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Leptospirosis is currently emerging globally as reflected by the increase in the
number of Leptospira infections. The scope of research on identification of
individual Leptospira species through a rapid assay in local setting is still lacking.
This study attempts to determine the Leptospira species distribution in clinical
and environmental samples using molecular approach. The blood for clinical
samples (n=64) were collected from patients whom have been suspected with
leptospirosis, and the environmental samples (n=105) consisting of soils and
waters were collected from areas with potential sources of Leptospira
transmission. All samples were directly extracted for DNA and subjected to PCR
using three sets of established primers; 16S rRNA, rpoB, and lipL32. Positive
samples were further analysed on their DNA sequences and also through
phylogenetic analysis. Six clinical samples were amplified for 16S rRNA gene
and four clinical samples showed an amplification of rpoB gene that was highly
matched to pathogenic Leptospira spp. in GenBank. Out of 13 positive results
amplified for 16S rRNA from environmental samples, only five were detected to
have been contaminated by Leptospira spp. while the others showed a higher
number of contamination by different species of bacteria. The BLAST similarity
results for clinical samples targeting lipL32 showed that only one out of 64
samples was highly matched to pathogenic Leptospira spp. in GenBank. The
phylogenetic trees constructed shows that the positive clinical samples were
clustered into group with pathogenic Leptospira spp. while the environmental
samples showed a clustering into uncultured Leptospira. Overall, this study
showed the ability of the molecular approach in combination with PCR in
determine Leptospira species directly on both clinical and environmental
samples. Although the number of positive samples were low, but the tendency
of the species to appear in limited positive samples may infer the species as the
likely agents in causing leptospirosis at this study setting.
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Leptospirosis kini semakin merebak secara global seiring dengan peningkatan
bilangan jangkitan Leptospira. Skop penyelidikan mengenai pengenalpastian
spesies Leptospira secara individu melalui pengecaman segera di kawasan
setempat masih kurang. Kajian ini cuba menentukan taburan spesies Leptospira
dalam sampel Klinikal dan alam sekitar menggunakan pendekatan molekul.
Darah untuk sampel klinikal (n=64) dikumpulkan dari pesakit yang telah disyaki
menghidap leptospirosis dan sampel alam sekitar (n=105) terdiri daripada tanah
dan air dikumpulkan dari kawasan dengan sumber yang berpotensi mngandungi
Leptospira. Semua sampel telah diekstrak secara langsung untuk mendapatkan
DNA dan diguna pakai dalam PCR dengan menggunakan tiga set primer; 16S
rRNA, rpoB, dan lipL32. Sampel yang positif kemudiannya dianalisis
berdasarkan kepada penjujukan DNA mereka dan juga melalui analisis
filogenetik. Enam sampel klinikal yang dapat mengamplifikasi gen 16S rRNA dan
empat sampel klinikal yang menunjukkan pengamplifikasian gen rpoB
menujukkan padanan yang hampir sama dengan Leptospira spp. patogenik
dalam GenBank. Daripada 13 keputusan positif dari sampel alam sekitar yang
telah mengamplifikasi gen 16S rRNA, hanya lima sampel yang dikesan telah
tercemar oleh Leptospira spp. manakala yang lain menunjukkan pencemaran
yang lebih tinggi oleh spesies bakteria yang berlainan jenis. Keputusan
keserupaan BLAST untuk sampel klinikal yang menyasarkan gen lipL32
menunjukkan hanya satu daripada 64 sampel mempunyai padanan yang paling
hampir dengan Leptospira spp. patogenik dalam GenBank. Pokok filogenetik
yang dibina menunjukkan sampel klinikal yang positif terkumpul ke dalam
kumpulan Leptospira spp. patogenik manakala sampel alam sekitar
menunjukkan pengelompokan ke dalam Leptospira yang tidak dikultur. Secara
keseluruhan, kajian ini menunjukkan keupayaan pendekatan molekul dalam
kombinasi dengan PCR untuk menentukan spesies Leptospira pada kedua-dua
sampel klinikal dan alam sekitar secara langsung. Walaupun jumlah sampel
yang positif adalah rendah, namun kecenderungan spesies itu muncul dalam
sampel positif yang terhad ini mungkin menyimpulkan spesies itu sebagai agen
yang menyebabkan leptospirosis dalam kajian dikawasan ini.
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CHAPTER 1

INTRODUCTION

1.1 Background

Leptospira is thin helicoidal bacteria, motile, and comprises of hooked ends
which also assemble a distinctive question-mark shape when viewed under dark
field microscope. The infection by this bacterium strain may cause a disease
known as leptospirosis and the most severe disease known as Weil’s disease
that can take place both in human and animals. Leptospira has characteristics
of gram negative bacteria due to the presence of lipopolysaccharides (LPS) and
the double membrane structure. The expression of surface-exposed LPS
structure form the source for characterization of Leptospira into 24 serogroups
and about 250 serovars (Palaniappan et al., 2007).

Currently, Leptospira is clustered in three main subgroups which are pathogenic,
intermediate and saprophytic or non-pathogenic species (Goarant, 2016).
Saprophytic species are normally inhabitants and more abundant in the
environment especially in water and soil (Vital-Brazil et al., 2010). Leptospira
from this subgroup do not infect human to cause leptospirosis. The pathogenic
species require a host to live and reproduce. Rodents such as rats serve as the
main carriers of pathogenic Leptospira and these infected hosts may spread the
bacteria through their urine. Water and soil that have been contaminated by
Leptospira containing urine may expose human to the organisms. Indirect or
direct contact with contaminated soil or water through cuts and wounds, also
consumption of contaminated water and foods can cause the bacteria to invade
the human body leading to infection and leptospirosis.

Leptospirosis is re-emerging zoonotic disease which is deadly and can be
transmitted from infected animal to human. A reviewed by Garba et al., (2017)
stated that the number of leptospirosis cases and deaths in Malaysia has
gradually increased from year 2004 to 2014, with number of cases from 263 to
7806. However, the case showed a decrease of number in 2016 with 5284 cases
(“PressReader.com - Connecting People Through News,” n.d.). In year 2014, the
number of deaths due to leptospirosis was the highest with 92 deaths (Garba et
al., 2017). Most cases were related to tropical weather factors such as flooding
that frequently occurred in Malaysia, and also the occupational exposure among
those higher risk worker such as farm workers, miners, sewage workers, field
agricultural workers, soldiers, veterinarians, and workers in fishing industry that
come into contact with animals (Vke Mbbs, 2011). Population that work or involve
in recreational activities is also at risk of exposure to water and soil
contamination with the urine of reservoir animal without realizing the threat (Lau
et al.,, 2010; Lim et al., 2011). The unhygienic environment that become the



breeding sites of the rodents cause the disease to spread rapidly. Food stores
site, housing area, or markets area that reside the leftover food or rubbish are
the example of places that may attract rats which later will contaminate the
environment through their urine and can lead to the infection.

Leptospirosis is frequently misdiagnosed as a result of its non-specific
presentation such as headache, nausea, vomiting that mostly resemble a regular
symptoms of fever or other febrile diseases such as dengue. Thus, leptospirosis
often difficult to be recognized unless it has reached the severe state known as
Weil's disease. Bharti et al., (2003) stated that, specific recognition or diagnosis
and classification of Leptospira is crucial to allow epidemiological research as
well as for the early treatment, prevention and control of the disease. Some of
the methods currently used for diagnosis Leptospira involves serology, culture
and molecular technique. Microscopic agglutination test (MAT) is the most
frequent serologic method used in diagnosing human leptospirosis.
Agglutinating antibodies in serum can be detected through MAT which provides
result with high sensitivity and specificity, and requires expertise to interpret the
result. However, this method is time consuming and laborious since a panel of
live Leptospires from different serovars need to be maintained and the antibodies
can be detectable at most by the second week of after symptoms (P N Levett,
2001). The presence of Leptospira can also be tested by culturing technique.
Ellinghausen, McCullough, Johnson, and Harris (EMJH) medium or modified
Korthof medium are commonly used for culturing Leptospira and the apparent
growth is viewed under dark-field microscopy (Sayyed Mousavi M. N. et al.,
2017). However, culture of Leptospira is difficult and also time consuming as
this technique requires a special media and the culture need to be maintained
for up to several weeks of incubation with common problem such as
contamination. Microscopic agglutination test (MAT) and culture technique are
definitely not useful for an early diagnosis of Leptospira, thus the need of fast
and specific identification of infectious agent has led to development of new
molecular test. Polymerase chain reaction (PCR) has been developed as a major
technique for the detection and identification of specific microbial gene. PCR
diagnosis improves the accuracy of epidemiological evaluation of leptospirosis,
allowing a better evaluation of the real incidence of the disease, PCR-based
strategies for Leptospira detection help to improve the diagnosis of leptospirosis
through their advantages of speed, sensitivity, and specificity.

The diversity of Leptospira genus comprised of hundreds of serovar and genetic
types requires specific identification and classification. 16S rRNA primer derived
from leptospiral ribosomal 16S RNA gene has been widely used to identify the
fastidious organism including Leptospira species (Ahmed et al., 2012; Aviat et
al., 2009; Ganoza et al., 2006; Merien et al.,, 1992). An analysis of RNA
polymerase beta-subunit gene (rpoB) that possess the same key attributes as
16S rRNA gene has also been used as an alternative in species identification as
well as initial screening and identification of Leptospira in environment and
clinical samples (Scola et al., 2006). RpoB gene encodes for protein beta-subunit
of RNA polymerase enzyme is crucial in DNA synthesis. Several researchers
have marked that rpoB gene has greater discriminatory power and high
resolution in identifying bacteria such as Leptospira spp., Treponema sp.,



Borellia sp., and Corynebacterium sp. (Scola et al., 2006; Renesto et al., 2000;
Khamis, Raoult, & La Scola, 2004). Leptospira has been suggested to possess
a unique virulence trait that is not present in other non-infectious Leptospira with
the absence of virulence factor homologues among the protein of known function
(Ghazaei, 2018). The major outer membrane lipoprotein, lipL32 has been well
known as the most abundant protein and a study showed that the gene was
conserved in all pathogenic Leptospira (Haake et al., 2000; Krishna et al., 2013).
The unigue virulence factor of Leptospira has allowed a screening and
identification of virulence potential among Leptospira species.

It is important to understand the distribution pattern of the species at local
settings but data on the identification of individual Leptospira species of local
strains from widely diverse area in Malaysia are still lacking. Rapid and simple
assays for the identification of individual Leptospira species are currently not well
established especially in Malaysia due to the fastidious and sensitive nature of
the organisms which may not allowed for a wide surveillance study to be
conducted on the organisms. Therefore the molecular approach was used in this
study to identify Leptospira spp. from clinical and environmental sources
obtained from two different hospitals and environmental samples from high risk
area around Selangor state. All samples were directly extracted for DNA and
used for PCR amplification by using published specific primes, omitting the
culture steps and expensive serology approaches. A detection and nucleotide
sequence analysis targeting 16S rRNA, rpoB, and lipL32 genes used in this
study may lead to the development of a genetic based-predictive tool for effective
detection of Leptospira spp. and its virulence potential. This study further
analysed the distribution of species, virulence-related genes, and phylogenetic
relationship among local clinical and environmental sources. It is hypothesized
that there is a significant association between the gene from the local strains and
their distribution in providing a better understanding on the Leptospira population
in Malaysia through molecular approach.

1.2 Objectives

1.2.1 General Objective

To determine the Leptospira spp. distribution in clinical and environmental
samples using molecular method.

1.2.2 Specific Objectives

e To detect an availability of Leptospira DNA in clinical and
environmental samples targeting 16S rRNA and rpoB genes using
PCR method.

e To detect the presence of virulence genes targeting lipL32 among
the clinical and environmental samples.

e To determine the genetic relationship among the identified
Leptospira spp. using phylogenetic tree.
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Leptospirosis is currently emerging globally as refieci=c oy e increase in the
number of Leptospira infections. Transmission of the bacierz iakes place between
environment, animals, and human. Infection may czuss 2 mild to severe
complication. PCR diagnosis improves the accuracy of epidemiological evaluation of
leptospirosis, allowing a better evaluation on incidence of the disease. The most
commonly used genes for identifying microbial community invoives 16S rRNA gene
and also rpoB gene (RNA polymerase B-subunit). This study atiempts to identify and
determine the distribution of Leptospira spp. using 16S rRNA and rpoB genes from
environmental samples in high risk areas around Selangor, Malaysia. A total of 60
environmental samples consisting of soils and waters wers exiracted for DNA and
subjected to PCR using 2 sets of primers, targeting 165 rRNA and rpoB genes of
Leptospira. PCR products were analysed through ge! electrophoresis and positive
results were subjected to sequence analysis. Ten out of 80 (16.67%) samples were
amplified for 16S rRNA gene with expected amplicon size (330bp), while 22 out of
60 (36.67%) samples were amplified using the rpoB gene’s primers but were not of
the expected amplicon size. Out of the 10 positive samples. only 5 were detected to
have been contaminated by Leptospira spp. based on seguencing results of the 168
rRNA gene. This study showed that the DNA-based approach by using PCR was
able to detect Leptospira spp. although environmental samples may contain diverse
microbial populations that complicate detection. The use of rpoB requires further
validation but the presence of Leptospira spp. in the environment in the high risk
areas around Selangor points out the importance of molecular screening. Further
study on the distribution of the species in the environment is needed to reduce the
posibility of Leptospira infection.
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