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A B S T R A C T   

Objectives: Leptospirosis is a zoonotic disease caused by Leptospira spp., with rodents as the main reservoir. This 
study aims to detect Leptospira spp. in the urban rat population in Surabaya using the polymerase chain reaction 
(PCR) method and analyze its phylogenetic relationship. 
Methods: This laboratory-based surveillance study used a molecular approach to detect Leptospira spp. in the 
urban rat population from Genteng Village, Surabaya using PCR for detection and subsequent phylogenetic 
analysis of the positive isolates based on the partial lipL32 gene sequence. A total of 30 rat traps were set up, and 
26 rats were successfully captured. 
Results: The PCR results showed that 22 of 25 Rattus norvegicus (88 %) were positive for Leptospira spp., whereas 
the single Rattus tanezumi and three other Rattus norvegicus were negative. With a prevalence rate of 84.6 %, 
these findings indicate a high risk of leptospirosis transmission in Surabaya. Phylogenetic analysis revealed that 
Leptospira DNA from Rattus norvegicus are closely related to Leptospira interrogans, a species known to be pa
thogenic to humans. 
Conclusions: These results strengthen the evidence that Rattus norvegicus plays a major role as a vector in the 
spread of leptospirosis in urban environments. Therefore, mitigation efforts, such as rodent population control, 
improved environmental hygiene, and community education, are needed to reduce the risk of leptospirosis 
infection.   

Introduction 

Leptospirosis, a zoonotic disease caused by the pathogenic bac
terium Leptospira spp., is a global health threat with the highest in
cidence in the tropics and subtropics, including Indonesia [1,2]. This 
organism spreads through the urine of infected animals, especially ro
dents such as rats (Rattus spp.), which act as the main reservoir [3]. In 
Indonesia, cases of leptospirosis are reported to have increased sig
nificantly, with Surabaya as one of the epicenters due to a combination 
of population density, rapid urbanization, and poor drainage systems  
[4]. In urban areas of East Java, 34 % of rats carry Leptospira spp., and 
these bacteria can infect humans through contact with contaminated 

water or soil [5]. In addition to posing a risk to humans, leptospirosis 
also affects livestock, which can serve as secondary reservoirs and 
contribute to transmission. A recent study in Southern Thailand de
tected Leptospira infection in meat goats using molecular approaches, 
reinforcing the relevance of polymerase chain reaction (PCR)–based 
surveillance in animal and human populations [6]. 

Surabaya, as the second largest metropolitan city in Indonesia, faces 
unique challenges in controlling the rat population. The Surabaya 
Health Office Report (2022) recorded 217 cases of leptospirosis in hu
mans in the last 3 years, of which 68 % of victims reported direct ex
posure to environments identified as having high rat infestations. 
Unplanned urbanization, accumulation of waste, and waterlogging due 

https://doi.org/10.1016/j.ijidoh.2025.100074 
Received 25 March 2025; Received in revised form 12 May 2025; Accepted 5 June 2025 
Available online 8 June 2025 
2949-9151/© 2025 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. This is an open access article under the CC BY 
license (http://creativecommons.org/licenses/by/4.0/).  

]]]] 
]]]]]] 

⁎ Corresponding author at: Doctoral School of Economic and Regional Science, Faculty of Economy Science, Hungarian University of Agriculture and Life Science, 
Kaposvár, Hungary. 

E-mail address: edza.wikurendra@phd.uni-mate.hu (E.A. Wikurendra). 

https://doi.org/10.1016/j.ijidoh.2025.100074
http://www.sciencedirect.com/science/journal/29499151
https://www.sciencedirect.com/journal/ijid-one-health
https://doi.org/10.1016/j.ijidoh.2025.100074
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijidoh.2025.100074&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijidoh.2025.100074&domain=pdf
mailto:edza.wikurendra@phd.uni-mate.hu


to the long rainy season create ideal conditions for the breeding of rats 
and the persistence of Leptospira [7]. The dominant Leptospira inter
rogans (serovar Icterohaemorrhagiae and Copenhageni) strain has high 
pathogenicity to humans [8]. Conventional detection of Leptospira 
through serological tests (e.g. microscopic agglutination test) or bac
terial cultures is often not optimal in the field. The Leptospira culture 
requires 4–12 weeks and has a sensitivity of only 30–40 %. Although 
serological tests such as the microscopic agglutination test are con
sidered standard, they are limited by factors such as timing of sample 
collection, delayed antibody response, early antibiotic use, limited 
serogroup panels, and the inability to distinguish current infections 
from past exposures. PCR has been proven as a fast and specific mo
lecular diagnostic tool for the identification of Leptospira DNA in en
vironmental and clinical samples [9]. The lipL32 gene-based PCR (pa
thogenicity marker) achieves 95 % sensitivity and 100 % specificity in 
detecting Leptospira in rat kidneys, far surpassing conventional methods  
[9]. 

In Indonesia, the use of PCR for Leptospira surveillance in rodents is 
still limited. Rats in Jakarta slums tested positive for Leptospira DNA by 
PCR assay [10]. Surabaya’s distinct ecological characteristics such as 
rainfall patterns, urban layout, and human-rat interactions can influ
ence the dynamics of the spread of this pathogen. The risk of leptos
pirosis is closely related to rat density and waste management practi
ces—the two critical issues in Surabaya [11,12]. Another challenge is 
the lack of laboratory capacity, compounded by low community 
awareness of leptospirosis symptoms and the continued reliance of local 
health facilities on rapid tests with less than 60 % accuracy [4]. This 
study aims to detect Leptospira spp. in the kidneys of rats from Surabaya 
using PCR methods targeting the lipL32 genes. Using this molecular 
approach, this study will not only identify the prevalence of pathogenic 
leptospires in local rat populations but also provide important in
formation regarding the potential risk of zoonoses in urban areas of 
Indonesia. The findings of this study are expected to support leptos
pirosis prevention and control efforts through rat population control 
programs and increased public awareness of the importance of en
vironmental sanitation. 

Methodology 

Design, location, and time of research 

This laboratory-based surveillance study used a molecular approach 
to detect Leptospira spp. in urban rat population from Genteng village, 
Surabaya, using PCR and subsequent phylogenetic analysis of the po
sitive isolates. The research was conducted in Genteng Village, 
Surabaya, which is an area with a high population density and varied 
sanitation systems, see Figure 1. Samples were collected during the 
research period which lasted from January to March 2023. 

Sampling of rats 

A total of 30 mousetraps were set up at several strategic points, such 
as traditional markets, waterways, landfills, and densely populated 
areas. The captured rats were then classified by species, weight, and 
physical condition before kidney organ sampling was performed. 

Identification and sampling process 

After the rats were captured, they were humanely sacrificed in ac
cordance with the animal research ethics protocol. Kidney organs were 
taken under aseptic conditions and stored in microcentrifuge tubes 
containing RNAlater solution to prevent bacterial DNA degradation. 
The samples were then stored at −20 °C before DNA extraction. 

DNA extraction 

DNA extraction was carried out using a commercial kit according to 
the protocol recommended by the manufacturer. The kidney sample 
was homogenized, then DNA was extracted through the stages of lysis, 
purification, and elution using a special buffer. The concentration and 
purity of the DNA obtained were analyzed using a NanoDrop spectro
photometer. 

Polymerase chain reaction 

DNA amplification was performed using specific primers for the 
lipL32 gene, which is a specific marker for Leptospira spp. The PCR 
process was carried out in a total reaction of 25 µl consisting of 12.5 µl 
PCR Master Mix (New England Biolabs, NEB), 1 µl forward primer (10 
μM; sequence: 5′-AAG CAT TAC CGC TTG TGG TG-3′), 1 µl reverse 
primer (10 μM; sequence: 5′-GAA CTC CCA TTT CAG CGA TT-3′), 5 µl 
DNA template, and 5.5 µl nuclease-free water. The PCR cycle included 
initial denaturation: 95 °C for 5 min, denaturation: 95 °C for 30 s, an
nealing: 55 °C for 30 s, elongation: 72°C for 45 s, final elongation: 72 °C 
for 5 min, and the number of cycles: 35 cycles. 

DNA samples were subjected to PCR amplification targeting the 
lipL32 gene, which is conserved among pathogenic Leptospira species. 
The primers used were those described by Stoddard et al. [13], which 
amplify a 423 bp fragment specific to lipL32. PCR conditions followed 
the optimized protocol, with a final reaction volume of 25 µl [13]. To 
validate assay specificity, sequences from known pathogenic reference 
strains, including Leptospira interrogans serovar Icterohaemorrhagiae 
and Leptospira borgpetersenii, were included in the phylogenetic analysis 
and aligned with positive sample sequences. These reference sequences 
were retrieved from GenBank. The analytical sensitivity of the lipL32 
assay, based on Stoddard et al. [13], is reported at 10 genome 
equivalents per reaction, ensuring high sensitivity for detecting pa
thogenic strains without cross-reactivity with intermediate or sapro
phytic species. 

Agarose gel electrophoresis 

The DNA amplification result was analyzed using 1.5 % agarose gel 
electrophoresis with GelRed dye. The sample was then run at a voltage 
of 100 V for 45 min and visualized using a ultraviolet transilluminator. 

Data analysis 

The PCR data were analyzed descriptively by calculating the pre
valence of Leptospira spp. infection in the rat population. The prevalence 
was calculated as the ratio of the number of positive samples to the total 
number of samples tested, then expressed as a percentage. In addition, 
to determine the phylogenetic relationship of the Leptospira spp. isolates 
found, DNA sequencing of positive PCR products was performed using 
the Sanger sequencing method. PCR products were purified using a 
commercially available purification kit and sequenced in forward and 
reverse directions. The sequencing reactions were carried out with the 
BigDye Terminator v3.1 Cycle Sequencing Kit, and the resulting se
quences were analyzed using an ABI 3130xl Genetic Analyzer. The se
quencing results were compared with the GenBank database using the 
BLAST software. The phylogenetic tree was constructed using the 
neighbor-joining method with bootstrap 1000 replicates using MEGA X 
software. 

Ethical of research 

This study was approved by the Ethics Committee of the Laboratory 
of Animal Biochemistry, Faculty of Medicine, Universitas Airlangga and 
had passed the ethical test number 655/HRECC.FODM/VIII/2022. All 
procedures carried out in this study have been in accordance with the 
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principles of animal welfare and international guidelines in laboratory 
animal research. 

Result 

Prevalence of Leptospira spp. in Surabaya, Indonesia urban rat populations 

Table 1 shows the results of the presence of Leptospira spp. bacteria 
in the urban rat population in Surabaya using the PCR method and the 
prevalence rate of infection. Of the total of 30 traps set up in various 
high-risk locations (dense settlements, traditional markets, and water
ways), 26 rats were caught, consisting of 25 (96.2 %) Rattus norvegicus 
and one (3.8 %) Rattus tanezumi. These results show the dominance of 
R. norvegicus as an urban rat species in Surabaya, which is in line with 
its characteristics as an invasive species that is adaptive in densely 
populated environments [14]. Of the 26 rat kidney samples analyzed, 
22 (84.6 %) samples tested positive for Leptospira spp. DNA through 
lipL32 gene amplification using PCR. All positive results came from R. 
norvegicus, whereas three R. norvegicus and one R. tanezumi showed 
negative results (Figure 2). The prevalence of infection in R. norvegicus 
reached 88 % (22 of 25), much higher than the global prevalence which 
generally ranges from 30 % to 60 % in urban rats [2]. This indicates 

that Surabaya has a significant risk of contracting leptospirosis through 
contact with rats or environments contaminated with rat urine. 

The dominance of R. norvegicus as the main reservoir of Leptospira 
spp. is thought to be related to its habitat close to humans, such as dirty 
waterways and waste piles, which are ideal media for bacterial growth. 

Figure 1. Sampling location in Surabaya City, Indonesia.  

Table 1 
Prevalence and detection results of Leptospira spp. in Surabaya, Indonesia urban 
rat populations.     

Parameters Amount Description  

Total mousetraps  30 Number of traps installed 
Number of rats caught  26 The rat that was successfully 

caught 
Rat species 
Rattus norvegicus  25 The majority of species found 
Rattus tanezumi  1 Minority species found 
Detection result Leptospira spp. 
Positive Leptospira spp. rat  22 All come from Rattus norvegicus 
Negative Leptospira spp. 

rat  
4 Rattus norvegicus (3), Rattus 

tanezumi (1) 
Prevalence rate  84.6 % The risk of contracting 

leptospirosis is high    
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In addition, the negative results for R. tanezumi may be due to sample 
limitations (only one animal) or differences in ecological factors, such 
as habitat preferences that are more isolated from human activity. 
Positive PCR results in 84.6 % of samples also indicate that most rats in 
Surabaya are infected with Leptospira spp. Therefore, further phyloge
netic analysis is needed to identify the dominant strain and its potential 
association with leptospirosis cases in humans. 

Phylogenetic analysis of Leptospira spp. in Surabaya, Indonesia urban rat 
populations 

The phylogenetic tree shown in Figure 3 shows the evolutionary 
relationship between Leptospira isolates found in sewer rats (Rattus 
norvegicus) from various samples, as well as several reference Leptospira 
species. This tree was constructed based on the sequence analysis of the 
lipL32 gene, a commonly used marker in bacterial phylogenetic studies. 
The tree illustrates the clustering of isolates based on their genetic si
milarity, providing insights into their phylogenetic relationships. The 
phylogenetic analysis shows that most of the Rattus norvegicus samples 
that tested positive for Leptospira tend to cluster together, indicating 
horizontal transmission of Leptospira between individuals in the rat 
population. Some sequences derived from rat samples clustered within 
the pathogenic Leptospira clade, forming distinct branches in proximity 
to reference strains of Leptospira interrogans and Leptospira borgpetersenii. 
Although these species are phylogenetically distinct, the grouping in
dicates that the detected strains are likely pathogenic and share evo
lutionary lineage characteristics with these reference species. This in
dicates that Rattus norvegicus can act as a reservoir for these pathogenic 
Leptospira species. 

The finding of 22 of 25 Rattus norvegicus samples positive for 
Leptospira spp. indicates a high prevalence (88 %) in this rat population. 
This supports the hypothesis that Rattus norvegicus is the main reservoir 
of leptospirosis in urban environments. This could be caused by dif
ferences in Leptospira strains, differences in detection methods, or other 
factors that affect test results, such as low bacterial load in the tissue, 
sample degradation, infection at an early stage, or the presence of PCR 
inhibitors. Although one sample of Rattus tanezumi was negative for 

Leptospira spp., indicating a potential variability in susceptibility, the 
small sample size of this species limits our ability to draw definitive 
conclusions regarding its susceptibility to Leptospira infection. 

Discussion 

The high prevalence (84.6 %) of Leptospira spp. in urban rats in 
Surabaya is a critical indicator of the risk of zoonosis in this region. This 
figure far exceeds global reports on urban rats (30–60 %) and similar 
studies in Manila but is in line with findings in Jakarta (92 %) [15–17]. 
Environmental factors such as poor sanitation, waterlogging, and sub
optimal waste management are thought to be the main triggers [18]. 
These conditions create an ideal habitat for rats and Leptospira bacteria, 
which can survive for up to a month in a damp environment [19]. The 
dominance of Rattus norvegicus as the main reservoir (88 % positive) is 
consistent with its role as an invasive species that is adaptive in urban 
environments [20]. R. norvegicus accounts of human leptospirosis cases 
through contact with contaminated water [21,22]. In Surabaya, intense 
human-rat interactions in dense settlements and traditional markets 
increase the risk of transmission. Although Rattus tanezumi has been 
identified as a Leptospira reservoir in previous studies from Thailand, 
the single negative result in this study should be interpreted with 
caution. Its preference for more closed habitats (e.g. secondary forests) 
may reduce exposure in urban areas [23,24]. However, this remains 
speculative due to the limited sample size (n = 1), and further sampling 
is needed to clarify its epidemiologic role in this setting. 

Leptospirosis is a zoonotic disease that can cause symptoms ranging 
from mild to severe, including kidney failure and bleeding. Workers 
who frequently interact with contaminated environments, such as 
cleaners and drainage workers, are at high risk of exposure. A pre
valence of > 80 % in rats also has the potential to trigger leptospirosis 
outbreaks, especially in flood-prone areas. There is a significant cor
relation between the prevalence of Leptospira in rats and the incidence 
of human cases [25,26]. Leptospirosis is a significant health problem in 
Southeast Asia, especially in areas with poor sanitation [27]. In Sur
abaya, the lack of public awareness about leptospirosis prevention and 
limited health facilities can make the situation worse. One health ap
proach integrating rodent control, community education, and en
vironmental surveillance is recommended [28]. Integrated surveillance 
framework consisting of (1) rodent surveillance using community re
porting and trapping in high-risk urban zones, (2) environmental 
monitoring of standing water and flood-prone areas for Leptospira de
tection, and (3) syndromic surveillance in health care centers to identify 
early warning signals of human leptospirosis cases. Intersectoral co
ordination among the municipal health office, waste management au
thority, academic researchers, and local communities is vital for timely 
interventions. 

Phylogenetic analysis of Leptospira isolates from Rattus norvegicus 
shows an interesting clustering pattern, providing important informa
tion on the epidemiology and evolution of this bacterium. The resulting 
phylogenetic tree indicates genetic diversity among Leptospira isolates 
circulating in the rat population. Most of the positive Leptospira isolates 
from Rattus norvegicus are grouped together, indicating active hor
izontal transmission among the rat population [29]. This clustering is in 
line with previous research by Costa et al., showing that rats play an 
important role in the spread of Leptospira in urban environments [15]. 
The phylogenetic proximity between these isolates also suggests the 
possibility of a common source of infection or a similar transmission 
route. Interestingly, several Leptospira positive isolates from Rattus 
norvegicus clustered within the pathogenic clade and demonstrated 
phylogenetic similarity to reference strains of either Leptospira inter
rogans or Leptospira borgpetersenii, both of which are known pathogenic 
species and represent distinct species with significant genomic and 
ecological differences (Figure 3). 

This finding confirms the role of Rattus norvegicus as an important 
reservoir for pathogenic Leptospira serovars, which can be a source of 

Figure 2. Polymerase chain reaction of Leptospira spp.  
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infection for humans and other animals [30]. Only samples positive for 
Leptospira spp. based on lipL32 PCR amplification were included in the 
phylogenetic analysis. Rattus norvegicus specimens that tested negative 
did not yield sufficient target DNA and were, therefore, excluded from 
tree construction. This can be caused by various factors, such as dif
ferences in the detection methods used, geographical variations, or 
differences in the immunity of individual rats. Although Rattus tanezumi 
was represented by only one subject in the study and tested negative for 
Leptospira, its absence of infection may still suggest possible host-spe
cific differences in susceptibility or exposure compared to other rodent 
species and further sampling is necessary to draw definitive conclusions  
[31]. Overall, this phylogenetic analysis provides strong evidence for 
the genetic diversity of Leptospira in Rattus norvegicus and its role as a 
reservoir for pathogenic serovars. A more nuanced understanding of 
these transmission dynamics is essential for the design of integrated 
leptospirosis surveillance systems under a One Health framework. 
Further research should focus on longitudinal surveillance of rodent 
and environmental samples, along with health data integration, to en
able predictive modeling and early outbreak detection. 

Conclusion 

This study successfully identified a very high (84.6 %) prevalence of 
Leptospira spp. infection in the urban rat population in Surabaya, with 
Rattus norvegicus as the dominant reservoir (88 % positive). These re
sults indicate that urban rats in Surabaya are a potential source of 
leptospirosis transmission to humans, especially in areas with poor sa
nitation and high population density. The adaptive dominance of R. 
norvegicus in urban environments, such as waterways and slums, re
inforces its role as the main vector of Leptospira bacteria. In addition, 
the negative result for R. tanezumi (one sample) may be related to its 
preference for more closed habitats, although further studies with 

larger samples are needed for confirmation. Phylogenetic analysis re
vealed that the detected Leptospira DNA sequence shares a genetic re
lationship with pathogenic strains such as Leptospira interrogans, which 
are widely reported in Southeast Asia [27]. This indicates the potential 
for the same strain to circulate between rodents and humans, especially 
in areas with a history of flooding or standing water. The high pre
valence in rodents also reflects the risk of uncontrolled environments, 
such as garbage piles and poor drainage, which support the survival of 
the bacteria. Numerous studies have identified key risk factors asso
ciated with the spread of Leptospira among rodent populations and its 
transmission to humans, further research is warranted to elucidate the 
relative importance, interactions, and local context-specific dynamics of 
these factors, particularly, in light of emerging environmental and 
ecological changes. Research limitations, such as limited geographical 
scope and small sample size, form the basis for recommendations for 
further studies using a whole-genome sequencing approach for strain 
mapping and more in-depth environmental risk analysis. Thus, this 
study provides a scientific basis for strengthening leptospirosis pre
vention policies in Indonesia. 
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