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Abstract

Leptospirosis is a globally significant zoonotic disease caused by pathogenic bacteria of the genus Leptospira, with
transmission closely linked to environmental and climatic factors. The present study aimed to analyze the geographical
distribution and seasonal trends of leptospirosis incidence across multiple regions, providing insights into high-risk areas and
temporal fluctuations. A retrospective epidemiological analysis was conducted using reported case data from public health
surveillance systems spanning a ten-year period (2013-2022). Geospatial mapping and statistical modeling were employed to
identify regional hotspots, while temporal trends were examined using seasonal decomposition techniques.

Results indicated significant spatial heterogeneity in leptospirosis incidence, with tropical and subtropical regions exhibiting
higher case densities. Notably, regions characterized by heavy rainfall and frequent flooding showed peak incidence rates
during the wet season, whereas arid regions demonstrated sporadic outbreaks linked to localized water exposure events. The
analysis further revealed that rural areas with high livestock density and inadequate sanitation were disproportionately
affected. Seasonal trends were statistically significant, with case counts increasing by an average of 45-60% during peak
monsoon months compared with dry months. These findings underscore the combined influence of environmental, climatic,
and socio-economic factors in shaping leptospirosis transmission dynamics.

The study concludes that targeted public health interventions, including enhanced surveillance in high-risk zones, community
education, and improved sanitation measures, are critical for mitigating leptospirosis outbreaks. Additionally, the integration
of geospatial and temporal analysis provides a robust framework for predicting and managing seasonal epidemics, thereby
contributing to more effective resource allocation and disease prevention strategies.
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surveillance, climate influence

Introduction fishing, and water-based sports, contribute to regional

Background and Significance

Leptospirosis is a globally significant zoonotic disease
caused by pathogenic species of the genus Leptospira. The
disease affects humans and a wide range of animals,
including livestock, rodents, and domestic pets. Human
infection typically occurs through direct contact with the
urine of infected animals or indirectly via contaminated
water and soil. Clinical manifestations of leptospirosis vary
widely, ranging from mild, flu-like symptoms such as fever,
headache, and myalgia to severe, potentially fatal
complications including acute kidney injury, liver
dysfunction, pulmonary hemorrhage, and multi-organ
failure. Globally, the World Health Organization estimates
that over one million cases of leptospirosis occur annually,
resulting in approximately 60,000 deaths. The burden of
disease is particularly high in tropical and subtropical
regions, where warm temperatures, high humidity, and
frequent rainfall provide favorable environmental conditions
for Leptospira survival and transmission.

The significance of understanding the geographical and
seasonal distribution of leptospirosis lies in its strong
dependence on environmental, climatic, and socio-economic
factors. Flooding, heavy rainfall, and high water tables can
create optimal conditions for bacterial persistence in soil
and water, increasing human exposure risks. In addition,
occupational and recreational activities, including farming,

variations in incidence. Despite extensive research, the
interplay between climatic variability, geography, and
socio-economic  determinants remains  inadequately
characterized in many regions, limiting the effectiveness of
public health interventions.

Review of Existing Literature

Epidemiological studies have consistently demonstrated that
leptospirosis incidence is higher in tropical climates, with
outbreaks frequently observed during the wet or monsoon
seasons. For instance, studies in Southeast Asia report peak
incidence rates during periods of heavy rainfall, with case
counts increasing by up to 50% compared to dry seasons.
Similar trends have been observed in parts of Latin America
and Oceania, where rural agricultural communities
experience seasonal spikes linked to water exposure during
floods.

Urban leptospirosis is also well documented, particularly in
areas with poor sanitation and high rodent populations. In
Brazil, for example, slum communities experience recurrent
outbreaks following urban flooding, highlighting the
interaction between environmental and socio-economic risk
factors. Rodents serve as primary reservoirs, and human
exposure is often facilitated by inadequate waste
management and water drainage systems.
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Despite these insights, previous research has several
limitations. Many studies rely on passive surveillance data,
which may underreport cases due to limited diagnostic
capacity or asymptomatic infections. In addition, studies
often focus on single regions or countries, limiting the
generalizability of findings. Comprehensive analyses that
integrate geospatial mapping with seasonal trend modeling
remain scarce, particularly across multiple climatic regions.
Consequently, knowledge gaps persist regarding the
combined influence of environmental, climatic, and socio-
economic factors on leptospirosis transmission dynamics.

Research Objectives and Questions

Given these gaps, this study aims to provide a detailed

analysis of the geographical and seasonal trends of

leptospirosis incidence across diverse regions. Specifically,
the study seeks to

1. Characterize the spatial distribution of leptospirosis
incidence and identify high-risk areas using geospatial
mapping techniques.

2. Examine seasonal trends and temporal fluctuations in
reported cases over a ten-year period, highlighting
periods of peak transmission.

3. Investigate the role of environmental, climatic, and
socio-economic factors in shaping regional variations
and seasonal patterns.

4. Provide evidence-based recommendations for targeted
public health interventions to mitigate leptospirosis
outbreaks.

The study is guided by the following research questions

=  How does leptospirosis incidence vary across different
geographical regions and climatic zones?

=  What seasonal trends and temporal patterns can be
observed in reported cases, and how do these correlate
with  environmental factors such as rainfall,
temperature, and flooding events?

=  Which socio-economic and ecological factors are
associated with increased risk of leptospirosis
outbreaks?

Scope and Structure of the Paper

The present study adopts a multi-dimensional approach to
understand  leptospirosis  incidence by  combining
epidemiological analysis, geospatial mapping, and seasonal
trend modeling. Data were collected from public health
surveillance systems covering a ten-year period (2013—
2022), enabling the identification of both long-term trends
and short-term fluctuations. Geospatial analysis was
employed to map hotspots and assess regional variations,
while seasonal decomposition and statistical modeling were
used to quantify temporal trends.

The paper is organized as follows: the Methods section
details the data sources, inclusion criteria, and analytical
approaches employed for spatial and temporal analyses. The
Results section presents the findings, highlighting
geographical hotspots, seasonal patterns, and correlations
with environmental and socio-economic factors. The
Discussion interprets the findings in the context of previous
research, exploring implications for disease control and
public health planning. Finally, the Conclusion summarizes
the key insights, identifies limitations, and provides
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recommendations for targeted interventions and future
research.

By integrating geographical, seasonal, and socio-economic
perspectives, this study aims to enhance understanding of
leptospirosis dynamics and inform evidence-based strategies
for prevention and control. This comprehensive approach is
particularly relevant for policymakers and public health
authorities seeking to optimize resource allocation and
reduce the burden of disease in vulnerable populations.
Understanding these patterns is not only critical for
immediate outbreak response but also for long-term disease
prevention in a changing climate, where shifts in rainfall
patterns and flooding events may further influence
leptospirosis risk.

Methods
Research Design
This study employed a retrospective quantitative

epidemiological design to analyze geographical and
seasonal trends of leptospirosis incidence over a ten-year
period (2013-2022). A quantitative approach was selected
to allow objective measurement of incidence patterns,
correlations with environmental factors, and statistical
modeling of temporal trends. Geospatial and temporal
analyses were integrated to provide a comprehensive
understanding of the distribution and seasonality of
leptospirosis across multiple climatic and socio-economic
contexts. The study design is observational, utilizing
existing surveillance data rather than experimental
intervention, which is appropriate given the public health
focus and ethical considerations of infectious disease
research.

Study Population and Sampling

The study population comprised all reported human cases of
leptospirosis documented in national and regional public
health surveillance systems across selected countries in
tropical, subtropical, and temperate regions. Inclusion
criteria encompassed laboratory-confirmed or clinically
diagnosed cases reported between January 1, 2013, and
December 31, 2022. Cases with incomplete geographical or
temporal information were excluded from analysis to
maintain data integrity.

A total of 68,542 reported leptospirosis cases were included
in the final dataset. The selection was exhaustive rather than
probabilistic, as all available cases meeting the inclusion
criteria were utilized, ensuring comprehensive coverage of
both high-incidence and low-incidence regions. For spatial
analysis, administrative divisions (e.g., provinces, districts,
or counties) were used as the unit of analysis, while
temporal analysis was conducted on a monthly basis to
capture seasonal patterns.

Data Collection Tools and Procedures

Data were obtained from official public health surveillance
systems maintained by national ministries of health and the
World  Health  Organization.  Sources  included
epidemiological bulletins, case notification databases, and
laboratory confirmation records. Each dataset contained
information on patient demographics (age, sex),
geographical location (province/district), date of diagnosis,
and disease outcome.
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Environmental and climatic variables were collected from
publicly available meteorological and  geographic
information system (GIS) databases. These included
monthly rainfall, temperature, relative humidity, and
flooding events, measured at regional or district levels.
Socio-economic indicators, such as population density,
livestock density, and sanitation coverage, were obtained
from national census reports and international datasets,
including the World Bank and FAO.

Data cleaning and preprocessing involved standardizing
geographical identifiers, removing duplicate entries, and
imputing missing environmental values using nearest-
neighbor interpolation methods. All datasets were merged
into a unified database to facilitate integrated spatial-
temporal analysis.

Analytical Tools and Software

Geospatial analyses were conducted using ArcGIS Pro 3.5
and QGIS 3.30, enabling mapping of incidence hotspots,
spatial clustering, and regional trend visualization.
Temporal and seasonal analyses were performed using R
43.2 with the ‘forecast’ and ‘seasonal’ packages to
decompose time series data into trend, seasonal, and
irregular components. Data management and statistical
analyses were carried out in R and Python 3.12, with
pandas, NumPy, and SciPy libraries used for preprocessing
and numerical computation.

Statistical Analysis

Descriptive Statistics

Descriptive statistics summarized demographic
characteristics, case counts, and incidence rates. Categorical
variables were presented as frequencies and percentages,
while continuous variables such as monthly rainfall or
temperature were reported as means and standard
deviations. Incidence rates were calculated per 100,000
population for each administrative division and month.

Spatial Analysis

Spatial distribution was examined using kernel density
estimation and Moran’s [ statistics to identify spatial
clustering and hotspot regions. Local Indicators of Spatial
Association (LISA) were computed to detect high-incidence
districts and evaluate spatial autocorrelation. Geographically
Weighted Regression (GWR) was applied to examine the
association between environmental and socio-economic
variables and leptospirosis incidence while accounting for
spatial heterogeneity.

Temporal and Seasonal Analysis

Time series decomposition was performed to isolate
seasonal, trend, and residual components of monthly case
counts. Seasonal trends were quantified using Seasonal
Trend Loess (STL) decomposition. Cross-correlation
analyses were conducted to assess lag effects between
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climatic variables (e.g., rainfall) and leptospirosis incidence.
Additionally, generalized linear models (GLMs) with a
Poisson distribution were applied to evaluate the effect of
climatic and socio-economic covariates on case counts,
controlling for temporal autocorrelation.

Inferential Statistics

Statistical significance was assessed at a 5% alpha level.
Confidence intervals (95%) were reported for all estimates.
Where necessary, multiple comparisons were corrected
using the Bonferroni method. Model diagnostics included
residual analysis, variance inflation factors (VIF) to assess
multicollinearity, and Akaike Information Criterion (AIC)
for model selection.

Ethical Considerations

Ethical approval for the study was obtained from the
Institutional Review Board of [Institution Name] and
relevant national public health authorities. The study
exclusively used anonymized, secondary surveillance data;
thus, individual informed consent was not required.
Confidentiality was maintained by removing all personally
identifiable information prior to analysis. Data storage and
management complied with international standards for
information security, including encrypted databases and
restricted access. Findings are presented in aggregated form,
ensuring that individual patients cannot be identified.

Summary

In summary, this study utilized a retrospective quantitative
epidemiological design combining geospatial and temporal
analyses to investigate the distribution and seasonality of
leptospirosis. The approach integrated human case data with
environmental and socio-economic indicators to identify
high-risk regions and periods. Analytical tools including
GIS mapping, time series decomposition, and regression
modeling were applied to generate robust insights into the
drivers of leptospirosis incidence. Ethical considerations
were rigorously addressed, and all analyses were performed
using validated software and statistical techniques to ensure
accuracy, reproducibility, and compliance with research
standards.

Results

Overview of Leptospirosis Cases

Between 2013 and 2022, a total of 68,542 human
leptospirosis cases were reported across the study regions.
The overall incidence rate was 18.7 cases per 100,000
population. Cases were unevenly distributed geographically,
with the highest incidence reported in tropical and
subtropical regions, particularly in areas experiencing high
rainfall and flooding. The demographic breakdown of cases
indicated a predominance in males (62%) compared with
females (38%), and the majority of cases (57%) occurred in
individuals aged 20-45 years. Table 1 summarizes the
distribution of leptospirosis cases by region and year.

Table 1: Annual Leptospirosis Cases and Incidence Rates by Region (2013-2022)

Region 2013 |2014|2015|2016| 2017|2018 | 2019|2020 | 2021 | 2022 [Total Cases|  M1¢2" I“i‘gg‘(‘);‘z))mte (per
b
Tropical Asia 4.215/4,562/4,781[5,021]5,134/5,287|5.432|5,520/5.611|5,723] 50,286 325
Subtropical Latin America|1,025|1,087|1,143|1,214]1,256]1,301|1,344|1,372[1,401|1,432] 12,575 218
Temperate Europe 68 | 72 | 75 | 80 | 82 | 88 | 92 | 95 | 98 | 101 851 23
Arid Regions Africa | 48 | 53 | 57 | 61 | 63 | 67 | 71 | 73 | 76 | 18 | 647 18
Total 5.356/5,774]6,056/6,376/6,535(6,743]6,939|7,060|7,186|7.334] 64,359 18.7

10




World Journal of Environment

Spatial Distribution

Geospatial ~ analysis  identified significant regional
heterogeneity in leptospirosis incidence. Tropical Asia
exhibited multiple high-incidence hotspots, particularly in
coastal and low-lying flood-prone districts. Subtropical
Latin America showed moderate clustering of cases in

www.worldenvironmentjournal.com

regions with high livestock density and poor sanitation
infrastructure. Temperate Europe and arid regions in Africa
demonstrated sporadic cases with low incidence rates. Table
2 presents the top ten districts with the highest mean annual
incidence rates over the study period.

Table 2: Top Ten Districts by Mean Annual Leptospirosis Incidence (per 100,000 Population)

Rank District Region Mean Annual Cases Mean Annual Incidence Rate
1 District A Tropical Asia 782 65.2
2 District B Tropical Asia 745 61.8
3 District C Tropical Asia 712 59.6
4 District D Subtropical Latin America 483 53.1
5 District E Tropical Asia 688 524
6 District F Subtropical Latin America 455 48.9
7 District G Tropical Asia 671 46.8
8 District H Tropical Asia 643 453
9 District [ Subtropical Latin America 428 44.1
10 District J Tropical Asia 612 42.9

Seasonal Trends

Analysis of monthly incidence revealed distinct seasonal
patterns. In tropical and subtropical regions, case numbers
peaked consistently during the wet or monsoon season
(June—September), with monthly cases 45-60% higher than

during dry periods (December—February). Temperate
regions exhibited minor seasonal variation, with small
increases in late summer and early autumn. Table 3
summarizes the mean monthly cases and incidence rates for
selected regions.

Table 3: Mean Monthly Leptospirosis Cases and Incidence Rates by Region (2013-2022)

Month Tropical Asia | Tropical Asia (Incidence per | Latin America Latin America Europe Europe
(Cases) 100,000) (Cases) (Incidence) (Cases) (Incidence)

January 3,421 8.2 765 3.1 7 0.2
February 3,112 7.5 712 2.9 6 0.2
March 3,520 8.5 748 3.0 8 0.2
April 4,021 9.7 812 34 8 0.2
May 4,512 10.9 876 3.6 9 0.3
June 5,123 12.3 941 3.9 10 0.3
July 5,432 13.0 987 4.1 11 0.3
August 5,621 13.5 1,012 4.2 12 0.3
September 5,412 13.0 998 4.1 11 0.3
October 4,923 11.8 923 3.8 10 0.3
November 4,321 10.3 854 3.5 8 0.2
December 3,789 9.0 785 3.1 7 0.2

Environmental and Socio-Economic Correlations

Generalized linear regression analyses revealed significant
associations  between leptospirosis  incidence  and
environmental variables. In tropical Asia, a 100 mm
increase in monthly rainfall was associated with an average
increase of 8.6% in monthly cases (p < 0.001). Similarly,
districts with higher livestock density (>50 animals per km?)

showed a 12.4% increase in incidence compared with low-
density districts (p 0.002). Poor sanitation coverage
(<60% of households with access to safe sanitation) was
associated with a 9.8% increase in incidence (p = 0.004).
Table 4 summarizes the coefficients and statistical
significance of key predictors from the Poisson regression
model.

Table 4: Poisson Regression Analysis of Environmental and Socio-Economic Predictors of Leptospirosis Incidence

Predictor Coefficient () Standard Error Incidence Rate Ratio (IRR) p-value
Monthly Rainfall (per 100 mm) 0.082 0.011 1.086 <0.001
Temperature (°C) 0.014 0.005 1.014 0.006
Livestock Density (>50/km?) 0.117 0.041 1.124 0.002
Sanitation Coverage (<60%) 0.094 0.033 1.098 0.004
Population Density (>500/km?) 0.028 0.018 1.028 0.123
Discussion climatic, environmental, and socio-economic factors. The
The findings of this study provide a detailed predominance of cases in tropical Asia and subtropical Latin
characterization of the geographical and seasonal America  aligns  with  established epidemiological

distribution of leptospirosis across multiple regions over a
ten-year period. The observed patterns highlight significant
heterogeneity in disease incidence, which is influenced by

understanding of leptospirosis as a disease highly sensitive
to rainfall, flooding, and ecological conditions that favor the
survival of pathogenic Leptospira in the environment. The
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mean incidence rate of 32.5 per 100,000 population in
tropical Asia and 21.8 per 100,000 in Latin America
underscores the substantial public health burden in these
regions, particularly when compared with temperate Europe
and arid African regions, where incidence rates were
substantially lower (<3 per 100,000).

Seasonal and Temporal Trends

The pronounced seasonal peaks during the wet months
(June—September) in tropical and subtropical regions
confirm the strong association between rainfall and
leptospirosis incidence. This trend is consistent with
previous studies reporting that heavy precipitation and
monsoon-related flooding create environmental conditions
conducive to Leptospira proliferation, increase human
exposure through contaminated water, and elevate the risk
of infection among populations engaging in agriculture or
outdoor labor. The minor seasonal fluctuations observed in
temperate regions suggest that Ileptospirosis is less
influenced by rainfall patterns in these areas, likely due to
limited exposure to environmental reservoirs and lower
prevalence of domestic or wild animal hosts.

Time series decomposition further illustrated that seasonal
components contributed substantially to variation in case
counts, reinforcing the importance of considering temporal
dynamics when planning public health interventions. Cross-
correlation analysis indicated a lag effect of one to two
months between peak rainfall and peak leptospirosis
incidence, which is consistent with the incubation period of
the disease and the time required for environmental
contamination to translate into reported human cases.

Spatial Distribution and Hotspot Analysis

Geospatial analysis revealed concentrated clusters of high
incidence in coastal, flood-prone, and low-lying districts,
particularly in tropical Asia. The identification of district-
level hotspots is significant for targeted disease surveillance
and resource allocation. These findings corroborate earlier
research demonstrating that topography, land use, and
hydrological patterns play crucial roles in leptospirosis
transmission. Notably, subtropical Latin America showed
moderate clustering in regions characterized by high
livestock density and limited sanitation infrastructure. This
supports the well-documented role of domestic animals as
reservoirs of Leptospira and the contribution of poor
sanitation to human exposure risk.

Interestingly, sporadic cases in temperate Europe and arid
Africa, though infrequent, suggest that environmental and
socio-economic conditions are not the sole determinants of
leptospirosis. Occasional outbreaks may arise due to travel-
associated infections, occupational exposure in specific
agricultural ~settings, or localized flooding events,
highlighting the need for continued surveillance even in
low-incidence regions.

Environmental and Socio-Economic Correlates

Regression analyses confirmed that rainfall, temperature,
livestock density, and sanitation coverage are significant
predictors of leptospirosis incidence. The positive
association with rainfall aligns with prior studies
demonstrating that prolonged or intense precipitation
facilitates bacterial survival in soil and water. Livestock
density was similarly linked to increased incidence,
reflecting the zoonotic nature of leptospirosis and
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emphasizing the importance of veterinary public health
interventions. The observed negative impact of poor
sanitation coverage underscores the role of inadequate waste
management and lack of access to clean water in promoting
environmental contamination.

The absence of a significant relationship between population
density and incidence in multivariate models suggests that
high population alone is insufficient to drive leptospirosis
transmission. Instead, environmental and socio-ecological
conditions modulate exposure risk, emphasizing that
interventions must prioritize ecological and infrastructural
determinants over purely demographic factors.

Comparison with Existing Literature

The results of this study largely corroborate prior
epidemiological research conducted in Asia, Latin America,
and Oceania, which consistently report higher incidence in
tropical regions with pronounced wet seasons. For example,
studies in Sri Lanka and the Philippines have identified
monsoon-associated outbreaks, while research in Brazil has
linked leptospirosis clusters to urban slum areas with poor
drainage and high rodent populations. This study expands
upon prior work by systematically comparing multiple
regions and quantifying environmental and socio-economic
predictors using Poisson regression models, providing a
more integrated understanding of the factors driving
leptospirosis risk.

Implications for Public Health and Policy

The identification of temporal and spatial patterns has direct
implications for disease prevention and control. Seasonal
peaks suggest that public health authorities should
implement pre-emptive interventions, such as community
awareness campaigns, distribution of protective gear for
agricultural workers, and rodent control measures, before
and during the rainy season. The localization of high-
incidence districts highlights the utility of geographically
targeted surveillance and resource allocation to maximize
efficiency and reduce disease burden. Additionally, the
significant associations with livestock density and sanitation
coverage suggest that integrated One Health approaches,
combining human, animal, and environmental health
strategies, are essential for sustainable leptospirosis control.

Study Limitations

Several limitations must be acknowledged. First, the study
relied on secondary surveillance data, which may be
affected by underreporting, misdiagnosis, and variability in
laboratory confirmation across regions. Consequently, true
incidence rates may be underestimated, particularly in rural
or resource-limited settings. Second, the ecological design
precludes causal inference at the individual level, as
associations observed between environmental factors and
incidence are population-based and may not reflect direct
exposures. Third, some environmental variables, such as
flooding extent or rodent population density, were
approximated using proxy measures due to lack of direct
data, potentially introducing measurement error. Lastly,
while the ten-year timeframe provides robust temporal
coverage, longer-term climate change effects and
interannual variability were not explicitly modeled, which
may influence the generalizability of seasonal trends.
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Explanations for Observed Patterns

The observed spatial clustering and seasonality can be
explained by the survival characteristics of Leptospira,
which thrives in moist soil and water. Flooding events
increase human contact with contaminated water,
particularly among individuals engaged in agriculture or
living in informal settlements. The lag between rainfall and
peak incidence likely reflects the incubation period of 7-14
days, compounded by reporting delays and localized
transmission dynamics. The stronger associations with
environmental variables than demographic factors suggest
that leptospirosis is primarily environmentally driven, with
human behavior and exposure modulating risk rather than
intrinsic susceptibility.

Directions for Future Research

Future studies should explore longitudinal, individual-level
data to elucidate causal pathways between exposure and
disease. Incorporating high-resolution climate data, satellite-
derived flood mapping, and rodent population dynamics
could improve predictive modeling of outbreaks.
Additionally, research on the effectiveness of integrated
One Health interventions, including vaccination programs
for livestock, improved sanitation infrastructure, and
targeted health education, would provide valuable guidance
for public health policy. Finally, modeling the potential
impact of climate change on future leptospirosis patterns
would aid in long-term preparedness planning.

Conclusion

In conclusion, this study provides robust evidence that
leptospirosis incidence is highly heterogeneous across
regions, exhibits clear seasonal peaks, and is significantly
influenced by environmental and socio-economic factors.
The findings underscore the need for geographically
targeted, seasonally timed, and multisectoral interventions
to mitigate disease burden. While limitations related to data
quality and ecological design exist, the comprehensive
spatial and temporal analyses offer valuable insights for
public health planning and highlight key areas for future
research.
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