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Abstract
Background: Leptospirosis is a neglected zoonotic disease caused by leptospira bacteria, primarily
transmitted through contact with contaminated water or soil. While endemic in several parts of India, its
presence in Rajasthan, an arid region, remains underreported. This study investigates the risk factors for
leptospirosis in Sawai Madhopur, a district in Rajasthan that has recently reported an increase in cases.

Methods: A hospital-based case-control study was conducted from January to September 2023. Cases
were defined as individuals suspected and tested positive for leptospirosis via IgM ELISA, while controls
were age-matched inpatients from surgical wards. A structured questionnaire was used to assess
sociodemographic and environmental risk factors. Data were analyzed using univariate and multivariate
logistic regression.

Results: A total of 42 cases and 80 controls were included. The median age was 26.5 years. Females
were 60%. Fever was seen in 96% of cases. Risk factors included exposure to heavy rainfall or flooding
(AOR 4.2, CI 1.1-15.6) and contact with sewage or dirty water (AOR 5.8, CI 1.6-20.3). Contact with
animals was seen as significant in univariate analysis (OR 3, CI 2-7.3) but not in multiple regression.
Rural housing was protective in multivariate analysis (AOR 0.3, CI 0.1-0.9). Housing types were not
significantly associated with infection.

Conclusions: Sewage, dirty water contact and flooding were significant risk factors and housing type
was not, rural residence was protective. Enhanced surveillance, improved sanitation, and healthcare
provider training are essential for early detection and control. Public awareness initiatives should target
high-risk populations, particularly women, to prevent further outbreaks.

Background
Leptospirosis is a neglected tropical zoonotic disease caused by the spirochetal bacteria, Leptospira,
which primarily spreads through contact with water, soil, or food contaminated with the urine of infected
animals.[1,2] The disease is suspected in people having direct or indirect contact with animals,
contaminated food, water or soil and presenting with acute febrile illness with headache, myalgia and
prostration with calf muscle tenderness, conjunctival suffusion, nausea, vomiting, abdominal pain,
diarrhoea and in severe cases jaundice, anuria or oliguria and proteinuria and meningeal irritation.[3] IgM
ELISA is a screening test, while the confirmatory test is the Microscopic Agglutination Test (MAT),
Polymerase Chain Reaction (PCR), Whole Genomic Sequencing (WGS) or the isolation of spirochaete
from a sample. 

Cattle and domestic animals are particularly susceptible to leptospirosis and late occurrence during
gestation can cause stillbirth, abortion and neonatal disease.[4,5] In India, the disease is known to occur
in rural populations having frequent cattle interactions, urban slum-dwellers, areas with heavy rainfall,
and coastal regions[6–10]. Other risk factors for the disease include environmental exposure, farming,
recreational activities in natural water bodies, poor sanitation and hygiene, rodent infestations, and travel
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to endemic areas. There is also an increased risk for veterinarians, pet rescuers, pet owners and abattoir
workers.[11–13] 

The annual global incidence of leptospirosis is estimated to be around 14.77 cases and 0.84 deaths per
100,000 people.[10] Southeast Asia is among the highest-burden areas with an annual incidence rate of

around 55 per 100,000 people.[10]The disease is known to occur in the Indian sub-continent in many
areas and is present in a sizeable proportion of the cases with acute febrile illness, in country-specific
multi-centric trials it is found to be around 12% in all the cases of fever[14,15]. In developing countries like
India, most of the outbreaks occur after natural disasters or the post-monsoon period[14], The country
has seen outbreaks in the states of Karnataka, Maharashtra, Odisha, West Bengal, Andamans, Gujarat
and many other coastal regions.[6,7,9,14,16–20] 

The northern part of the Indian sub-continent, however, has reported fewer leptospirosis cases over the
years. Despite limited awareness, the prevalence of about 7-11% in patients with acute fever[21–24]  in
northern India. Rajasthan, a state in the northwestern part of the Indian sub-continent (Figure 1), lies in
the arid zone, and most of the regions in the state receive average to low rainfall throughout the year[25],
and flooding is infrequent.  There have been only a few sporadic cases of the disease in the state, and
the level of leptospirosis suspicion in patients is low. There is a shortage of proper surveillance and
diagnosis of the disease, which makes estimating the true burden of disease difficult.[26] 

Leptospirosis is reported by case-based surveillance in the Integrated Disease Surveillance Program
which is a national-level surveillance program reporting infectious diseases and diseases of public
health importance. 

Sawai Madhopur district is one of the smallest districts in Rajasthan. The district is home to one the
largest wildlife sanctuaries in the country, known as “The Ranthambore Tiger Reserve”. Its yearly average
temperature is 30.2ºC (86.36ºF), which is 4.23% higher than the national average. Sawai Madhopur
typically receives about 92.86 millimetres (3.66 inches) of precipitation and has 79.26 rainy days
annually[27] The district reported a sudden surge of leptospirosis cases in 2019 and has been recording
cases since then. The district reported 21 cases in 2021, 29 cases in 2022, and continues to report
cases in 2023. There is a dearth of studies on leptospirosis in the district and state. The present study
attempts to gain insight into the risk factors for leptospirosis infection in this district, which is currently
considered non-endemic for the disease.[28,29]

Methodology
We conducted a hospital-based case-control study in the district hospital of Sawai Madhopur district
from January to September 2023. A case was defined as a resident of Sawai Madhopur district who
tested positive for leptospirosis from January 2021 to September 2023 using IgM Enzyme-Linked
Immunosorbent Assay (ELISA). The cases were selected from the patients admitted to the hospital with
the complaint of fever or suspected by the physician for leptospirosis and tested positive for
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leptospirosis using the Abbott PanBioÔ IgM ELISA kit for leptospirosis (sensitivity 96.5%, specificity
98.5%). A line list of patients who tested positive for leptospirosis in the years 2022 and 2021 was
accessed from the hospital and were approached for a telephonic interview. We excluded the patients
with other infections like malaria, dengue, typhoid and hepatitis A infection (tested by IgM ELISA,
Trustwell©) since it may show cross-reactivity on the Abbott PanBio, leading to false positives. 

Informed verbal consent was taken before the interview. We excluded the non-consenting adults and
children whose parents did not consent to the interview. Leptospirosis testing was performed by a
trained microbiologist of the district hospital. We selected two age-matched (±5yrs) controls per case
from the patients admitted in the wards of otorhinolaryngology, general surgery, orthopaedics, burns and
obstetrics unit of the district hospital. We interviewed the study participants using a structured
questionnaire adapted from the U.S. Centers for Disease Control and Prevention (CDC)[30] case record
form for reporting leptospirosis. It contained questions about sociodemographic details, including
gender, age, type of residence like whether they lived in “pucca house” (houses totally made of cement,
concrete and bricks) or kuccha house (houses made fully or partially of grass, bamboo, thatch or muds
and with minimal bricks and cement ) or mixed house with cement walls and thatched roof, and area of
residence whether (urban or rural), type of symptoms, health-seeking behavior and possible risk factors
such as contact with dirty water, occupation and contact with animals. 

All the data was collected through interviews using Epi-collect and analysed using Epi-info version 7.2.5
(developed by CDC in Atlanta, Georgia, U.S.) and R A descriptive analysis of the data was done.
Univariate logistic regression was performed to calculate the odds ratio (OR) with a 95% confidence
interval (CI). We did a multivariate logistic regression with potential risk factors mentioned in the
literature i.e. rural residence, age and gender, and we also adjusted for known confounders and included
the variables which on univariate analysis had an OR >1 and a p-value of ≤0.2. 

This ethical clearance for conducting this study was obtained from the Public Health Emergency
Operational Research Review Board of National Centre for Disease Control (NCDC), Delhi, India (Approval
no. File no. 4-6/2018-EIS cell, GHSA). Permission was also sought from Directorate of Medical and
Health Services, Government of Rajasthan, India.  All participants provided informed consent prior to
their participation in the study. For participants under the age of 18, informed consent was obtained
from a parent and/or legal guardian. Strict data protection protocols reviewed by the NCDC were
followed while collecting information from cases and controls. 

Results
We interviewed 42 leptospirosis case patients who met the case definition. We recruited 80 age-matched
control from the surgical wards. The highest number of cases (n=13, 31%) were 20-29 years old and the
median age of the cases was 26.5 (18-40) years (Table 1). Females constituted 60% of the cases; 64% of
the cases lived in rural areas. Activities like farming, labour and dairy were seen in 42% cases while 21%
were homemakers. Fifty-five percent(55%) of the cases lived in a pucca house (made up of brick and
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stones) while in 38% of cases, the house in which they lived was made from both brick as well as
bamboo and other items like straws. Three cases had kutcha houses (made only of straw, grass and
bamboo sticks) 

Fever was seen in 96% (40) of cases, followed by joint pain and body aches in 33%(14) of patients.
(Figure 2) Nausea and vomiting were seen in 31% (13) of cases, while jaundice was observed in 2% (1) of
cases. Symptoms like abdominal pain, cough and chills were also present. 

Gender-wise segregation of the cases accessing the first healthcare approach showed that 56% of the
females sought healthcare in government health facilities, 29% of cases went first to local practitioners,
and only one used home remedies first. (Table 2) In the cases of males, government health facilities
were the first point of healthcare contact in 41% (7) cases, and 29% (5) males went to local faith healers
also; however, they did not take any home remedies before showing up at health facilities. 

There was no significant difference in the baseline characteristics of the cases and controls, like age,
gender, and sociodemographic features. (Table 3)

Environmental and Occupational factors (Table 1) 

Exposure to flooding or heavy rainfall (OR: 7.7, 95% CI: 2.6-23), sewage or dirty water (OR: 5.2, 95% CI:
2.1-13.2), and animal contact (OR: 3.0, 95% CI: 1.2-7.3) were significant risk factors for leptospirosis,
while residing in a rural area (OR: 0.6, 95% CI: 0.2-1.2) or having a “Kuccha house” (OR: 0.4, 95% CI: 0.1-
1.3) was not associated with increased odds of the disease. (Table 4) Occupations involving contact
with soil, animals or dirty water also had an OR of more than 1 (1.3, 95% Confidence Interval: 0.4-3.6);
however, this association was not found to be significant. 

Multivariate Logistic Regression (Table 4)

A multivariate logistic regression analysis after adjusting for possible confounders like gender
and adjusted odds ratios (AORs) was calculated. "Heavy rain within one month/flooding near home"
(AOR 4.2, 95% CI 1.2-15.6, p=0.028) and "Sewage/dirty water contact" (AOR 7, 95% CI 1.9-26, p=0.006)
were found to be significantly associated with increased odds of having leptospirosis, both before and
after adjustment. In the regression model, being in rural area had a protective effect on the leptospirosis
(AOR 0.28, 95% CI 0.08-0.95, p=0.04). Other factors, including age, animal contact, occupation, untreated
water consumption, living in a kaccha house, open defecation, and travel history, were not significantly
associated with the outcome after adjustment. 

Discussion
This is one of the very few studies describing risk factors for leptospirosis in Rajasthan, a region not
typically considered a high-burden or endemic area for the disease.[31] We found that the contact such as
waddling through with dirty water or sewage or flood water is one of the independent risk factors for
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acquiring leptospirosis, while the animal contact and occupation were not found to be significant
independent risk factors. Furthermore the socio-environmental factors like rural residence and type of
houses were not risk factors for acquiring, however the rural residence had a significantly protective
factor. These findings emphasize that the infection is driven by water contamination which can follow
extreme weather events. 

Females outnumbered males in our study, a surprising finding when compared to other studies by
Kembhavi et al[16], Holla et al[6] , Davoodi et al[32] leptospirosis is more frequently reported in males, likely
as a result of males predominating occupations that may put them at risk for infection. This study was
conducted in a government healthcare facility, which is the only point of testing and care for
leptospirosis in the district. In this district, males primarily seek care at private healthcare facilities, while
females seek care at government facilities, where services are free of charge.[33] As a result, a significant
number of leptospirosis cases in this study involved female patients, which may reflect healthcare-
seeking behavior rather than the true gender distribution of disease incidence.

In our study, the highest number of cases were in individuals aged  20 -39 years, similar to previous
studies[10,16,34]  Fever was the most common presenting symptom of leptospirosis, observed in nearly all
of our cases, with abdominal and joint pain present in about one-third of patients, while jaundice was
rare, and no deaths were reported. Previous studies have also seen similar symptoms of leptospirosis.
[15,34,38] Due to low clinical suspicion and, non-specific nature of fever, testing for leptospirosis is
uncommon. This is further supported by the fact that case patients sought care at multiple facilities
before being tested for leptospirosis. Underreporting may occur due to low suspicion in non-endemic
areas, the need for acute blood samples for diagnosis, and the fact that only half of the cases initially
sought care at the district hospital, the sole testing center, highlighting delays in diagnosis and gaps in
public awareness. 

We found contact with dirty water or sewage as a significant risk factor, also flooding near the house
within the last months was also found to be a significant risk factor for the causation of
leptospirosis, dirty water contaminated by the urine of infected animals like cattle, pigs, horses, rodents,
dogs and wild animals is a known risk factor for leptospirosis.[7,44]  Flood water and dirty standing water
have a risk of being contaminated with the urine of rats and domestic animals, standing or wading
through this water is a known risk for the causation of leptospirosis   Findings like these have also been
registered by other studies in the subcontinent.[7,37–39] The risk factors for leptospirosis can be different
in rural and urban areas. More people in rural areas might get the disease due to factors like having
cattle at home, open canal bathing, and rice farming. [9,16] However, our study found rural residence to be
a protective factor for leptospirosis. This can be explained by the presence of sewage, stagnant water
and rodent interaction in the unplanned urban areas specially in the settlements which are unplanned.
[9,40,40–45] The finding may point towards a failure of urban planning and sanitation which can enhance
the rodent and other risk factor interactions with humans. 
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Exposure to heavy floods and heavy rainfall is a known risk factor for the causation of the disease that
has been observed in major studies and the literature available on leptospirosis.[7,16,20,46–49] This finding
is particularly important because Sawai Madhopur is a district with high rainfall in a semi-arid state with
all the risk factors present in the district favourable for the causation of leptospirosis, which makes it
prone to disease outbreaks that might be overlooked due to the assumed low presence of the disease in
the state. Apart from this, there is a known absence of focused active surveillance for the disease in the
area after heavy rains, coupled with it, limited suspicion by the physicians for the disease, makes the
conditions go unnoticed in the population and can result in outbreaks and gross under-reporting. 

This study had some limitations. Firstly, since it is a hospital-based    study, the cases were mainly from
the catchment areas of the hospital. Patients included in the study were all clinical cases and subclinical
cases or mild cases may have been missed. Furthermore, there may be recall bias amongst the cases
and controls. This was mitigated by having accurate case and control definitions and probing questions
on the exposures through in-depth interviews. Another limitation was that we recruited cases from the
prior year while the controls were recruited from the current year. However, there were no significant
natural disasters, major floods, or changes in annual rainfall in the three years before this study. In
addition to these, one limitation is due to the ELISA test used as the sole confirmatory test due to
logistical and infrastructural constraints in the study district, where it is the only available assay at
district and state (Rajasthan) levels which can show positivity up to 5 months post-infection. However,
we used the kit with high sensitivity and specificity, and we also tested the patients who had symptoms
of Leptospirosis during the study, making the chance of a false positive very low. 

 This study shows that leptospirosis is present in Rajasthan, despite assumptions that the disease is not
endemic. Further research, including sero-surveillance, can be undertaken to accurately assess the true
burden of the disease within the district. Exposure to flood water and heavy rainfall was associated with
cases. Consequently, public health strategies must be focused on robust drainage system and sanitation
protocols for mitigating risk specially during extreme weather events, it also underscores the importance
of having effective surveillance for early detection of disease outbreaks and a robust health action plan
accounting for climate change. More of our cases were females; therefore, we recommend education
outreaches focused on females to prevent infection. Given that case patients sought care at multiple
health facilities before being diagnosed, we recommend the education of healthcare professionals to
increase clinical suspicion of leptospirosis, improve early case detection and treatment, and ultimately
enhance patient outcomes.

In conclusion, the main risks for leptospirosis in Sawai Madhopur were the floods or heavy rainfall and
contact with sewage infested or dirty water. Animal contact can also be considered as an independent
risk factor. Public health intervention should focus on sanitation and proper drainage of water in urban
and rural areas to reduce exposure. Healthcare providers must be trained to recognize symptoms and
ensure timely diagnosis, supported by accessible testing protocols. Public awareness campaigns can
further educate at-risk populations on preventive measures. A larger study can also be planned out to
estimate the true burden of disease in the district and the state. 
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Tables
Table 1: Sociodemographic characteristics of the cases of Leptospirosis, Sawai Madhopur, Rajasthan
2023  (N=42)
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Variables Female(n=25)

n(%)

Male(n=17)

n(%)

Total(n=42) 

n(%)

Age group

0-9 2 (8) 1 (6) 3 (7)

10-19 4 (16) 4 (24) 8 (19)

20-29 8 (32) 5 (29) 13 (31)

30-39 6 (24) 0 6 (14)

40-49 3 (12) 2 (12) 5 (12)

50-59 1 (4) 4 (24) 5 (12)

More than 60 1 (4) 1 (6) 2 (5)

Residence

Rural  15 (60) 12 (71) 27 (66)

Urban 10 (40) 5 (29) 15 (34)

Occupation

Farmer 4 (16)  7 (41) 11 (26)

Pvt Job 9 (36) 5 (29) 14 (33)

Housewife 9 (36) 0 (0) 9 (21)

Labourer 2 (8) 4 (23) 6 (14)

Dairy worker 0 (0) 1 (6) 1 (2)

Nurse 1 (4) 0 (0) 1 (2)

Type of House

Pucca House  15 (60) 8 (47) 23 (55)

Mixed  9 (36) 7 (41) 16 (38)

Kuccha House  1 (4) 2 (12) 3 (7)

Table 2: First Healthcare Contact by Leptospirosis Cases, Sawai Madhopur, Rajasthan 2023 (N=42)
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Health seeking  Male

n (%)

Female

n (%)

Count

Government Health Facility 7 (41) 14 (56) 21 (50)

Local Practitioners  5 (29) 7 (28) 12 (29)

Local Faith Healers/Quacks 5 (29) 3 (12) 8 (19)

Home Remedy 0 (0) 1 (4) 1 (2)

Total 17 (100) 25 (100) 42 (100)

Table 3: Comparison of baseline characteristics of cases and controls (N=122)

Characteristic Case (n=42) Control (n=80) P-value

 Mean Age (yrs)  29.8±15.9 30.6±14.4 0.5386

 

Sex

     

Male 17 32 0.93

Female 25 48

       

Sociodemographic      

Urban 15 18 0.1

Rural 27 62

       

Education      

Illiterate  9 24 0.5

Primary  18 28

Secondary 8 14

Graduate & above 6 11

Other  1 3

Table 4: Possible Risk Factors of Leptospirosis cases in the study Sawai Madhopur, Rajasthan 2023
(N=42)
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Risk Factor  OR (CI) p-value AOR (CI) p-value

Gender (Female) 0.4(0.2-2.4) 0.6 0.5 (0.1-1.4) 0.3

Heavy rain/flooding within one month  7.7 (2.6-23) 0.0002 4.2(1.2-15.6) 0.028

 Sewage/dirty water contact 5.9(2.2-16) 0.0004 5.8(1.6-20.3) 0.006

Animal Contact 3(1.2-7.3) 0.01 3.2(0.9-10.7) 0.06

Rural residence  0.6 (0.3-1.2) 0.1 0.3(0.1-0.9) 0.04

Open Defecation 3.7(0.9-15) 0.06 1.4(0.7-1.9) 0.22

Kaccha House  1.2 (0.6-2.6) 0.6 -  

Consumption of untreated water 1.2(0.4-3.6) 0.7 -  

Travel History 2 (0.4-9.1) 0.4 -  

Occupation* 1.3(0.6-3) 0.5 -  

Abbreviations: CI = Confidence Interval, OR = Odds Ratio, AOR = Adjusted Odds Ratio

*work involving interaction with animals or dirty water, 

Nagelkerke's R2:  0.471048, concordance: 0.8

Figures
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Figure 1

An overview of the location of Sawai Madhopur District in the state of Rajasthan, India

Figure 2

Symptomatology of cases of leptospirosis, Sawai Madhopur, Rajasthan (N=42)
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