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Figure 1 Representative Agarose gel electrophoresis of 16S 

rRNA gene amplification from the organ samples of 

pigs. All samples were negative for Leptospira spp. 16S 

rRNA gene. (M= DNA Ladder), (R4, R3, R2, R1, L2, 

L4, L5, L1, L3, LIVER 1= PCR product of the organ 

samples), (-ve= Negative control), (+ = Positive 

control). 
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ABSTRACT 

An abstract of the research paper was presented to the Faculty of Veterinary Medicine, 

Universiti Malaysia Kelantan, in partial requirement for the course DVT 55204 – 

Research Project. 

 

Leptospirosis is a serious disease that affects livestock animals including pigs. It is a 

zoonotic illness with public health implications. This study was carried out to detect 

the presence of Leptospira spp. in pigs in Kelantan via molecular detection. Thus, 30 

organ samples were collected, including 20 kidneys and 10 livers of pigs from wet 

market in Kelantan. Polymerase Chain Reaction (PCR) targeting 16S rRNA gene 

was used for molecular detection, which was followed by gel electrophoresis. From 

the results, there was no Leptospira spp. detected in collected organ samples from pig 

in Kelantan. In conclusion, Leptospira spp. were not found in samples of pig organs 

taken from Kelantan wet markets. 

 

Keywords: Leptospirosis, PCR, Pig, 16S rRNA 
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ABSTRAK 

Abstrak daripada kertas penyelidikan dikemukakan kepada Fakulti Perubatan 

Veterinar, Universiti Malaysia Kelantan untuk memenuhi sebahagian daripada 

keperluan kursus DVT 55204 – Projek Penyelidikan. 

 

Leptospirosis adalah penyakit serius yang menyerang haiwan ternakan termasuk 

babi. Ia adalah penyakit zoonosis yang turut memberi implikasi kepada kesihatan 

awam. Kajian ini dijalankan untuk mengesan kehadiran Leptospira spp. dalam babi 

di Kelantan melalui pengesanan molekul. Justeru, 30 sampel organ telah dikumpul 

termasuk 20 buah pinggang dan 10 hati babi dari pasar basah di Kelantan. Polimerase 

Chain Reaction (PCR) yang menyasarkan gen 16S rRNA telah digunakan untuk 

pengesanan molekul, yang diikuti oleh elektroforesis gel. Daripada keputusan, tiada 

Leptospira spp. dikesan dalam sampel organ terkumpul daripada babi di Kelantan. 

Kesimpulannya, Leptospira spp. tidak ditemui dalam sampel organ babi yang 

diambil dari pasar basah Kelantan. 

Kata kunci: Babi, Leptospirosis, PCR, 16S rRNA 
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1.0 Introduction 

Leptospirosis is a zoonotic disease caused by Leptospira spp. with any of potentially 

pathogenic serovars. The disease affects almost all mammals and has a wide range of 

clinical manifestations, ranging from mild, asymptomatic infection to multiple-organ 

failure and death (Lunn, 2022). Leptospira spp. are obligate aerobic, thin, tightly 

coiled spirochetes that move in a distinctly flexuous manner. The genus Leptospira 

spp. is divided into three broad categories; pathogenic, intermediate and non-

pathogenic (Johnson, 2014). Infection with Leptospira spp. can result in 

leptospirosis, a bacterial disease that affects a wide range of domestic and wild 

animals, as well as humans worldwide, and has been reported in over 150 

mammalian species (Hartmann, 2021). Leptospirosis can also affect farm animals 

such as cattle, sheep, goats, pigs, South American camelids, and horses (Services, 

2021). According to a recent study by Diaz et al. (2022), leptospirosis causes major 

economic losses and an occupational threat in the pig industry. Mild leptospirosis in 

pigs often undetected on the farm because the associated clinical findings are mild 

and non-specific, such as light fever, ataxia, and depressed behavior. Chronic 

leptospirosis, on the other hand, causes abortions, stillbirths, small litter sizes, and 

weak piglets (Zhitnitskiy, 2015). 

A molecular diagnosis and serology are the most often used diagnostic methods for 

leptospirosis. Molecular tests, such as polymerase chain reaction (PCR), can offer a 

prompt and accurate diagnosis of leptospirosis, particularly early phase in the illness. 

PCR can be run on a variety of samples, including blood, urine, cerebrospinal fluid, 

and tissue samples. Serologic tests, on the other hand, are used to assess the presence 

of specific immunoglobulin IgM and IgG antibodies against Leptospira spp. in serum 

(Day, 2022). 

Leptospirosis is often spread indirectly from infected animals to other susceptible 

hosts such as animals and humans via contact with water or soil contaminated by 

infected animal’s urine. The bacteria can also be transmitted directly by direct 

contact with contaminated animal urine, blood, or tissue. Bacteria can enter the body 

through skin or mucous membrane on the interior of the mouth, nose, or eyes (Vohra, 

2020). In the recent years, studies on porcine leptospirosis in Malaysia is very limited 

including in the north-eastern region. Hence, molecular detection of leptospirosis in 

pigs, is investigated further in the current study.  
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2.0 Research problem 

Leptospirosis in pigs has the potential to have a large impact on public health and the 

economy of pig farms. Infected pigs may develop symptoms or clinical evidence of 

leptospirosis, which can lead to major health concerns. If the diseased pig spread the 

bacteria to other pigs on the farm as well as farm workers, a zoonotic risk would 

emerge. As a result, there is a risk of infection if workers do not take efforts to 

control leptospirosis in pigs with the help of a veterinarian. Several studies have been 

carried out to detect Leptospira spp. in pigs, but none in Kelantan, Malaysia. As a 

result, the purpose of this study is to determine the presence of Leptospira spp. in 

pigs in Kelantan using molecular detection. 

 

3.0 Research question 

What is the detection rate of Leptospira spp. in pigs in Kelantan? 

4.0 Research hypothesis 

Leptospira spp. in pigs in Kelantan can be detected using a molecular method 

 PCR. 

5.0 Research objective 

To detect the presence of Leptospira spp. in pigs in Kelantan using the molecular 

method. 

 

6.0 Literature review 

6.1 Etiology of leptospirosis 

An infection with spirochete bacteria belonging to the genus Leptospira spp. results 

in leptospirosis. Leptospira spp. are tightly coiled spirochetes that range in size from 

0.1μm x 6 to 0.1 x 20μm, while certain cultures may contain much longer cells. The 

helical amplitude is about 0.1 to 0.15μm, while the wavelength is about 0.5μm. The 

organism have pointed tips that are typically bent into a characteristic hook. The 

periplasmic space has two axial filaments (periplasmic flagella) with polar insertions. 

The flagellar proteins have a complex structures (Levett, 2001).  
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6.2 Pathogenesis of leptospirosis 

Leptospira spp. enter the host through mucous membranes or cuts on the skin or 

exposure to contaminated water (Adler, 2014). Leptospira spp. will quickly enter the 

bloodstream after infecting the host, causing bacteremia, and spread to variety of 

organs, including the liver, spleen, kidneys, eyes, central nervous system, and 

urogenital tract (Sessions & Greene, 2004). The spread of bacteria to multiple organs 

causes the infected organ to dysfunction, resulting in multiple organ failure and, 

eventually, death of the infected host (Samrot et al., 2021). 

 

6.3 Predisposing factors in maintenance and transmission of leptospirosis 

Reservoir and carrier hosts, such as rodents, can produce a high number of 

Leptospira spp. in their urine, contaminating large and small bodies of water as well 

as soil. Leptospirosis outbreaks have been related to a variety of circumstances, with 

contaminated water sources responsible for a high proportion of cases. Open water 

bodies such as ponds, rivers, lakes, surface water, and moist soil provide a suitable 

environment for Leptospira spp. to live (Wynwood et al., 2014). It can also be found 

in stagnant or slow moving water, and heavy rainfall or flooding might allow it to 

survive longer in the environment (Rudolph, 2013). Flooding can also be a risk factor 

for contamination of water bodies with infected animal urine. Then, without suitable 

protection, animal-human interaction can pose a risk of infection from occupational 

or recreational activities (Sulaiman & Lokman, 2011). Leptospira spp. is spread 

through direct contact with infected animal urine or through indirect contact with 

urine-contaminated soil or water. Farm animals such as cattle, pigs, and goats are 

common carriers of leptospirosis, but it can also be transmitted by wild animals such 

as raccoons and porcupines, as well as domesticated dogs (Wang et al., 2020). 

 

6.4 Diagnosis of leptospirosis 

For diagnosing of leptospirosis, microscopic agglutination test (MAT) is the gold 

standard (Hsu & Yang, 2022). In order to perform MAT, patient serum is incubated 

with various Leptospira spp. serovars. Different serum dilutions are tested with the 

positive serovar to determine MAT titers. The infectious serovar is thought to be the 

one that responds in higher titer with patient serum (Chirathaworn et al., 2014). A 

molecular test, Polymerase Chain Reaction (PCR) can also be used to identify 

leptospirosis. DNA extraction was carried out on the sample that was taken from the 
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animal that was suspected to have leptospirosis. The Leptospira spp. were amplified 

using PCR utilising a thermocycler after the DNA was extracted. Then, gel 

electrophoresis analysis was performed on the PCR products (Ahmed et al., 2012). 

Ellinghausen-McCullough-Johnson-Harris (EMJH) agar is a widely used standard to 

culture these organisms (Chideroli et al., 2017). Cerebrospinal fluid, blood, or urine 

cultures can be used to diagnose leptospirosis; however, this approach has low 

sensitivity. Isolation of the organism is successful in 5 to 50 percent of cases and may 

take several weeks (Day, 2022). Dark-field microscopy is used to inspect cultures 

once a week for up to 13 weeks as they are incubated at 28°C to 30°C before being 

discarded (Levett, 2001). Histopathology is another method for identifying 

leptospirosis. Organ samples from the kidney, liver, and lungs were taken and sent 

for histopathology (Prakoso et al., 2020). Leptospira spp. in clinical specimens have 

been found using a number of histological stains. Silver stains and Warthin-Starry 

stains were the most commonly used staining methods for histopathological 

examination (Budihal, 2014). 

 

6.5 Leptospirosis infection in humans in Malaysia 

The first human case of severe leptospirosis was identified in Malaysia in 1927. 

Since its classification as a notifiable disease in 2010, at least 33,000 cases have been 

reported, with 450 deaths (Neela et al., 2020). Malaysia is endemic for leptospirosis, 

and recent human fatalities have raised concerns among Malaysian medical 

professionals. According to Sabah-based studies, people who live close to a national 

park have a high seroprevalence (25.75%), most likely as a result of exposure to or 

interaction with wild mammals. In 2011, 186 human cases of leptospirosis, including 

13 fatal cases, were reported in Sarawak, increased from 49 cases a year before 

(Thayaparan et al., 2013).  

6.6 Leptospirosis in pigs  

There are very few published data on leptospirosis in pig industry in Malaysia. 

Previous study reported 25.5% of domestic animals in West Malaysia that underwent 

a cross-sectional serological screening tested positive for agglutinating antibodies to 

one or more Leptospira interrogans antigens. The prevalence of infection in pigs in 

West Malaysia was reported to be 16%. Throughout the study period, it was shown 

that the prevalence of infection in pigs decreased, and it is believed that pigs in West 

Malaysia are the maintenance host for serovar Pomona (Bahaman et al., 1987). In 
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addition, according to the study of leptospirosis in pigs in Malaysia by Benacer et al. 

(2017), only 5 (6%) of 81 urine samples analysed from female pigs were positive for 

leptospirosis using the PCR method, and one sample was definitively identified as L. 

interrogans serovar Pomona using MAT. Using PCR and DNA sequencing, four 

positive samples were identified as L. interrogans serovar Pomona and one as L. 

interrogans serovar Bratislava with a similarity of up to 99%. Another study from 

Thailand was conducted in which 400 sera were collected from sows in central 

Thailand between August 2004 and January 2005 and examined to 20 reference 

Leptospira serovars using a microscopic agglutination test (MAT). The results 

showed that 10% of the samples had a positive reaction (Niwetpathomwat et al., 

2006). Acute and chronic infections in pig are primarily described in terms of the 

reproductive impairment, abortion, stillbirth, and perinatal mortality that cause 

economic loss. However, descriptions of the general condition which includes 

haemorrhage, haematuria, renal damage, and death have also been presented. Pigs 

also appear to be asymptomatically carrying the bacteria, which enables undetected 

spread and maintenance of the pathogens on farms (Naudet et al., 2022). The 

important Leptospira spp. in pigs comprise two species and numerous serovars 

namely L. interrogans serovars Pomona, Icterohaemorrhagiae, Canicola, and 

Bratislava, and L. borgpetersenii serovars Sejroe and Tarassovi (Davies, 2022). 

 

6.7 Zoonotic impact 

Worldwide, leptospirosis is a zoonotic and waterborne illness with regard to 

morbidity and death in both humans and animals. It is a neglected, re-emerging 

illness of global public health relevance. Leptospirosis is becoming a major 

contributor to acute febrile disease in many developing nations because of neglect, 

rapid, unplanned urbanization, and poor sanitation. As domestic and wild animals 

can spread Leptospira spp., everyone is at risk of contracting the disease. The at-risk 

population includes medical professionals, animal caregivers, farmers and 

agricultural workers, fishermen, rodent catchers, water sports enthusiasts, National 

Disaster Response Force (NDRF) personnel, volunteers for rescue efforts in flood-

affected areas, sanitary and sewage workers (Karpagam & Ganesh, 2020).  

 

6.8 Treatment for leptospirosis 

Leptospirosis has been extensively treated with antibiotics in cattle, humans, swine, 
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and dogs. Initial studies reveal that penicillin is both inhibitory and bacteriostatic in 

action. Other antibiotics that inhibit Leptospira include oxytetracycline, 

streptomycin, chlortetracycline, chloramphenicol, erythromycin, and tetracycline 

hydrochloride (Hanson, 1960). The first line of treatment for leptospirosis in human 

is regarded to be antibiotics, particularly those belonging to the penicillin group. A 

few clinical trials have also examined the effects of other antibiotics like 

cephalosporin, chloramphenicol, doxycycline, and azithromycin. The majority of 

pigs are treated by a single dose of streptomycin at 25 mg/kg of body weight. For 

new breeders, even those who appear healthy, it is advised in addition to vaccination 

(Fisheries, 2018).  

 

7.0 Materials and method 

7.1 Sample collection 

 A total of 30 organ samples (20 kidneys and 10 livers) were collected from a wet 

market in Kota Bharu, Kelantan, Malaysia in October 2022. The samples were 

individually stored in a sterile seal bag and dispatched to the laboratory in an ice box. 

Samples were stored and froze at -20°C until further analysis. 

  

7.2 DNA extraction 

DNA extraction was performed using a commercial gSYNCTM DNA extraction kit 

following manufacturer’s instruction. Tissue dissociation was performed on each 

organ, which involved cutting up 30mg of organ tissue and transferring it into a 

1.5ml microcentrifuge tube. The organ was ground to a pulp with a micro pestle. The 

sample tissue was homogenized by grinding after 200μl of GT Buffer was added to 

the tube. The sample mixture was administered with 20μl of Proteinase K, and the 

tube was vigorously shaken. The tissue was incubated for one night at 60°C. Lysis 

was performed following an overnight incubation. The tube was filled with 200μl of 

GBT Buffer and vigorously shaken for 5 seconds. The lysate was incubated at 60°C 

for 20 minutes to ensure it was clear. At the same time, an Elution buffer was heated 

to 60°C for use in the last phase of DNA extraction. Following the incubation of the 

tissue sample, 200μl of absolute ethanol was added to the tube and vigorously shaken 

for 10 seconds. A GS column was placed in a 2ml collection tube. The mixture then 

transferred to the GS column and centrifuged at 14000x g for 2 minutes. The 2ml 

collection tube was discarded, and the GS column was moved to a new 2ml 
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collection tube. 400μl of W1 Buffer was added to the GS column and centrifuged at 

14000x g for 30 seconds. The flow through was discarded, and the GS column was 

reinserted into the 2ml collecting tube. The GS column was loaded with 600μl of 

wash buffer and centrifuged for 30 seconds at 14000x g. The flow through was then 

discarded, and the GS column was reinserted into the 2ml collecting tube. The 

column matrix was then centrifuged again for 3 minutes at 14000x g to dry. The 

dried GS column was put into a clean 1.5ml microcentrifuge tube for DNA elution. 

In the centre of the column matrix, 100μl of pre-heated elution buffer was added. To 

verify that the elution buffer was thoroughly absorbed, the GS column was kept 

standing for 5 minutes. The GS column was centrifuged again for 30 seconds at 

14000x g to elute the pure DNA and extracted DNA was stored at -20 °C.  

 

7.3 Polymerase Chain Reaction (PCR) 

The molecular detection of Leptospira spp. was performed by PCR targeting 16S 

rRNA gene. The 16S rRNA gene sequence of the forward primer was 5'-GAA CTG 

AGA CAC GGT CCA T-3' and sequence for the reverse primer was 5'-GCC TCA 

GCG TCA GTT TTA GG-3'. The 16S rRNA gene primer is a universal primer (Lu et 

al., 2015). This primer is designed to target the 16S ribosomal RNA subunit 

(Gokmen et al., 2016). Each sample, including positive and negative controls, was 

prepared in a PCR tube. 5μl of DNA sample was placed into the PCR tube, followed 

by 12.5μl of master mix solution, 1μl forward primer, 1μl reverse primer, and 5.5μl 

of nuclease free water. Instead of the sample, 5μl of nuclease-free water was added to 

the negative control and Leptospira spp. DNA was added to the positive control. 

After preparing the positive control, negative control, and all DNA samples, PCR 

was carried out using a thermal cycler. PCR amplification was initiated at 94˚C for 5 

minutes, followed by 30 cycles at 94˚C for 1 minute, 58˚C for 45 seconds, 72˚C for 

30 seconds and final elongation at 72˚C for 6 minutes. 

 

7.4 Gel electrophoresis 

Following the PCR, gel electrophoresis was performed. The gel was prepared using 

agarose powder. A weighing boat was used to weigh 0.9g of 1.5% agarose powder. 

The 1.5% agarose powder was dissolved in a Schott bottle with 60ml of 1x TBE 

Buffer. The mixture was microwaved for 3 minutes, or until the 1.5% agarose 

powder was completely dissolved. The agarose solution was mixed with 1μl of 
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Midori Green dye. The solution was poured into a gel tray while a well comb was in 

place. The gel was left to solidify for 30 minutes at room temperature. The well comb 

was removed once it solidified, and the agarose gel was placed in an electrophoresis 

tank. After that, the tank was filled with 1x TBE Buffer until the gel was completely 

covered. The 5µl of 100bp DNA ladder was loaded into the first lane of the gel. The 

PCR products were loaded to the remaining available wells of the gel, which the last 

two wells were loaded with positive control (L. interrogans serovar Pomona) and 

negative control (sterile distilled water). The gel was run for 40 minutes at 100V. 

After 40 minutes, the gel was taken from the tank and the DNA fragment was 

observed using the GelDocTM EZ Imager, which referred to the DNA fragment as a 

band according to its presence on the gel which is at the level of 350 base pair (bp). 

 

8.0 Results 

Amplification of the 16S rRNA gene of Leptospira spp. showed that all the samples 

were negative for PCR. Figure 1 shows all samples were negative for leptopsiral 16S 

rRNA gene. If Leptospira spp. is present, a band should visible on the DNA sample 

on the same level as the positive control. Only the positive control exhibits a band, 

indicating the presence of a Leptospira spp. DNA at the level of 350bp. 

 

 

 

 

 

Figure 1: Representative Agarose gel electrophoresis of 16S rRNA gene amplification 

from the organ samples of pigs. All samples were negative for Leptospira spp. 16S rRNA 

gene. (M= DNA Ladder), (R4, R3, R2, R1, L2, L4, L5, L1, L3, LIVER 1= PCR product 

of the organ samples), (-ve= Negative control), (+ = Positive control). 
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9.0 Discussion 

Pig leptospirosis can be caused by different species and serovars of Leptospira spp. 

and is a widespread zoonotic disease. According to a study by Ngugi et al. (2019), 

there is a significant prevalence of leptospirosis positive pigs at slaughterhouses. The 

possibility for cross-species transmission of pathogenic serovars is highlighted, as is 

the potential for occupational exposure to slaughterhouse staff. In order to figure out 

the potential zoonotic risk, current study was carried out to detect the Leptospira spp. 

in pig kidney and liver samples. 

Based on the result, the detection rate is 0% for the pig organ samples collected from 

the wet market of Kelantan. However, this result could be a false negative due to a 

lack during the conduct of the study, such as a small sample size and a lack of sample types; 

collected samples that were not fresh and, not adequate diagnostic approaches for 

leptospirosis. According to a previous study of leptospirosis in pig in Malaysia by 

Benacer et al. (2017), only 5 (6%) of 81 urine samples analysed from female pig 

were leptospirosis positive based on the PCR approach, and 1 sample was 

definitively identified as L. interrogans serovar Pomona using MAT. With up to 99% 

similarity, 4 positive samples were identified as L. interrogans serovar Pomona and 1 

as L. interrogans serovar Bratislava using PCR and DNA sequencing. In comparison 

to this study, the previous study showed a low detection rate of leptospirosis in pigs 

despite collecting more samples and doing more diagnostic workup. Thus, this study 

is expected to have a very low detection rate of 0%, which could be due to a small 

sample size and an insufficient variety of sample types. 

Insufficient sample size and variety of samples can result in falsely negative 

leptospirosis detection results. In this study, just 30 pig's organ samples were 

obtained and analysed for leptospirosis from a wet market in Kelantan, which is 

insufficient to determine the presence or absence of leptospirosis. According to 

Villumsen et al. (2012), polymerase chain reaction testing of blood and urine 

samples allowed for a highly sensitive diagnosis of leptospirosis. As a result, it is 

preferable to obtain the sample from an abattoir or pig farm in order to gather a larger 

number of samples with a variety of types of samples such as blood, urine and organ 

samples. 

Since the samples collected for this study were collected from a wet market in 

Kelantan, it is highly likely that the samples are not fresh because it is unknown for 

how long the seller kept the organs before the organs were collected. Furthermore, 

FY
P 

FP
V



17  

the organ sample that was collected was likely manipulated by the seller by washing 

it, which could affect the results of the study in detection of Leptospira spp. 

Next, diagnosing leptospirosis by PCR alone is not sufficient due to the fact that PCR 

is not the gold standard for leptospirosis detection. Microscopic agglutination test 

(MAT) is the gold standard for diagnosing leptospirosis. In addition, there are a 

multiple of diagnostic approaches that are suggested in order to diagnose 

leptospirosis. Approaches like culture and histology could be carried out in order to 

increase the chance of detecting leptospirosis. According to a study, the sensitivity 

and specificity of PCR were 52% and 79%, respectively, when compared to the 

microscopic agglutination test (MAT), which is the gold standard for detecting 

leptospirosis (Mullan, 2016). Combination of other detection methods with current 

PCR might be a better solution to overcome false negatives. 

 

10.0 Conclusion 

In conclusion, there was no Leptospira spp. detected in organ samples of pigs 

collected from Kota Bharu's wet markets. Further extensive study enrolling samples 

from pig farms and slaughter houses in all district in Kelantan is recommended.  

 

11. 0 Recommendations 

Several obstacles were encountered while completing this research, including the 

inability to locate a pig abattoir in Kelantan. As a result, another option for acquiring 

the organ sample was to collect it from a wet market in Kelantan. In the future, it is 

recommended to collect samples from the abattoir or pig farm in order to collect 

fresh organ samples as well as other pig samples such as blood and urine. For the 

future study, the sample size recommended to be increase using relevant sample size 

determination to produce accurate results. Lastly, samples from the environment, 

such as stagnant water and moist soil around the wet market, pig farms and 

slaughterhouses as well as the samples from people who work with pigs, such as 

farmers, veterinarians and butchers can be collected to estimate the risk of 

occupational hazard and zoonotic potential of pig leptospirosis. 
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