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Leptospirosis is a serious bacterial disease that affects both humans and 

animals. A wide range of symptoms have been reported in humans; the 

disease in dogs is commonly associated with kidney and/or liver disease. In 

Malaysia, information about the common serovars infecting dogs is limited. 

Therefore, this study investigated the occurrences of leptospirosis in 124 pet 

dogs diagnosed with kidney and/or liver disease and documented information 

such as signalment, medical history, management, and clinical findings. 

Altogether, 124 whole blood, 124 sera, 113 urine, four abdominal effusions, 

23 kidneys and 23 livers were collected from the dogs. The samples were 

analysed using microscopic agglutination test (MAT), polymerase chain 

reaction (PCR) and histopathological methods [Hematoxylin and Eosin (H&E); 

Warthin Starry (WS) staining]. Statistical analyses were descriptively 

analysed, and risk analyses were performed using Pearson chi-square tests 

and logistic regression. This study evaluated TaqMan® real-time PCR (qPCR) 
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assays, namely LipL32(1) and LipL32(2), used in the diagnosis of leptospirosis 

and investigated its applicability in clinical samples from dogs diagnosed with 

kidney and/or liver disease, in comparison with conventional PCR used as a 

reference.  

Based on MAT, 53 of 124 (42.7%) dogs were seropositive for leptospiral 

exposure. Sera were frequently positive for serovars Bataviae (n = 12), 

Javanica (n = 10), and Icterohaemorrhagiae (n = 10). Direct PCR detection 

showed that 42 of 124 (33.9%) of the whole blood and 36 of 113 (31.9%) urine 

samples were positive for pathogenic Leptospira spp. By PCR, 2 of 23 (9.1%) 

kidneys and 2 of 23 (9.1%) livers from four different dogs were positive for 

pathogenic Leptospira spp. Abdominal effusion from four dogs was PCR-

positive for pathogenic Leptospira spp. The species detected were L. 

interrogans, L. borgpetersenii, L. kirschneri, and L. kmetyi by partial 16S rRNA 

sequencing. Eleven leptospiral isolates were successfully recovered from 8 

dogs and were further identified and characterised as serovars Bataviae, 

Javanica, and Australis. In addition, the mortality rate of the Leptospira-

infected dogs was high (18 of 53; 34%).  

Medium and large dog breeds with a history of exposure to rats and managed 

outdoors had a greater risk for leptospirosis (p = 0.045). The significant 

predictors for the dogs’ positivity were the presence of rats (p = 0.003) and 

acute clinical illness (p = 0.047). Administration of antibiotics (p = 0.036) and 

the detection of clinical illness at an early stage of the disease (p = 0.04) 

improved the survivability of the dogs. Identifying the profile of dogs at risk of 
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leptospirosis could be helpful in the design of diagnostic and treatment 

strategies, as well as increasing awareness for the prevention of the disease.  

Results showed that the LipL32(1) qPCR assay was shown to have more 

diagnostic value than the LipL32(2) qPCR assay. Hence, the LipL32(1) qPCR 

assay was further analysed and revealed that the assay was able to detect 

DNA copies as low as 5 per reaction with high specificity against the tested 

leptospiral strains. No cross-amplification was observed with the other 

organisms. During the investigation using the clinical samples, the LipL32(1) 

qPCR assay had 100.0% sensitivity and more than 75.0% specificity. This 

suggested that the LipL32(1) qPCR assay is sensitive, specific and has the 

potential to be applied in a more extensive subsequent study.  

The canine kidneys and livers of the Leptospira-infected dogs (n = 18) showed 

relevant histopathological lesions of canine leptospirosis, consisting of 

interstitial nephritis, glomerular atrophy and tubular necrosis and varying 

degrees of vascular and degenerative changes with scattered areas of 

mononuclear cell infiltration in the liver. Using WS staining, spirochete 

organisms were also found in the kidneys (n = 3) and livers (n = 2). 

Histopathology assessment of tissue samples is essential for a definitive 

diagnosis of the lesions and antigen demonstration that could support the 

evidence of canine leptospirosis.  

This study has shown that at least 1 in 3 dogs with kidney and/or liver disease 

in Malaysia can potentially have leptospirosis. Veterinarians examining dogs 
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with these conditions should consider leptospirosis as a differential diagnosis. 

Furthermore, the isolation of serovars Bataviae, Javanica, and Australis is 

essential, given their absence in commercial vaccines. Therefore, proper 

characterisation of leptospiral isolates is critical for providing evidence-based 

knowledge to support developing and commercialising multivalent vaccines 

containing serovars circulating among local populations. 

Keywords: diagnosis, dogs, kidney disease, leptospirosis, liver disease 
 
SDG: GOAL 3: Good health and well-being 
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Leptospirosis adalah penyakit bakteria serius yang memberi kesan kepada 

manusia dan haiwan. Pelbagai gejala telah dilaporkan pada manusia; penyakit 

pada anjing biasanya dikaitkan dengan penyakit buah pinggang dan/atau hati. 

Di Malaysia, maklumat tentang serovar yang biasa menjangkiti anjing adalah 

terhad. Oleh itu, kajian ini menyiasat kejadian leptospirosis dalam 124 anjing 

peliharaan yang didiagnosis dengan penyakit buah pinggang dan/atau hati 

dan maklumat yang didokumenkan seperti pengenalan anjing, sejarah 

perubatan, pengurusan dan penemuan klinikal. Secara keseluruhan, 124 

darah, 124 sera, 113 air kencing, 4 efusi perut, 23 buah pinggang dan 23 hati 

telah dikumpulkan daripada anjing. Sampel dianalisis menggunakan ujian 

aglutinasi mikroskopik (MAT), tindak balas rantai polimerase (PCR) dan 

kaedah histopatologi [Hematoxylin dan Eosin (H&E); Pewarnaan Warthin 

Starry (WS). Analisis statistik dianalisis secara deskriptif, dan analisis risiko 

dilakukan menggunakan ujian Pearson chi-square dan regresi logistik. Kajian 
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ini menilai ujian TaqMan® masa nyata PCR (qPCR), iaitu LipL32(1) dan 

LipL32(2), yang digunakan dalam diagnosis leptospirosis dan menyiasat 

kebolehgunaannya dalam sampel klinikal daripada anjing yang didiagnosis 

dengan penyakit buah pinggang dan/atau hati, dalam perbandingan dengan 

PCR konvensional yang digunakan sebagai rujukan. 

Berdasarkan MAT, 53 daripada 124 (42.7%) anjing adalah seropositif untuk 

pendedahan jangkitan leptospiral. Sera positif untuk serovar Bataviae (n = 12), 

Javanica (n = 10), dan Icterohaemorrhagiae (n = 10). Pengesanan terus 

menggunakan PCR menunjukkan bahawa 42 daripada 124 (33.9%) sampel 

darah dan 36 daripada 113 (31.9%) sampel air kencing adalah positif untuk 

patogenik Leptospira spp. Dengan PCR, 2 daripada 23 (9.1%) buah pinggang 

dan 2 daripada 23 (9.1%) hati dari empat anjing yang berbeza adalah positif  

untuk patogenik Leptospira spp. Efusi perut daripada 4 ekor anjing adalah 

PCR-positif untuk patogenik Leptospira spp. Spesies yang dikesan ialah L. 

interrogans, L. borgpetersenii, L. kirschneri, dan L. kmetyi oleh penjujukan 

separa 16S rRNA. Sebelas pencilan leptospiral berjaya ditemui daripada 8 

ekor anjing dan seterusnya dikenal pasti dan dicirikan sebagai serovar 

Bataviae, Javanica dan Australis. Di samping itu, kadar kematian anjing yang 

dijangkiti Leptospira adalah tinggi (18 daripada 53; 34%). 

Baka anjing sederhana dan besar dengan sejarah terdedah kepada tikus dan 

dijaga di luar rumah mempunyai risiko yang lebih besar untuk leptospirosis (p 

= 0.05). Ramalan penting untuk kepositifan anjing adalah kehadiran tikus (p = 

0.003) dan penyakit klinikal akut (p = 0.047). Pemberian antibiotik (p = 0.036) 
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dan pengesanan penyakit klinikal pada peringkat awal penyakit (p = 0.04) 

meningkatkan kemandirian anjing. Mengenal pasti profil anjing berisiko 

leptospirosis boleh membantu dalam reka bentuk strategi diagnostik dan 

rawatan, serta meningkatkan kesedaran untuk pencegahan penyakit tersebut.  

Keputusan menunjukkan bahawa ujian qPCR LipL32(1) mempunyai lebih 

banyak nilai diagnostik berbanding ujian qPCR LipL32(2). Oleh itu, ujian qPCR 

LipL32(1) dianalisis selanjutnya dan mendedahkan bahawa ujian itu dapat 

mengesan salinan DNA serendah 5 setiap tindak balas dengan kekhususan 

tinggi terhadap strain leptospiral yang diuji. Tiada amplifikasi silang 

diperhatikan dengan organisma lain. Semasa penyiasatan menggunakan 

sampel klinikal, ujian qPCR LipL32(1) mempunyai sensitiviti 100.0% dan lebih 

daripada 75.0% kekhususan. Ini mencadangkan bahawa ujian qPCR 

LipL32(1) adalah sensitif, khusus dan berpotensi untuk digunakan dalam 

kajian seterusnya yang lebih meluas. 

Buah pinggang dan hati anjing yang dijangkiti Leptospira (n = 18) 

menunjukkan lesi histopatologi yang berkaitan dengan leptospirosis anjing, 

yang terdiri daripada nefritis interstisial, atrofi glomerular dan nekrosis tiub dan 

pelbagai peringkat perubahan vaskular dan degeneratif dengan kawasan 

penyusupan sel mononuklear yang bertaburan dalam hati. Melalui 

penggunaan pewarnaan WS, organisma spirochete juga ditemui dalam buah 

pinggang (n = 3) dan hati (n = 2). Penilaian histopatologi sampel tisu adalah 

penting untuk mencapai diagnosis definitif lesi dan demonstrasi antigen yang 

boleh menyokong bukti leptospirosis anjing. 
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Kajian ini telah menunjukkan bahawa sekurang-kurangnya 1 dalam 3 anjing 

dengan penyakit buah pinggang dan/atau hati di Malaysia berpotensi 

menghidap leptospirosis. Doktor haiwan yang memeriksa anjing dengan 

keadaan ini harus mempertimbangkan leptospirosis sebagai salah satu 

diagnosis pembezaan. Tambahan pula, pengasingan serovar Bataviae, 

Javanica, dan Australis adalah penting, memandangkan ketiadaannya dalam 

vaksin komersial. Oleh itu, pencirian yang betul bagi isolat leptospiral adalah 

penting untuk menyediakan pengetahuan berasaskan bukti untuk menyokong 

pembangunan dan pengkomersilan vaksin multivalen yang mengandungi 

serovar yang beredar di kalangan anjing tempatan. 

Kata Kunci: anjing, diagnosis, leptospirosis, penyakit buah pinggang, 
penyakit hati 
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CHAPTER 1 

1 INTRODUCTION 

The causative agent of canine leptospirosis consists of various strains of the 

Leptospira bacteria and can lead to a range of symptoms, from mild to severe. 

Dogs can contract leptospirosis through exposure to contaminated water, soil, 

or the urine of infected animals, especially rodents. Leptospirosis is a zoonotic 

disease that can be transmitted from animals to humans. People in close 

contact with infected dogs should take precautions to prevent transmission, 

including proper hygiene practices and avoiding contact with the dog's bodily 

fluids (Schuller et al., 2015). 

Clinical signs of leptospirosis in dogs can vary widely. They may include fever, 

muscle pain, stiffness, lethargy, loss of appetite, vomiting, diarrhoea, jaundice, 

increased thirst and urination, kidney and liver dysfunction, respiratory 

symptoms and bleeding. It is currently not known whether specific serovars 

are associated with specific clinical signs of leptospirosis in dogs, and there is 

no published evidence to guide therapy based on serovar identification (Sykes 

et al., 2011). However, veterinarians must maintain a high index of suspicion 

for leptospirosis because this is a zoonotic disease with a wide range of clinical 

presentations in dogs. Any age, breed, or sex of the dog is susceptible to 

leptospirosis, and the diagnosis should not be excluded based on signalment 

or lifestyle. Canine leptospirosis is not restricted to large-breed dogs, male 

dogs, or dogs with a predominantly outdoor lifestyle (Lunn, 2022; Taylor et al., 

2021). 
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Diagnosing canine leptospirosis involves a combination of clinical evaluation, 

blood tests, and sometimes urine tests. Specific blood tests can detect 

antibodies or DNA of the bacteria in dogs. Diagnosing and treating the disease 

promptly is essential, as severe cases can lead to kidney and liver failure and 

even death (Budihal and Perwez, 2014). Prevention and management of 

canine leptospirosis include vaccination, hygiene, rodent control, monitoring 

clinical signs, isolation and environmental management. If a dog has been 

exposed to leptospirosis or shows clinical signs, consult a veterinarian 

immediately. Early diagnosis and treatment can improve the chances of a 

positive outcome (Reagan & Sykes, 2019). 

In Malaysia, knowledge of the leptospiral infection in dogs diagnosed with 

kidney and/or liver disease is essential for epidemiologic studies. However, it 

is not well documented. Moreover, little is known about the association 

between leptospiral infection and the risk factors of dogs diagnosed with 

kidney and/or liver disease. Despite currently available diagnostic methods, 

there is still a limitation in diagnosing leptospiral infection in dogs earlier . 

Therefore, this study was conducted to: 

1. Detect leptospiral infection in dogs diagnosed with kidney and/or liver 

disease using serological and molecular methods. 

2. Isolate and identify Leptospira spp. in dogs diagnosed with kidney 

and/or liver disease. 

3. Determine risk factors between leptospiral infection and dogs 

diagnosed with kidney and/or liver disease. 

4. Quantify Leptospira spp. from infected dogs using quantitative real-

time polymerase chain reaction (qPCR). 
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5. Describe the histopathology of kidney and liver form infected dogs

using histological methods.

Thus, the hypotheses for this study were: 

1. Leptospiral infection in dogs diagnosed with kidney and/or liver

disease can be detected using serological and molecular methods.

2. Leptospira spp. can be isolated from dogs diagnosed with kidney

and/or liver disease.

3. There is an association between leptospiral infection and dogs

diagnosed with kidney and/or liver disease.

4. Leptospira spp. from infected dogs can be quantified using qPCR.

5. Histopathology of kidney and liver samples from infected dogs can be

described using histological methods.
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