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Abstract

Influenza A (H1N1) is an infectious viral illness caused by RNA virus belonging to the family
Orthomyxoviridae. A compartmental epidemiology model, the Susceptible-Exposed-Infectious-
Recovered (SEIR) model was developed to study the transmission of influenza A (H1N1) using
population data from the Ashanti region of Ghana. The SEIR model is based on Ordinary Differential
Equations (ODES) to track the flow of individuals but different disease state. The stability of the model
is obtained using the Routh-Hurwitz Stability Criterion method. The study also calculated the basic
reproduction number, R, by using the Next-Generation Method. This parameter helps us understand
how influenza A (H1N1) spreads within the environment. The obtained value was R, greater than 1,
indicating that the virus will continue circulating and not die out. Furthermore, the SEIR model was
simulated using the ODEA45 built-in function in MATLAB. Numerical simulations were conducted by
adjusting certain parameter values and comparing the result. These numerical finding could assist in
implementing strategies to confront and limit the spread of influenza A (HLN1) as quickly as possible.
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1 Introduction

Influenza, commonly known as the flu, is a viral infection affecting the respiratory system caused by
influenza viruses from the family Orthomyxoviridae, which includes seven genera such as
Alphainfluenzavirus and Betainfluenzavirus [1]. Influenza viruses are categorized into four types; A, B,
C and D, distinguished by two key proteins, hemagglutinin (HA) and neuraminidase (NA) [2]. Influenza
A and B are responsible for seasonal epidemics in humans, with type A being the most dangerous and
prone to pandemics. This study focuses on Influenza A (H1N1), a highly contagious virus spread
through respiratory droplets and contaminated surfaces, causing symptoms similar to seasonal flu.
Severe cases can lead to pneumonia and death, especially in individuals with weakened immune
systems.

Influenza A (H1N1) is highly contagious, spreading rapidly through respiratory droplets from
coughs or sneezes, and indirectly via contaminated surfaces like doorknobs [3]. Symptoms mirror those
of seasonal flu, including fever, cough, sore throat, body aches, headache, chills, and fatigue. Severe
cases can result in pneumonia, respiratory failure, and death, especially in individuals with underlying
health conditions or weakened immune systems [4].

Over a million people were infected with the HLN1 virus globally, according to the World Health
Organisation (WHO) [4]. The Ashanti Region experienced its first HIN1 pandemic on August 31, 1918,
spreading from a ship from Freetown, Sierra Leone, and resulting in at least 100,000 deaths in Ghana
[5]. To prevent and treat influenza A (H1N1), understanding the disease's behaviour is crucial.
Implementing prevention methods and reducing fatalities require mathematical modelling and data
analysis. This study uses the Susceptible-Exposed-Infectious-Recovered (SEIR) epidemiological
model to analyse influenza A (H1N1) transmission and better understand its spread. The basic
reproduction number, R,, will be calculated using the Next-Generation Matrix method. When R, > 1,
The epidemic increases exponentially, which means that one infected individual infects more than one
individual on average. Meanwhile, when R, < 1 shows that the disease will surely die out without
affecting a large share of the population. Therefore, the research is done in the hope that the SEIR
model can be used as a reference model for influenza A (H1N1) spread.
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2 Literature Review

2.1 Epidemiology of the Pandemic Influenza A (H1N1)

The first outbreak of influenza A (H1N1) occurred in April 2009 in La Gloria, Veracruz, Mexico, where
an unusual number of influenza-like-illness cases were reported as early as March 5, 2009 [6]. By April
12, the WHO requested verification of the suspected outbreak, which affected 28.5% of La Gloria's
population between March 5 and April 10 [7]. Severe pneumonia cases were soon reported in Mexico
City and San Luis Potosi, prompting the government to increase national surveillance and collaborate
with international health organizations. The virus quickly spread worldwide, marking the first major
influenza pandemic since 1969 [7].

Following the initial outbreak, the WHO declared a "public health emergency of international
concern" on April 25, 2009, as the virus spread to multiple countries [8]. Canada reported its first cases
on April 26, with an early outbreak at a Nova Scotia private school linked to students who had travelled
to Mexico. By May 1, 11 countries, including New Zealand, Israel, and the UK, reported confirmed cases
[9]. The virus spread to Europe, Hong Kong, and Korea by May 2, with Mexico reporting 397 cases and
16 deaths, and Canada reporting 165 confirmed cases by May 6. By this time, 23 countries had reported
at least one pandemic H1IN1 case [10].

2.2 Factors Affecting the Transmission of Influenza A (H1N1)

Influenza viruses spread primarily through aerosol particles produced when infected individuals cough,
sheeze, talk, or breathe. Large droplets settle quickly on surfaces, while smaller particles (<5 ym) can
stay airborne longer and travel further, penetrating deeply into the respiratory tract [11]. Environmental
factors like temperature and humidity also influence virus transmission, with cold and humid conditions
favouring the spread in winter.

Social behaviour plays a key role in influenza spread. Close contact in crowded indoor settings,
especially schools, increases transmission risk [12]. Children are effective transmitters due to their close
interactions. Promoting hand hygiene, respiratory etiquette, social distancing, and vaccination in
schools can help reduce influenza transmission.

2.3 High-Risk Groups for Influenza A (H1N1)

Individuals in high-risk groups, such as pregnant women, young children, and those with chronic health
conditions, are more susceptible to severe outcomes from Influenza A (H1N1). Pregnant women face
increased risk due to changes in their immune and respiratory systems, leading to complications like
pneumonia and adverse outcomes for the fetus, including preterm birth and low birth weight. Children
under 5 years old are at high risk because their immune systems are still developing, making them
more vulnerable to severe symptoms and respiratory infections [13].

Individuals with chronic health conditions, such as heart disease, diabetes, and weakened
immune systems, are more likely to experience severe complications from H1N1, including pneumonia
and worsening of their existing conditions. The virus puts additional strain on their compromised
systems, increasing the likelihood of severe illness and even death.

3 Methodology

3.1 Formulation of the SEIR Model

This section discussed the derivation of the extended SIR model for the influenza A (H1N1). The
extended SIR model is called as Suspected-Exposed-Infected-Recovered (SEIR). The SEIR model
derivation and the stability analysis of the model will be carried out throughout this section. The SEIR
model on the spread of influenza A (H1N1) is divided into four compartments, namely Suspected (S),
Exposed (E), Infected (1), and Recovered (R). N is the total population size. Individuals in an infected
class can cause other individuals to become infected. The SEIR model is presented schematically in
Figure 1. The model is based on the work of Okyere, S. et al. [14].




Azrin and Siam (2024) Proc. Sci. Math. 23: 8-16

SN

us uE ul uR

Figure 1: Schematic diagram of compartments of the influenza A (H1N1) model

Based on the flow diagram in Figure 1, the rate of change in the number of individuals which are
Susceptible, Exposed, Infected and Recovered over time in SEIR model of the spread of influenza A
(HIN1) can be represented as follows:

ds
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Definition of parameters of SEIR model for COVID-19 is presented in Table 1.

Table 1: Definition of parameters

Parameter Definition
The birth and death rate
The transmission rate
The latent rate
The recovery rate

< Q ™T

3.2 Stability Analysis of SEIR Model
3.2.1 Equilibrium Points

The equilibrium points that will be considered in this study are the disease-free equilibrium point
(DFEP) to produce R, that will be used to determine the spread of influenza A (H1N1). Therefore, the
endemic equilibrium point (EEP) is omitted in this work. To determine the equilibrium points, each
equation in Equation (1)-(4) must be equal to zero.

3.2.2 Disease-Free Equilibrium Point (DFEP)
The disease-free equilibrium point (DFEP) is where there is no spread of COVID-19 in which E =1 =
0. Hence, the DFEP are as follow:

(s,e,i,r) =(1,0,0,0).
3.2.3 Endemic Equilibrium Point (EEP)
At endemic equilibrium point (EEP), it | assumed that there are individuals who have been exposed to
the disease and are infected in which E # 0 and I # 0. Hence, the EEP are as follow:

10

—
| —



Azrin and Siam (2024) Proc. Sci. Math. 23: 8-16

, _(1 (R —1) Ry —1) Y(Ro_1)>
(s*,ex*i%1%*)= .

Ry'Ro(u+ @) B ' B

3.3 Stability Analysis at Disease-Free Equilibrium Point (DFEP)
To determine the stability analysis of the equilibrium point at DFEP, the SEIR model needs to be
linearized by using Jacobian matrix. Based on Equation (1)-(4), the Jacobian matrix is given as:

—u— Bi 0 —Bs 0

J= pi (Wt @)  Bs 0 (5)
0 a -+ 0
0 0 Y -

The eigenvalues are determined, and the characteristic equation is as follows:
M+ BUu+ Y+ a)+ 22(6p% +3ap+3uY + aY + fa) + A2afu + 2a¥p + 3ap? + 3Yp? + 4p3)
+p2(af + a¥ + pa+ Yu+ p?) =0.

Where, a; = 23,a, = 2%, az= 1 and a, = p?(af + a¥ + pa + Yp + p?), hence

a; = (4u+ Y+ a) (6)

a, = (6p® +3ap+ 3uY + aY + fa) )

az = p[(n+ a)afp+ 2a¥p + 3ap® + 3V +41°)(n+ Y) — Ba] (8)
a, = W2(af+ a¥ + pa+ Yp+ p?) 9)

From Routh-Hurwitz stability criterion, if a; > 0,a, > 0,a,a,a; — a, > 0, then the equilibrium point
(DFEP) is stable. Hence obtain that R, < 1.

3.4 Stability Analysis at Endemic Equilibrium Point (EEP)
To determine the stability analysis of the equilibrium point EEP, the SEIR model needs to be
linearized by using Jacobian matrix. Based on Equation (1)-(4), the Jacobian matrix is given as:

B
—UR, 0 R, (10)
j=[MRo-D —(u+a) s
0 a R,
0 O —a+mw o
Y —I

The eigenvalues are determined, and the characteristic equation is as follows:
M+ 28306u+ Y+ a+ pRy) + A2(aY + 2ap + pR, +2Yp + YRy +3u? + 3u?R, — af)
+A(Yap + YaR, + Yp? + 2Yu?R, + ap?® + 2aRy + p® + 3u2R, — afy)
+ (Yap®Ry + YU3R, + ap®R, + p*Ry) = 0.

Where, b; = 23, b, = A%, b; = 2and b, = Yap?R, + YR, + ap®R, + p*R, , hence

by = 3u+ Y+ a+ pR, (12)

b, = aY + 2ap + pRy +2Yu + YR, +3p% + 3p?R, — af (12)

by = Yap + YaR, + Yu? + 2Yp?Ry + ap® + 2aR, + p® + 3u?R, — afu (13)
by, = Yap?Ry+ Yu3R, + ap®R, + u'R, (14)

and the characteristics equation becomes

14 + b113 + bz/’{z + b3/1+ b3 = 0. (15)
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From Routh-Hurwitz stability criterion, if b, > 0,b, > 0, b;b,b; — b, > 0, are true then all roots of the
characteristic equation have negative real parts which means a stable equilibrium. Thus, the endemic
equilibrium point is stable when R, > 1 by the Routh-Hurwitz criteria.

3.5 Basic Reproduction Number, R,
The R, of the SEIR model is determined using the Next-Generation Matrix method [6]. The DFEP for
the model is utilized to complete the calculation of R,. Matrix F represents the rate of appearance of
new infections in different compartments, while matrix V represents the rate of transfer of individuals
from one compartment to another.

First, we need to regroup the system of ODEs into disease classes and non-disease classes.
However, only the disease class were used to find matrix F and V. Therefore, matrix F and V are
computed as follow:

F=1ly o

V= [(ujaa) (Yfr) u)]'

Then, calculate the Next-Generation matrix of the system and evaluate the spectral radius if the
matrix to obtain R,,.

Ba B
Fv—1= [(u+ O+ (+ u)].
0 0

Hence, taking the largest eigenvalues from the matrix

Ba B
IFV7Y| = [+t o0+w o+
0 0
The basic reproduction number is as follow
Ba

RO = .
(mt+ )Y+

The R, of the system (1)-(4) is locally asymptotically stable if R, < 1 and unstable if R, > 1.

4 Numerical Simulation of SEIR Model of Influenza A (H1N1)

The simulation of the SEIR model will be obtained using MATLAB. Several simulations are carried out
by adjusting the parameters to understand the transmission dynamics of the influenza A (H1N1). To
perform the numerical simulations, the initial conditions are taken as S(0) = 4725042,E(0) = 2,1(0) =
2 and R(0) = 0 and the parameters values used in this study are shown on Table 2 [11].

Table 2: Parameter values of SEIR model

Parameter Definition Value
sl The birth and death rate 0.0088
B The transmission rate 0.3016
a The latent rate 0.5
Y The recovery rate 0.2857
N Population of Ashanti Region 4725046
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Figure 2 presents the SEIR model, illustrates the transmission dynamics of diseases under specific
initial parameters. The green curve initially reflects a high number of susceptible individuals gradually
declining as more people become exposed and infected over time. The red curve represents the
population of exposed individuals, which rapidly increases as susceptible individuals contract the
disease, peaks, and subsequently declines as they transition into the infected class. Similarly, the pink
curve illustrates the actively infected population, reaching its peak as a significant number of individuals
spread the disease and then gradually decreases as recoveries occur. Lastly, the blue curve represents
the number of individuals who have recovered from the disease, steadily increasing until it reaches its
maximum, indicating a substantial portion of the population has successfully overcome the disease and
acquired immunity.

x10° SEIR Model Of Influenza A (H1N1)

Populations

0 10 20 30 40 50 60
Time {Months)

Figure 2 SEIR model for p = 0.0088, 8 = 0.3016,a = 0.5,Y = 0.2857.

4.1 Changes in Transmission Rate (B)

The changes in the transmission rate, g is explained where the parameters of g is changed to observe
the spread of influenza A (H1N1) in the infected population. The transmission rate varies as parameters
of B changed from 0.3016 to 0.3245 and then increase to 0.4000. However, the remaining the
parameters are same as previous simulation: u = 0.0088, a = 0.5 and Y = 0.2857.

80

—1 for B = 0.3016
7ot | for B8 = 0.3245
— | for B = 0.4000

Infected Population

L L L L L )
0 10 20 30 40 50 60
Time {Months)

Figure 3 The total number of infected individuals for § = 0.3016, = 0.3245 and 3 = 0.4000.

In Figure 3, it can be seen that if the transmission rate, § increases, the number of infected individuals
also increases. This is because a higher transmission rate means that the disease spreads more

13

—
| —



Azrin and Siam (2024) Proc. Sci. Math. 23: 8-16

quickly, and leading to a larger number of people getting infected. The red curve (8 = 0.3016) represents
a low transmission rate and the infected individuals decrease accordingly. Conversely, when the blue
curve (B = 0.4000) represents a higher transmission rate and the infected individuals increases rapidly.

4.2 Changes in Latent Rate (a)

By changing the parameter value of latent rate, a, the variation of dynamics can be observed. The
simulation results can be compared with varying the parameter values of « = 0.5000, a = 1.000 and

a = 1.5000. The result is shown in Figure 4.

Figure 4 shows that the infected population over time for different values of a, which represent the latent
rate. The latent rate is the rate at which infected individuals become infectious. A higher latent rate (a)
means a faster transition from infected to infectious. This is reflected in the Figure 4, where the blue
curve (a = 1.5) shows the fastest growth in infected population, indicating individuals quickly become
infectious. The red line (@ = 0.5) shows the slowest growth, indicating individuals take longer to become
infectious. The green line (a = 1) falls somewhere in between. The shape of the curves suggests that
even with a slower latent rate (lower «), the infected population eventually grows.

45

— | for a = 0.500
| for a = 1.000
4} [—1 for a = 1.5000

w
28

w

Infected Population

25

Q 10 20 30 40 50 60
Time (Months)

Figure 4 The total number of infected individuals for a = 0.5000, a = 1.0000 and a = 1.5000

4.3 Changes in Recovery Rate (Y)

By changing the parameter value of recovery rate, y, the variation of dynamics can be observed. The
simulation results can be compared with varying the parameter values of y = 0.2857, y = 0.3929 and
y = 0.5000. The result is shown in Figure 5.

25 <10

——| for y = 0.2857

| for y = 0.3929

2t — | for y = 0.5000
25|
05
0

0 10 20 30 40 50 60
Time (Months)
Figure 5 The number of infected individuals for Y = 0.2857, Y = 0.3929 and Y = 0.5000

Figure 5 shows the infected population over time for different values of y, which represents the recovery
rate. The recovery rate is the rate at which infected 47 individuals recover and become susceptible

—

14

—t



Azrin and Siam (2024) Proc. Sci. Math. 23: 8-16

again. A higher recovery rate (Y) means that individuals are recovering and becoming susceptible more
quickly, leading to a decrease in the number of infected individuals. This is reflected in Figure 5, where
the blue curve (y = 0.5000) shows the fastest decline in the infected population, indicating individuals
are recovering quickly. The red curve (y = 0.2857) shows the slowest decline, indicating individuals take
longer time to recover. The green curve (y = 0.3929) falls somewhere in between. The shape of the
curves suggests that even with a slower recovery rate (lower y), the infected population eventually
declines.

Conclusion and Recommendations

This study investigates the transmission of influenza A (H1N1) in the Ashanti region of Ghana using the
SEIR model, an extension of the SIR model. It includes four classes: susceptible, exposed, infected,
and recovered, with parameters for transmission, infection, and recovery rates. The analysis shows that
the disease-free equilibrium point (DFEP) is unstable while the endemic equilibrium point (EEP) is
stable, depending on the basic reproduction number (R,). Using the Next-Generation Matrix method
and the Routh-Hurwitz Criterion, it concludes that the disease will disappear if R, > 1. Numerical
simulations with MATLAB's ODEA45 highlight the infection rate as critical in disease prevention. The
study underscores the importance of epidemiological analysis and mathematical modelling in
understanding infectious disease dynamics and developing effective public health strategies.

In the future, refining the SEIR model for HLIN1 transmission in the Ashanti region can enhance
its accuracy by integrating local infection rates, contact patterns, and recovery rates. Allowing variable
transmission (8), latent (a), and recovery (y) rates will account for behaviour changes and interventions.
Adding age-structured compartments and geospatial data will improve predictions. Incorporating
adaptive human behaviour, healthcare system constraints, real-time data updates, and scenario
analyses will enhance model accuracy and responsiveness. Using historical data and GIS mapping will
further refine the model, improving its effectiveness for public health decisions and HIN1 control in the
Ashanti region.
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