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the requirement for the degree of Doctor of Philosophy 
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Leptospirosis is one of the most common zoonotic diseases worldwide and it has been 
frequently reported in tropical regions, the annual cases of leptospirosis have exceeded 
more than one million worldwide with high mortality rates in humans. There is a paucity 
of data regarding the leptospiral infection in cats. Investigation on leptospiral infection 
in cats is necessary for further understanding the susceptibility of cats towards 
Leptospira spp. and to increase the public health awareness. In this study, a total of 192 
blood samples were collected from cats from four shelters in Peninsular Malaysia. The 
sero-detection against Leptospira spp. was as high as 21.3% (n= 41/192). Bataviae was 
the predominant  serogroup found in cats, the antibodies titres ranged from 1:100 to 
1:1600. Additionally, the blood, urine and kidneys from 82 cats were tested using PCR 
and bacterial culture. The results showed that 4.8% cats (n= 4/82) had pathogenic 
leptospiral DNA in urine and 4.8% cats (n= 4/82) showed positive cultures from urine 
and/or kidney. The leptospires isolates were identified using serological and molecular 
methods as pathogenic L. interrogans serogroup Bataviae. Furthermore, 21 cats that 
were diagnosed positive for Leptospira spp. were proceeded for renal examination. The 
kidney showed histopathological changes from mild to severe and interstitial nephritis 
was the most observed lesion, whilst 95.2% cats (n=20/21) were positively stained for 
lipL32 in the lumen of kidney tubules. The isolated leptospiral strain from this study 
(Alashraf U53-UPM; MK391605) was proceeded for further genomic analysis. The 
genome analysis revealed genes involved in pathogeneses, environmental tolerance (pH 
and temperature resistance) and tissue invasion. Moreover, 99% Average Nucleotide 
Identity (ANI) similarity was revealed with previously isolated Bataviae strains in rats 
and humans in Malaysia and Thailand respectively. The current study shows that 
leptospiral infection is common in cats in Malaysia. Locally and globally, the results 
provide evidence to improve existing knowledge of leptospiral infection in cats.© C
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This study presents the first report of the ability of cats to act as a reservoir harbour the 
pathogenic Leptospira spp. in kidney and shed the pathogens in urine to environment. 
The infected cats with leptospires had histopathological changes in kidney with 
expression of lipL32. The isolated leptospires were pathogenic and closely related to a 
highly pathogenic Copenhageni strain Fiocruz L1-130. The genome characteristics of 
the isolates contribute to further comparative analysis of pathogenic leptospiral 
evolution.  
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JANGKITAN LEPTOSPIRA: PENGESANAN SECARA SEROLOGI, 
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ABDULRAHMAN ALASHRAF 
 
 

Ogos 2020 
 
 
Pengerusi : Profesor Madya Lau Seng Fong, PhD 
Fakulti : Perubatan Veterinar 

 
 

Leptospirosis adalah salah satu penyakit zoonotik yang paling dikenali di seluruh dunia 
dan sering dilaporkan di kawasan tropika. Laporan tahunan kes leptospirosis telah 
melebihi lebih dari satu juta di seluruh dunia dengan kadar kematian yang tinggi 
dikalangan manusia. Secara umum, terdapat kekurangan data berkenaan jangkitan 
leptospira pada kucing. Kajian mengenai jangkitan leptospira pada kucing adalah 
penting untuk memahami kerentanan kucing terhadap Leptospira spp. dan untuk 
meningkatkan kesedaran kesihatan awam. Dalam kajian ini, 192 sampel darah 
dikumpulkan dari kucing dari empat tempat perlindungan di Semenanjung Malaysia.   
Pengesanan sero terhadap Leptospira spp. setinggi 21.3% (n = 41/192). Bataviae adalah 
serogroup dominan yang terdapat pada kucing, titer antibodi berkisar antara 1: 100 
hingga 1: 1600. Selain itu, sampel darah, air kencing dan ginjal dari 82 kucing turut diuji 
menggunakan PCR dan kultur bakteria. Hasil kajian menunjukkan bahawa 4.8% kucing 
(n = 4/82) mempunyai DNA leptospira patogen dalam air kencing dan 4.8% kucing (n = 
4/82) menunjukkan kultur positif dari air kencing dan / atau buah pinggang. Asingan 
leptospires dikenal pasti menggunakan kaedah serologi dan molekul sebagai patogenik 
L. interrogans serogroup Bataviae. Selanjutnya, 21 kucing yang didiagnosis positif 
Leptospira spp. dilanjutkan untuk pemeriksaan ginjal. Ginjal menunjukkan perubahan 
histopatologi dari nefritis ringan hingga teruk dan interstisial adalah lesi yang paling 
banyak diperhatikan, sementara 95.2% kucing (n = 20/21) bernoda positif untuk lipL32 
di lumen tubulus ginjal. Strain leptospira terpencil dari kajian ini (Alashraf U53-UPM; 
MK391605) dilanjutkan untuk analisis genomik selanjutnya. Analisis genom 
menunjukkan gen yang terlibat dalam patogen, toleransi persekitaran (ketahanan pH dan 
suhu) dan pencerobohan tisu. Lebih-lebih lagi, persamaan 99% Purata Identiti 
Nukleotida (ANI) dinyatakan dengan strain Bataviae yang sebelumnya diasingkan pada 
tikus dan manusia di Malaysia dan Thailand. Kajian semasa menunjukkan bahawa 
jangkitan leptospira sering terjadi pada kucing di Malaysia.  
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Kajian ini membentangkan laporan pertama mengenai kemampuan kucing bertindak 
sebagai takungan yang menyimpan patogen Leptospira spp. di buah pinggang dan 
memindahkan patogen dalam air kencing ke persekitaran. Kucing yang dijangkiti dengan 
leptospire mengalami perubahan histopatologi pada buah pinggang dengan ekspresi 
lipL32. Leptospire terpencil patogen dan relevan dengan strain Copenhageni Fiocruz L1-
130 yang sangat patogen. Ciri-ciri genom isolate menyumbang kepada analisis 
perbandingan lebih lanjut mengenai evolusi leptospira patogen. 
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CHAPTER 1 

1 INTRODUCTION 

Leptospirosis is one of the most common zoonotic diseases in the world and it has been 
frequently reported in tropical regions (Benacer et al., 2016). High mortality rates in 
humans correlated with leptospirosis have surpassed serious diseases such as viral 
hemorrhagic fevers (VHFs), the annual cases of leptospirosis have exceeded more than 
one million worldwide (Lozano et al., 2012; Costa et al., 2015). The causative agent of 
the disease is Leptospira spp., a bacterium belongs to the spirochetes phylum (Levett, 
2001). Leptospirosis can be transmitted in two modes, either through direct contact with 
infected urine and indirectly by the access to contaminated environment (Musso & La 
Scola, 2013). More than 250 virulent serovars have been reported to date, causing the 
infection to more than 150 mammals (Adler & Moctezuma, 2010; Ko et al., 2012). The 
prevalent serovars differed due to geographical variability, serovars endemicity and the 
infected hosts (Hartmann et al., 2013), such as serovar Icterohaemorrhagiae in Europe 
(Levett, 2001). Rodents are the primary reservoir host of Leptospira spp. that can 
harbour and excrete the bacteria asymptotically through lifetime (Levett, 2001), other 
domestic animals may act as hosts for designated serovars such as Hardjo in cattle (Adler 
& Moctezuma, 2010).  

In most cases, leptospirosis is an asymptomatic disease in both animals and humans 
(Bharti et al., 2003b). Clinical symptoms are usually non-specific and vary widely, the 
common clinical signs in human include jaundice, fever and nausea (Levett, 2001; Bharti 
et al., 2003). As for animals, the clinical signs differ among species of animals, for 
example, symptoms in cattle manifest the reproductive system and mainly due to serovar 
Hardjo (Miyama et al., 2018), and the ocular system in horses that are infected with 
serovar Bratislava are found to be impaired  (Rohrbach et al., 2005). In Malaysia, 
leptospirosis is endemic with human cases recorded increasing from 263 in 2004 to 7,806 
in 2014 (Benacer et al., 2016; Garba et al., 2017). The high humidity and temperatures 
in Malaysia provide an ideal environment for the survival of the Leptospira species. 

Cats showed susceptibility towards leptospiral infection with percentage ranged in-
between 4.8-48% (Agunloye & Nash, 1996; Luciani, 2004; Markovich et al., 2012; 
Rodriguez et al., 2014). A wide range of serovars have been reported in cats that belong 
to two species, namely, L. interrogans and L. kirschneri (Hartmann et al., 2013). Clinical 
signs of leptospirosis in cats are yet to be investigated, despite in previous studies, cats 
with polyuria and polydipsia (PU/PD) had been reported more likely to have anti-
Leptospira antibodies (Luciani, 2004; Fessler & Morter, 1964). Recently, both stray and 
household cats were reported to have DNA from pathogenic Leptospira species in urine 
(Chan et al., 2014; Fenimore et al., 2012; Weis et al., 2017). Therefore, cats might be 
reservoir host or incidental host of Leptospira spp., while the role of cats as potential 
source of the infection is always a subject of discussion (Hartmann et al., 2013). In 
Malaysia, cats are the most common companion animals and live in vicinity to human, 

© C
OPYRIG

HT U
PM



2 

but there is a paucity of published data regarding leptospirosis in cats (Benacer et al., 
2017).  

This preliminary study investigated feline leptospiral infection among the sheltered cat 
in Peninsular Malaysia; determined the susceptibility of cats, the predominant 
serogroups, the carrier and shedding status; and the renal involvement in naturally 
infected cats with Leptospira spp. 

1.1 Problem Statement 

The problem statements can be capitulated as follows: 

1. Leptospirosis is one of the common zoonotic diseases in Malaysia, with high 
occurrence in humans in recent years.  

2. Cats are the most common companion animal in Malaysia, however, their 
exposure to Leptospira spp. is uncertain.  

3. Cats are speculated to be either a reservoir host or an incidental host of 
Leptospira spp., the role of cats as a source is unknown. 

4. The renal pathological changes in naturally and sub-clinically infected with 
Leptospira spp. cats are under-reported. 

 
 

1.2 Objectives 

The objectives of this study are: 

1. To sero-detect anti-Leptospira spp. antibodies among shelter cat population 
in Malaysia and to determine the most common infective leptospiral 
serogroups.  

2. To determine the exposure, shedding and carriage status of leptospires in 
shelter cats in Malaysia using serological, molecular and bacteriological 
methods. 

3. To describe the renal changes in naturally infected cats with Leptospira spp. 
and to demonstrate leptospires in the renal cats’ tissue using special stain 
Warthin-Starry Stain Impregnation (WSS) stain and Immunohistochemistry 
(IHC) using rabbit antiserum against the leptospiral major outer membrane 
protein (lipL32). 

4. To study leptospiral isolates obtained from cat urine and to analyse the 
genome in terms of its evolution and the virulence factors using Whole 
Genome Sequence (WGS). 

 
 
 
 

© C
OPYRIG

HT U
PM



3 

1.3 Hypotheses 

The hypotheses of this study are:  

1. In Malaysia, the sero-detection of leptospiral infection in cats will be as high 
as other domestic animals such as dogs and cattle.  

2. Infected cats with Leptospira spp. in Malaysia are carriers and are able to 
transmit leptospires to the environment. 

3. The histological examination of the renal sections from naturally infected cats 
with Leptospira spp. will show changes in the kidney.  

4. Leptospiral isolates obtained from cats urine and kidney will be highly 
virulent.  
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