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ABSTRACT

Leptospirosis is a zoonotic disease which is caused by spirochetes from the genus 
Leptospira. It can be transmitted to humans through direct contact with infected animals 
or indirect contact with an environment contaminated by the urine of infected animals. 
The objective of this study was to study the status of leptospirosis in two selected National 
Service Training Centres (NSTCs) and two paddy fields of Sarawak. A total of 31 captured 
rats, 210 soil samples and 210 water samples were collected from these study sites. All the 
samples were inoculated into a modified semisolid Ellinghausen-McCullough-Johnson-
Harris (EMJH) broth with 5-fluorouracil. For soil and water samples, a specific polymerase 
chain reaction (PCR) was conducted after  a one-month incubation period. Kidney and 
liver samples from rats were incubated and PCR was carried out monthly during the three-
month incubation period. Representative PCR-positive samples which targetted LipL32, 
16S rRNA and rrs genes at 423 bp, 331 bp and 240 bp in pathogenic, intermediate and 
saprophytic Leptospira, respectively, were further sequenced. From the PCR analysis, 
intermediate Leptospira was detected in one (3.2%) rat species, Rattus exulans, that was 
captured in a paddy field. A total of six (2.9%) pathogenic Leptospira, one (0.5%) each from 

intermediate and saprophytic Leptospira, 
were present in soil samples from the 
study sites. Six (2.9%) water samples were 
contaminated by pathogenic Leptospira, 
four (1.9%) by intermediate Leptospira and 
seven (3.3%) by saprophytic Leptospira. All 
the contaminated environmental samples 
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were collected from NSTCs except for 
two soil samples and four water samples 
from paddy fields that were infected by 
pathogenic Leptospira. Results from DNA 
sequencing analysis indicated that the 
dominant pathogenic, intermediate and 
saprophytic Leptospira species circulating 
in these study sites were Leptospira 
noguchii, Leptospira wolffii serovar Khorat 
and Leptospira meyeri, respectively. 
Although the prevalence of Leptospira is 
low, there is still a risk of infection to those 
who are involved in outdoor activities at 
training centres and paddy fields. Control 
and preventive measures are, therefore, 
important in tackling preventable diseases 
related to pathogenic Leptospira.  

Keywords: Leptospira, rat, soil, water, National 

Service Training Centres, paddy fields

INTRODUCTION

Leptospirosis is a worldwide zoonotic 
disease caused by pathogenic Leptospira. 
This aerobic bacterium is highly motile 
and is observed as helical shaped under a 
dark-field microscope (Flores-Encarnación 
et al., 2014). More than 1.7 million cases of 
severe leptospirosis are reported worldwide 
annually, with an approximately 10% 
mortality rate (Chen et al., 2015). This 
disease is usually transmitted through direct 
contact with the urine of infected animals 
or indirect contact with an environment 
contaminated with the bacteria (Sumanta 
et al., 2015). 

Leptospirosis has been associated with 
occupation and is reported to commonly 

occur among rice farmers, sewer workers, 
fishermen or military personnel (Alavi et 
al., 2014). However, recreational activities 
such as water sport have been recorded 
as a risk factor as well (Narita et al., 
2005). In Malaysia, leptospirosis outbreaks 
originating from National Service Training 
Centres (NSTCs) and paddy fields have been 
documented. The National Service Training 
Programme was introduced by the Malaysian 
government with the aim of enhancing 
patriotism among youths and encouraging 
national integration and unity. In January 
2010, a contaminated pond in the Junaco 
Park National Service Training Camp, Sibu, 
Sarawak was closed due to the presence of 
Leptospira (Bernama, 2010). In April 2012, 
a trainee died due to leptospirosis in the 
Terkok National Service Training Centre in 
Sungai Siput, Perak (Bernama, 2012). An 
outbreak of leptospirosis during high-risk 
fisheries activities in a neglected swamp 
was also documented in Pauh, Perlis in the 
same year. Further investigation showed 
that 87.5% of water samples collected 
from the swamp was contaminated with 
pathogenic Leptospira. It was discovered 
that this neglected swamp had previously 
been a paddy field that could no longer be 
cultivated (Baharudin et al., 2012). 

To the best of our knowledge, no 
detection study on Leptospira in NSTCs 
and paddy fields of Sarawak have been 
previously published. Due to the potential 
risk of Leptospira infection in these 
localities, the objectives of this study were 
(i) to screen for Leptospira spp. in selected 
NSTCs and paddy fields of Sarawak, and 
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(ii) to identify the dominant Leptospira spp. 
circulating in these localities.

MATERIALS AND METHODS

Sampling

Sampling was conducted from May 2014 
to January 2015. A total of 31 captured rats, 
210 soil samples and 210 water samples 
were collected from two NSTCs and 
two paddy fields in Kuching and Miri, 
Sarawak. Sampling was conducted at 
NSTCs approved by the National Service 
Training Department and camp managers of 
the respective NSTCs. The two paddy fields 
chosen were situated in villages with most 
of the population engaged in agricultural 
activities, namely paddy field cultivation.

In the NSTCs, cage traps were placed 
in open fields, trainees’ hostels, canteens, 
store rooms, jungle areas and along the lakes 
in the camps with salted fish and banana 
as bait. Soil samples were collected from 
the jungle areas and open field whereas 
water samples were collected from lakes, 
water streams and drain effluent from the 
canteens in the camps. Cage traps were set 
at random in the paddy fields and barns. 
Soil samples were collected from the paddy 
fields whereas water samples were collected 
from the paddy fields, streams or rivers 
nearby.

Collection of Rat Samples

Rectangular cage traps were used to capture 
the rats. All the trapped rats under the 
family Muridae were identified based on 
the morphological characteristics recorded 

by Payne and Francis (2007). They were 
then euthanised humanely and dissected 
aseptically. Kidney and liver samples 
were inoculated into a modified semisolid 
Ellinghausen-McCullough-Johnson-
Harris (EMJH) broth with 100 μg/mL 
5-fluorouracil. The enriched samples were 
incubated aerobically at room temperature 
for three months. PCR was conducted every 
month to detect the presence of Leptospira 
spp. (Houemenou et al., 2013).

Collection of Soil and Water Samples

Soil and water samples were collected using 
50 mL sterile falcon tubes. About 20 g of soil 
samples were mixed vigorously with sterile 
distilled water before they were allowed to 
settle for 15 min. They were passed through 
sterile a 0.2-μm pore size membrane filter 
(Sartorious AG, Germany). Approximately 
50 mL of water samples were filtered using 
the same type of membrane filter. Next, 
about 1 mL of the samples was inoculated 
into a modified semisolid EMJH broth with 
100 μg/mL 5-fluorouracil. The enriched 
samples were incubated aerobically at room 
temperature for one month prior to PCR 
amplification (Ridzlan et al., 2010).

Detection of Leptospira spp. 

The WizardTM Genomic DNA Purification 
Kit (Promega Corporation, USA) was used 
to extract DNA before conducting specific 
PCR amplification. Different primer pairs 
were used to target LipL32, 16S rRNA and 
rrs genes in pathogenic, intermediate and 
saprophytic Leptospira, respectively (Pui 
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et al., 2015). The reaction mixtures (25 µL) 
included 5 µL of 5x PCR buffer, 0.2 mM of 
dNTP mix, 0.4 μM of each primer pair, 2.0 
mM MgCl2, 1.25 U of Taq DNA polymerase 
(Promega Corporation, USA) and 5 μL 
of DNA template. The cycling conditions 
were initial denaturation at 95°C for 2 min; 
35 cycles each of denaturation at 95°C for 
1 min, primer annealing at 55°C for 30 s 
and extension at 72°C for 1 min; further 
extension at 72°C for 5 min and indefinite 
holding period at 4°C. Electrophoresis was 
run on 2% agarose gel in 1x TBE buffer at 
90V for 75 min. 

Identification of Leptospira spp. 

The amplicons from representative positive 
samples (one rat, five soil and nine water 
samples) were subjected to sequencing 
by commercial facility (First BASE 
Laboratories Sdn Bhd, Malaysia). The 
sequencing data were compared with 
GenBank database using nucleotide BLAST 

from the National Centre for Biotechnology 
Information (NCBI).

RESULTS

The prevalence of Leptospira spp. in 
rat, soil and water samples as detected 
by PCR is summarised in Table 1. PCR 
detection indicated that only one (3.2%) 
rat sample captured from a paddy field 
was infected by intermediate Leptospira. 
Among the soil samples, six (2.9%) were 
contaminated by pathogenic Leptospira, 
one (0.5%) by intermediate Leptospira and 
one (0.5%) by saprophytic Leptospira. All 
of these contaminated soil samples were 
collected from the NSTCs except for two 
from the paddy fields that were infected 
by pathogenic Leptospira. A total of six 
(2.9%) pathogenic Leptospira, four (1.9%) 
intermediate Leptospira and seven (3.3%) 
saprophytic Leptospira were recovered from 
the water samples. They were all present in 
the NSTCs except for four from the paddy 

Figure 1. Representative gel image from PCR amplification. Lanes L show the 100 bp DNA ladder. Leptospira 
meyeri strain Sant-1 (lane 1), Leptospira wolffii serovar Khorat strain Khorat-H2 (lane 7) and Leptospira 
noguchii strain LT796 (lane 13) are positive controls. Lanes 2, 8 and 14 are negative controls. Lanes 3 to 5 
show positive PCR amplicons specific to saprophytic Leptospira at 240 bp. Lanes 9 to 11 show the positive 
PCR amplicons specific to intermediate Leptospira at 331 bp. Lanes 15 to 17 show the positive PCR amplicons 
specific to pathogenic Leptospira at 423 bp. Lanes 6, 12 and 18 are negative PCR amplicons. 9 

  

present in the NSTCs except for four from the paddy fields that were contaminated 

by pathogenic Leptospira. The representative gel image is shown in Figure 1. 

 

Table 1 

Prevalence of Leptospira Spp. in Rat, Soil and Water Samples Collected from NSTCS 

and Paddy Fields in Sarawak 

 
Pathogenic  Intermediate  Saprophytic Sample Study sites 
No.a %b  No.a %b  No.a %b 

National Service Training 
Centres 

0/15 0.0  0/15 0.0  0/15 0.0 

Paddy fields 0/16 0.0  1/16 6.3  0/16 0.0 

Rat 

Total 0/31 0.0  1/31 3.2  0/31 0.0 
National Service Training 
Centres 

4/150 2.7  1/150 0.7  1/150 0.7 

Paddy fields 2/60 3.3  0/60 0.0  0/60 0.0 

Soil  

Total 6/210 2.9  1/210 0.5  1/210 0.5 
National Service Training 
Centres 

2/150 1.3  4/150 2.7  7/150 4.7 

Paddy fields 4/60 6.7  0/60 0.0  0/60 0.0 

Water 

Total 6/210 2.9  4/210 1.9  7/210 3.3 
 
Note: anumber of positive samples/total number of samples collected; b, prevalence 
(in %) of positive samples among the samples collected. 
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fields that were contaminated by pathogenic 
Leptospira. The representative gel image is 
shown in Figure 1.

A total of 15 rats comprising four 
different rat species were captured in two 
NSTCs in Sarawak, where Sundamys 
muelleri and Niviventer cremoriventer 
dominated at 46.7% and 33.3%, respectively. 
Ten rats were male and the remaining five 
were female. Adult rats made up 93.3% of 
the captured population. Based on a PCR 
analysis, none of the rats were infected by 
Leptospira spp. However, it was found that 
the soil samples in the two NSTCs were 
contaminated by pathogenic, intermediate 
and saprophytic Leptospira at 2.7%, 0.7% 
and 0.7%, respectively. Out of the 150 water 
samples collected, 1.3%, 2.7% and 4.7% of 

them were positive for the gene specific to 
pathogenic, intermediate and saprophytic 
Leptospira. 

In the two paddy fields of Sarawak, a 
total of 16 individual rats comprising eight 
species were captured. Rattus rattus and 
Rattus exulans dominated by 50.0% and 
18.8%, respectively. Out of the 16 rats, 12 
were male and 11 were adult rats. None 
of the rats was infected by pathogenic and 
saprophytic Leptospira. However, one 
Rattus exulans was positive to intermediate 
Leptospira. This infected rat was an adult 
male rat. Pathogenic Leptospira was found 
to have contaminated  3.3% of the soil 
samples. The water samples from paddy 
fields were contaminated by pathogenic 
Leptospira at 6.7%.

Table 1 
Prevalence of Leptospira Spp. in Rat, Soil and Water Samples Collected from NSTCS and Paddy Fields in 
Sarawak

Sample Study sites
Pathogenic Intermediate Saprophytic

No.a %b No.a %b No.a %b

Rat National 
Service Training 
Centres

0/15 0.0 0/15 0.0 0/15 0.0

Paddy fields 0/16 0.0 1/16 6.3 0/16 0.0
Total 0/31 0.0 1/31 3.2 0/31 0.0

Soil National 
Service Training 
Centres

4/150 2.7 1/150 0.7 1/150 0.7

Paddy fields 2/60 3.3 0/60 0.0 0/60 0.0
Total 6/210 2.9 1/210 0.5 1/210 0.5

Water National 
Service Training 
Centres

2/150 1.3 4/150 2.7 7/150 4.7

Paddy fields 4/60 6.7 0/60 0.0 0/60 0.0
Total 6/210 2.9 4/210 1.9 7/210 3.3

Note: anumber of positive samples/total number of samples collected; b, prevalence (in %) of positive 
samples among the samples collected
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From the PCR analysis, the DNA from 12 
pathogenic strains, six intermediate strains 
and eight saprophytic strains of Leptospira 
were amplified. At least one positive sample 
from each study site was sent for DNA 
sequencing, subject to the availability 
of sample sources. The representative 
positive samples included seven pathogenic 
Leptospira, five intermediate Leptospira and 
three saprophytic Leptospira. Nucleotide 
BLAST results (Table 2) indicated that 
Leptospira noguchii was the dominant 
pathogenic Leptospira present in these 
study sites. Leptospira wolffii serovar 
Khorat was the dominant intermediate 
Leptospira whereas Leptospira meyeri was 
the dominant saprophytic Leptospira. The 
results showed similarity ranging from 78% 
to 99%.

DISCUSSION

In this study, Sundamys muelleri and 
Niviventer cremoriventer dominated the 
rat population in the selected NSTCs of 
Sarawak. This was different from the rat 
species found in West Malaysia, where 
88.1% out of the total 268 rats captured in 
NSTCs in Terengganu, Kelantan, Malacca 
and Selangor were Rattus tiomanicus 
(Mohamed-Hassan et al., 2012). In a 
study where 90 rodents were trapped in 
Cotonou, West Africa, Rattus rattus was 
the rat species with the greatest distribution 
as it spread inland and was present in 
small towns and villages (Houmenou et 
al., 2013). In reality, different species of 
rodents tend to be selective of their own 
habitat. Nonetheless, the rodent species 

diversity may change as rodent habitats are 
destroyed due to agricultural intensification, 
urbanisation or deforestation (Paramasvaran 
et al., 2013). 

From the present results, none of the rats 
trapped from the two NSTCs in Sarawak were 
positive for Leptospira spp. This contradicts 
the finding by Mohamed-Hassan et al. 
(2010). In their study on 168 rats captured in 
NSTCs in Kelantan and Terengganu, 17.9% 
showed positive sera against leptospiral 
antibodies. For the soil and water samples 
from the two NSTCs, low prevalence 
of Leptospira spp. was recorded. Soil 
samples in NSTCs showed contamination 
at 2.7%, 0.7% and 0.7% by pathogenic, 
intermediate and saprophytic Leptospira, 
respectively while 1.3%, 2.7% and 4.7% 
of the water samples were contaminated by 
pathogenic, intermediate and saprophytic 
Leptospira, respectively. These results 
supported the findings of Ridzlan et al. 
(2010), who reported the presence of 
pathogenic Leptospira in three out of 
145 (2.1%) environmental soil and water 
samples collected from NSTCs in Kelantan 
and Terengganu. Previously, two series of 
screening programmes for Leptospira were 
carried out in 2010 at all NSTCs in northern 
and eastern regions of Peninsular Malaysia 
by a public health laboratory in Malaysia. 
During the first screening programme, 
18% (21/115) of water samples from 
13 NSTCs were positive for pathogenic 
Leptospira. A total of 13% (16/123) of water 
samples from nine NSTCs were detected 
to contain pathogenic Leptospira in the 
second screening programme (Hasanatunnur 
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et al., 2011). Elsewhere, 0.5% (1/220) of 
stripped field mice, Apodemus agrarius, was 
detected with Leptospira in two Korean-
operated military training sites (O’Guinn et 
al., 2010). In 2014, American Marines were 
reported to be sick due to leptospirosis after 
attending jungle warfare training at Camp 
Gonsalves, Japan (Stewart, 2010).

From these results, it can be concluded 
that although the prevalence of Leptospira in 
these NSTCs is low, the risk is still present. 
Prior to 2015, there was an intake of more 
than 100,000 trainees annually at the 93 
NSTCs in Malaysia. These trainees were 
exposed to physical activities like canoeing, 
abseiling and obstacle courses, which 
are conducted near the ponds in NSTCs. 
These activities would have put them at 
risk for leptospiral infection from urine-
contaminated soil and water (Mohamed-
Hassan et al., 2010). The National Service 
programme was suspended in 2015 for 
a year by the Malaysian government but 
according to the latest press release (The 
Star Online, 2016). Defence Minister 
Datuk Seri Hishammuddin Tun Hussein 
relaunched a new and improved National 
Service Training Programme (PLKN2.0) 
on 24 April, 2016. Therefore, the camp 
management of NSTCs should always take 
preventive measures to ensure the safety 
of the camp environment for any future 
activities in the camp. 

Rodents breed rapidly in paddy fields 
and this may lead to uncontrolled population 
growth (Fadzlina et al., 2013). Paddy fields 
are favourable places for their survival 
because they can obtain sufficient food in 

this habitat (Vedhagiri et al., 2010). Out of 
the 16 rats captured from the paddy fields, 
only one was infected by intermediate 
Leptospira. Nonetheless, pathogenic 
Leptospira was found in two soil samples 
and four of the water samples collected. 
This highlighted the presence of Leptospira 
spp. in the selected paddy fields of Sarawak. 
Yasouri et al. (2013) reported the presence 
of 47.0% (54/115) saprophytic Leptospira 
and 33.0% (38/115) pathogenic Leptospira 
in 36 soil samples, 67 water samples and 12 
faeces samples collected from a paddy field 
in Iran. Leptospira was also detected in a 
paddy field in Nakhornratchasrima Province 
in Thailand (Tangkanakul, 2000). 

Leptospirosis outbreaks related to 
paddy farming is known to be common. 
Until 1960, more than 200 deaths due to 
leptospirosis were reported annually in 
Japan; most of the victims were farmers 
working in paddy fields (Saito et al., 
2013). Consequently, occupation has been 
perceived as a significant risk factor of 
Leptospira spp. Most leptospirosis infection 
related to occupation has involved rice 
field workers, fish farmers, veterinarians, 
sewer workers and soldiers (Tansuphasiri 
et al., 2006). In 2011, a large leptospirosis 
outbreak involving traditional and full-time 
paddy farmers was reported in Anuradhapura 
district of Sri Lanka. Paddy farming is the 
main source of income for these farmers.

In Malaysia, a total of 7,806 cases 
and 92 deaths resulted from leptospirosis 
in 2014, while 4,457 cases with 71 deaths 
were reported in 2013. The distribution 
of leptospirosis cases by occupation in 
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Malaysia indicated that farmers contributed 
to 6% of the total cases in 2013 and 7% in 
2014 (Ministry of Health Malaysia, 2015). 
It can be concluded that the presence of 
Leptospira spp. in the two paddy fields of 
Sarawak put the farmers at risk of infection 
to leptospirosis. Hence, the villagers must 
take preventive measures such as wearing 
protective clothing and rubber boots to 
minimise contact with a contaminated 
environment as suggested by Koay et al. 
(2004). 

CONCLUSION

This study gave an insight into the 
leptospirosis status in selected NSTCs and 
paddy fields of Sarawak, Malaysia. Since 
there is a lack of information on the real 
status of leptospirosis in these localities, 
this study serves as a source of important 
surveillance data for the public health 
sector in Malaysia, especially Sarawak. 
Knowing that there is a risk of infection to 
humans, appropriate preventive measures 
must be taken by the authorities, the public 
health sector and the public. Some of the 
effective preventive measures include 
usage of protective boots by paddy field 
farmers and prohibition of using or drinking 
water from ponds in National Service 
training centres. Future studies on the risk 
of exposure to Leptospira spp. in other 
agricultural sites such as land farms and oil 
palm estates in relation to wet or dry seasons 
can be conducted for more comprehensive 
surveillance data. 
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