Faculty of Computer Science and Information Technology

Individual-based Modelling on Vector Heterogeneity of Leptospirosis
Transmission in Sarawak

Chong Jia Wen

Master of Science
2023




Grade:

Please tick (\)
Final Year Project Report
Masters v
PhD
DECLARATION OF ORIGINAL WORK
This declaration is made on the ..... 03/Osday of ..... 2023 ........ (year).

Student’s Declaration:

1 CHONG JIA WEN, 19020113, FACULTY OF COMPUTER SCIENCE AND INFORMATION TECHNOLOGY
(PLEASE INDICATE STUDENT’'S NAME, MATRIC NO. AND FACULTY/INSTITUTE) hereby declare that
the work entitled INDIVIDUAL-BASED MODELLING ON VECTOR HETEROGENEITY OF LEPTOSPIROSIS
TRANSMISSION IN SARAWAK is my original work. I have not copied from any other students’ work or

from any other sources except where due reference or acknowledgement is made explicitly in the text,
nor has any part been written for me by another person.

CHONG JIA WEN 19020113 03/05/2023

Student’s Name and Matric No. Date submitted

Supervisor’s Declaration:

I DR. TIONG WEI KING (SUPERVISOR’S NAME) hereby certifies that the

work entitled, INDIVIDUAL-BASED MODELLING ON VECTOR HETEROGENEITY OF LEPTOSPIROSIS TRANSMISSION IN SARAWAK

(TITLE) was prepared by the above named student, and was submitted to the "FACULTY/INSTITUTE” as a
* partiab/full fulfillment for the conferment of _ MASTER OF SCIENCE (COMPUTATIONAL MODELLING)

(PLEASE INDICATE THE DEGREE), and the aforementioned work, to the best of my knowledge, is the said

student’s work

DR. TIONG WEI KING Date:  03/05/2023

(Supervisor’'s Name)

Received for examination by:




I declare this Project/Thesis is classified as (Please tick (V):

[ ] CONFIDENTIAL (Contains confidential information under the Official Secret Act 1972)*

|:| RESTRICTED (Contains restricted information as specified by the organisation where research was
done)*

OPEN ACCESS

Validation of Project/Thesis

I therefore duly affirmed with free consent and willingness declared that this said Project/Thesis
shall be uploaded to this url: ir.unimas.my (UNIMAS Repository) officially in Perpustakaan
Tunku Abdul Rahman Ya’kub with the abide interest and rights as follows:
e This Project/Thesis is the sole legal property of Universiti Malaysia Sarawak (UNIMAS).
e Perpustakaan Tunku Abdul Rahman Ya’kub has the lawful right to make copies only for the
purpose of academic and research and not for other purpose.
e Perpustakaan Tunku Abdul Rahman Ya’kub has the lawful right to make copies of the
Project/Thesis for academic exchange between Higher Learning Institute.
e No dispute or any claim shall arise from the student, neither third party on this Project/Thesis,
once it becomes sole property of UNIMAS.
e This Project/Thesis or any material, data and information related to it shall not be

distributed, published or disclosed to any party by the student except with UNIMAS

permission.
Student’s signature Supervisor’s signature: : |V
(Date) 03/05/2023 (Date) 03/05/2023

Current Address: NO.95, TAMAN MEI LEE, LORONG 6, JALAN STAKAN,

93250 KUCHING, SARAWAK.

Notes:

If the Project/Thesis is CONFIDENTIAL or RESTRICTED, please attach together as annexure a
letter from the organisation with the period and reasons of confidentiality and restriction.

[The instrument was duly prepared by Perpustakaan Tunku Abdul Rahman Ya’kub]



Individual-based Modelling on Vector Heterogeneity of Leptospirosis
Transmission in Sarawak

Chong Jia Wen

A thesis submitted
In fulfillment of the requirements for the degree of Master of Science

(Computational Modelling)

Faculty of Computer Science and Information Technology
UNIVERSITI MALAYSIA SARAWAK
2023



DECLARATION

I declare that the work in this thesis was carried out in accordance with the regulations of
Universiti Malaysia Sarawak. Except where due acknowledgements have been made, the
work is that of the author alone. The thesis has not been accepted for any degree and is not

concurrently submitted in candidature of any other degree.

Signature
Name: Chong Jia Wen
Matric No.: 19020113

Faculty of Computer Science and Information Technology

Universiti Malaysia Sarawak

Date : 03.05.2023



ACKNOWLEDGEMENT

I would like to express my deepest appreciation to those who have helped me all the time to
make me accomplish this research. I must give my special gratitude to my supervisor, Dr.
Tiong Wei King and my co-supervisor, Professor Dr. Jane Labadin. With their advice and
encouragement, I manage to accomplish the research. Thank you for your guidance and
passion, it has been a wonderful time and great honour to be a student under both supervisors’

supervision!

Next, no words can express my feeling at this moment to my parents. COVID-19 has brought
significant impacts on my family's economic conditions. During the MCO and CMCO
periods, I was extremely struggling and helpless and I felt wanted to give up on my research
and want to help my family to ease my parents’ burdens. However, both parents gave me
continuous support for me to continue my study. Now, [ have finally completed my research.

Thank you to my beloved father and mother!

I would also like to express my thanks to my two dearest friends, Abner, and Carey, as they
give encouragement and spiritual support to me throughout the research. I felt extraordinarily
emotional stress with my family matters and my study during the MCO and CMCO periods.

They give me support throughout the tough time, thank you for my friends!

Lastly, I would like to thank the Faculty of Computer Science and Information Technology
and the Centre of Graduate Studies to provide great times and various online workshops
relating to conducting research. In addition, I also like to thank the management of Universiti

Malaysia Sarawak for the support throughout the study!

i



ABSTRACT

Leptospirosis is a zoonotic disease prevalent in various places, particularly the tropical and
subtropical regions. The infectious disease is endemic across Malaysia, especially in
Sarawak. In recent years, the threats of leptospirosis continue to grow as the number of
confirmed cases in Sarawak has risen since 2010. Compartmental models are popular in
disease modelling. However, the models are not suitable if heterogeneity in the population
is taken into account. For zoonotic or vector-borne diseases, the heterogeneity of the hosts
or vectors can significantly influence disease transmission. Hence, this research proposes an
individual-based model or IBM to model the leptospirosis spread as it has the ability to
capture the heterogeneity of the population, such as vectors’ active period and movement
range. From the sensitivity analyses, the higher vector birth rate and higher transmission rate
from susceptible to infected vectors generate more infected humans and vectors. The results
also show that the active period durations of vectors do not influence leptospirosis
transmission. However, a wider movement range of vectors causes more people and vectors
to be infected. In the model validation with the actual prevalence data of leptospirosis in
2017, the coefficient of determination of more than 90% and normally distributed residuals
for all three outbreaks indicate that IBM can model the leptospirosis spread in Sarawak. The
actual prevalence data show three leptospirosis outbreaks occur within a year. By finding the
correlation matrices, Pearson’s correlations deduce that temperature rise and precipitation
influence disease transmission. Additionally, other factors such as misdiagnosis of

leptospirosis as well as occupational and recreational exposures affect the infection.

Keywords: Individual-based Model, leptospirosis, vector behaviour, active period,

movement range
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Pemodelan Berasaskan Individu pada Kepelbagaian Vektor bagi Penularan
Leptospirosis di Sarawak

ABSTRAK

Leptospirosis merupakan suatu penyakit zoonosis yang berleluasa khususnya di kawasan
beriklim tropika dan sutropika. Penyakit berjangkit ini adalah endemik di Malaysia,
terutamanya di Sarawak. Pada kebelakangan ini, ancaman leptospirosis didapati semakin
meningkat dengan lonjakan kes di Sarawak sejak tahun 2010. Model kompartemen
digunakan ramai dalam pemodelan penyakit. Tetapi, model kompartemen adalah tidak
sesuai jika kepelbagaian populasi diambil kira. Bagi penyakit zoonotik atau penyakit
bawaan vektor, kepelbagaian hos atau vektor dapat mempengaruhi wabak penyakit dengan
ketara. Justeru, kajian ini menawarkan sebuah model berasakan individu bagi penularan
leptospiosis oleh sebab ia mempunyai kemampuan untuk mengambil kira kepelbagaian
populasi seperti tempoh aktif vektor dan jarak pergerakan vektor. Melalui analisis
sensitiviti, kadar kelahiran vektor dan kadar penularan daripada vektor yang mudah
terdedah ke vektor yang berjangkit yang tinggi mengakibatkan lebih ramai orang dan
banyak vektor dijangkiti leptospirosis. Dari segi sifat vektor, tempoh masa aktif vektor tidak
mempengaruhi penyebaran leptospirosis. Walau bagaimanapun, jarak pegerakan vektor
vang luas akan menyebabkan ramai individu dan banyak vektor dijangkiti penyakit. Dalam
proses pengesahan model dengan perbandingan data pada tahun 2017, pekali penentu yang
lebih 90% dan sisa yang bertaburan normal bagi ketiga-tiga wabak menunjukkan model
berasakan individu dapat meramalkan penularan wabak leptospirosis di Sarawak. Data
tersebut juga menunjukkan terdapat tiga gelombang leptospirosis dalam tempoh setahun.
Melalui matriks korelasi berserta kolerasi Pearson, peningkatan suhu dan taburan hujan

merupakan antara faktor yang mempengaruhi penularan penyakit tersebut. Tambahan pula,

v



faktor lain seperti kesalahan diagnosis dan pendedahan dari segi pekerjaan serta aktiviti

rekreasi juga menjejaskan penularan wabak.

Kata kunci: Model berasaskan individu, leptospirosis, sifat vektor, tempoh aktif, jarak

pergerakan
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CHAPTER 1

INTRODUCTION

1.1 Research Background

Malaysia is a country blessed with amusing diversity of natures and cultures. In East
Malaysia, Sarawak or the ‘land of hornbill’, is a place steeped in rich natures and indigenous
cultures. Although the tropical climate contributes to biodiversity in Sarawak, the weather
conditions also cause some negative consequences simultaneously. For instance, the
spreading of infectious disease by pathogenic microorganisms or pathogens. From a medical
perspective, there are many ways for diseases spreading such as contact transmission (direct
contact or indirect contact), droplet transmission (via coughing or sneezing), and airborne
transmission (via inhalation of the air) (Stilianakis & Drossinos, 2010). As Sarawak is large
in geographical area, it requires extra caution when monitoring the conditions of diseases

spreading in the region.

Infectious diseases bring numerous devastating impacts to public health and
economic growth across various countries. In 2013, China experienced an outbreak of H7N9
avian influenza that caused more than 680 confirmed cases including 275 deaths (Qiu et al.,
2018). At the same time, the poultry industry of China underwent more than RMB 40 million
in economic loss (Qiu et al., 2018). In the context of Malaysia, from September 1998 to July
1999, the Nipah virus outbreak occurred throughout the country. The disease had caused
acute encephalitis with more than 260 notified cases and nearly 110 deaths (Looi & Chua,
2007). The infection brought deep impacts on the hog-raising industry and resulted in more

than RM 500 million in economic loss to Malaysia (Hosono et al., 2006).



Apart from the Nipah virus outbreak, Malaysia also suffered from Coronavirus
Disease 2019 or COVID-19. Compared to the Nipah virus, the impacts of COVID-19 were
destructive to the economy and societies of the country. Malaysia lost RM2.4 billion a day
during the Movement Control Order (MCO) period (Hashim et al., 2021). MCO was an
enforced strategy of the government to control the COVID-19 outbreaks in the country and
close most of the economic sectors same time (Hashim et al., 2021). Besides impacting the
economy, COVID-19 caused many issues in societies. For example, the increase of negative
emotions such as stress and anxiety among people, and job or domestic violence including

suicide (Yong & Sia, 2021).

Disease control and prevention are essential as infectious diseases bring devastating
and chaotic impacts to societies. One of the measures is through modelling as it is a technique
of transforming a situation into a model for problem-solving and future prediction. The
implementation of modelling in infectious disease studies allows the researchers to
understand the epidemiology of the infections. Furthermore, the obtained results can predict
the possible outcomes of disease transmission. As a result, modelling possesses a significant
role in public health and epidemiology as model formulation covers the planning and
implementation of the public health response to overcome the crisis brought by infectious

disease (Lessler & Cummings, 2016).

In Sarawak, the local authorities and the public are aware of the disease outbreaks in
recent years such as leptospirosis outbreaks. Leptospirosis is a widespread zoonosis caused
by the pathogenic Leptospira (Levett, 2001). This infectious disease is endemic in tropics
such as East Sub-Saharan Africa, Southeast Asia, the Caribbean and Oceania (Rajapakse,

2022). Leptospirosis is curable; however, it is also an underreported and underdiagnosed



disease (Sembiring, 2018). The disease is hard to diagnose as the infected people will show
symptoms identical to other diseases such as dengue fever and influenza (Biscornet et al.,
2020). Therefore, leptospirosis is hard to be detected unless the individual has gone through
clinical laboratory examinations. The following Chapter 2 will discuss the historical aspect,

transmission route, clinical features and threats of leptospirosis in Sarawak in more detail.

1.2 Research Motivation

Leptospirosis endangers people throughout Malaysia. The most critical situation was
1,976 cases in 2011 skyrocketed to 8,291 cases in 2015 (Malaysia Ministry of Health [MOH],
2018). A similar occasion also occurred in Sarawak where 157 cases were reported in 2011
and increased to 844 cases in 2016 (Malaysia MOH, 2018). In the preliminary work of Chong
et al. (2022), the Susceptible-Infected-Recovered-Susceptible-Infected (SIRS-SI) model is
not suitable to model the spread of the disease in Sarawak as the result of the second wave
of the outbreak does not fit well with the real prevalence data. The details will be further
explained in Section 2.9. Therefore, the considerations of the other models such as the
individual-based model (IBM) and other factors that might affect the disease transmission to
increase the validity between the simulated results and real prevalence data become another

motivation for this research.

1.3 Problem Statement

The compartmental models such as SIR, SIRS, SI and SIRS-SI (Chong et al., 2022)
assume homogeneity exists in a population whereby each individual shares the same
characteristics and behaviours. However, the compartmental models are not adequate for the
system or model that considers the individuals who possess significant differences (Black &

McKane, 2012). Each individual possesses unique attributes that change with time such as



