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Fruit bats of the family Pteropodiformes constituted about 21 species out of 
110 species of bats found in Peninsular Malaysia. These bats are known to 
be potential reservoirs of emerging viral zoonosis such as the Lyssavirus, 
Nipah virus, Tioman virus and Palau virus. Malaysian Fruit bats are 
threatened with habitat loss due to conversion of forest into agricultural 
and urban areas which subsequently result to encroachment of fruit bats 
into other habitat such as livestock and agricultural farms for foraging, 
roosting or both, hence these farms are at risk of spill over infection from 
wildlife due to close proximity or contact with contaminated discard fruit 
with other livestock or humans.  All the 14 recognized Lyssaviruses with 
the exception of Mokola lyssavirus are known to spill over from bats to 
susceptible wildlife, livestock or pets and humans. The rabies lyssavirus 
reservoir host status of Malaysian fruit bats or any other  Malaysian 
wildlife mammals is not known, hence the spill over risk is also not known 
and until 2015, when Malaysia lost its rabies free status, dogs are known to 
be the only reservoir host of rabies lyssavirus and responsible for rabies 
outbreak in Malaysia. The occurrence and transmission of bat lyssaviruses 
depends on several factors such as the host, host ecology, host species 
distribution and the particular population under study.  The aim of this 
study is to determine the possibilities of fruit bats encroaching livestock 
farms that borders wildlife sanctuaries, the fruit bats species diversity in a 
livestock farm for possible risk of spill over infection and determine the 
possibility of Malaysian fruit bats, as rabies lyssavirus reservoirs host. Fifty 
individual fruit bats (50) were captured in a livestock area, identified to 



© C
OPYRIG

HT U
PM

 
ii 

species level, and brain tissues were collected for histopathology. 
Cynopterus brachyotis was the highest captured fruit bat species, 
representing 40% of the total capture. The findings of Shannon index is 2.80 
and Simpson index is 0.2 are suggestive of a degree of species dominance 
with low diversity in Lenggong livestock breeding centre. There was no 
report or published study about demonstration of pathognomonic Negri 
bodies for rabies lyssavirus in its wildlife reservoir host in Malaysian 
mammals such as the bats; hence a gap exists in the knowledge of the 
Lyssavirus reservoir host status of Malaysian fruit bats. This study, 
Following H & E staining, demonstrated perivascular cellular infiltrates in 
five (5) brain tissues of fruit bats (Cynopterus brachyotis) which is suggestive 
of viral infection and the pathognomonic rabies Negri bodies in one of the 
fruit bats brain tissue (Cynopterus brachyotis), which are suggestive of rabies 

lyssavirus. This study suggests that fruit bats are indeed; encroaching 
livestock farm that borders wildlife sanctuary, the species diversity was 
low and could be potential source of infection to susceptible livestock and 
bat rabies lyssavirus could exists in Malaysian fruit bats. 
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Kelawar Buah dalam keluarga Pteropodiformes terdiri daripada 21 spesis 
daripada 110 spesis kelawar yang dijumpai di Semenanjung Malaysia. 
Kelawar-kelawar ini dikenali berpotensi menjadi takungan dalam 
penyebaran penyakit zoonosis bawaan virus seperti Virus Lyssas, Virus 
Nipah, Virus Tioman dan Virus Pulau. Kelawar Buah Malaysia terancam 
dengan kemusnahan habitat disebabkan oleh penerokaan kawasan hutan 
ke kawasan pertanian dan bandar dan seterusnya menyebabkan kelawar 
tersebut memasuki kawasan habitat lain seperti ladang ternakan untuk 
mencari makanan, berteduh atau kedua-duanya, oleh itu ladang-ladang ini 
berisiko menyebarkan jangkitan daripada hidupan liar kerana buah-
buahan daripada sisa makanan kelawar yang tercemar terdedah kepada 
ternakan atau manusia lain. Kesemua 14 Virus Lyssa yang dikenalpasti 
kecuali Virus Lyssa Mokola diketahui tersebar daripada kelawar kepada 
hidupan liar yang terdedah, haiwan ternakan atau haiwan peliharaan dan 
manusia.Status perumah Virus Lyssa Rabies daripada takungan Kelawar 
Buah Malaysia atau mana-mana hidupan liar mamalia di Malaysia yang 
lain tidak diketahui, oleh itu penyebaran ke atas risiko juga tidak diketahui 
dan sehingga tahun 2015, apabila status bebas rabies di Malaysia hilang, 
anjing dikenalpasti sebagai satu-satunya perumah takungan Virus Lyssa 
Rabies dan penyebab terhadap penyebaran wabak rabies di Malaysia. 
Kewujudan dan penyebaran Virus Lyssa Kelawar bergantung kepada 
beberapa faktor seperti perumah, ekologi perumah, taburan spesis 
perumah dan populasi tertentu masih dalam kajian. Tujuan kajian ini 
adalah untuk menentukan kebarangkalian Kelawar Buah memasuki ladang 
ternakan yang bersempadanan dengan santuari hidupan liar, kepelbagaian 
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spesis Kelawar Buah di ladang ternakan untuk kemungkinan risiko terkena 
jangkitan dan menentukan kemungkinan Kelawar Buah Malaysia sebagai 
perumah takungan Virus Lyssa Rabies. Lima puluh (50) individu Kelawar 
Buah telah ditangkap di kawasan ladang ternakan, dikenalpasti spesisnya 
dan tisu otak diambil untuk kajian histophatologi.Cynopterus brachyotis 
adalah sepsis yang paling banyak ditangkap, mewakili 40% daripada 
jumlah keseluruhan tangkapan.Hasil penemuan daripada Indeks Shannon 
adalah 2.80 dan Indeks Simpson adalah 0.2 menunjukkan tahap dominasi 
spesis dengan kepelbagaian yang rendah di Pusat Ternakan Haiwan 
Lenggong. Tiada laporan atau kajian yang diterbitkan mengenai 
demonstrasi patognomonik badan Negri untuk Virus Lyssa Rabies dalam 
takungan perumah hidupan liar di Malaysia seperti kelawar, oleh itu, 
wujud kekurangan maklumat pada status takungan perumah Virus Lyssa 
yang disebabkan oleh Kelawar Buah Malaysia. Pada Kajian ini, daripada 
pewarnaan H & E, demonstrasi perivaskular selular dari lima (5) tisu otak 
Kelawar Buah (Cynopterus brachyotis) menunjukkan jangkitan virus dan 
patognomonik badan Negri Rabies dalam salah satu tisu otak Kelawar 
Buah Malaysia (Cynopterus brachyotis), dimana ini menunjukkan ia adalah 
Virus Lyssa Rabies. Kajian ini menunjukkan bahawa Kelawar Buah adalah 

sememangnya; memasuki ladang ternakan yang bersempadan dengan 
santuari hidupan liar, kepelbagaian spesis adalah rendah dan berpotensi 
menjadi sumber jangkitan kepada ternakan terlibat dan Virus Lyssa Rabies 
kelawar boleh wujud pada Kelawar Buah Malaysia. 
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CHAPTER 1 

1 INTRODUCTION 

1.1 Introduction 

Peninsular Malaysia is part of southeast Asia, dominated by a long mass 
that extends southward from Thailand and bordered by two sides, on the 
west by Indian ocean and strait of Malacca, on the east by the South China 
Sea (Andaya & Andaya, 2016). About 50% of the land in Southeast Asia is 
utilized for agriculture which resulted in high rate of deforestation in the 
region (Zhao et al., 2006). However conversion of forest to farming land is 
identified to be the major cause of this devastating effect (Corlett & 
Primack, 2005). 

Livestock, wildlife and their ecosystem affects the health and wellbeing of 
the humans. This also includes disease transmission risk that emerges at 

the human, animal and ecosystem interface. More than 75% of zoonotic 
pathogens are known to originate from wildlife and they have significant 
impact on the health of the human, livestock and wildlife respectively 
(Takayama-Ito et al., 2006). Infectious diseases are known to occur within 
balanced host-agent equilibrium and within their natural ecological zones, 
but some wildlife pathogens had spill over and emerge in livestock 
population (Patz et al., 2005). 

The emergence, re-emergence and pathogen transmission occur as a result 
of many factors some of which includes; ecological dynamics, land use for 
agricultural practises and deforestation which create a contact of man or 
livestock to wildlife and changes the existing ecology of infectious agents 
and their reservoir host (Bengis et al., 2004). 

Livestock farming which is a subsector of agriculture constitute about 37% 
of the agricultural gross domestic product worldwide(Thornton, 2010)and 
disease agent causes both direct losses to the sector through decreased 
productivity and increased mortality of the livestock at the same time 
indirect losses related to the cost of control, market values and insecurity 
and many more (Dehoveet al., 2012).  Mortality are usually due to diseases 

which most of them are shared between livestock and wildlife, and this 
create a burden to the ecosystem, thereby affecting biodiversity, the animal 
populations as well as making the species at the stage of going extinct 
(Daszak et al., 2000).  The role of wildlife at wildlife-livestock interfaces 
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have been characterized as spill over or spill back, maintenance or dead 
end hosts (Bengis et al., 2002). 

Wildlife continues to play an important role in the emergence of diseases of 
livestock and human as a result of multiple changes taking place within the 
wildlife-livestock interface (Jones et al., 2008). Present day livestock 
productions continue to increasealong with encroachment into area of 
wildlife through land alteration (Daszak et al., 2000). The population 
demography of wildlife resulted in increased contact rate and infectious 
agent transmission at the wildlife-livestock interface. 

Bats of the order Chiroptera are the only mammals known to have 
sustained powered flight which are classified into two suborders; The 
Yinpterochiroptera or the Pteropodiformes that comprises a taxa known 
before as Megabats and five Microbats families namely; Craseonycteridae, 
Hipposideridae, Rhinopomatidae, Rhinolophidae and Megadermatidae. 
The Yangochiroptera (Vespertilioniformes) are made up of mostly 
Microbats with the exception of the above listed in Yinpterochiroptera 
(Tsagkogeorga et al., 2013).  Tsagkogeorga et al. (2013) also reports that 
based on evidence of fossil records, bats exist for more than 65million years 
ago and have undergone a rapid diversification during this period. The 
actual bat diversity in Malaysia may be under estimated as recently 
identified species remained previously unknown due to their cryptic 
morphology (Murray et al., 2012). 

About 110 species of bats exist in Peninsular Malaysia, out of which 105 
have known locality records (Lim et al., 2017). Bats are known to be 
associated with many viral pathogens. They have been implicated in 
numerous emerging infectious disease events and are continuously 
recognized as an important reservoir host for viruses that cross the species 
barrier to infect humans, livestock and wildlife. There are about 66 different 
species of viruses been isolated from bats or being detected within their 
tissues and there are serological evidences for many(Shi, 2013). 

Bat lyssavirus infection occurs across the globe, although different virus 
species are present in different region and tend to infect particular bat 
species. Bat rabies lyssavirus are found only in bats of the new world, with 
no report of related lyssavirus in bats of the Americas. Related lyssaviruses 

are reported only in bat population across Africa, Eurasia and Australia 
(Banyard et al., 2011). 
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1.2 Statement of the problem 

1. Dogs are known to be the primary reservoir host of rabies lyssavirus 
and there is no known wildlife reservoir host of rabies in Malaysia 
(Shamsuddin, 2001). 

2. Malaysia is known to be a rabies free country, until 2015 when it lost 
its status following an outbreak of canine rabies (Kamaruddin, 2015). 

3. Malaysia was classified as a high risk rabies lyssavirus country due 
to lack of routine lyssavirus surveillance, as a result of which the 
status of rabies lyssavirus reservoir host of Malaysian bats is not 
known (www.gov.uk/government/publications/rabies-risk-by 
country/rabies-risk-in terrestrial-animals-by-country) Accessed on 
10/11/2017  

 

1.3 Justification of the research 

The home range of wildlife can sometimes contribute to the emergence of 
disease agent at the interface between wildlife and livestock and wildlife 
and human. In most instances, it is usually not always a direct physical 
interaction or even sharing of the same space at the same time. An example 
of this is the indirect contact through the soil, food and water and has been 
in contact with infected animal or the body excretions such as the faces, 
urineand saliva ocular or nasal discharges or through shared insect vectors 
or intermediate host (Bengis et al., 2002). 

Wildlife-livestock interface refers to an area where wildlife meets with 
livestock. It can either be dynamic, bidirectional, multidimensional and is 
usually located at a physical contact point that they all meet to access the 
natural resources such as farm land or range land(Siembieda et al., 2011).  

Rabies lyssavirus mode of transmission is a bidirectional with direct contact 
between wildlife and livestock and occasional spill over to humans. 
However, in some areas, majority of rabies cases are from domestic dog 
and cattle while in Africa and North America different wildlife species are 
reported to play a role in the maintenance and spread of rabies lyssavirus 
(Bengis et al., 2002). 

Livestock farms at the border of wildlife sanctuaries, causes expansion in 
grazing land for livestock and sharing of habitat with the wildlife. Fruit 
bats are known to excrete infectious agent through urine, faces and saliva 
in the partially eaten fruit in areas around the trees or orchard where they 
feed or roost. If this particular roosting site is located within an animal 
farm, the livestock are at risk of being exposed to the pathogens through 

http://www.gov.uk/government/publications/rabies-risk-by
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different means such as consumption of contaminated discarded fruit pulp 
from bats by horses resulting to Hendra virus outbreak(Edson et al., 2015). 

However in the tropics, early morning or afternoon grazing of livestock is 
common and the high ambient temperature causes the livestock to seek 
protection under the tree shade. Bats are known to forage from sunset to 
sunrise and roost on trees, where the livestock concentrate for wallowing, 
hence these areas act as an interface for disease transmission from bats to 
the livestock through faecal excretion or consumption of discarded fruit 
contaminated by bats saliva (Ayele et al., 2004). 

In Malaysia, similar example of spill over occurred in the transmission of 
Nipah virus from bats to pigs and eventually to humans(Plowright et al., 
2015). The emergence of bat-related zoonotic viral diseases has been 
attributed to the loss of natural habitats of bats which were destroyed by 
human activities as a result of which bats faces challenges of acquiring 
food. This in turn will result in a weaker immune system, leading to an 
increase in virus load, that will eventually be secreted into the environment 
through their urine and saliva(Plowright et al., 2015). 

Livestock rabies has been documented in Malaysia and most outbreak of 
rabies occurs within the immune zone of Peninsular Malaysia 

(Shamsuddin, 2001). Rabies immune zone refers to an area that borders 
rabies endemic areas, which carried out intense control measures in order 
to control its spread. In Malaysia, it was set in 1995 in the Peninsula which 
comprises the northern states of Perlis, Kedah, Kelantan and Perak and it 
usually covers 30km to 80km from the Thailand 
(www.nst.com.my/option/establish rabies immune belt border). 

While wildlife rabies has not been documented, upon considering the 
relative abundance of fruit bats which are known reservoir host of zoonotic 
viruses (Chua et al., 2002), the possibilities of fruit bats encroaching into 
livestock farms that borders wildlife sanctuaries, the fruit bat species 
diversity in a livestock farm and the lyssavirus reservoir host status of 
Malaysian fruit bat need to be investigated.  
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However, the relationship of Malaysian fruit bats and lyssavirus is not 
known, hence we begin with the null hypothesis that; 

1. fruit bats do not encroached livestock farm area that borders wildlife
sanctuaries

2. the species diversity of fruit bats in a livestock farm was low
3. Malaysian fruit bats are not rabies lyssavirus reservoir host

1.4 Main aim of the research: 

 The main aim of this research is to determine the ecology and rabies 
reservoir host status of Malaysian fruit bats in the altered ecosystem of 
livestock farming. 

1.5 Objectives of the research 

The objectives of this research are; 

1. to determine the possibilities of fruit bats encroaching into livestock
farm that borders wildlife sanctuaries.

2. to determine the species diversity of Malaysian fruit bats in a
livestock farm area.

3. to determine the rabies lyssavirus reservoir host status of Malaysian
fruit bats.
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