CHAPTER I

INTRODUCTION

1.1 Background of the Study

Avian inﬂuenzaﬁmgrmsmwﬁﬁg u, is a contagious viral

disease that affects both-domestic and wild birds. cause serious economic

losses in the poultry industry and m h. In particular,

the H5N1 strain of bird flu re often fatal in domestic

birds [2]. Tts persistence and in densely populated

poultry farms, dor: veterinarians, and

policymakers. F lynamics of bird

group causes mild disease, while the other can cause severe outbreaks with high
mortality in poultry [4]. The H5N1 strain, which is highly pathogenic, has
spread widely across regions. It was first reported in Asia in 2003, then reached
Europe in 2005, and later spread to the Middle East and Africa in 2006 [2].
Today, bird flu viruses continue to circulate among bird populations worldwide
3].

Although bird flu mainly infects birds, it can also infect humans. Hu-



man infection usually occurs through direct contact with infected birds, contact
with contaminated secretions, or exposure to contaminated surfaces [5]. There
is no scientific evidence of sustained human-to-human transmission, and no ev-
idence that people have been infected by eating properly cooked poultry [4, 5].
The first major bird-to-human transmission was reported in Hong Kong in 1997,
when 18 people were infected, and 6 died during a poultry outbreak [4, 6].

To better understand bird flu transmission, many researchers have de-

veloped mathen @A&%mop%ed a model

to study transmission from birds to humans. In their bird population model,

birds were dividr(l into two cony X (t), and infected

birds, Y(¢). Infected birds until death, either
from natural causes or disease 7, bird flu trans-

mission is influenced by three mai e virus as the source of infection,

poultry as the fransmission [8].

Bird fl §‘R\. specially diffic ] '4}/4 east Asia, where

poultry farming is \ oth ] 1 1€ and mportant source

poultry products, and cross-border trade have all contributed to the spread
of the disease. Governments and aid organizations have implemented control
measures such as culling infected birds, vaccination, and improved biosecurity.
However, outbreaks continue to occur, mainly because the virus can mutate and
survive under farm conditions, making complete eradication difficult.

Mathematical models remain one of the most important tools for



studying infectious disease transmission and control. Differential equation mod-
els, in particular, allow researchers to identify conditions under which a disease
can invade, persist, or be eliminated. However, much of the existing bird flu
literature focuses on complex multi-compartment models, such as SEIR-type
systems (for example, SETAVR), which are designed to capture broad epidemic
patterns such as total outbreak size, multi-stage progression, or cross-species
transmission between birds and humans [9, 10].

Tn confrasts UWEURSEASMDA‘LAS e vel poultry dy-

namics, where ajsimpler model Wlth a

mall number of key parameters can still

provide importanH\ insights. P. . Serui ate (c), natural
mortality rate (b), infection ity rate (m), and

ilibrium points and

threshold conditi > basic re \ i ?0). In addition,

seasonal forcing, which may lead-to He pfbifiir ations and oscﬂlatory outbreaks
[12]. While these approaches are useful for policy analysis, they can make it
harder to identify the core bifurcation threshold that determines whether the
infection dies out or persists at the farm level.

Based on this gap, the present study focuses on the mathematical
modeling and analysis of bird flu transmission within a poultry farm. The

proposed model describes the interaction between susceptible, infected, and



removed birds, and includes key biological processes such as recruitment, natural
mortality, disease-induced mortality, removal, and transmission. Unlike many
previous studies that mainly discuss equilibrium existence and local stability,
this study gives special attention to how vaccination changes the qualitative
dynamics of transmission. In particular, it provides a comparative bifurcation
analysis of models with and without vaccination at the farm level, which is still
limited in the current literature.
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1.2 Problem Statement

1. How can the spread of bird flu within a poultry farm be described using a
nonlinear system of differential equations under two conditions: without

vaccination and with vaccination as a control strategy?

2. How does the basic reproduction number (Ry) act as a threshold parameter

in determining whether the disease dies out or persists in the poultry



population?

3. Under what mathematical conditions does the disease-free equilibrium

exist in the proposed models?

4. How can stability and bifurcation analysis, supported by numerical simu-
lations, be used to explain changes in system dynamics and evaluate the

impact of vaccination on disease control?
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This study aims to ext : pe nonlinear mathematical

model of bird flu k vaccination strat-
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1. To formulatii d ana
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tion on disease spread and control.

2. To derive the basic reproduction number (Ry) for each model and examine
its role as a threshold that determines whether the disease dies out or

persists.

3. To determine the disease-free and endemic equilibrium points and estab-
lish the conditions required for their existence.
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4. To analyze the stability of the equilibrium points and investigate possible
bifurcation behavior, supported by numerical simulations to validate the
analytical results.

1.4 Project Organization

This research is organized into five chapters. Chapter One introduces

ines-the-preblem statement, states the research

the background of the study, o

objectives, and pre k—Chapter Two reviews

relevant theoretical concepts and exis berature on mathematical modeling
of bird flu. ChaTt( r Three foc | . 10del and its qual-
itative analysis, including ec ‘ on numbers,; stability,

and bifurcation analysis. Chapter Fc esents 1 ical simulations using

biologically real e the analytical

results. Finally,

provides recom Tonds



