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Abstract  Leptospira, the aetiology of leptospirosis, is one of the most important zoonotic bacteria that affects 
humans and animals all over the world. It has many carriers, but rat is considered as the first primary host for 
leptospirosis. Despite the fact that this disease is common in many countries, its presence in Bangladesh is little 
recognized. From a socioeconomic standpoint, it poses a serious risk to our cattle industry's sustainability. Therefore, 
the purpose of this work was to identify and characterize Leptospira from the rat population using molecular, dark 
field, and culture techniques, as well as to investigate its pathogenicity. Eighty rat samples were aseptically taken 
from both urban and rural parts of the Mymensingh district, including rat kidney and urine samples. The EMJH 
medium was used to first allow each sample to grow. Dark field microscopy was used to identify the bacterial 
isolates, and PCR was used for molecular detection. In urban areas, 16 out of 40 rat samples were positive (40%) 
whereas 10 out of 40 rat samples in rural regions were positive (25%). In both regions, it was discovered that adult 
rat samples had more Leptospira than juvenile rat samples, while female rat samples were more positive than male 
rat samples. We draw the conclusion that Leptospira is present in Bangladeshi rat populations in both urban and 
rural locations. The high pathogenicity of some serovars of this bacterium raises concerns about the hazards to 
public health posed by rat transmission of leptospirosis, even if the reported infection incidence is minimal. 
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1. Introduction 

Leptospirosis is one of the neglected zoonotic diseases 
in the world and is a global public health problem with 
high morbidity and mortality caused by the pathogenic 
bacteria of Leptospira [1,2,3]. Leptospira has 22 species, 
covering more than 300 serovars [4,5]. The pathogenic 
Leptospira can be infected in humans, rats, and dogs are 
most commonly caused by Leptospira serovar 
icterohaemorrhagiae and Leptospira serovar Hardjo was 
found in cattle [6]. In the United States of America, there 
are an estimated 873,000 infectious and 48,000 deaths 
reported each year due to Leptospirosis [7,8]. In South and 
Southeast Asia, the estimated annual incidence of 
leptospirosis is 17.97 and 55.54 per 100,000 populations [9]. 

Rats were known as Leptospira's main reservoir hosts. 
They are also important since they can stay tainted for an 
extensive time without showing disease and transmitting 
pathogenic factors to humans and other animals [10]. 

Leptospirosis can cause fever in humans, and in severe 
cases, it can cause Weil’s disease [11], which is caused by 
jaundice, acute renal failure, and bleeding [12] and bovine 
leptospirosis is the cause of mastitis [13], abortion [14], 
stillbirth or weak calves birth [15].  

The infection is common in developing countries like 
India and Bangladesh due to tropical/subtropical climate, 
farming practices, humidity, and flooding, which are the 
major risk factors for the transmission of Leptospira [16]. 
In addition, it is expected that climate change will increase 
population growth, the expansion of urban areas, and the 
global burden of disease [17]. Leptospirosis alone will 
have a negative impact on rural communities in most 
Asian countries where the disease is endemic [18]. 

Very few studies have been conducted on leptospirosis 
in Bangladesh. Leptospira was detected serologically from 
the rural peoples of flood-prone districts. A high 
prevalence of low-level MAT reactivations was found in 
patients with jaundice high fever and healthy controls [19] 
and also from dengue-negative patients in Dhaka, 
Bangladesh [20] and cattle farms at Chittagong [21]. 
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However, bacteriological identification of Leptospira 
field isolates from any host level has not yet been 
performed. There is no report on the prevalence and 
molecular characterization of Leptospira from the rat 
population in Bangladesh, as rats are the reservoir for 
Leptospira. Therefore, the present study has been designed 
for the first time in Bangladesh for the isolation, 
identification and molecular characterization of 
Leptospira spp. from rats in selected areas of the 
Mymensingh district. The purpose of this study was to 
investigate the prevalence of Leptospira and isolate and 
identify Leptospira spp. using cultural techniques and 
dark field microscopy in urban and rural rat populations. 
In addition, the Molecular characterization of these 
isolates was determined by PCR. 

2. Materials and Methods 

2.1. Ethical Approval 
The Animal Welfare and Experimentation Ethics 

Committee of Bangladesh Agricultural University, 
Mymensingh, approved the methods described in this 
work [approval number AWEEC/BAU/2021(61)]. 

2.2. Sampling Areas 
A cross-sectional study was conducted on rats collected 

from different areas (urban and rural) of  Mymensingh 
district and transported to the Bacteriology Laboratory of 
Department of Microbiology and Hygiene, BAU 
(Bangladesh Agricultural University) for isolation, 
identification and molecular characterization of Leptospira. 
In this study, a total of 80 rats were selected from study 
areas (Table 1). Two samples (kidney and urine) were 
collected aseptically in the laboratory from each rat in 
Mymensingh district's selected urban and rural areas. For 
this, the total number of samples became 160 (Table 2).  

Table 1. List of sample collecting areas 

Area Location Total  
rats Male Female Adult Juvenile 

Urban 
areas 

Kristapur 10 6 4 7 3 
Boubajar 10 6 4 8 2 
Baghmara 10 2 8 6 4 
Different 
sources at 

BAU 
10 2 8 5 5 

Rural 
areas 

Sutiakhali 10 5 5 6 4 
Shambhuganj 10 3 7 7 3 
Chinar more 10 2 8 6 4 
Vangamari 10 3 7 7 3 

Total number of 
samples collected 80 29 51 52 28 

BAU = Bangladesh Agricultural University 

Table 2. Total number of samples collected from captured rats 

Location of 
Mymensingh 

areas 

Number of 
rats 

collected 

No. of 
kidney 
sample 

No. of 
urine 

sample 

Total 
No. of 
sample 

Urban area 40 40 40 80 
Rural area 40 40 40 80 

Total 80 - 160 

2.3. Capturing of Rats  
We captured rats through traps equipped with metal 

cages and food baits such as dry fish, bread, peanut butter, 
soap, potato, biscuits, etc. Traps were placed in the 
evening, collected early in the morning the next day [22], 
and transferred alive to the laboratory for examination.  

2.4. Host Identification and Collection of 
Sample  

We killed captured rats using over dose anesthetic agent 
through the intra-peritoneal route [22]. Age and species, 
gender and life stage (juvenile/mature), each animal 
identification was carried out according to Medway [23] 
based on the phenotypic characteristics, such as fur color 
(ventral and dorsal), body weight, hindfoot and head-body 
length. The kidney samples were collected by postmortem 
and dissecting the dead rat body using a clean, sterile 
scalpel blade and scissors. Urine samples were collected 
by direct puncture of the urinary bladder of the rats using 
a sterile syringe (Figure 1).  

 

Figure 1. Collection of sample 

2.5. Processing of Sample 
Kidney samples were processed by grinding with 

mortar and pestle, and kidney fluid was collected by 
squeezing for culturing [24]. The urine sample was ready 
to use for culture. 

2.6. Isolation and Identification of Leptospira 
Both samples were inoculated into modified 

Ellinghausen–McCullough Johnson-Harris (EMJH) 
medium (Becton, Dickinson Company) supplemented 
with 500 µg/ml or 312 µl/5ml of 5-fluorouracil (Nacalai 
Tesque Company) and incubated at 28°C-30°C until 7-28 
days. Leptospira was identified by checking bacterial 
culture under dark field microscope at 40X and 100X. 
Colony characteristics such as thin helical structures with 
prominent hooked ends and motility developed on the 
culture medium after 7 days of incubation were recorded. 
Once Leptospira spp. was detected, sub-culturing was 
done [25] to obtain pure culture, which was kept as stock 
culture (growing culture with EMJH as it was and using 
50% buffered glycerin) for preserving bacteria at – 20°C. 

2.7. Detection and Confirmation of the 
Leptospira Isolates by PCR 

Kidney sample                                                   Urine sample
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The DNA from both samples or culture samples was 
extracted for PCR using the IllustraTM Tissue and Cell 
Genomic Pre Mini Spin kit (GE Health care®), according 
to the manufacturer's instructions. PCR was performed 
using primers LA/LB [5’-GGC GGC GCG TCT TAA 
ACA TG-3’] and [5’-TTC CCC CCA TTG AGC AAG 
ATT-3’], which target the 16S rDNA gene for amplifying 
331bp, were used to confirm the genus Leptospira [26]. 
The cycling conditions consisted of an initial denaturation 
at 94°C for 3 minutes, 35 cycles each of 94°C for 1 minute, 
57°C for 1 minute, and 72°C for 2 minutes, and additional 
extension at 72°C for 10 minutes. The PCR products were 
analyzed by electrophoresis through a 1% TBE agarose 
gel (Promega, Madison, WI).  

3. Results 

3.1. Isolation and Identification of Leptospira 
Using Culture and Dark Field 
Microscopy 

The active motility of Leptospira was observed, and the 
prevalence was estimated in selected urban and rural areas 
of the Mymensingh district according to the positivity in 
the culture medium. The formation of cloudiness with 
sediment indicated the growth of Leptospira on EMJH 
medium, and sometimes, an opalescent ring (Dinger zone) 
was also formed after growing bacteria (Figure 2). In 
culture media, dark field microscopy revealed thread-like 
helical structures with spiral-shaped or sometimes coiled 
or straight-shaped bacteria under 40X and 100X 
objectives (Figure 3).  

In this study, out of 80 rat samples, 40 were collected 
from urban areas, 16 were found to be Leptospira positive, 
and 40 were collected from rural areas, 10 of which were 
Leptospira positive. Among 40 rat samples from urban 
areas, in 16 cases, both the kidney and urine samples were 
found to be Leptospira positive and out of 40 rat samples 
from rural areas, both the kidney and urine samples were 
Leptospira positive in 10 cases (Table 3). 

 
Figure 2. Growth of Leptospira on EMJH medium (cloudiness and 
sediment formation) 

 
Figure 3. Thread-like thin helical structures with spiral-shaped or 
sometimes coiled or straight-shaped Leptospira spp. seen under dark 
field microscope  

Table 3. Isolation and identification of Leptospira from rat samples 

Areas of 
Mymensingh 

areas 

Number 
of rats 

collected 

Leptospira 
positive 
(kidney 
sample) 

Leptospira 
positive 
(urine 

sample) 

Total 
Leptospira-
positive Rat 

Urban area 40 16 16 16 
Rural area 40 10 10 10 

Total 80  26 

3.2. Molecular Detection of Leptospira spp. by 
PCR 

Out of total 40 samples from urban areas, 16 samples 
were PCR positive against 16S rDNA and 40 samples 
from rural areas, 10 samples were PCR positive against 
16S rDNA (Figure 4). 

 
Figure 4. PCR assay to amplify 16S rDNA of Leptospira spp. isolates 
recovered from rat kidney and urine. Lane 1: 100bp size DNA marker; 
lane 2: Positive control; lane 3: Negative control without DNA and lane 
4-12: Representative Leptospira spp. isolates 

3.3. Occurrence of Leptospira in Different 
Urban Areas 

In the present study, the highest occurrence of 
leptospira was 60% (95% CI: 87.84% - 26.24%) from the 
different sources at BAU, followed by 40% (95% CI: 
73.76% - 12.16%) from both Kristopur and Boubajar and 
20% (95% CI: 56.61% - 2.52%) from Baghmara. Based 
on sex, the highest occurrence of Leptospira from male rat 
was 100% (95% CI: 100% - 34.20%) from different  
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sources at BAU, followed by 50% (95% CI: 98.74% - 
1.26%), 33% (95% CI: 77.72% - 4.33%), and 17% (95% 
CI: 64.12% - 0.42%) from Baghmara, Kristopur, and 
Boubajar, respectively. In contrast, the highest occurrence 
of Leptospira from female rat was 75% (95% CI: 99.37% 
- 19.41%) from Boubajar, 50% (95% CI: 93.24% - 6.76%) 
from Kristopur, 50% (95% CI: 84.30% - 15.70%) in 
different sources at BAU and 13% (95% CI: 52.65% - 
0.32%) from Baghmara. In case of age, the highest 
occurrence of Leptospira from adult rat was 100% (95% 
CI: 100% - 47.82%) from different sources at BAU 
followed by 50% (95% CI: 88.19% - 11.81%), 38% (95% 
CI: 75.51% - 8.52%), 29% (95% CI: 70.96% - 3.67%) 
from Baghmara, Boubajar and Kristopur. On the contrary, 
the highest occurrence of Leptospira from juvenile rat was 
67% (95% CI: 99.16% - 9.43%) from Kristopur, followed 
by 50% (95% CI: 98.74% - 1.26%) from Boubajar, and no 
samples showed positive at Baghmara and different 
sources at BAU (Figure 5). Overall occurrence of 
Leptospira in urban areas was 38%, 42%, 50%, and 21% 
in male, female, adult, and juvenile rats, respectively.  

 
Figure 5. Occurrence of Leptospira in different urban areas rat according 
to location, sex, and age 

3.4. Occurrence of Leptospira in Different 
Rural Areas 

In this study, the highest occurrence of leptospira in rats 
in different rural areas was 30% (95% CI: 65.25% - 6.67%) 
in both Sutiakhali and Vangamari, followed by 20% (95% 
CI: 55.61% - 2.52%) in both Shambhuganj and Chinarmor. 
In case of sex, the highest occurrence of Leptospira from 
male rat was 50% (95% CI: 98.74% - 1.26%) from 
Chinarmor followed by 33% (95% CI: 90.57% - 0.84%), 
20% (95% CI: 71.64% - 0.51%) from Vangamari, 
Sutiakhali, respectively and no samples showed positive 
result at Shambhuganj. In contrast, the highest occurrence 
of Leptospira in female rats was 40% (95% CI: 85.34% - 
5.27%) from Sutiakhali followed by 29% (95% CI:  
70.96% - 3.67%) from both Shambhuganj and Vangamari 
and 13% (95% CI: 52.65% - 0.32%) from Chinarmore. In 
case of age, the highest occurrence of Leptospira from 
adult rats was 50% (95% CI: 88.19% - 11.81%) from 
Sutiakhali followed by 33% (95% CI: 77.72% - 4.33%), 
29% (95% CI: 70.96% - 3.67%), 14% (95% CI: 57.87% - 
0.36%) from Chinarmor, Vangamari, and Shambhuganj, 
respectively. On the contrary, the highest occurrence of 
Leptospira from juvenile rats was 33% (95% CI: 90.57% - 
0.84%) from Shambhuganj and Vangamari followed by 

no samples showed positive at both Sutiakhali and 
Chinarmor (Figure 6). Overall occurrence of Leptospira in 
rural areas was 23%, 26%, 35%, and 14% in male, female, 
adult, and juvenile rats, respectively. 

 

Figure 6. Occurrence of Leptospira in different rural areas rat according 
to location, sex, and age 

4. Discussion 

In order to reveal whether rats in Bangladesh carry 
Leptospires, we performed isolation, identification and 
molecular characterization of Leptospira bacteria from the 
kidney and urine of rats captured in selected urban and 
rural areas of Mymensingh district causing Leptospirosis 
disease in Bangladesh.  

We detected Leptospira spp. from rat populations in 
selected urban and rural areas by using EMJH culture 
medium, dark field microscopy and polymerase chain 
reaction (PCR) and the overall prevalence was 33% of 
which 40% from urban areas and 25% from rural areas. 
These results of isolation are related to the findings of 
some previous studies [26,27,28]. Moreover, Fonseca et al. 
reported that PCR is the main tool for the successful early 
detection of genus and pathogenic species of Leptospira 
[29]. Tulsiani et al. asserted in their study that the results 
of sensitivity and specificity analyses for the various 
diagnostic tests showed that isolation by culture, the gold 
standard for diagnosing leptospiral shedding, had low 
specificity (40%) but perfect (100%) sensitivity when 
compared to the PCR results [30].  

In the present research, we found that the occurrence of 
Leptospira in the urban rat population (40%) is more than 
in the rural rat population (25%). We showed some 
reasons for this differentiation of the occurrence based on 
our selected areas. Regarding urban locations, we caught 
rats in residential areas, crowded places, poorly managed 
trash, wet markets (which offer a wide variety of raw 
foods), food storage rooms, and jute bags that create 
temporary foraging grounds for rats. These regions also 
draw rodents, stray dogs, and food sources. In case of 
rural areas, rats were trapped from hawker centres, 
restaurants and roadside stalls selling cooked food, rice 
storage areas of households and rice fields. One of the 
most common strains, according to Vedhagiri et al. [31], 
was L. borgpetersenii serovar Javanica, which was also 
isolated from rice fields and rats that were captured in 
rural Tamil Nadu, India. This serovar existed among the 
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urban rats that could be described by the migration of 
infected rats with the transportation of goods, rice and 
animals from the rural areas to the urban areas. If we 
associate our findings with their findings, this is the 
probable reason that can be explained the high number of 
positive rats infected with Leptospira spp., where raw 
foods had been brought from rural areas to be sold in the 
urban areas.  

In our study, we found that the occurrence of 
Leptospira in female rats was more than the male rats in 
both areas. This occurrence is different from the results 
found by Benacer et al. [26]; Lekhal et al. [32] and similar 
to the results found by Easterbrook et al. [33]; Desvars-
Larrive et al. [34]. Agudelo-Florez et al. [35] reported that 
there was no correlation between sex, age, and health 
condition of the host and prevalence of the infection. 

In this study we found that the occurrence of Leptospira 
positive is more in adult rats than juvenile rats, which is 
similar to the findings of Benacer et al. [26]; Santos et al. 
[36]. Mohamed et al. [37] pointed out that the adult rats 
who were aggressive, fighting, and biting, may have 
facilitated the transmission of Leptospira. In contrast, 
young rats cannot move like adult rats and they experience 
less exposure to the pathogen that’s why young rats are 
less Leptospira positive than adult rats.  

The limited sample size (n = 80) and number of 
locations examined (n = 8) are the main limitations of our 
study. In order to provide a more comprehensive picture 
of the epidemiology of leptospirosis in urban and rural rats, 
a larger sample size would have improved the statistical 
analysis's power.  

5. Conclusion 

This study provides critical insights into the prevalence 
of Leptospira spp. in rat populations from both urban and 
rural areas of Mymensingh district, Bangladesh. The 
overall prevalence of Leptospira was 32.5%, with urban 
areas showing a higher prevalence (40%) compared to 
rural areas (25%). Female rats and adult rats were more 
frequently found to carry Leptospira spp. than their male 
and juvenile counterparts. These findings underscore the 
role of rats as significant reservoirs for Leptospira spp., 
presenting a potential public health risk for leptospirosis 
transmission to humans and animals in Bangladesh. 
Despite the relatively low infection rates, the presence of 
highly pathogenic serovars raises concerns about the 
zoonotic threat and its socio-economic impact, particularly 
on the livestock industry. The study highlights the need 
for increased awareness, enhanced diagnostic capabilities, 
and preventive measures to mitigate the risk of 
leptospirosis outbreaks. Future research should focus on a 
broader geographical scope, serovar-level identification, 
and evaluation of environmental and seasonal factors 
influencing Leptospira spp. transmission in Bangladesh. 
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