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Leptospirosis is a neglected zoonotic disease that is transmitted worldwide and the
number of cases has been severely increasing annually. In Malaysia, recreational
forests are categorized as one of the important hotspots of leptospirosis outbreaks.
The transmission cycle of leptospirosis involves a complex interaction between
animal reservoirs, environment and human. Small mammals, specifically rodents, are
chronic carriers of Leptospira that act as a core transmitter of this disease to the
environment and humans. Previous studies reported the presence of pathogenic
Leptospira spp. in water samples obtained from selected recreational forests of
Terengganu. However, there is a lack of information on the prevalence of pathogenic
Leptospira spp. in non-volant small mammals that act as the main host of leptospires.
Other than that, the increase in leptospirosis cases is also due to lack of knowledge
and awareness about this disease, especially among the high-risk groupsHence, this
study aimed to determine (i) the diversity and species composition of non-volant
small mammals, (ii) the prevalence of pathogenic Leptospira spp. in non-volant
small mammals, (iii) to determine the knowledge, attitude and practices (KAP)
related to leptospirosis among visitors at Sekayu Recreational Forest, Terengganu
and (iv) to examine the socio-demographic characteristic that influenced
leptospirosis prevention practices among visitors at Sekayu Recreational Forest,

Terengganu.



Trappings of non-volant small mammal were performed for over ten trapping
sessions (3, 000 trapping efforts) between September 2019 and October 2020
for three consecutive nights for each session. Kidney samples from captured
individuals were harvested and extracted for PCR detection of pathogenic
Leptospira spp. . Overall, 45 individuals from eight species were captured
with a 1.56% successful trapping effort. Rattus tiomanicus was the most
dominant captured species (n = 22), followed by Tupaia glis (n = 10). Out of
45 individuals captured and screened, nine (n = 9/45, 20% prevalence rate) of
them were tested positive for pathogenic Leptospira which include four
species of rodents and one species of tree shrew. Also, we recorded a 100%
pathogenic Leptospira infestation rate in the captured Maxomys whiteheadi,
50% in Sundamys muelleri, while Maxomys rajah, T. glis and R. tiomanicus
had 25%, 20% and 18.2% infestation rate respectively. Then, a cross-
sectional study was conducted among 300 respondents using printed
questionnaire in order to determine the KAP and factors that influenced their
prevention practices. Based on social surveys, majority of respondents had
moderate knowledge (51%), positive attitudes and good prevention practices
(68%) on leptospirosis. The final regression model indicates that female
respondents were more likely having higher knowledge score (OR = 1.07,
95% CI = 1.01-1.15) and practice scores (OR = 1.24, 95% CI = 1.11-1.38)
compared to male respondents. Moreover, respondents with higher
knowledge score (OR = 1.01, 95% CI = 1.00-1.03) had higher practice score
compared to respondents with lower knowledge score. Perhaps, the present
finding provides useful information on potential hosts of the pathogenic
Leptospira spp. among the non-volant small mammals. It is important to
increase knowledge among visitors in order to prevent potential outbreaks of
leptospirosis in the recreational areas.
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Leptospirosis adalah penyakit zoonotik yang diabaikan yang menular di seluruh
dunia dan jumlah kesnya meningkat setiap tahun. Di Malaysia, hutan rekreasi
dikategorikan sebagai salah satu kawasan penting penularan wabak leptospirosis.
Kitaran penularan leptospirosis melibatkan interaksi yang kompleks antara takungan
haiwan, persekitaran dan manusia. Mamalia kecil, khususnya tikus, adalah pembawa
kronik Leptospira yang bertindak sebagai pembawa utama penyakit ini ke alam
sekitar dan manusia. Kajian terdahulu melaporkan adanya patogen Leptospira spp.
dalam sampel air yang diperoleh dari hutan rekreasi terpilih di Terengganu. Walau
bagaimanapun, terdapat kekurangan maklumat mengenai berlakunya patogen
Leptospira spp. pada mamalia kecil tidak volan yang bertindak sebagai pembawa
utama leptospires. Selain itu, peningkatan kes leptospirosis juga disebabkan oleh
kurangnya pengetahuan dan kesedaran mengenai penyakit ini, terutama di kalangan
kumpulan berisiko tinggi. Oleh itu, kajian ini bertujuan untuk menentukan (i)
kepelbagaian dan komposisi spesies mamalia kecil tidak volan, (ii) kehadiran
patogen Leptospira spp. pada mamalia kecil yang tidak volan, (iii) untuk menentukan
pengetahuan, sikap dan amalan (KAP) yang berkaitan dengan leptospirosis di
kalangan pengunjung di Hutan Lipur Sekayu, Terengganu dan (iv) untuk mengkaji
ciri sosio-demografi yang mempengaruhi amalan pencegahan leptospirosis di

kalangan pengunjung di Hutan Lipur Sekayu, Terengganu. Perangkap mamalia kecil
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tidak volan dilakukan selama lebih dari sepuluh sesi memerangkap (3, 000 usaha
memerangkap) antara September 2019 dan Oktober 2020 selama tiga malam
berturut-turut untuk setiap sesi. Sampel ginjal dari individu yang ditangkap diambil
dan diekstraksi untuk pengesanan PCR patogen Leptospira spp. . Secara keseluruhan,
45 individu dari lapan spesies ditangkap dengan usaha perangkap 1.56% yang
berjaya. Rattus tiomanicus adalah spesies yang paling banyak ditangkap (n = 22),
diikuti oleh Tupaia glis (n = 10). Daripada 45 individu yang ditangkap dan disaring,
sembilan (n = 9/45, kadar prevalensi 20%) dari mereka diuji positif untuk Leptospira
patogen yang merangkumi empat spesies tikus dan satu spesies tupai. Juga, kami
mencatatkan kadar jangkitan Leptospira patogen 100% di Maxomys whiteheadi yang
ditangkap, 50% di Sundamys muelleri, sementara Maxomys rajah, T. glis dan R.
tiomanicus masing-masing mempunyai kadar jangkitan 25%, 20% dan 18.2%.
Kemudian, kajian keratan rentas dilakukan di antara 300 responden menggunakan
soal selidik bercetak untuk menentukan KAP dan faktor-faktor yang mempengaruhi
amalan pencegahan mereka. Berdasarkan tinjauan sosial, majoriti responden
mempunyai pengetahuan sederhana (51%), sikap positif dan amalan pencegahan
yang baik (68%) mengenai leptospirosis. Model regresi akhir menunjukkan bahawa
responden wanita lebih cenderung mempunyai skor pengetahuan yang lebih tinggi
(OR =1.07, 95% CI = 1.01-1.15) dan skor latihan (OR = 1.24, 95% CI = 1.11-1.38)
berbanding dengan responden lelaki. Lebih-lebih lagi, responden dengan skor
pengetahuan yang lebih tinggi (OR = 1.01, 95% CI = 1.00-1.03) mempunyai skor
latihan yang lebih tinggi berbanding dengan responden dengan skor pengetahuan
yang lebih rendah. Mungkin, penemuan ini memberikan maklumat berguna
mengenai potensi pembawa Leptospira spp patogen. antara mamalia kecil tidak
volan. Penting untuk meningkatkan pengetahuan di kalangan pengunjung untuk

mencegah kemungkinan wabak leptospirosis di kawasan rekreasi.
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CHAPTER 1

INTRODUCTION

1.1  Background of Study

Leptospirosis disease was first discovered by Adolf Weil in 1886 and the
term ‘Weil’s disease’ was coined a year later and has become synonym with
leptospirosis (Alston et al.,, 1958). Inada (1915) obtained the first isolate of
Leptospira from a patient suffering from Weil's disease, strain Ictero No.1 of serovar
Icterohaemorrhagiae (Spirochaeta icterohaemorrhagiae japonica). Since then,
approximately 60 non-pathogenic saprophytic serovars and 268 pathogenic serovars
have been discovered (Johnson & Faine, 1984). This disease is a global bacterial
infection caused by Leptospira species that occur all over the countries, including
Malaysia (Sharma, 2008). In Malaysia, the first case of leptospirosis was
documented in 1925 where the human death was recorded due to the pathogenic
Leptospira icterohaemorrhagiae infection (El-Jalii & Bahaman, 2004). There has
been a dramatic increase in reported cases over the last decade, with a few disease
outbreaks attributed to outdoor recreational activities, flooding, and devastating
incidents (Sapian et al., 2012; Lim, 2011). Since then, leptospirosis disease is
becoming more common in Malaysia, and it was designated as a re-emerging disease
in 2010 (Benacer et al., 2016).



Leptospirosis is commonly occurred in tropics and subtropics regions
(Hartskeerl, 2006). Malaysia is one of the tropical countries with extensive diversity
of fauna including small mammals (Francis, 2008). However, small mammal
especially rodents have been associated with many zoonotic diseases including
leptospirosis and toxoplasmosis. Rodents are considered as a main carrier of
leptospires and the major source of infections to animals and humans (Priya et al.,
2007).

In Malaysia, recreational forests are categorized as one of the important
hotspots of leptospirosis outbreaks. However, there is paucity of information on the
animal reservoirs that are responsible for leptospirosis transmission, with only few
studies focusing on leptospirosis risk in recreational areas. Terengganu have several
well-known recreational areas, such as Sekayu Recreational Forest, Lata Belatan,
Lata Tembakah and Kenyir Lake. According to the Ministry of Health Malaysia
(2015), the recreational forests in Terengganu were categorized as one of the
important hotspots of leptospirosis outbreaks. Previous study reported the presence
of pathogenic Leptospira spp. in water samples obtained from selected recreational
forests of Terengganu. However, there is a lack of information on the prevalence of
pathogenic Leptospira spp. in non-volant small mammals that act as the main host of
leptospires. Despite increasing incidence, this disease is often neglected and there is
still a lack of awareness about this disease, especially among visitors involved in
outdoor activities that are included in high-risk groups. Therefore, the findings of this
study will fill the gaps and will help in prevention measures and forest management

in order to prevent potential outbreak of leptospirosis in the future.



1.2  General Aim, Objectives and Hypothesis of Study

The aim of this study is to commence the following objectives:

1) To determine the diversity and species composition of non-volant small
mammals at Sekayu Recreational Forest, Terengganu

i) To determine the prevalence of pathogenic Leptospira spp. in non-volant
small mammals at Sekayu Recreational Forest, Terengganu.

iii) To determine the knowledge, attitude and practices (KAP) related to
leptospirosis among visitors at Sekayu Recreational Forest, Terengganu.

iv) To examine the socio-demographic characteristic that influenced leptospirosis
prevention practices among visitors at Sekayu Recreational Forest,
Terengganu.

Hypothesis of the study:

)] The diversity and species composition of non-volant small mammal are
varied at Sekayu Recreational Forest.

i) Non-volant small mammal species from Sekayu Recreational Forest,
Terengganu show different potential as host of pathogenic leptospires.

iii) Visitors at Sekayu Recreational Forest, Terengganu show different level of
knowledge, attitude and practice (KAP) related to leptospirosis.

iv) Leptospirosis prevention practices among the visitors in the study area are

significantly related between the socio-demographic factors.



1.3 Thesis Outline

This study consists of five chapters which comprises of two different research
topics which focusing on diversity of non-volant small mammals, potential host of
Leptospira and social survey at Sekayu Recreational Forest, Terengganu. Chapter 1
provides the background of study, objectives and hypothesis of the study. The
general background on small mammals as natural reservoir of leptospires is

presented in this chapter to give some knowledge.

Chapter 2 provides the literature review that consists of several subchapters
that cover all four main objectives in this study. The first subchapters discuss on the
small mammal as the potential host of Leptospira. The second subchapter reviews
the morphology, habitat, and transmission of leptospirosis. The third subchapter
determines the sign and symptom of leptospirosis. The fourth subchapter deliberate
the outbreaks status and the last subchapter discuss on the knowledge, attitude and
practices (KAP).

Chapter 3 focused on diversity of non-volant small mammals at Sekayu
Recreational Forest, Terengganu. In this chapter, the diversity of non-volant small
mammals was determined. Furthermore, this chapter also revealed the potential hosts
of the pathogenic Leptospira among non-volant small mammals at Sekayu

Recreational Forest, Terengganu.

Chapter 4 presented the level of knowledge, attitude and practices among
visitors at Sekayu Recreational Forest regarding the leptospirosis disease. This
chapter revealed the level of knowledge, attitude and practices based on demographic
factors such as age group, gender, level of education and also their monthly income.
The factors that influenced their prevention practices towards leptospirosis also were

determined.



Chapter 5 is a summary of the study and results from previous chapter were
discussed and concluded. The last part of this thesis provides several
recommendations for future research based on the main results and also observation
obtained during this study to improve the management of this disease especially in

recreational areas.



CHAPTER 2

LITERATURE REVIEW

2.1  Small Mammals as Potential Hosts of Leptospira spp.

Malaysia has been recognized as one of the world’s biodiversity hotspots in
tropical region of Southeast Asia based on their richness of plant and animal
diversity (Myers et al., 2000). Approximately 500 species of mammals in Southeast
Asia are currently discovered (Francis, 2008). There are at least more than 50 new
species of small mammals including bats, rodents and insectivores, have been
identified in Southeast Asia (Wilson & Reeder, 2005). Small mammals are defined
as mammal species which is weighing less than five kilograms (Bernard, 2004).
Small mammals such as rats and squirrels are common and abundant, most of them
can be found in lowland rainforest of Malaysia. Small mammals play some important
roles in tropical forest ecosystem such as pollinators, carnivorous preys and also act
as the dispersal agents for seeds and spores (Wells & Bagchi, 2005; Acharya, 2001).
Other than that, small mammals are also important as reservoir of pathogenic
diseases such as leptospires (Treml et al., 2012). However, different species of small
mammals carried a different pathogenic leptospiral serovars (Wangroongsarb et al.,
2002).



Bacteria from genus Leptospira was first observed in rats (Inada et al., 1916).
The Leptospira icterohaemorrhagiae bacteria was found in the kidney of the field
rat, Microtus montebelli that can cause infection to human (Ido et al., 1917). Most of
the bacteria from Leptospira genus that were isolated in Malaysia was carried by rats
(Bahaman & Ibrahim, 1988). According to Mohamed-Hassan et al. (2012),
Malaysian Wood Rat (Rattus tiomanicus) caught at National Service Training Centre
(NSTC) in Terengganu and Kelantan was discovered as common species of rats that
carry pathogenic Leptospira spp. Sundamys muelleri and Maxomys rajah were
found to be carrier for Lai and Icterohaemorrhagiae serovars (Thayaparan et al.,
2015). However, leptopires can also be found in other mammalian species such as
cattle, buffaloes, horses, sheep, goat, pigs and dogs (Victoriano et al., 2009). About
31% prevalence rate was found among rats that have been caught in Serdang
residential area (Khairani-Bejo & Oii, 2004). Previous study reported that there were
20 positive cultures from 300 trapped rats and all isolate cultures were pathogenic
(Benacer et al., 2013). This showed that rats and wild rodents are principle source of
Leptospira bacterial infection. These animals can excrete Leptospira in two ways
which are both in active infection and asymptomatic stage. An infected animal that
can spread the disease to others is known as an active carrier and they may or may
not show signs or symptoms of disease. Active carriers, for example, may transmit
the disease throughout the incubation phase (before showing signs and symptoms) or
the convalescence period (after symptoms have subsided). Asymptomatic carriers are
active carriers that do not show signs or symptoms of disease despite infection
(Haake & Levett, 2015).

2.2 Morphology, Habitat and Transmission of Leptospirosis

Leptospires are spiral shaped bacteria that tightly coiled, thin and flexible
with 5-15 pum long (Figure 2.1). They belong to the order of Spirochaetales, family
Leptospiraceae, genus Leptospira. Leptospira is actively motile and bind spirochetes
that share features of both Gram-positive and Gram-negative bacteria (Haake &
Zuckert, 2015). These spiral-shaped bacteria are about 0.1 um in diameter by 6-20
pm in length and can pass through 0.45 pum pore size membrane filters (Levett,

2001). Since the bodies of bacteria have a small diameter, dark field of microscopy



was required for direct visualization of leptospires. The genus Leptospira is divided
into two serological classifications which is Leptospira interrogans comprising all
pathogenic strains and Leptopsira biflexa containing non-pathogenic, saprophytic
strains (WHO, 2007). Mostly the bacteria can be found at the stream, lake, spring,
bog, lake and also marsh. In addition, pathogenic Leptospira survived longer in the

water surface and moist soil.
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Figure 2.1 Scanning of electron micrograph of Leptospira (MOH, 2015).

The maintenance host, carrier hosts, environment and human beings are
basically involved in the transmission cycle of leptospirosis (Waitkins, 1987).
Domestic and wild animals are able to act as reservoir hosts and excrete the
leptospires through the urine, thus contaminating the environment (Faine, 1994).
Rodents play a significant role in transmission. According to WHO (2007),
transmission can be direct, indirect or through droplet infection. Direct transmission
occurs from a direct contact with urine or tissue of infected animals through skin

abrasions and intact mucus membrane. Other modes of transmission, leptospires can



penetrate the human body through the contact between cuts skin with infected soil,
water or vegetation and also ingestion of contaminated food and water. For droplet
infection, it is usually happened via the inhalation of droplets urine or via drinking
water. Besides that, it also can enter directly into the bloodstream or lymphatic
system via conjunctiva, genital tract, nasopharyngeal mucosa and the lungs through
inhalation of contaminated air (Faine, 1994). Leptospires can survive for long period
of time in the environment and possibly grow when the conditions are favorable.
Moisture is one of the important factors of the survival of the leptospires in the
environment. While in human body, leptospires only can survive for a short period
following acute infection. However, the bacteria can survive longer in animal’s body
(Haake & Levett, 2015).

2.3 Sign and Symptoms of Leptospirosis

According to Bharti et al. (2003), the disease can cause a wide range of
adverse symptoms, including high fever, headache, jaundice (yellow skin and eyes),
renal failure, meningitis, hemorrhagic fever, stomach discomfort, and muscular
pains. Furthermore, some infected individuals may show no signs or symptoms at all.
Infected individuals might get unwell from two days to more than four weeks after
contracting the disease. Meanwhile, the serious symptoms of icteric leptospirosis,
which are more severe, will cause other diseases such as renal dysfunction,

haemorrhage, organ failure, or even death (Levett, 2001).

2.4 Leptospirosis Outbreaks Status in Southeast Asia and Malaysia

Leptospirosis has been known to be endemic mainly in Southeast Asian with
humid subtropical and tropical climates. Huge numbers of leptospirosis outbreaks
were reported to spread exceedingly in many part of the world, especially in
Southeast Asian countries such as Philippines and Thailand (Seghal, 2006).

Outbreaks in developing countries are most often associated to normal daily
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activities, over-crowded, poor cleanliness and under certain climatic conditions
(Victoriano et al., 2009). Whereas, infections in developed countries are mainly from
occupational exposure, travel to endemic regions, recreational activities, or
importation of domestic and wild animals (Victoriano et al., 2009). Besides, WHO
(2019) also reported that cyclone in Orissa (1999), flooding in Jakarta (2002),
Mumbai (2005) and Sri Lanka (2008) has been blowout the major outbreaks of
leptospirosis in Southeast Asian countries. Every year, leptospirosis disease was
estimated to be the highest in Southeast Asian countries with large populations such
as India (19.7 cases per 100 000 population) and Indonesia (39.2 cases per 100 000
population) (Costa et al., 2015).

Malaysia is one of the 20 top countries with the highest incidence of
leptospirosis worldwide (Pappas et al., 2008). The leptospirosis incidence rate in
Malaysia was at 13.15 per 100 000 population in 2012 and increased to 15.87 per
100 000 population in 2013 (Tan et al., 2016). In Malaysia, Kelantan state reported
the highest number of cases in 2015 with 1,270, followed by Selangor (879),
Sarawak (513), Kedah (476) and Terengganu with 461 cases (MOH, 2015). High
number of leptospirosis cases was detected in Kelantan from the high incidence of
natural disaster at this state (Radi et al., 2018). The distribution areas of leptospirosis
outbreaks in Malaysia were residential areas (43%) followed by recreational areas
(22%), dope prisoners (21%), forest reserve (7%) and port (7%) (MOH, 2015).
Previous studies showed that the outbreaks of leptospirosis were basically due to
flood, recreational activities, occupational exposure, travel to endemic regions, poor
sanitation and waste disposal (Garba et al., 2017). In Terengganu, recreational areas
such as Lata Belatan and Lata Tembakah were listed as the area contaminated with
pathogenic Leptospira(lsmail et al., 2014). Poor hygienic condition at recreational
area is one of the contribution factor of leptospirosis outbreaks in this area
(Ariyapruchya et al., 2003; Weese et al., 2002).
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2.5 Knowledge, Attitude and Practice (KAP)

Knowledge, attitude, and practices (KAP) research is a descriptive study that
collects information on level of knowledge, skill of practice, and attitude toward a
particular issue using questionnaires and interview methods (WHO, 2008). The
knowledge part of a KAP survey is often used to assess the level of understanding of
public health concepts concerning to the issue. Knowledge is defined as the ability to
gather, use, and learn information. Meanwhile, attitude demonstrates the implications
of responding to a set of circumstances. The last element of KAP is practice, which
illustrates how knowledge and behavior work together (Badran, 1995). According to
Arbiol et al., (2016), leptospirosis prevention practices are strongly linked to socio-
demographic factors, knowledge, and attitude. A better understanding on the impact
of socio-demographic characteristics, knowledge, and attitudes toward leptospirosis
on targeted factors will aid policymakers in developing leptospirosis prevention and
control strategies. In addition, Rani et al. (2014) suggested that determination of
human knowledge, attitude, and practice (KAP) should be conducted for better
understanding of these characteristics especially in the high-risk groups. The results
from KAP survey also will provide valuable information that will assist the health
professional in better determining the appropriate intervention strategies for the

prevention of this disease.



CHAPTER 3

DIVERSITY AND PREVALENCE OF PATHOGENIC Leptospira SPP. IN
NON-VOLANT SMALL MAMMALS OF SEKAYU RECREATIONAL
FOREST, TERENGGANU

3.1 INTRODUCTION

The Southeast Asia rainforests are earth’s oldest with a countless biodiversity
of living ecosystem (Gentry, 1992). Majority of rainforests in Southeast Asia region
are considered as world’s biodiversity hotspot including Malaysia with huge number
of endemic species (Myers et al., 2000). As one of the world’s twelve most
biologically diverse countries (Nazir Khan & Mohd Yunus, 2007), Malaysia’s forest
support extensive diversity of fauna such as insects, birds, reptiles, amphibians, fish
and mammals. The diversity of mammals in the Malaysian region is quite significant
with approximately 440 species and 15% (66 species) endemic to Malaysia (DWNP,
2016). Mammals that weigh less than 5 kg are classified as small mammals and are
divided into two categories; volant and non-volant small mammals that depends on
their ability to fly (Munian et al., 2020). There are approximately 185 species of non-
volant small mammals in Southeast Asia from different families such as Muridae
(rats and mice), Tupaiidae (tree shrew), Sciuridae (squirrels) and Erinaceidae
(moonrats). Previous studies have shown that about 62 species are endemic and 123
non-endemic in Asia (Payne et al., 1998; Molur et al., 2005; Francis & Barret, 2008).
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Non-volant small mammals such as rodents and shrews are the common
species that play a significant role in many ecosystems mainly in tropical rainforest.
Small mammals maintain the balance of the ecosystem by foraging on insects and aid
in the subsequent dispersal of seeds (Gomez et al., 2008; Zwolak et al., 2010). They
also serve as crucial food sources for many medium-sized mammalian predators,
raptors and snakes, thus contributing towards the maintenance of the food web (Ofori
et al., 2015). For highly mobile small mammals such as rodents and insectivores,
their distribution is highly depending on the altitude and vegetation types as well as
human disturbance (Liu et al., 2008). Some species of small mammals are
specialist’s species sensitive toward changes around their environment (Malcolm &

Ray., 2000).

However, few species of small mammals are of public health and agriculture
importance that are carriers of zoonotic diseases (Arbiol et al., 2016). Rats are
reservoirs of important zoonotic diseases, including leptospirosis and toxoplasmosis,
thereby causing significant economic loss (Thayaparan et al., 2013; Costa et al.,
2014; Battersby, 2015). Throughout the history, rodents are considered as the main
host of leptospires bacteria and major source of human infections (Mohamed-Hassan
etal., 2012; Haake & Levett, 2015; Loan et al., 2015). Pathogenic Leptospira species
are the causative agents of leptospirosis that can cause infection to human (Faine et
al.,1999; Levett, 2001). Johnson and Faine (1984) identified about 268 pathogenic
serovars and over 60 non-pathogenic or saprophytic serovars. All pathogenic strains
of spirochetal bacteria belong to the Leptospira interrogans (Faine & Stallman,
1982; Johnson & Faine, 1984). However, Trueba et al. (2004) reported that a few
pathogenic strains such as L. interrogans can survive in moist soil and fresh water

characterized as low-nutrient environments for long periods.

Leptospirosis outbreak usually occurred in tropical region as this region
provides favorable condition for the survival of leptospires (Haake & Levett, 2015).
Normally, exposure of pathogenic Leptospira depends on the contact between
humans with infected animals or contaminated environments (Hagan et al., 2016).

On the other hand, leptospirosis is commonly associated with individuals that
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involved in outdoor recreational activities (Thayaparan et al., 2013). Although, the
presence of pathogenic Leptospira spp. in water samples obtained from selected
recreational areas of Terengganu has been reported by Ismail et al. (2014), however
there is still lack of information on the diversity and prevalence of pathogenic
Leptospira spp. in non-volant small mammals in Terengganu. Previous studies on
prevalence of pathogenic Leptospira in small mammals that have been conducted in
Malaysia have focused at urban area that have a high population density of living
environments (Neela, 2020; Yusof et al., 2019; Blasdell et al., 2019; Pui et al., 2017,
Benacer et al., 2013), oil palm plantation (Bilung et al., 2018, Mohamed-Hassan et
al., 2012) and suburban areas (Yusof et al., 2019; Suut et al., 2018; Mohamed-
Hassan et al., 2012). Yet, there are no studies on prevalence of Leptospira in small

mammals conducted in recreational areas.

3.1.1 Objectives and Hypothesis

The aims of this study are:

i To determine the diversity and species composition of non-volant small
mammals at Sekayu Recreational Forest, Terengganu.
ii. To determine the prevalence of pathogenic Leptospira spp. in non-volant

small mammals at Sekayu Recreational Forest, Terengganu.

Hypothesis of the study:

)] The diversity and species composition of non-volant small mammal
are varied at Sekayu Recreational Forest.

i) Non-volant small mammal species from Sekayu Recreational Forest,
Terengganu show different potential as host of pathogenic

leptospires
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3.2 METHODOLOGY

3.2.1 Study Area

The study was carried out from September 2019 until October 2020 at
Sekayu Recreational Forest, Terengganu. This recreational area (N04° 57.85' E102°
56.71") is located to the south of the biggest man-made lake in Southeast Asia,
Kenyir lake and to the southeast of the well-establish National Park (Bhuiyan et al.,
2015). This area is the most well-known recreational forest in Kuala Berang, Hulu
Terengganu (Figure 3.1). This recreational forest consists of seven cascades
waterfalls with high diversity of dipterocarp species, which makes this area popular
and valuable (Siwar et al., 2011).

3.2.2 Ethical Approval

The approval to conduct this study was obtained from the Ethical Review
Committee Board of the Universiti Malaysia Terengganu with reference number
UMT/JKEPHT/2019/30.
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Terengganu; (B) Location of the trapping sites where non-volant small mammals were captured.
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3.2.3 Sampling Technique

3.2.3.1 Small Mammals Trapping

Trappings of non-volant small mammal were performed for over ten trapping
sessions between September 2019 and October 2020 for three consecutive nights for
each session. A total of 100 cage traps (25 cm x 15 cm x 12 cm) were set up
randomly to capture non-volant small mammals (Figure 3.2). The traps were placed
along the river, outside and inside bushes, around fish pond and also under the chalet.
Traps were checked once a day in the morning between 7:00 am until 10:00 am. All
traps were positioned 5 m apart and several types of baits were used such as ripe
bananas, sweet potatoes with peanut butter and oil palm fruits. Baits were replaced
each day to maintain the freshness of the baits. The captured animals were
transported to the field station for examination and identification process (Figure
3.3).

Figure 3.2 A total of 100 cage traps (25 cm x 15 cm x 12 cm) were setup randomly to
capture non-volant small mammals in study area
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Figure 3.3 All of the captured animals were transported to the field station for

examination and identification process.
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3.2.3.2 Identification of Species

All captured non-volant small mammals were identified in the field during
sampling period using description provided in the book of “A Field Guide to the
Mammals of South-East Asia” by Francis (2008). Other than weight (in grams), sex,
body measurements such as head-body, ear, hind foot and tail lengths were recorded
to the nearest millimeters (mm) by using ruler or measuring tape (Figure 3.4). Digital
scale was used to weigh each of the captured individuals and their gender were
identified by looking at the anus (presence of testicles represents male rats). Then,
selected individuals for dissection were separated from the other individuals to

minimize stress among individuals.

Figure 3.4 The measurements of non-volant small mammal (modified from Francis,
2008).
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3.2.4 Kidney Harvesting

The captured animals were euthanized using diethyl ether and processed for
kidney harvesting by using dissecting kit (Stainless steel Gold Cross dissecting set).
Kidney from individual animal was placed in a sterile specimen container and stored
in Panasonic Ultra-Low Freezer -86°C for further investigation procedure. The

carcasses were then incinerated.

3.2.5 DNA Extraction from Kidney Tissue

DNA extraction procedure was performed on all kidney samples as described
in the technical manual for genomic DNA purification/Extraction Kit which is
commercially available; QIAmp DNeasy Blood and Tissue Kit and Maxwell®
System (Qiagen, Valencia, California, US). Before DNA extraction procedure,
kidney samples were washed with phosphate buffered saline (PBS) (1 x, pH 7)
solution to reduce any bacterial contaminants. A small piece of kidney tissue was cut
(25 mg) using sterile scalpel on the sterile waxing tray. The small tissue was then
placed into 1.5 ml microcentrifuge tube containing 180 ul Buffer ATL and 20 pl
proteinase K to break the cell membrane and release the DNA into the solution. The
solution was mixed by vortexing the tube. Then, the tube was incubated at 56°C until
completely lysed.
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A 200 pl Buffer AL was then added and the samples were incubated at 56°C
for only ten minutes. A volume of 200 pl ethanol (96-100%) were added to enhance
the binding of DNA to silica. The precipitated DNA was filtered through DNeasy
mini spin column by centrifugation for one minute at 8000 rpm. The flow-through
then were discard and the filtered DNA were placed in the new spin column with 500
pl AW1 and AW?2 buffer provided in the kit. The flow through and collection tube
was removed after three minutes of centrifuge at 14000 rpm. DNA was eluted in the
new 2 ml microcentrifuge tube with 100 pl Buffer AE. The quality and the quantity
of the DNA were measured and recorded using Nanodrop™ 1000 (Thermo
Scientific, USA).

3.2.6 PCR Detection of Pathogenic Leptospira spp.

The DNA of Leptospira used in PCR analysis was standardized at 20 ng/ul.
LipL32 primer set was used to detect the presence of pathogenic Leptospira spp.
DNA with forward sequence of LipL32 -45F 5° -AAG CAT TAC CGC TTG TGG
TG -3’ and reverse sequence of LipL32 -286R 5° -GAA CTC CCA TTT CAG CGA
TT -3’ (Stoddard et al., 2009).

The positive and negative controls were included in each PCR run. DNA of
pathogenic Leptospira, L. interrogans serovar Copenhageni was used as the positive
control whereas distilled water was used as the negative control. Amplification of the
DNA was conducted in a total volume of 25 ul consisting of 12.5 ul ready to use
Mastermix (Light cycler® 480 Probes Master Roche, USA), 1 ul forward and 1 pl
reverse primer and 0.5 ul probe at a concentration of 10 uM, and diluted to a final
volume of distilled water and 5 pl DNA template. These protocols of amplification

enhanced according to Eppendorf real-time PCR system (Eppendorf realplex 4
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Mastercycler epgradient) consisted of 2 minutes denaturation at 94°C followed by 35
cycles of amplification at 94°C for 3s, 58°C for 15s, 72°C for 1 minute and final
extension at 72°C for 10 minutes. Afterward, the reaction was stopped at 4°C. The
result of the data was analyzed using the software provided by real-time PCR system
(Eppendorf realplex 2.2). Gel electrophoresis in a 1.0% TAE agarose gel stained was
run to analyze the amplification of products. The results are only valid if the positive
and negative controls produce the expected results. Samples were interpreted as
positive for pathogenic Leptospira spp. if a band corresponding to 242 base-pair (bp)
was obtained, while samples with no band was interpreted negative and 16s rRNA
was performed for positive samples to identify Leptospira species.

3.2.7 Data Analysis

Diversity indices were analyzed using Paleontological Statistic (PAST)
software version 4.0 (dyvind Hammer, Natural History Museum, University of Oslo)
to describe the species diversity of non-volant small mammals in Sekayu
Recreational Forest, Terengganu. Shannon Index (H’) and Simpson Index (1-D) were
used to determine the diversity of species by calculating their ecological indices.
Margalef and Menhinick indices were used to calculate the species richness. In
addition, Shannon-Weiner index criteria (Shannon, 1984) was used to define the
level of species diversity (Table 3.1). Besides, rank abundance curve was used to
show species abundance with the slope of the graph indicating the level of species
evenness. Species accumulation curve (SAC) was constructed using EcoSim 700
(Entsminger, 2012) to estimate the number of species in a specific area and to
determine the sufficiency of the sampling effort (Colwell et al., 2004). Fisher Exact
Test for small samples in SPSS version 20 (SPSS Inc. Chicago, IL, USA) was used
to determine the significant association between Leptospira positive individuals and

species, age and sex.



Table 3.1 Shannon-Weiner Index criteria (Shannon, 1984).
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Species diversity (H’)

Evenness index (J°)

Richness index (D)

H’ <1 a low level of species

diversity

J’ <0.4 low evenness

D < 1.5 alow level of

species richness

1 <H’ <3 a moderate level

of species diversity

0.4 <J’ <0.6 moderate

evenness

1.5> D >4 a moderate level

of species richness

H’ 3 indicates a high level of

species diversity

J> > 0.6 high evenness

D > 4 a high level of species

richness




24

3.3 RESULTS

3.3.1 Species Composition of Non-Volant Small Mammals

A total of 45 individuals from eight species that comprised of 30 individuals
of rats, 10 tree shrews and five squirrels were successfully captured throughout 10
sampling sessions. The captured non-volant small mammals belong to two orders
(Rodentia and Scandentia) and three families (Tupaiidae, Muridae and Sciuridae).
Approximately, 30 (67%) of the captured individuals were from family Muridae
followed by Tupaiidae, 10 (22%) and Sciuridae, 5 (11%) (Figure 3.5).

® Tupaiidae
= Munidae

= Sciunidae

Figure 3.5 Abundance of non-volant small mammals according to family.

Family Muridae was documented as the most abundance which consists of
five species i.e., Rattus tiomanicus, Rattus rattus, Maxomys rajah, Maxomys
whiteheadi and Sundamys muelleri (Table 3.2). However, family Tupaiidae shows

the lowest number of species captured with only one species, namely Tupaia glis.
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Two species of the captured rats (M. rajah and M. whiteheadi) are listed as
vulnerable (VU) under IUCN Red List and the others are listed as least concern (LC).

Table 3.2 Checklist of non-volant small mammal species recorded at Sekayu

Recreational Forest.

S Total
_ Scientific Common o
Order Family IUCN individuals
name name
(N)
) N o Common
Scandentia Tupaiidae Tupaia glis LC 10
Treeshrew
] ) Rattus Malaysian
Rodentia  Muridae ] ] LC 22
tiomanicus Wood Rat
Rattus rattus Black rat LC 1
) Rajah spiny
Maxomys rajah VU 4
rat
Maxomys Whitehead’s
. . . VU 1
whiteheadi spiny rat
Sundamys Muller’s giant
_ LC 2
muelleri sunda rat
o Collasciurus Plaintain
Sciuridae _ LC 4
notatus squirrel
Sundasciurus Slender
_ _ LC 1
tenuis squirrel
Total individuals 45

A total of 45 individuals of non-volant small mammals consist of 21 (46.7%)

males and 24 (53.3%) females were captured from Sekayu Recreational Forest. Adult

small mammals (n= 41, 91.1%) formed a major proportion compared to juvenile

small mammals (n= 4, 8.9%) (Table 3.3).



26

Table 3.3 Composition of small mammals according to sex and age.

Sex Age
No. of
Species sample
(%) Male Female Adult Juvenile

Tupaia glis 10(22.2) 8 2 10 0
Rattus 22(48.9) 9 13 20 2
tiomanicus
Rattus rattus 1(2.2) 0 1 1 0
Maxomys rajah 4(8.9) 0 4 3 1
Maxomys 1(2.2) 0 1 0 1
whiteheadi
Sundamys 2(4.4) 0 2 2 0
muelleri
Collasciurus 4(8.9) 3 1 4 0
notatus
Sundaciurus 1(2.2) 1 0 1 0
tenuis
No of animals 45(100) 21(46.7)  24(53.3) 41(91.1) 4(8.9)
(%)

Based on Figure 3.6, R. tiomanicus was the most dominant species (n = 22),
followed by T. glis (n = 10). R. rattus, M. whiteheadi and S. tenuis were the least

abundant species with only one individual respectively.
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Figure 3.6 Rank abundance curves for non-volant small mammal species at Sekayu
Recreational Forest.

The asymptote point showed that the estimated species richness in the study
area was eight. The species accumulation curve in Figure 3.7 showed no levelling off
into an asymptote, thus suggesting that the sampling did not represent the true

species richness of small mammals in this area.

N
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Figure 3.7 Species accumulation curve for non-volant small mammals in Sekayu
Recreational Forest, Terengganu.
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3.3.2 Diversity Indices of Small Mammals

Table 3.4 shows the results of diversity indices that consist of three major
parts which are species diversity, richness and evenness. Based on the Shannon-
Weiner Index criteria (Shannon, 1984), the level of diversity and richness of non-
volant small mammals at Sekayu Recreational Forest are moderate with high level of

Eevenness.

Table 3.4 Diversity indices for non-volant small mammal species in Sekayu
Recreational Forest, Terengganu.

Study site S N H> Category J° Category D’  Category

Sekayu
Recreational 8 45 151 Moderate 0.73 High 1.84  Moderate
Forest

(S) = total number species, (N) = total number individuals, (D’) = species richness
index, (J°) = Evenness index, (H”) = Shannon diversity

3.3.3 Prevalence of Leptospira spp. among Non-Volant Small Mammals

Out of 45 captured individuals captured and screened, nine individuals (20%)
of non-volant small mammals were tested positive for pathogenic Leptospira which
include four species of rodents and one species of tree shrew (Table 3.5). Although
our sample size is small, but we found 100% pathogenic Leptospira infestation rate
in the captured M. whiteheadi and a similar high Leptospira infestation rate of 50%
in Sundamys muelleri, while M. rajah, T. glis and R. tiomanicus had 25%, 20% and
18.2% infestation rate respectively with Collasciurus notatus and Sundasciurus

tenuis recording zero pathogenic Leptospira infestation rate.
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Table 3.5 Number of positive pathogenic Leptospira individuals at Sekayu

Recreational Forest, Terengganu.

Species No. of sample Positive (%0)
Rattus tiomanicus 22 4 (18.2)
Tupaia glis 10 2 (20)
Sundamys muelleri 2 1 (50)
Maxomys rajah 4 1 (25)
Maxomys whiteheadi 1 1 (100)
Rattus rattus 1 0
Collaciurus notatus 4 0
Sundaciurus tenuis 1 0

Total 45 9 (20)

Out of the nine positive individuals, pathogenic Leptospira infestation was

found in four males, five females, eight adults and one juvenile (Figure 3.8). The

Fisher exact test showed no significant difference between the positive individuals of

non-volant small mammals with species, sex and gender.
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Figure 3.8 Pathogenic of Leptospira sp. in relation to gender and age.
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All nine isolates (20%) were successfully amplified by LipL32 primers and
confirmed all isolates as Leptospira with result from gene sequencing also

identifying all isolates as Leptospira interrogans (Figure 3.9).

M123456789101121314151617181920 2122 3+ve-ve

M1 2 3 4 5 6 7 8 9101112 13

(A) (B)

14 15 16 17 18 19 20 +ve -ve M

(C)

Figure 3.9 (A) Agarose gel electrophoresis showing PCR products amplified by
LipL32 primer; Lane M: DNA size marker, 100 bp DNA ladder; Lane 1-23: Sample
of cultured kidneys; Lane -ve: Negative control; Lane +ve: Positive control (L.
interrogans serovar Copenhageni), (B & C) Agarose gel electrophoresis showing
PCR products amplified by LipL32 primer; Lane M: DNA size marker, 100 bp DNA
ladder; Lane 1-20: Sample of cultured kidneys (Second batch); Lane -ve: Negative
control; Lane +ve: Positive control (L. interrogans serovar Copenhageni).
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3.4  DISCUSSION

3.4.1 Species Composition and Diversity of Non-Volant Small Mammals at

Sekayu Recreational Forest, Terengganu.

In this study, family Muridae has shown to be the most abundant family.
Family Muridae that consists of rat and mice signify the largest family of rodent,
with more than 560 species representing 126 genera (Aghova et al., 2018). Previous
studies reported that family Muridae and the majority of the species under this family
were common species that typically found in lowland dipterocarp forest in Peninsular
Malaysia (Khalib et al., 2018; Noor et al., 2019; Nor Zalipah et al., 2019; Munian et
al., 2020). Similarly, Sekayu Recreational Forest which is also one of the lowland
dipterocarp forests can provide shelter, foraging and breeding places for non-volant
small mammals (Wells et al., 2006). Non-volant small mammals mainly can be
classified as forest specialist and habitat generalist species (Gentili et al., 2014). The
forest specialist species thrive in a narrow range of environmental conditions, while
habitat generalist species adapt easily to altered habitats which allows them to
survive in a wide range of conditions (Gentili et al., 2014). Moreover, most of the
habitat generalist species from this family feed on large groups of leaves, seeds,
fruits and roots that are usually available in the study area, thus enhancing their
survival rate in the study area (Wells & Bagchi, 2005). Apart from family Muridae,
family Tupaiidae (tree shrew) and Sciuridae (squirrel) were also recorded in this
study. Both of these families shared the same characteristics; diurnal species with
their main diet including insects and wide variety of fruits and seeds (Francis, 2008).
They also can be found in a wide range of forest types such as plantations, cultivated

areas and gardens (Francis, 2008).

The most dominant species recorded in this study was Rattus tiomanicus
followed by Tupaia glis. Similarly, previous study also reported that these two
species as the most abundant species in forest area (Rahim et al., 2016). Both of

these species are habitat generalist species. R. tiomanicus is a nocturnal species
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which commonly found in lowland dipterocarp forest. Whereas, the Common Tree
Shrew (T. glis) is a diurnal species that usually found in secondary forest, agricultural
plantation and gardens (Francis, 2008). Both of these arboreal species are able to
climb or grip on trees and spend most of their time on trees and active around fallen
trees and branches, in low woody vegetation as well as on the ground. This explains
the high capture rate of these species, as the cage traps were placed on the forest

floor.

Based on the diversity indices, Sekayu Recreational Forest showed a
moderate level of species diversity and richness (1.51 and 1.84 respectively), with
high species evenness (0.73). Sekayu Recreational Forest recorded moderate level of
species diversity and richness, which demonstrate this area as disturbed area since it
IS exposed to human activities. According to Larson et al. (2016), outdoor recreation
showed negative effects on animals including mammals. Behavioral responses such
as declines in abundance, occupancy or density (Reed & Merenlender, 2008) and
altered species richness and community composition are some of the effects of
recreation on animals (Larson et al., 2016). The high species evenness demonstrates
that the abundance of species has been evenly distributed. This result is in line with
previous study by Yusof et al. (2019), which showed that the recreational area was
high in species evenness as compared to urban and semi-urban areas. Sekayu
Recreational Forest had the most even population dominated by the habitat generalist
species, R. tiomanicus and T. glis as these two species inhabit disturbed area and well
adapted with habitat changes (Bernard et al., 2009; Rhim et al., 2007).

Six species of small mammals in this study were listed as Least Concern (LC)
and another two species (Maxomys rajah and M. whiteheadi) were Vulnerable (V)
according to the IUCN Red List. The major threat that contributes to the population
of these two species is due to the residential and commercial development,
agriculture and aquaculture, biological use such as logging and wood harvesting
(Ruedas, 2016). Apart from that, these two species were being exposed to the
possibility of being killed in the rural areas for crop protection or pest control in

certain areas due to the usage of rodenticides (Kumaran et al., 2016).
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3.4.2 Prevalence of pathogenic Leptospira sp. among Small Mammals

In this study, the prevalence of pathogenic Leptospira was found in five
species; R. tiomanicus, T. glis, M. rajah, M. whiteheadi and S. muelleri. This result
is similar to study by Yusof et al. (2019) that showed prevalence of pathogenic
Leptospira in non-volant small mammals, namely M. whiteheadi, S. muelleri, T. glis
and R. tiomanicus (except for R. rattus) in recreational areas. Out of 45 individuals
captured and screened, nine individuals of small mammals were tested positive for
pathogenic Leptospira with 20% (n = 9/45) prevalence. Comparatively, previous
study recorded lower prevalence of pathogenic Leptospira (19.4%, n =18/93) in
recreational areas in Selangor, Malaysia (Yusof et al., 2019) compared to this study.
The recreational area is categorized as one of the most important hotspots of
leptospirosis outbreaks in Malaysia (MOH, 2015). High rubbish quantities from
disposal garbage and food waste by visitors were the microhabitat factors that make
recreational areas favourable environments for the transmission of leptospirosis
(Yusof et al., 2019). Visitors usually bring food to recreational area and they leave
food waste and food containers in this area, which will attract the animal hosts such
as rats and squirrels. This poor hygienic condition can increase the population of
animal hosts; thus the pathogenic bacteria can be transmitted to water and soil
surface (Ganoza et al., 2006). Visitors at recreational areas are at high risk if they are
not practicing the prevention measures, since they are more exposed to the
contaminated water and soil surface. Thus, it is important for visitors to keep
practicing good hygiene while doing activities in recreational area. Other than that,
intervention program should be conducted effectively to mitigate leptospirosis in this
recreational area. Management of pest control, solid waste and rubbish disposal
should be improved in order to prevent the increase population of animal hosts. In
addition, appropriate public awareness program among the visitors should be
conducted to increase their knowledge and awareness on leptospirosis, as well as

putting signage of the potential disease transmission in this recreational area.
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3.5 CONCLUSION

In conclusion, 45 individuals which belong to 30 rats, 10 tree shrews, and
five squirrels, were successfully captured from Sekayu Recreational Forest. Family
Muridae was the most abundant family and R. tiomanicus was the most abundant
species in this area. Sekayu Recreational Forest was found to harbor 20% (n = 9/45)
prevalence of pathogenic Leptospira with five species namely, R. tiomanicus, T. glis,
S. muelleri, M. rajah, M. whiteheadi were tested positive. This study provides
significant findings on the diversity of non-volant small mammal species, which
could be potential reservoir for the Leptospira bacteria. Infrastructure intervention,
public awareness, and putting signage need to be implemented to prevent
leptospirosis outbreaks in recreational areas. The findings of this study revealed that
even though the density of non-volant small mammals at Sekayu Recreational Forest
was low, but there is still a potential to maintain the pathogenic Leptospira

transmission cycle and this recreational area is possible for leptospirosis outbreak.



CHAPTER 4

KNOWLEDGE, ATTITUDE AND PRACTICES RELATED TO
LEPTOSPIROSIS AMONG VISITORS AT SEKAYU RECREATIONAL
FOREST, TERENGGANU

4.1 INTRODUCTION

Leptospirosis is an infectious disease caused by pathogenic bacteria from the
genus Leptospira. This disease can be transmitted directly by skin exposure to urine
or tissue of infected animal or indirect contact with the contaminated water and soil
(MOH, 2015). The natural life cycle of genus Leptospira depends on the colonization
of renal tubes of the vertebrate hosts and their urine excretion into the environment
(Ko et al., 2009). It can be found almost from all mammalian species, especially
small mammals such as rodents that act as the major reservoir host in the
transmission of leptospirosis (Victoriano et al., 2009). The symptoms of leptospirosis
seem to be very similar to several other diseases such as dengue, viral hepatitis and
other haemorrhagic fever (WHO, 2003). The individuals that get infected mostly will
be asymptomatic or encounter mild symptoms such as fever, chills, myalgia (muscle
pain) and headache (Haake & Levett, 2015). Meanwhile, the serious symptoms
which known as icteric leptospirosis that is more severe will cause other diseases
such as renal dysfunction, haemorrhage, organ failure or even will lead to death
(Levett, 2001). This disease was found exceedingly spread in the Asia Pacific region
(Victoriano et al., 2009), which include Southeast Asia and Oceania (WHO, 2012).
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Leptospirosis is endemic in Malaysia with overall mortality rate of 30.2 per
100 000 populations (MOH, 2015). The percentage of leptospirosis cases were
increased over 20% between 2014 and 2015 (Garba et al., 2017). This disease has
been being linked to flooding, poor hygiene, poverty, occupational, travel to endemic
regions and also recreational activities (Victoriano et al., 2009; Lau et al., 2010).
According to Ministry of Health Malaysia (2015), recreational area was the second
highest distribution of leptospirosis outbreaks, after residential area and Terengganu
has been listed as one of the five states with highest number of leptospirosis cases
(461 cases) in Malaysia. Moreover, Terengganu is famous with recreational areas
such as Hutan Lipur Sekayu, Lata Belatan, Lata Tembakah and Kenyir Lake.
Polymerase Chain Reaction (PCR) test of samples from previous study in Lata
Belatan and Lata Tembakah were reported positive with the presence of pathogenic

Leptospira spp. (Ismail et al., 2014).

Despite the increasing incidence, this disease is often neglected and there is
still lack of awareness about this disease. Visitors who are involved in outdoor or
recreational activities is included in the high risk groups, since these activities are in
close contact with the contaminated water and soil (Vinetz et al.,1996; Sejvar et al.,
2005). The knowledge, attitudes and practices (KAP) survey model is a medium that
has been used to characterize knowledge, feelings and actions by analyzing
individual behavior (Escalada & Heong, 2007). It is also important to identify the
factors that influence on individual behavior such as socio-economic or
environmental (Win et al., 2012). Figure 4.1 shows the Behavioral Change System
Model proposed by Ramsey and Rickson (1976). According to this model, behavior
of people can be changed by making them more knowledgeable about the
environment and issues related to it. This was based on the assumption that if people
more knowledgeable, they will be more aware of the environmental problem. Thus,
they become more motivated to take a positive action towards the prevention

practices of the disease in a more responsible way.
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Knowledge > Altitude or »|  Action

Awareness

A

Figure 4.1 Model of Behavioral Change System (Ramsey & Rickson, 1976).

Previous KAP studies on leptospirosis that have been conducted in Malaysia
have focused on the KAP among different settlement areas (Abdullah et al., 2019;
Nozmi et al., 2018; Pathman et al., 2018), occupations (Bakar & Rahman, 2015;
Azfar et al., 2018; Halim et al., 2019) and geographical areas (Aidid et al., 2018;
Edre et al., 2015). However, there are no KAP studies on leptospirosis conducted
among visitors in recreational areas. Thus, this study aims to identify the knowledge,
attitudes and practices (KAP) related to leptospirosis among visitors at Sekayu

Recreational Forest, Terengganu.

4.1.1 Objectives and Hypothesis

The objectives of this study are:

I. To determine the knowledge, attitude and practices (KAP) related to
leptospirosis among visitors Sekayu Recreational Forest, Terengganu.

ii. To examine the socio-demographic characteristic that influenced leptospirosis
prevention practices among visitors at Sekayu Recreational Forest,

Terengganu.

The hypotheses of this study are:

I. Visitors at Sekayu Recreational Forest, Terengganu have different

knowledge, attitude and practices (KAP) related to leptospirosis
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Leptospirosis prevention practices among the visitors in the study area are

significantly related between the socio-demographic factors.
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4.2 METHODOLOGY

4.2.1 Study Area

This study was conducted in Sekayu Recreational Forest in Terengganu,
Malaysia (4.9831° N, 102.9296° E). Sekayu Recreational Forest is a lowland
dipterocarp forest which is located within the Hulu Terengganu Forest Reserve in
Hulu Terengganu district (Pounsin et al., 2018). This recreational area is among the
famous and largest recreational area in Terengganu (Figure 4.2). There are also many
infrastructure and recreational facilities provided by the authorities such as public

toilets, chalets, rest areas, campsites, forest trails and mini exhibition hall.
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Terengganu; (B) Visitors while doing water activities.
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4.2.2 Target of Respondents

Data collection was conducted from July until August 2018 using printed
questionnaires. A pilot study was conducted to test the reliability of the questionnaire
by using Cronbach’s Alpha. A total of 300 respondents were randomly selected
based on the data obtained from the Department of Forestry, Terengganu using a
computer random generator to avoid any potential biases. The survey was conducted
in Malay language as most of the respondents were predominantly Malay native
speakers. Respondents aged less than 16 years old and refuse to answer the
questionnaire were excluded from this study to ensure the validity of the collected
data. All data and visitor’s personal information were confidential. The approval to
conduct this study was obtained from Ethical Review Committee Board, Universiti
Malaysia Terengganu (UMT/JKEPHT/2019/30).

4.2.3 Data Collection and Analysis

The questionnaire was categorized into two sections; (1) socio-demographic
characteristics, and (2) knowledge, attitude and practices related to leptospirosis. The
list of questions used in this study is given in Appendix 3. The first section on socio-
demographics consists of age, gender, education level and monthly income. There
was a general question to test the respondents whether they had ever heard about this
disease. Only those who had heard of this disease were allowed to answer the next
section in this questionnaire. The second section consists of 20 questions to
determine the (i) causative agent, (ii) transmission, (iii) symptoms and (iv) treatment
and prevention regarding to leptospirosis. For each question in the knowledge
section, respondents were given three options including “true”, “false” and “don’t
know”. A score of 1 was given for each correct answer, while incorrect answers and

“don’t know” were given as 0 score.
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The respondents were asked six statements on their attitude towards leptospirosis.
This section evaluated the respondents’ attitude based on a five-level Likert scales
(1= strongly disagree, 2= disagree, 3= not sure, 4= agree, 5= strongly agree). Those
who answered “strongly agree” and ‘“agree” for the attitude were considered as
having positive attitude while those answered “not sure”, “disagree” and “strongly
disagree” were considered to have a negative attitude. The final section of the
questionnaire assessed respondent’s prevention practices towards leptospirosis. For
this section, the respondents were given “yes” or “no” questions. Those who
answered “yes” was given 1 score, while “no” answer was given 0 score. The scores
of knowledge and practices were calculated into percentage by dividing the scores by
the respondents with the maximum score and multiplied by 100. The level of
knowledge and practices were classified into “poor” or “good” based on their mean
as a cut-off point (Karimah Hanim et al., 2017; Kasa et al., 2019). A respondent that
obtained > 12 score out of 20 questions (60% cut-off point) was considered to have
good knowledge and < 12 was considered as having poor knowledge. For practices, a
respondent classified to have a good practice if they obtained a score of 5 or more
out of 6 (83% cut-off point). The validated questionnaire revealed a Cronbach’s
alpha for knowledge, attitude and practices sections as 0.725, 0.785 and 0.846

respectively, indicating good internal consistency.
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The data obtained from the survey were coded, compiled in Microsoft Excel
2016 and analysed using Statistical Package for Social Science (SPSS) Version 20
(SPSS Inc. Chicago, IL, USA). Descriptive statistics such as mean, frequency and
percentage were calculated. Multiple logistic regression analysis using the binomial
family with the logit link function was conducted to determine the associations
between scores of knowledge and practices (dependent variables) with the socio-
demographic characteristics (independent variables). Hosmer-Lemeshow goodness-
of-fit %%, odds ratios and 95% confidence interval (CI) were calculated and analysis

was considered to be statistically significant at p < 0.05.

43  RESULTS

4.3.1 Socio-demographic among Respondents

In this study, the respondents were evaluated based on four main categories
including age groups, gender, education level and monthly income (Table 4.1). Out
of 300 respondents that participated in this study, 55% were female, majority of them
aged between 21-30 years old (52%) and were graduated (64%). However, the
majority of them do not have monthly income (41%) with a mean household income
was RM 1213.89 per month.
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Table 4.1 Socio-demographic characteristics of respondents (N =300)

Categories Respondent Profile Frequency Percentage (%0)

Gender Male 136 45
Female 164 55

Age 16-20 97 32
21-30 157 52

31-40 26 9

>41 20 7

Education )

Level Primary school 6 2
Secondary school 87 29

Graduated 192 64

Not go to school 15 5

Monthly

Income <RM 500 10 3
RM 500-RM 1499 75 25

RM 1500-RM 2499 50 17

RM 2500-RM 3499 22 7

RM 3500-RM 4999 9 3

> RM 5000 11 4

No income 123 41
Total 300 100

4.3.2 Knowledge towards Leptospirosis

A total of 288 respondents (96%) had heard about leptospirosis and 51% of them
were able to get above the mean score (11.89 + SD 3.97), indicating an equal level

between good and poor knowledge among the respondents.
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Sixty-four percent of the respondents knew that microorganism was the causative
agent of the disease (Table 4.2). When asked the mode of transmission of
leptospirosis to humans, 79% of respondents mentioned the disease can be
transmitted through the urine of infected rats. However, only 152 (53%) of the
respondents knew that infection also can occur by skin exposure to urine of infected
animal or contact to contaminated water and soil. Regarding the symptoms in
humans, majority of the respondents mentioned high fever (80%) followed by
jaundice (61%). In addition, 204 (71%) respondents agreed that leptospirosis can
cause death. Concerning the treatment and prevention of leptospirosis, 83% of the
respondents aware that leptospirosis can be detected by blood test and can be treated
at early stage (82%). However, 24% of respondents thought that leptospirosis can be
prevented by taking bath after water activities. Most of the visitors stated that they
had heard about the leptospirosis through the media (52%) followed by community
association (23%) and health care (11%) (Figure 4.3).

Sources of Knowledge

Broadcast media
= Community association
= Health care

School
® Workplace

Figure 4.3 The visitors’ sources of knowledge on leptospirosis.
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Table 4.2 Proportion of respondents with correct answers for knowledge on
leptospirosis (N= 288).

) o Frequency Percentage
No. Knowledge regarding leptospirosis
() (%)

Causative agent

1. Microorganism 184 64
2. Zoonotic disease 120 42
3. Parasite or worm 74 26
Transmission

4. Urine of rats 227 79
5. Eat without washing hand 193 67
6. Water activities are considered as risk factor 171 59
7.  Contaminated food 170 59
8.  Cut and skin wounds 152 53
Symptoms

9. High fever 229 80
10. Can caused death 204 71
11. Jaundice 177 61
12. Red eyes and skin rash 161 56
13. Myalgia 153 53
14. Free from any symptoms 141 49
15. Liver damage 136 47
Treatment and prevention

16. Can be detected by blood test 238 83
17. Treatable in early stage 236 82

Can be prevented by covering food and throw
18. ) 229 80
food waste in garbage

Can be prevented by maintaining cleanliness
19 _ 220 76
of recreational area

Can Dbe prevented by minimizing water
20. o 184 64
activities
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Can be prevented by taking bath after

21. 70 24

water activities

Multiple logistic regression analysis was used to determine the association
between good knowledge towards leptospirosis and respondents’ socio-demographic
characteristics (Table 4.3). Gender was significantly associated with good
knowledge. Females were more likely to have a good knowledge compared to males
(OR =2.227, 95% CI = 1.365-3.553). However, there were no significant differences

between good knowledge and other socio-demographic characteristics.

Table 4.3 Multiple logistic regression analysis of the association between socio-
demographic characteristics and good knowledge about leptospirosis.

Variable Category OR 95% ClI P-value
1.365-
Gender Female 2.227 3.553 0.001
Male (reference) 1
0.667-
Age > 30 years old 1.328 2.646 0.419
< 30 years old (reference) 1
0.291-
Education Has formal education 0.873 2.623 0.809
No formal education (reference) 1
0.777-
Income Has monthly income 1.275 2.093 0.336
No monthly income (reference) 1

OR= Odds ratio, Cl= Confidence interval. The Hosmer-Lemeshow goodness of fit
test yielded a Chi-square value of 6.029 on 5 degrees of freedom with a significant
level 0.303 (p> 0.05), suggesting that the model fits the data well.
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4.3.3 Attitude towards Prevention and Control of Leptospirosis

There were five statements used to measure the respondents’ attitude (Figure
4.4). High percentage of respondents had a positive attitude regarding prevention and
control of leptospirosis. Majority of the respondents had positive attitude on
statement, “I must know about leptospirosis” (81.3%) and they believe that
leptospirosis is a serious illness (79.0%). However, only 49.0% of the respondents

believe that medicine can treat leptospirosis.

Attitude towards Leptospirosis

1. I must know about leptospirosis |G
2. | believe |ept05pir05i3 is a serious _
g illness
e 3. It is important to control rat 763 231
x population
(7') 4. I'll make sure that recreational is _
clean
5. | believe that medicine can treat _
leptospirosis
0 20 40 60 80 100 120

Percentage score (%0)

® Positive attitude = Negative attitude

Figure 4.4 Attitude of respondents towards leptospirosis prevention and control.
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4.3.4 Prevention Practices towards Leptospirosis

A total of 204 respondents (68%) scored above the mean score (4.67 £ SD
1.90), which indicates good practices among respondents. When asked about
prevention on practices against leptospirosis, majority of the respondents (85.0%)
maintained the cleanliness at recreational area and 83.0% said that they always
cooked their food and boiled drinking water to avoid leptospirosis infection.
However, only 67.7% of respondents scrutinized any broken wounds or scars using

cellophane or protective gear before doing water activities (Figure 4.5).

Practices towards Leptospirosis
1. Maintain cleanliness of the _
recreational area 15
2. Drink clean water supply to avoid _ 17
taking in leptospirosis
3. Throw away wastes at the right _17 7
disposal area :
4. Seeking assistance from a doctor _ 223 ® Ves
when not feeling well
5. Wash hands with soap before _ 98.3 No
preparing food and eat :
6. Scrunitize_ any brokep wounds or _ 323
scars using protective gear :
0 20 40 60 80 100 120

Percentage score (%)

Statements

Figure 4.5 Prevention practices of visitors towards leptospirosis.

Multiple logistic regression analysis showed that gender and knowledge score
were significantly associated with good practice (Table 4.4). Females were more
likely to have good practices compared to males (OR = 2.421, Cl = 1.449-4.046) and
respondents with good knowledge score (overall knowledge about leptospirosis)
showed good practices compared to respondents with poor knowledge (OR = 1.107,
Cl = 1.039-1.179). No significant differences were observed between good practices

and other socio-demographic characteristics
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Table 4.4 Multiple logistic regression analysis of the association between factors and
good preventive practices against leptospirosis.

P-
Variable Category OR 95% CI  value
Gender Female 2421  1.449-4.046 0.001
Male (reference) 1
Age > 30 years old 1979  0.867-4.515 0.105
< 30 years old (reference) 1
Education Has formal education 1.370  0.424-4.422 0.599
No formal education (reference) 1
Income Has monthly income 1.141  0.665-1.955 0.632
No monthly income (reference) 1
Knowledge
score 1.107 1.039-1.179 0.002

OR= Odds ratio, Cl= Confidence interval. The Hosmer-Lemeshow goodness of fit
test yielded a Chi-square value of 0.368 on 5 degrees of freedom with a significant
level 0.996, suggesting that the model fits the data well.

44  DISCUSSION

This study aimed to explore the knowledge, attitude and practices related to
leptospirosis among visitors at Sekayu Recreational Forest, Terengganu and also to
determine the socio-demographic characteristics that influenced leptospirosis
prevention practices. Findings revealed that majority of the respondents (96%) had
heard about leptospirosis with an equal level between good and poor knowledge
(51.3% vs 48.7%) among the respondents. However, regarding to transmission of
leptospirosis, only 152 (53%) of the respondents knew that infection also can occur
by skin exposure to urine of infected animal or contaminated water and soil. In terms
of attitude, majority of the respondents had a positive attitude towards prevention of
leptospirosis. Moreover, female respondents were more likely having a good

knowledge and practices compared to male respondents and respondents with good
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knowledge about leptospirosis showed good practices compared to respondents with
poor knowledge.

In present study, 96% of the respondents had heard about leptospirosis,
however another 4% of respondents were never heard about leptospirosis or also
known as “rat-urine disease” among local residents. Majority of them had heard
about this disease from broadcast media (52%) and also community association
(23%). Broadcast media plays an important role and very helpful in increasing the
public awareness, information and attitudes towards certain issue (Dwivedi &
Pandey, 2013). Therefore, mass media one of the most effective medium of
communication in developing world in public health promotion and education.
Previous study that was conducted among town service workers in northeastern
Malaysia, showed a high percentage of respondents who heard about leptospirosis
(83.2%) (Azfar et al., 2018). Possibly, this might be one of the efforts from our
Ministry of Health to spread the awareness of leptospirosis disease throughout the

broadcast media such as television, internet, newspaper and radio.

Concerning the transmission of leptospirosis, 79% of the respondents knew
that leptospirosis disease can be transmitted through urine of rats and people who are
involved in outdoor or water activities is included in the high risk groups since they
are in close contact with the contaminated water and soil (Sejvar et al., 2005).
However, only 53% of them were aware that the skin exposure through cuts and
wounds to urine of infected animal or contaminated water and soil could be as the
transmission for leptospirosis. Knowledge on transmission of leptospirosis is
important as treatment and prevention at early stage of the disease can prevent
individual from getting worse. Moreover, it is also important to practice the
prevention steps in daily life and having knowledge on how transmission can occur,
they’ll be able to prevent contacting the disease. Knowledge for the “treatment and
prevention” section showed that the majority of the respondents knew that
leptospirosis can be detected by blood test (83%), but 24% of the respondents
thought that leptospirosis can be prevented by taking bath after water activities.

Normally, usual misunderstanding about leptospirosis among respondents are the
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main host of leptospirosis are rats and Leptospira bacteria only presence in puddle
area or in dirty water. However, leptospirosis reported can be found in almost all
mammal’s species including livestock (cattle, pigs, sheep, goats, deer), pets (dogs,
horses, cats), wildlife and pest (rats and mice). These misunderstanding happened

among the respondents because lack of knowledge and exposure towards the disease.

Overall, the respondents score a high percentage in each attitude statement,
which indicated a positive attitude towards the prevention and control of
leptospirosis. Majority of them (81.3%) agreed that they must know about
leptospirosis and 79% of them believe leptospirosis is a serious illness that can be
fatal. As is the case, it is important for us to know this infectious disease because it
can speedily develop to severe and life-threatening illness. Additionally, more than
half of the respondents (76.3%) knew the importance of rat population control in this
recreational area, since rats can transmit a number of serious diseases and one of the
hosts of leptospirosis disease. This shows good attitude among the visitors in this
recreational area as there are a lot of challenges in convincing people to practice
safety precautions even though they might be very well aware of the disease (Prabhu
et al., 2014). Generally, the positive attitude can result in positive practices.
Regarding the practices section, findings revealed that 85% of the respondents
maintained the cleanliness at recreational park. Majority of them also practiced to
dispose wastes at the right disposal area (82.3%). Similar data were reported in other
studies in the Philippines (Quina et al., 2014) as maintaining personal hygiene and
good sanitation are important in order to get a healthy life and prevent from being
infected by the disease (Quina et al., 2014). However, only 67.7% of the respondents
scrutinized any broken wounds or scars using protective gear before doing water
activities, which explain low percentage of respondents that knew transmission can

also occur through skin exposure of the cut and skin wounds.

The regression analysis indicated that gender and knowledge score were
significant factors for good prevention practices among the respondents. Females

were found to have good practices towards leptospirosis compared to male and
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respondents with higher knowledge score have good practices compared to
respondents with lower knowledge. These findings are in agreement with another
study conducted by Arbiol et al. (2016) which reported that gender was a significant
factor for leptospirosis prevention practices. Besides, men recorded higher cases of
leptospirosis as they were regularly involved to the high risk occupations such as
cleaners, abattoir workers, sewage workers, military personnel. and also highly
involved in recreational activities (Benacer at al., 2016; Thayaparan et al., 2013; Al-
shere et al., 2012). Finding from the results in prevention and control may help in
reducing the risk of leptospirosis infection by encouraging men respondents to follow
healthy prevention practices. Contrarily, women have a low chance to get infected by
the disease compared to men since women keep practicing a good prevention
practices rather than men. Thus, effective programs should be planned to increase
their knowledge so that they will be more aware on the risk factor to the disease and
they can apply good prevention practices for their safety.

Our result is consistent with previous studies (Ricardo et al., 2018; Lau et al.,
2016) that showed positive association between knowledge score and good
prevention practices. Knowledge can influence the prevention practices of
respondents and by increasing individual knowledge might probably increase their
commitment in prevention practices (Arbiol et al., 2016). Then, education and
behavioral health interventions are crucial to improve the knowledge and attitude
towards the disease. According to Ramsey and Rickson (1976), if we make people
more knowledgeable about the environment and issues related to it, they will be
more aware of the surrounding and environmental problem. Hence, referring to this
study, the respondents become more encouraged to take an action towards the
prevention practices related to the disease. Our study may help in increasing
someone’s understanding about the leptospirosis disease by applying a bunch of
information related the disease through the questionnaire section. According to
multiple regression analysis, gender was identified as a significant factor influencing
good knowledge of respondents towards leptospirosis. Females were found to have
higher knowledge compared to male. However, literatures discussing the relationship
between gender and good knowledge towards leptospirosis are still limited. Indeed,

most of the previous studies found no significant association between gender and
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knowledge score concerning leptospirosis in Malaysia and other countries (Nozmi et
al., 2018; Pathman et al., 2018; Aidid et al., 2018; Abdullah et al., 2019).

45 CONCLUSION

Findings from this study recognized that majority of the respondents had a
moderate knowledge, attitude and practices. There was a positive association
between gender towards knowledge and practices concerning leptospirosis disease.
However, there was also significant difference in term of practices among the visitors
based on their knowledge score. Having a basic knowledge about the leptospirosis
can increase our understanding about the disease yet can help us implement the
potential strategies to control and avoid the leptospirosis infection (Barwick et al.,
1998). Good attitude is not enough to change the behavior practices of each person.
Hence, it must go with good knowledge first. This is because knowledge and attitude
can change in behavior to be more aware of the disease (Askarian et al., 2003). The
limitation during conducted this study some of respondents did not cooperate very
well in answering the survey form. Other than that, our question form does not
contain open ended question which is necessary to explore more details, suggestion

and further understanding by the respondent.

In conclusion, the study suggested giving out more attention in awareness
programs to all public. Broadcast media can be one of the medium to spread the
information about the disease. Further, it is important to increase the awareness and
basic knowledge about the disease and health among visitors at recreational areas to
improve the visitors’ practices towards the disease. Awareness, control and
protective measures, early detection and prompt treatments are the keys to reduce the
morbidity and mortality of the leptospirosis disease. Hopefully, all the results from
this study can help the authorities to identify information needed to be corrected and
strengthened in the future. It is also recommended for health professionals to
improve leptospirosis prevention programs and awareness should be increased to all

public people especially in high risk factor group.



CHAPTER 5

SUMMARY, CONCLUSION AND RECOMMENDATIONS

51 SUMMARY

This study was conducted to determine the diversity and prevalence of
pathogenic Leptospira spp. in non-volant small mammals of Sekayu Recreational
Forest, Terengganu. The knowledge, attitude and practice (KAP) towards
leptospirosis among visitors in this recreational area were also determined. Overall,
this study provides significant findings on the diversity of non-volant small mammal
species, which could be potential reservoir for the Leptospira bacteria. In addition,
the socio-demographic characteristics were associated with good prevention practice

towards leptospirosis among visitors in this recreational area.

The diversity of non-volant small mammals and the prevalence of pathogenic
Leptospira spp. in non-volant small mammals at Sekayu Recreational Forest were
discussed in this study (Chapter 2). The species composition, diversity indices
(diversity, richness, and evenness) and also IUCN status of each species were also
discussed in this chapter. A total of 45 individuals with eight species that comprised
of 30 individuals of rats, 10 tree shrews and five squirrels were successfully captured
throughout 10 sampling sessions. Rattus tiomanicus from family Muridae was the

most dominant species with 22 individuals. Based on the Shannon-Weiner Index
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criteria (Shannon, 1984), the level of diversity and richness of non-volant small
mammals were moderate with high level of evenness. In addition, Sekayu
Recreational Forest was found to harbor 20% (n = 9/45) prevalence of pathogenic
Leptospira with five species namely, R. tiomanicus, T. glis, S. muelleri, M. rajah and
M. whiteheadi were tested positive. The results from this chapter can be used as
references by the authorities in order to prevent future outbreaks of leptospirosis in
recreational forest. This information then could be shared to the public as precaution

measures through our KAP study that was conducted for the next chapter.

Knowledge, attitude and practice (KAP) survey is one of the best methods
that could be helping the policy makers to improve prevention measures among
visitors in recreational areas. A cross-sectional study was conducted among 300
respondents using printed questionnaire in order to determine the KAP scores and
socio-demographic characteristics that influenced leptospirosis prevention practice
among visitors (Chapter 3). The majority of respondents had heard about
leptospirosis, had high knowledge (51%), positive attitudes and good prevention
practice towards leptospirosis (68%). It was found that gender and knowledge score
were significantly associated with good practice among visitors. Female respondents
were more likely having higher knowledge and practice scores compared to male
respondents. Moreover, respondents with higher knowledge score had higher practice
score compared to respondents with lower knowledge score. However, the general

knowledge mainly regarding to the transmissions of leptospirosis are still lacking.

52  CONCLUSION

In conclusion, the findings of the first chapter revealed that even though the
level of diversity and richness of non-volant small mammals were moderate, with
low captured individuals, but there is still potential to maintain the pathogenic
Leptospira transmission cycle that can caused disease to humans. Sekayu
Recreational Forest is also a potential infestation ground for leptospirosis. However,

the other positive species non-volant small mammals were also possible to be the
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host of the pathogenic Leptospira spp. and spreading the disease. Thus, is important
to create awareness and manage leptospirosis infection in order to avoid future

outbreaks especially among high-risk groups including visitors in recreational forest.

In addition, the level of knowledge, attitude and prevention practice among
the visitors are vital to increase their awareness and knowledge towards leptospirosis.
Based on the results in Chapter 3, even though majority of respondents had heard
about leptospirosis, had high knowledge, positive attitudes and good prevention
practice towards leptospirosis but the prevalence rate of leptospirosis in this
recreational area is still high (20%). From the observation, poor waste management
and garbage disposal are the main factors that may contribute to the increase of rat
population and prevalence rate of leptospirosis in this area. Community-based health
education and awareness programs are needed to increase their knowledge especially
on modes of transmission and promote good practice habit in order to improve their
prevention practices towards leptospirosis. Perhaps, the compilation of findings on
species diversity and composition, prevalence of Leptospira spp. and visitors’ KAP
could help the public health workers, researchers and policy-makers in controlling

and preventing the outbreaks of leptospirosis particularly in recreational areas.

5.3 FUTURE RESEARCH

The result showed that the study on the species of non-volant small mammal
and prevalence rate of pathogenic Leptospira is still insufficient. Therefore, longer
duration of sampling needs to be done in the future to collect more information on
species carrier of leptospirosis at recreational forest in Terengganu. Based on the
results of this study, recommendations that should be addressed in future study of

leptospirosis are as follow:
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Comprehensive and detailed data on prevalence rate of leptospirosis in
Malaysia recreational areas — Generally, most of the compilation data in Malaysia
was recorded from the urban areas and human settlements. However, the information
from recreational areas in Malaysia is still lacking. Thus, the information and
statistics regarding the incidence rate in recreational area should be done for

references in future work.

Monthly status monitoring on environmental samples (water and soil) —
Environment contaminated with leptospires can happen due to the chronic animal
carriers. Infection in humans and animals are mostly spread by contact with the
tainted water and soil from the urine of chronic shedders. Hence, collaboration
between government agencies, public health workers, researchers and visitors are
important to make sure the proficiency interventions in avoiding upcoming outbreaks

in this recreational area.

Prevalence rate of leptospirosis other than small mammals - Future research
need to be done in Malaysia regarding carrier status not only on small mammals, but
also on other animal species. In order to have a better knowledge of zoonotic
leptospirosis in animal species, it is essential to discover and identify other animal
carriers. However, common study in Malaysia had focused on rat’s carrier whereas

the other animal species could be the potential host for leptospires.

Awareness programs for visitors at recreational areas — A proper education
and awareness programs among the visitors should be conducted to deliver and
increase their knowledge on leptospirosis. A better knowledge will result a good
behavior in our community. Effective prevention measures among the high-risk
groups should be done to prevent the infection and the number of cases and deaths
from increase in the future. Public engagement is crucial in helping to prevent the

leptospirosis outbreaks.
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APPENDICES

Appendix 1

List of non-volant small mammal in Sekayu Recreational Forest

Maxomys whiteheadi

Rattus rattus



Collaciurus notatus

Tupaia glis
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Maxomys rajah

Sundamys muelleri
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Sundaciurus tenuis
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Appendix 2

Data sheet of non-volant small mammal
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No

Date

Time

Species

Sex

Status

Body measurement (mm)

Body
weight
(9)

Weather

Place

E

HF

HB

T
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Appendix 3

Questionnaire survey form

PENGETAHUAN, SIKAP DAN AMALAN PENGUNJUNG DI AIR TERJUN
SEKAYU TERHADAP LEPTOSPIROSIS

Leptospirosis adalah penyakit berjangkit yang disebabkan oleh bakteria patogen
yang dipanggil Leptospira, yang disebarkan secara langsung atau tidak langsung dari
haiwan kepada manusia. Leptospirosis manusia adalah jangkitan endemik di Malaysia
dan mempunyai potensi besar untuk wabak berlaku, jadi pengetahuan, sikap dan amalan
(KAP) serta program kesedaran perlu ditingkatkan dan dikekalkan.

BAHAGIAN | : CIRI-CIRI SOSIODEMOGRAFI

1) Jantina : [] Lelaki [_] Perempuan

2) Umur : [] 16-20 [] 21-30 [] 31-40 [] 41 dan ke atas

3) Bangsa : [] Melayu [] Cina ] India [] Lain-lain:

4) Status : [_] Berkahwin [] Bujang ] Lain-lain:

5) Tahap pendidikan: [_] Sekolah rendah [] Sekolah menengah
[1 Sijil/matrikulasi/diploma [ 1 ljazah/master/PhD

[ 1 Tidak bersekolah

6) Pendapatan isi rumah :

[1<RM500 [C] RM500-RM 1499 [] RM 1500 — RM 2499
1 RM 2500 - RM 3499 [] RM 3500 - RM 4999 [ ] >RM 5000

7) Pekerjaan anda ?

8) Tujuan kedatangan ?




9) Asal dari mana ?

BAHAGIAN Il : PENGETAHUAN

1) Adakah anda pernah mendengar tentang leptospirosis ?

[] Ya ] Tidak

2) Sumber pengetahuan :
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1 T1v 1 Kerja
[] Kawanljiran 1 Surat khabar
1 Perkhidmatan kesihatan ] Radio
[] Sekolah [] Persatuan komuniti
[] Keluarga Lain-lain :
TIDAK
No PENYEBAB BETUL | SALAH TAHU
3) Le_ptospiros_is adalah penyakit yang disebabkan oleh
mikroorganisma
2) Mikroorganisma yang menyebabkan penyakit itu
adalah parasit atau cacing
5) | la adalah penyakit zoonotik
6) Leptospirosis boleh memasuki badan kita melalui
makanan yang tercemar
7) Leptospirosis boleh disebarkan melalui gigitan
nyamuk
8) Manusia boleh dijangkiti dengan berjabat tangan
dengan orang yang dijangkiti
9) | Leptospirosis disebabkan oleh kotoran haiwan
10) | Leptospirosis boleh memasuki badan kita melalui luka|
11) Organisma me_masuki badan melalui air liur tikus
yang menggigit mangsa
12) | Penyakit ini boleh merebak melalui udara
13) 'I[TEptospirosis boleh disebarkan melalui air kencing
ikus
FAKTOR RISIKO
14) Adaka_h _ar_1da makan tanpa membasuh tangan selepas
beraktiviti
15) Adaka_h _ar_wda minum tanpa membasuh tangan selepas
beraktiviti
16 Adakah anda merokok tanpa membasuh tangan
) g
selepas beraktiviti
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17)

Pengunjung di pusat rekreasi tidak dianggap sebagai
kumpulan berkumpulan berisiko

TANDA, SIMPTOM DAN KOMPL IKASI

18)

Orang yang dijangkiti akan bebeas daripada sebarang
simptom

19) | la akan menyebabkan kematian

20) | la akan menyebabkan kanser paru-paru
21) | la akan menyebabkan kerosakan hati
22) | la akan menyebabkan diabetes

23)

Orang yang dijangkiti akan menunjukkan
perilaku seperti tikus iaitu bau sumber makanan
berulang kali

24)

Orang yang dijangkiti akan mengalami kesakitan
badan dan otot (myalgia) serta kekuningan di mata
putih dan kulit (jaundice)

25)

Orang yang dijangkiti akan mengalami demam

26)

Orang yang dijangkiti akan mengalami alergik seperti
kegatalan dan kemerahan yang dijangkiti

PENCEGAHAN PENYAKIT

27)

Penyakit ini boleh dirawat pada peringkat awal

28)

Penyakit ini boleh dikesan melalui ujian darah

29)

Penyakit ini boleh dicegah dengan membilas badan
selepas mandi-manda di air terjun

30)

Penyakit ini boleh dicegah jika sentiasa melakukan
aktiviti pembersihan di kawasan rekreasi

31)

Penyakit ini boleh dielakkan dengan mengurangkan
aktiviti air di kawasan rekreaksi

32)

Penyakit ini boleh dielakkan dengan sentiasa menutup
makanan yang tersedia dan membuang sisa makanan
di tong sampah yang disediakan




BAHAGIAN I11 : SIKAP
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1-SANGAT TIDAK SETUJU 2-TIDAK SETUJU 3-TIDAK PASTI
4-SETUJU 5-SANGAT SETUJU

No PERKARA

1 2 3 4 5

1) | Saya patut tahu tentang Leptopirosis

2) Saya percaya Leptospirosis adalah penyakit
yang serius

Saya percaya bahawa ubat dapat

3) menyembuhkan penyakit ini

Saya percaya saya akan melakukan sesuatu
4) | untuk mengelakkan diri saya daripada
dijangkiti

5) | Mengawal populasi tikus adalah penting

BAHAGIAN IV: AMALAN

1-TIDAK PERNAH 2-JARANG

3-KADANG-KADANG

4-SELALU 5-SENTIASA

PERKARA

1 2 3 4

Saya membasuh tangan saya dengan sabun untuk
menyediakan makanan dan makan selepas
beraktiviti

Saya meneliti tangan dan kaki yang luka dan
melindunginya dengan plaster atau alat
perlindungan sebelum saya melakukan aktiviti di
kawasan air terjun

Saya merebus air minuman dan memasak
makanan dengan teliti bagi mengelakkan virus
Leptospirosis

Saya membuang bahan buangan di kawasan
pelupusan yang betul dan saya mengelakkan
bahan buangan terkumpul di kawasan air terjun
dan sekitaran

Saya mengekalkan kebersihan dan ketenteraman
di kawasan rekreasi

Saya mendapat bantuan dari jururawat atau
doktor profesional apabila saya tidak berasa sihat
dengan segera
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