
 This study analyses monthly leptospirosis cases in municipalities in Rio 

Grande do Sul, using Brazilian government data (DATASUS). A time series 

analysis was performed to calculate the Shannon entropy index, which indicates 

the complexity of the case patterns. Correlations were evaluated between 

leptospirosis incidence, cumulative rainfall (CHIRPS, Climate Hazards Group 

InfraRed Precipitation with Station), and mean land surface temperature (ERA5). 

Municipalities were classified according to the predictability of leptospirosis 

outbreaks, considering time series complexity and climatic correlations. 

Additionally, sociodemographic factors, such as gender, age, educational level, 

occupation, and exposure to specific risk factors (e.g., flooding, rodent contact, 

agricultural activities) were analysed in relation to the predictability index. 

 Several infectious diseases have a seasonal pattern that may be related to 

climatic conditions, such as rainy season for water-associated diseases. For this 

reason, satellite Earth observations are useful for studying the main drivers of 

these outbreaks, especially when coupled with additional information on 

sociodemographic factors that could be useful for modelling and predicting 

outbreaks. Here, we focus on leptospirosis, a bacterial disease that is transmitted 

from animals to humans, typically via the urine of infected rodents or other hosts, 

including livestock. The bacteria can survive in soil for many days. Infection 

occurs when the bacteria come into contact with the mucous membranes or open 

wounds of susceptible individuals. 

It is endemic in Brazil, where its incidence is closely linked to humid climates 

that favour the survival of the pathogenic bacteria in the environment. Of the 

Brazilian regions, the South has the highest average annual incidence rate (3.89 

per 100,000 inhabitants) and the highest number of confirmed cases over the past 

17.5 years (January 2007 – June 2024), totalling 20,260 cases. 

This corresponds to 65.1 cases per 100,000 inhabitants in 2024. Rio Grande do 

Sul accounts for 38% of cases in the southern region alone. The state has also 

experienced extreme weather events, including heavy rainfall in September 223 

and May 2024, which had devastating consequences for the population.
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 Of the 497 municipalities in 

Rio Grande do Sul, 267 (53.7%) 

were classified as having “low 

incidence” (≤ 5 cases per 10,000 

inhabitants), while 43 municipalities 

(8.7%) had highly unpredictable 

patterns, classified as “hard to 

predict”. The remaining 187 

municipalities (37.6%) showed 

varying degrees of predictability 

(feasible prediction, FP), based on 

combinations of lower complexity 

(S), significant rainfall correlation 

(R), and significant temperature 

correlation (T) (Fig.1). A 

Sociodemographic analysis showed 

that leptospirosis cases were 

predominantly among men (about
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UNDERSTANDING LEPTOSPIROSIS IN RIO GRANDE DO SUL, 

BRAZIL: CLIMATIC AND SOCIODEMOGRAPHIC INSIGHTS 

Figure 1. Final classification results indicating the regions in 

which  leptospirosis cases are more feasible to predict 

according to their seasonality and correlation with 

environmental variables.
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Figure 2. Sociodemographic characterization of the feasibility prediction classes (a) Occupation groups and (b) 

Risk situations related to the cases.  

80% in all age groups) and adults aged 30-59 years (49%-61%), followed by young 

adults aged 19-29 years (10%-23%). Data on educational level were incomplete, but 

among the reported cases, those with a secondary school education represented 22% 

to 31% of feasible prediction classes. Occupational data suggested that agricultural 

workers were disproportionately affected in municipalities classified as feasible 

prediction with seasonality (S) and temperature correlations (T) being significant, 

these occupations were also high in the hard-to-predict group (Fig.2a). 

These findings highlight the importance of integrating environmental, occupational, 

and sociodemographic data into leptospirosis prevention strategies in order to reduce 

the public health burden of the disease effectively.

The risk situations were grouped in the following categories: flood-related (e.g., 

contact with flood water or mud, or proximity to water), rodent-related (e.g., direct 

contact or signs of rodents nearby), work-related (e.g., farming or grain storage) and 

other (e.g., proximity to waste disposal, water tank or septic tank maintenance, vacant 

lot, etc.). Exposure to rodents was the most commonly reported risk across all classes 

(> 50% of cases). Work-related risks were particularly high in municipalities where 

seasonality (S) and temperature (T) correlations were significant, while flood-related 

risks dominated in municipalities with strong rainfall (R) correlations. This suggests 

that occupational exposure could play a role in shaping seasonal incidence patterns in 

these municipalities. Other occupations were more prevalent in the classes correlated 

with rainfall (R). 
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