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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in
fulfillment of the requirement for the degree of Doctor of Philosophy
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By

NORAISHAH BINTI MOHAMMAD SHAM

July 2017

Chairman: Isthrinayagy AlP S.Krishnarajah, PhD
Faculty: Science

Hand, Foot and Mouth Disease (HFMD) is a contagious disease in human
population especially infants and children. In Sarawak, Malaysia, the disease is
endemic. Since the first outbreak in 1997, Sarawak remains as the state with
the highest number of HFMD notified cases among other states in Malaysia. In
Malaysia, there have been many studies related to HFMD that investigates the
clinical aspects of the disease. In this study, we aim to study the
epidemiological aspects of HFMD in Sarawak, Malaysia and to provide
beneficial information based on the analysis of the data in order to reduce the
spread of HFMD in Malaysia. In order to achieve the objective of this study, we
observe the effect of non-random mixing patterns of HFMD notified cases in
Sarawak, Malaysia; obtain appropriate time series model and forecast future
HFMD outbreaks in Sarawak, Malaysia; observe the impact of climatic factors
on HFMD in Sarawak, Malaysia; analyze spatial and temporal patterns of
HFMD in Sarawak, Malaysia and provide recommendations for future HFMD
surveillance and control programme in Sarawak, Malaysia.

In order for us to really understand the insights of HFMD, we characterized the
disease by analyzing 71,512 HFMD notifications from week 1, 2006 to week
52, 2013 for Sarawak, Malaysia. The dataset was obtained from Infectious
Disease Control Section (IDSC), Sarawak State Health Department (SSHD).
Analysis of HFMD during the study period showed that the disease outbreak in
2006 was the highest with 14,875 notified cases. A three-year (2011-2013)
daily data of 24,879 notifications were used to study the effects of age factors
in a non-random mixing pattern. As a result, 76.95 percentage (18,427) of
children below the age of five were predominant to HFMD in Sarawak. It is also
shown that the ratio of male to female is slightly higher for this age group.
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HFMD can spread through close personal contact, the air (through coughing or
sneezing), contact with feces or contaminated objects and surfaces. Few
countries claimed that climate played a role to the disease transmission. A time
series model is constructed with and without the climate factors such as
temperature and rainfall to see the effect of climatic factors on the spread of
HFMD. The feasibility and practicality of modelling and forecasting HFMD
trends was demonstrated. ARMA (Autoregressive Moving Average) and
ARMAX (Auto Regressive Moving Average with exogenous variables) models
were generated using HFMD notification data and climate variables from 2006
to 2012. The forecast result was then compared to the actual HFMD notification
data in 2013. It is found that ARMA(1,4) model is able to give good prediction
and forecast at 94 percent of the notified cases fall within the 90 percent
forecast interval based on historical data.

We analyze temporal and spatial patterns of the disease in Sarawak using
Geographical Information System (GIS). We evaluated the potential of
clustering of HFMD notified cases by divisions in Sarawak using two
approaches; choropleth mapping and spatial interpolation. We also analyzed
the effects of locality which can demonstrate the high or low risk of HFMD
notified cases between the rural and urban divisions. The findings indicate that
during the outbreak year (2012), spatial autocorrelation exist between the
divisions. However, visually HFMD notified cases can be seen to be clustered
covering neighbouring divisions in the center of the state also in year 2009.
Moreover, high risk was found in urban divisions of Sarawak during the
outbreak year.

This study has provided valuable information to the knowledge of HFMD
epidemiology, trends and patterns in Sarawak, Malaysia which would help in
containing the disease. In addition, throughout this study, few new areas of
research were identified and recommendations have been developed in order
to enhance HFMD surveillance, prevention and control in Malaysia.
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia
sebagai memenuhi keperluan untuk ijazah Doktor Falsafah

ASPEK EPIDEMIOLOGI PENYAKIT TANGAN, KAKI DAN MULUT 01
SARAWAK, MALAYSIA

Oleh

NORAISHAH BINTI MOHAMMAD SHAM

Julai 2017

Pengerusi: Isthrinayagy AlP S.Krishnarajah, PhD
Fakulti: Sains

Penyakit tangan, kaki dan mulut (HFMD) adalah penyakit yang mudah
dijangkiti terutama sekali dikalangan bayi dan kanak-kanak di dalam sesebuah
populasi. Penyakit ini adalah endemik di Sarawak, Malaysia. Sejak tercetusnya
wabak HFMD yang pertama pada tahun 1997, Sarawak kekal sebagai negeri
yang mempunyai jumlah bilangan kes notifikasi HFMD tertinggi berbanding
negeri-negeri lain di Malaysia. Terdapat banyak kajian berkaitan dengan HFMD
di Malaysia telah dijalankan sebelum ini yang merujuk kepada bahagian klinikal
sahaja. Oleh yang demikian, tujuan kajian ini dijalankan adalah untuk melihat
aspek epidemilogi penyaki HFMD di Sarawak, Malaysia dan memberi
maklumat yang berguna berdasarkan analisis yang dijalankan ke atas data
kajian dalam mengurangkan penyebaran penyakit ini. Objektif ini dapat dicapai
dengan melihat kesan corak pertalian bukan rawak kes notifikasi penyakit
HFMD di Sarawak, Malaysia, membentuk model siri masa yang sesuai dan
ramalan bagi wabak pada masa hadapan, melihat kesan faktor iklim pada
penyakit HFMD, menganalisis corak spatial dan temporal penyakit HFMD dan
memberikan cadangan untuk pencegahan dan pengendalian penyakit HFMD di
masa hadapan serta program kawalan penyakit ini di Sarawak, Malaysia.

Dalam usaha untuk mendapatkan kefahaman penyakit HFMD, kami telah
menganalisis sebanyak 71,512 data kes notifikasi HFMD dari minggu 1, 2006
hingga minggu 52, 2013 bagi negeri Sarawak, Malaysia. Data kes notifikasi
HFMD ini diperolehi daripada Bahagian Kawalan Penyakit Berjangkit (IDSe),
Jabatan Kesihatan Negeri Sarawak (SSHD). Analisis terhadap penyakit HFMD
dalam tempoh kajian ini menunjukkan wabak penyakit HFMD adalah tertinggi
pada tahun 2006 dengan jumlah sebanyak 14,875 kes notifikasi. Data harian
bagi tiga tahun (2011-2013) digunakan untuk mengkaji kesan faktor umur
dalam corak bercampur secara tidak rambang. Keputusan kajian ini

iii
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menunjukkan 76.95 peratus (18,427) kanak-kanak yang berumur lima tahun
kebawah mendominasi penyakit HFMD di Sarawak. Disamping itu juga, nisbah
lelaki kepada perempuan adalah tinggi sedikit bagi kumpulan umur ini.

Penyakit HFMD boleh merebak melalui udara. Beberapa negara mendakwa
bahawa faktor iklim memainkan peranan dalam penyebaran penyakit ini. Model
siri masa telah dibentuk dengan dan tanpa faktor iklim seperti suhu dan
taburan hujan untuk melihat kesan faktor iklim keatas penyebaran penyakit
HFMD. Kebolehlaksanaan dan praktikal dalam pemodelan serta meramalkan
tren bagi penykit HFMD turut ditunjukkan. Model ARMA (Autoregresi Purata
Bergerak) dan ARMAX (Autoregresi Purata Bergerak dengan pembolehubah
exogen) dibentuk menggunakan data kes notifikasi penyakit HFMD dan
pembolehubah iklim dari tahun 2006 sehingga 2012. Hasil ramalan
kemudiannya dibandingkan dengan jumlah kes notifikasi sebenar bagi tahun
2013. Model ARMA(1,4) telah memberikan ramalan jangkauan yang baik
dengan 94 peratus kes notifikasi berada dalam 90 peratus selang ramalan
dengan hanya menggunakan data sejarah sahaja.

Kami menganalisis corak temporal dan spatial penyakit HFMD di Sarawak
menggunakan kaedah Sistem Maklumat Geografi (GIS). Kami menilai potensi
pengelompokan dalam kes notifikasi penyakit HFMD dari segi bahagian-
bahagian dalam negeri Sarawak menggunakan pendekatan pemetaan
'choropleth' dan interpolasi spatial. Kami juga menganalisis kesan kedudukan
kawasan yang boleh menunjukkan risiko yang tinggi atau rendah penyakit
HFMD melalui kes notifikasi dan juga bahagian bandar dan luar bandar. Hasil
kajian menunjukkan bahawa autokorelasi spatial wujud diantara bahagian
ketika tahun yang berlakunya wabak (2012). Walaubagaimanapun,
pengelompokan di bahagian pusat bandar negeri dapat dilihat secara visual
melalui kes notifikasi penyakit HFMD pada tahun 2009. Disamping itu juga,
bahagian-bahagian bandar di Sarawak adalah berisiko tinggi ketika tahun yang
berlakunya wabak.

Kajian ini turut memberikan maklumat yang berharga mengenai penyakit
HFMD dari segi epidemiologi, trend dan corak di Sarawak yang mana dapat
membantu dalam menangani penyakit ini. Tambahan lagi, melalui kajian ini,
terdapat banyak bidang-bidang kajian baru telah dikenalpasti dan cadangan
yang membangun dalam meningkatkan pengawasan penyakit HFMD,
pencegahan dan kawalan penyakit ini di Malaysia.
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CHAPTER 1

GENERAL INTRODUCTION

1.1 Preface

This chapter gives an introduction to the Hand, Foot and Mouth Disease
(HFMD), risk and the epidemiological aspects of HFMD. This chapter also
includes the problem statement, objectives and the significance of the study.
The outline of the overall thesis is given in the last section of this chapter.

1.2 Epidemiology of HFMD

1.2.1 Global situation

The definition of Hand, Foot and Mouth Disease (HFMD) according to the
National Center for Immunization and Respiratory Diseases, Centers for
Disease Control and Prevention (CDC) Atlanta is 'a common viral illness that
usually affects infants and children younger than 5 years old' (CDC, 2015).
According to World Health Organization (WHO), HFMD is prevalent in many
Asian countries and everyone is susceptible including the adults (WHO, 2012).
Recently, HFMD outbreaks occurred more in Asian countries such as China,
Hong Kong (China), Japan, Thailand, Republic of Korea, Singapore, Taiwan,
Vietnam and Malaysia with a large number of reported cases (WHO, 2012).
Figure 1.1 shows the major outbreaks of HFMD that occurred in Southeast
Asian countries according to year and the number of reported cases. It is seen
that Thailand experienced major outbreak with more than 13,000 reported
cases for the first six months in year 2012.

Most of the Western Pacific Region countries update and report the number of
HFMD cases of their respective countries to WHO. These information will then
be compiled and translated to the surveillance summary biweekly report where
the graphical display of the case counts and the trend of HFMD by each
country in the region is given. The reported number of HFMD cases and death
in the region for 2016 is summarized in Table 1.1 (WPRO, 2016).
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Table 1.1: Reported number of HFMD cases and death
Region Reported cases Reported deaths
China 1,620,670 151
Japan 21,512 NA
Macau 2,577 NA
Singapore 29,009 NA
Vietnam 20,438 0

*NA=Not available

The information on the descriptive epidemiology of HFMD outside Western
Pacific Region countries are lacking and limited. However, countries such as
Bulgaria, Hungary and Australia had reported on HFMD cases that occurred in
their country. Bulgaria experienced EV71 outbreaks in 1975 and Hungary in
1978 with few fatal cases. During the summer season of 2000 to 2001, HFMD
outbreak has occurred in Sydney where 200 children were suspected to have
been infected by EV71 virus (WPRO, 2012).

2
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Figure 1.1: Major outbreaks of HFMD in Southeast Asia
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1.2.2 Situation in Malaysia

HFMD is a non-zoonotic disease which is managed by the Zoonosis Sector,
Disease Control Division in Ministry of Health Malaysia. HFMD in Malaysia is
notifiable under the PCID Act 1988. Malaysia experienced the first HFMD
outbreak in 1997 in Sarawak with 889 children were hospitalized. During the
outbreak, 31 children aged between 5 months to 6 years old died of rapidly
progressive cardiorespiratory failure (WPRO, 2012). The ratio of male to
female is 1.9:1. According to Health Facts Malaysia from year 2002 to 2015,
the national incidence rate of HFMD shows a huge increment from 10.58 cases
per 100,000 population in 2002 to 74.09 cases in 2015. Similarly, the mortality
rate also shows a cyclical trend from 2002 to 2008 and remain with no death
cases per 100,000 population since 2009. In 2012, HFMD cases had the
highest incidence rate which reached to 117.66 cases per 100,000 population.
This values were clearly seen in Figure 1.2.

c 140 0.1 c
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0.
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Figure 1.2: HFMD incidence rate and mortality rate for year 2002 to 2015
in Malaysia

Podin et. AI (2006) did a study from March 1998 to June 2005 where 2,950
children with EV71 in Sarawak participated in the study. From this number,
male to female ratio is 1.3:1. A clinical research done by Hooi et.al (2002)
initiated 467 patients of HFMD from May 1997 to June 2001. Majority (87.8%)
of the patients are children with age of 4 years and below. Among this age
group, children aged 1 to 2 years old is 52%. Hence, it can be concluded that
the age group of children between 1 to 2 years old are the most affected group

4
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for HFMD in Peninsular Malaysia during the outbreak. Furthermore, the ratio of
male to female is 1.81 :1. This study also observed the ethnic groups of the
HFMD patients where Malays rise at 61.9% followed by Chinese (31.9%),
Indian (3.6%) and other races (2.6%). However, this study remarked that both
gender and ethnic shows no significant difference in the isolation rate at p-
value of 0.8247 and 0.9189 respectively.

Table 1.2 compiled the cumulative number of HFMD notified cases in Malaysia
according to the state (MOH, 2013; DGMOH, 2016). Sarawak stood up with the
highest number of HFMD cases in 2012 while Perlis had the lowest with 137
cases. However, in 2016 HFMD in Selangor was recorded as the highest with
7,471 notified cases followed by Sarawak which recorded the second highest
with 3,007 cases. The table also shows that there were few states with less
than 500 cases such as Kelantan, Pahang, Perlis, Terengganu and Wilayah
Persekutuan Labuan.

Table 1.2: Total number of HFMD notified cases in Malaysia by state at
respective week and year

Epid Week Epid Week
No. State 1 to 23, 1 to 31,

2012 2016
Johor 1,624 2,294

2 Kedah 606 641

3 Kelantan 1,215 NA*

4 Melaka 584 1,198

5 Negeri Sembilan 552 889

6 Pahang 258 NA*

7 Perak 862 1,361

8 Perlis 137 NA*

9 Penang 818 1,357

10 Sabah 1,031 1,535

11 Sarawak 7,354 3,007

12 Selangor 4,559 7,471

13 Terengganu 233 NA*

14 Wilayah Persekutuan Kuala Lumpur 1,774 2,084

15 Wilayah Persekutuan Labuan 343 NA*

NA = State with HFMD cases less than 500

The sentinel surveillance programme has been conducted by Zoonosis Sector,
Disease Control Division in Ministry of Health Malaysia to record
epidemiological HFMD data. As for Sarawak, the informations were reported on
weekly basis at divisions level in the Sarawak Weekly Epid News since the first
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outbreak in 1997. Sarawak State Health Department (SSHD) carried out few
activities with specific purpose to reduce the HFMD transmission in the state
where every department was involved in advising the operators of child care
centers and kindergartens and parents to carry out cleaning, disinfection of
their premises, furniture, equipment, toys and take the children to the doctor
immediately. The SSHD also helps to educate members of the society by
distributing HFMD pamphlets and carry out radio talks in various languages
such as Bahasa Melayu, English, Mandarin, Iban and Bidayuh for state-wide
broadcast on HFMD. Beside, the enforcement of legislation to the state-wide
closure of all child care centers or kindergartens was announced by the
Minister of Health Malaysia on March 2006. From Table 1.2, it shows that all
states recorded an increase in the number of notified cases from year 2012 to
2016 except for Sarawak. It is assumed that those activities taken by SSHD
helps in order to reduce and control HFMD cases while the department
regularly monitor and take precautions to contain the disease.

Figure 1.3 shows that a total of 101,070 HFMD notifications have been
identified in Sarawak, Malaysia from the first outbreak, 1997 to July 2013.
Sarawak experienced more outbreaks that peaked in 2006 with 14,875 cases
whereas in 2008 and 2009 with 10,435 and 9,655 cases respectively whilst in
2012 with 13,495 notified HFMD cases.
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Figure 1.3: HFMD case notification from 1997 to 2013 in Sarawak,
Malaysia
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1.3 Problem Statement

Population data of China for year 2011 showed that the annual cost related to
HFMD is more than US$7.66 million for a population of 1.42 million children
aged below 9 years with an average cost of US$208.2 per case (Wang et al.,
2016). In overall, 97% of all of the HFMD-related expenses were paid for by the
families creating a considerable economic burden. Even though the burden of
HFMD in Malaysia is unknown (MOH, 2007), HFMD has been ranked among
the top five contributors to the burden of communicable and non-communicable
diseases in Malaysia (WHO, 2013). Hence, a study on HFMD in Malaysia is
crucial.

Although various measures have been taken to contain the disease and reduce
the spread of this infection, there seems to be an increase in the number of
reported cases every year not forgetting the outbreak that occurred few times
especially in Sarawak. This is an issue which could cause social and economic
problem if not addressed. Therefore, we carry out this study to address this
problem. Besides, at the very best of our knowledge, there have been many
studies of HFMD in Malaysia which focussed on the clinical aspects of the
disease but limited number on application of methods to analyse the data and
provide effective measures to curb the disease. It is hoped that this study will
provide information in suggesting effective measures to reduce HFMD
transmission generally in Malaysia.

1.4 Objectives

1.4.1 General objective

The general objective of this study is to study the epidemiological aspects of
HFMD in Sarawak. Malaysia and to provide beneficial information based on the
analysis of the data in order to reduce the spread of HFMD in Malaysia. The
more specific objectives are as given below.

1.4.2 Specific objectives

More specifically, in this study we
1. characterize the HFMD epidemic and its epidemiological features in

Sarawak, Malaysia;
2. observe the effect of non-random mixing patterns of HFMD notified

cases in Sarawak, Malaysia;
3. obtain appropriate time series model and forecast future HFMD

outbreaks in Sarawak, Malaysia;
4. observe the impact of climate factors on HFMD in Sarawak, Malaysia;
5. analyze spatial and temporal patterns of HFMD in Sarawak, Malaysia;
6. provide recommendations for future HFMD surveillance and control

programme in Sarawak. Malaysia.
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1.5 Significance of The Study

To the best of our knowledge, this is the first study on epidemiological aspects
of HFMD carried out using a rather different approach based mainly on
statistical and GIS tools focusing on the state of Sarawak, Malaysia. We hope
that this study will benefit the health policy makers especially the state health
department surveillance team in order to take relevant action to manage and
contain the spread of HFMD in Sarawak, Malaysia.

1.6 Thesis Outline

We summarize the chapters of this thesis as follows.

In chapter 2, the literature review regarding HFMD is presented. It provides a
historical background of the re-emergence of HFMD, the signs and symptoms,
causes and disease transmission, prevention and treatment, HFMD viruses,
the infection, risk factor, surveillance and control, vaccination and lastly the
monitoring of HFMD. Chapter 3 discusses in detail the materials and methods
used to analyze HFMD dataset throughout the study which includes research
area, data sources, data preparation, contact patterns, the correlation matrix,
time series and spatial data analysis.

While in chapter 4, we present the results on the effect of mixing pattern of
specific age group of individuals on HFMD in Sarawak by specifically
considering non-random mixing in the population, time series model and the
effects of weather factors of HFMD in Sarawak and later we perform the spatial
patterns of the disease. It is hoped that with all the results that we obtain, it will
help the health authorities to prioritize the vulnerable group and specific area
timely for any future outbreak of the disease.

The discussion and summary of the study are presented in chapter 5. Lastly,
we suggest for future works and recommendations in chapter 6.

1.7 Conclusion

Each individual in Malaysia especially in Sarawak are susceptible to HFMD
regardless the age. However, infants and children are the most susceptible age
group which will get infected by the virus. HFMD guidelines has been initiated
by Ministry of Health (MOH) Malaysia to help health personnels and authorities
in order to get them prepared when the disease outbreak occur in the future.
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