating
epidemiological dynamics with media influence, we aim to quantify thedimpact of awareness campaigns on

disease transmission and control strategies.

2. Model Description:
The mathematical model consists of compartments representing.different pepulation groups and their

interactions with respect to leishmaniasis transmission and awareness‘campaigns. Key.compartments include:

Susceptible Individuals (S): Individuals who are susceptible to leishmaniasissinfection.

Infected Individuals (I): Individuals who are currently infeeted with Leishmania parasites.
Treated/Immunized Individuals (T): Individuals who have been successfully treated for leishmaniasis or
immunized against the disease:

Media Compartments: Subdivided intopcompartments representing different media channels (e.g., television,
radio, print media, social media), each with‘parameters characterizing reach, frequency, and credibility.

The model incorporates parameters governing disease transmission dynamics, such as the biting rate of infected
sandflies, the probability of transmission per bite, and the rate of recovery or treatment. Additionally,
parameters‘related to mediaefficiency, including audience reach, message frequency, and perceived credibility,

are incorporated into the model.

3. Mathematical Analysis and Simulation:

The model equations are_formulated using ordinary differential equations (ODEs) to describe the temporal
evolution of population/compartments and media channels. Numerical simulations are conducted to analyze the
impact of different media channels on disease transmission dynamics and community behavior under various
scenarios.

Sensitivity analysis is performed to identify influential parameters and optimize resource allocation for
maximum impact. This analysis helps identify key factors that significantly affect the effectiveness of
awareness campaigns and guide decision-making regarding the allocation of resources and the selection of

media channels.

4. Model Formulation with Suitable Assumptions
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We've thought of disease transmission as happening between two distinct populations: the vector (sand flies)
and the host (humans). Two categories comprise the host population: susceptible people (SH (t)) and infected
individuals (IH (t)). Since our goal is to prevent interaction between the host and the vector, we do not take the
reservoir class into consideration. The reservoir population is thought to be at a stable state. The constant values
of AH and AV represent the recruitment rates of the human and sand fly populations, respectively. uH and uV

represent the natural death rates of humans and sandflies, respectively.

As a result of their interaction with the infected vector, vulnerable humans now become infected by mass action,
where 7 represents the transmission probability per bite per person and 3 representsithe, per capita biting rate of
the vector (Bacaer and Guernaoui, 2006). P(t) = SH(t) + IH(t) is taken to be a constant, and V(t) = sV (t) + iV (t)
is the vector population, where the first vector population component is thefnumber of pathogen-free (sensitive)
vectors (sV(t)), and the second vector population component is the number of vectors that carry the pathogen at

time t. In the vector population, the disease can spread from parents(female) to child:

Therefore, it may be assumed that vertical transmission can\be ignoredranduthat all neonatal vectors are
vulnerable. Additionally, at a rate p and with a transmission probability of 7 per bite from a person to a sand fly,
susceptible vectors get infected after biting an_infected human. As a result, the incidence of newly infected
vectors is determined by a mass action term, Br(t)IH(t). Unlike theBhest®population, vectors carry the
microparasite throughout the rest of their lives once they become carriers (Yang et al., 2010). Assuming the

aforementioned, the system that characterizes the dynamics of the'tliness'is provided by:

. ~ I
Sy = Ay — Pitsy (t) —:((tt)) — uySy(t),
. ~ 1 .
i =B sy (O ZL — iy (o). (1)

P(t)

The disease dynamics ofthuman and sand-fly population are described uy in Fig. 1.
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Fig. 1. Compartmental diagram of the model system (2)

Additionally, we consider A(t) to be the aware class. K1 represents the rate at which the number of infected

humans decreases as a result of awareness, whereas & represents the natural recovery rate from infection to
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vulnerable human class. The population's growth rate is k2, and awareness programs' decline rate as a result of
ineptitude is v. It is believed that the frequency of awareness campaigns corresponds to the amount of people
who are afflicted. It's thought that because of the awareness campaigns, vulnerable people separate themselves
and stay away from sick people. Additionally, k2 > v is thought to exist. The whole system of equations that

follows is what we got from the figure above:

Sy = Ay - ﬁmv(t)SPHTg)— HSy(£) + 615(0),

iy = By () B8 — il () — 61 (8) — ki A (0)

Iy = ﬁﬁ(%— fv(t)) = — iy (0),

A = kIy(t) — vAQD). 2

5. Awareness Programme through Impulsive Mode

In this section, we wish to observe the impulsive effect of awareness campaigning in fixed timednterval. It helps
to avoid the contact between human and infected vector. Heremwe have chosen, distinct time interval for
campaigning. During the programme, the number of aware population in the environment is increased by some

proportion p. So, infected human as well as vectof populationiare reduced.

6. Numerical Simulation

Parameter Range Default Value (day™)
H }300-318 17

AV 14950-15000 14950

HH 0.3°0.4 0.3

A% 1189-0.195 0.189

B 0.21-0:29 0.25

T 0.22-0.3 0.3

us 0.071428-0.1 0.1

K1 0.0284-0.0324 0.03

K2 0.0378-0.401 0.04

v 0.0028-0.00034 0.003

0 0.00281-0.042 0.03

2-9 2,8

Table 1. List of parameters used in the model equation (2)

Thus effectiveness of the awareness campaign provides a superior effect moving the system towards its disease-
free situation. In Fig. 2 and Fig. 2, we have observed that infected human population can be controlled but from

Fig. 6, it is very clear that infected human population goes to lower level by choosing proper campaigning
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Fig. 3. Density of four populations for different values of k

7. Discussion

Understanding the process of interaction between an infected vector and a person is crucial. The illness can be
completely eradicated if the contact process can be reduced to a minimum. In this regard, raising awareness

through campaigns can play a critical role in managing the illness. We looked at the system without any
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awareness campaigns. If RO < 1, there is a disease-free state; if RO > 1, the disease-free state loses stability and
the system moves closer to an endemic state. When the illness is present, the susceptible host population is
drastically reduced for up to 45 days (about), and the infected host population is progressively raised for up to
roughly 50 days.
Furthermore, it is thought that the rate at which sandflies bite is more crucial to the disease's transmission.
Similarly, from a mathematical standpoint, the rate of increase in the conscious population is a highly relevant
metric. The bite rate of sandflies and the development rate of the conscious population both effectively
influence the shift in the system's behavioral structure. Therefore, sickness can be automatically controlled if we

can manage the relationship between humans and sandflies through periodic awarenessicampaigns.
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Fig. 6. The impulsive behavior of.the model system with awareness campaign after two days

interval with p

8. Conclusion
Our mathematical study on media efficiency in combating leishmaniasis through awareness campaigning

provides a valuable framework for understanding the complex interplay between disease transmission
dynamics, media influence, and behavioral responses. By refining the model, integrating spatial and
demographic considerations, conducting cost-effectiveness analyses, and promoting stakeholder collaboration,
we can enhance the effectiveness of awareness campaigns and accelerate progress towards the control and

elimination of leishmaniasis and other infectious diseases.
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