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ABSTRACT

The World Health Organization (WHO, 2021) estimates that climate change already results in more than 150,000
annual deaths, with projections expected to increase in the coming decades. This is a multidimensional risk that
requires strategic interventions. Therefore, this article, based on disasters that occurred in Rio Grande do Sul in 2024,
aims to contribute to the understanding of the impacts of climate change on health.
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1INTRODUCTION

The climate crisis has intensified relentlessly. The records of this crisis's impacts in
Brazil from 2022 to 2024 are alarming. In February 2022, Petrépolis (RJ) was devastated by
torrential rains, causing floods, landslides, and over 230 deaths. Simultaneously, the State of Rio
Grande do Sul suffered from a historic drought, harming agricultural production and the
economy. Hailstorms and strong winds also impacted the southern region of the country.

In February 2023, the northern coast of S3o Paulo State was hit by heavy rains,
resulting in floods, landslides, and over 60 deaths in cities such as Guaruja and Bertioga.
Meanwhile, extreme drought in Amazonas State affected riverside communities and
biodiversity, with the death of more than 140 dolphins due to rising water temperatures. The
Pantanal also experienced one of the worst years in its history, with fires devastating flora and
fauna (G1, 2023).

More recently, in March 2024, the Southeast was struck by a severe storm, causing
flooding, inundations, and landslides in metropolitan areas like Sdo Paulo and Rio de Janeiro.
Record-breaking rains led to material damage, loss of life, and disruptions for the population,
including power outages in some regions.

Between April 27 and May 2, 2024, it was Rio Grande do Sul’s turn once again. The
state made headlines across the country due to climate-related disasters. This time, it was not
drought but heavy rains. In just a few days, between 500 mm and 700 mm of rain fell, equivalent
to one-third of the annual average. This event resulted in landslides, dam collapses, and flooding
in various cities. The population barely had time to recover. On May 10, the northern half of Rio
Grande do Sul saw the rivers Jacui, Taquari, Antas, Cai, Sinos, Paranhana, and Gravatai turn into
seas. In addition to the rains, two tornadoes were recorded on May 11, one in Gentil and another
in Cambara do Sul, causing severe material damage (G1, 2024).

On May 23-24, rains reached nearly 200 mm in the Vale do Rio Pardo, between 80 and
130 mm in the northern state, and nearly 150 mm in the Porto Alegre region. These continuous
events resulted in significant flooding and widespread inundations, heavily impacting local
infrastructure and the population (G1, 2024).

The climate disasters in Rio Grande do Sul between April and May 2024 resulted in 169
deaths, 44 missing persons, and an estimated 2,347,664 people affected by landslides, dam
collapses, and flooding caused by the inundations.

These numbers represent the direct victims of the climate event. However,
waterborne diseases, such as leptospirosis, may affect these same victims or bring new ones.
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Regarding leptospirosis alone, the increase was significant: 76 confirmed cases and 4 deaths (G1,
2024). The future outlook suggests a rise in disease cases due to the high number of human and
animal deaths. Additionally, the force of the water tore through and broke containment barriers
in industries and rural properties, releasing toxic substances into the environment.

Pesticides, fertilizers, and other industrial chemicals were identified in preliminary
water analyses, posing a risk to human health and the ecosystem. This contamination may affect
the quality of drinking water, food production, and local biodiversity (FANTASTICO, 2024).
Consequently, the response to the 2024 disasters in Rio Grande do Sul must go beyond
rebuilding urban infrastructure and cities. It must also focus on strengthening public health and
its resilience and adaptation to the impacts of climate change.

This article aims to analyze the impacts of this climate tragedy on public health in Rio
Grande do Sul and explore how the State can enhance its resilience and adaptation.

2 CLIMATE CRISES

Climate change involves long-term alterations in temperature patterns and other
climatic indicators, which may be natural or caused by human activities, resulting in increased
global average temperatures, rising sea levels, and intensified extreme weather events. The
academic consensus attributes a crucial role to the Industrial Revolution in accelerating these
changes, primarily due to the burning of fossil fuels, which increases greenhouse gas emissions
(IPCC, 2013).

Greenhouse gases, such as CO,, CHg, and N0, originating from fossil fuel combustion,
deforestation, and industrial agriculture, intensify the greenhouse effect, driving global
warming. The consequences of this warming are extensive and impact health, food security,
biodiversity, water resources, agriculture, the economy, and infrastructure (IPCC, 2013). The
2021 IPCC report confirms human influence on global warming, predicting a continuous rise in
temperatures until mid-century, exceeding the goals of the Paris Agreement unless there are
drastic emission reductions (IPCC, 2021).

The IPCC (2021) warns that extreme weather events are becoming more frequent and
intense in many parts of the world, a trend corroborated by the WMO, which noted a fivefold
increase in the number of reported extreme climate events globally since 1950 (WMO, 2023). In
the field of human health, the World Health Organization (WHO, 2022) warns that climate
change is a major threat, causing deaths and diseases due to extreme weather events, vector-
borne diseases, and food insecurity. The Lancet Countdown (2023) highlights that climate
changes have already caused more than 150,000 deaths per year, with a trend of increasing in
the coming decades.

Understanding these dimensions is essential for developing effective public policies
and adaptation actions aimed at reducing risks and increasing the resilience of communities and
natural systems (IPCC, 2014).

Oh et al. (2017) emphasize that the climate exposure index is a crucial factor in health
vulnerability to climate change, significantly affecting the health and well-being of people
exposed to extreme events. Regional differences in exposure can be moderated through social
investments in infrastructure, healthcare, climate risk information dissemination, and
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community capacity building to face these challenges. Strengthening community resilience can
thus minimize negative health consequences and promote sustainable development, also
addressing the social, economic, and political consequences of climate change (UNEP, 2021).

3IMPACT OF CLIMATE CHANGE ON HEALTH IN RIO GRANDE DO SUL

As observed, climate change has significant implications for human health, with effects
that exceed the current capacity of epidemiology to distinguish its direct impacts from other
causes. Keune et al. (2012) state that the science of health effects related to climate changes is
emerging, requiring further studies to better understand these complex interactions. The World
Health Organization (WHO, 2021) estimates that climate change already results in more than
150,000 deaths annually, with projections of an increase in this number in the coming decades.
According to Md Igbal Kabir et al. (2016), the health risk due to climate change is
multidimensional and requires strategic community interventions, especially in developing
countries.

Keune et al. (2012) and Turner (2022) highlight the importance of transdisciplinary
approaches to solving sustainability issues and implementing adaptive health strategies, which
include environmental protection, improved basic sanitation, adequate housing, and
appropriate land use. Sustainable and healthy territories are essential for regional and local
development, where community actions and public policies intersect. The creation of healthy
cities, which improve both the physical and social environment, strengthens community
resources and enhances quality of life (Barcellos, 2008; MMA, 2016; Confalonieri, 2008).

The health perspective can integrate various policies, such as environmental, health,
urban planning, and economic development, which are crucial for supporting policies to combat
climate change. However, integration between science and policy at the municipal level is still
inadequate, requiring more attention to align scientific knowledge with local political practice
(Keune et al., 2012). In the Global South, particularly in Brazilian metropolises, the historical
fragility of public housing policies has led to marginal occupations in peripheral areas and
favelas, exacerbating socio-environmental vulnerability. In the case of Porto Alegre, this
condition is compounded by the establishment of human settlements in buffer areas, such as
those along the banks of the Taquari River.
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Image 1- Satellite image taken on April 6 shows the region of Porto Alegre, in Rio
Grande do Sul, submerged by the flood.

Source: European Union/Copernicus Sentinel-2 via Reuters
(https://gl.globo.com/rs/rio-grande-do-sul/noticia/2024/06/02/ruas-e-rodovias-
atingidas-por-enchentes-no-rs-somam-distancia-suficiente-para-atravessar-brasil-
de-norte-a-sul-ou-de-leste-a-oeste.ghtml)

Considering the tragedies in Rio Grande do Sul, the hydrological impacts (floods,
inundations, and waterlogging) are analyzed.

Image 2 - Satellite image reveals the extent of flooding in the Taquari Valley in Rio Grande do Sul
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Climate change is intensifying water-related extreme events, such as increased
evaporation and glacier melting, resulting in more intense rains and frequent floods (Nobre &
Marquetti, 2015). Sea level rise also contributes to the risk of coastal flooding, threatening
densely populated areas and critical infrastructure (Nobre et al., 2016). Butler et al. (2019)
highlight that record storms have impacted developing countries differently, exacerbated by
factors such as geographical location, soil conditions, and population vulnerability.

The terms "flood," "inundation," and "waterlogging," though often used
interchangeably, refer to distinct events. A flood is the overflow of a watercourse due to heavy
rains or glacier melting, inundating adjacent areas (Nobre et al., 2018). Waterlogging results
from the accumulation of water in urban or rural areas due to drainage system failures or
channel blockages, exacerbated by soil impermeabilization and unplanned occupation (Nobre,
2019; Nobre et al., 2021). Inundation occurs in low-lying or poorly drained areas, usually due to
soil saturation or overflow of smaller rivers, and is more frequent and less severe than floods
(Nobre, 2016; Nobre et al., 2020).

Despite being different phenomena, floods, inundations, and waterlogging have
similar impacts on human health. Among their direct effects on human health, the following
stand out:

e Physical trauma: cuts, fractures, injuries from submerged objects, and drownings
are the main physical traumas caused by floods. Strong currents can carry people
and objects, resulting in severe injuries and deaths (WHO, 2018). Drownings, the
primary cause of death, occur in flowing or still water, even shallow, with risk
influenced by age, swimming ability, and access to safety equipment (Jonkman et
al., 2008);

e Infectious diseases: exposure to contaminated water during floods increases the
risk of infectious diseases, such as leptospirosis, diarrhea, hepatitis A, and skin
diseases (CDC, 2017). The proliferation of mosquitoes in flooded areas also raises
the risk of diseases like dengue, malaria, and chikungunya (Ministry of Health,
2016);

e Respiratory problems: flooding of buildings can lead to mold and moisture
accumulation, triggering or worsening respiratory problems such as asthma,
bronchitis, and allergies. Exposure to mold and fungi present in contaminated
water can also cause pneumonia and other lung infections (MS, 2016);

e Food poisoning: flooding can contaminate food and drinking water sources,
leading to ingestion of pathogens and toxins. Diarrhea, vomiting, and dehydration
are common symptoms (Fewtrell & Kay, 2005);

e Chemical exposure: flooding can release hazardous substances present in
chemicals, pesticides, and building materials, causing poisonings and long-term
health issues (Fewtrell et al., 2005);

e Compromised healthcare system: floods can damage or destroy health facilities,
hinder access to medications and medical services, worsening pre-existing health
conditions and complicating the management of chronic diseases (Bracken et al.,
2010);

e Food insecurity: loss of crops and disruption of food supply chains can lead to
malnutrition and food insecurity, especially in vulnerable populations (FAO, 2011);

e Mental health: floods can increase acute stress, PTSD, depression, and domestic
violence. The loss of property, disruption of routine, and uncertainty about the
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future affect mental well-being, especially in individuals with a history of mental
health issues. Stress and socioeconomic hardships elevate the risk of domestic
violence, particularly against women and children (American Psychiatric
Association, 2021).

4 IDENTIFIED CASE DETECTION IN RIO GRANDE DO SUL: LEPTOSPIROSIS

Leptospirosis is a zoonotic disease influenced by environmental factors such as rainfall
and temperature, whose distribution and seasonality can be altered by climate change (Gubler
et al., 2001). Floods can contaminate areas with rodent urine, the primary reservoirs of
Leptospira, increasing the risk of infection for humans (Lau et al., 2010). Higher temperatures
can expand the habitat and breeding season of rodents, resulting in larger populations and a
greater risk of leptospirosis transmission (Mills et al., 2010). The combination of elevated
temperatures and abundant rainfall favors the maintenance of the bacteria in soil and water,
prolonging human exposure (Semenza & Menne, 2009).

The vulnerability of human populations to leptospirosis is exacerbated by
socioeconomic and infrastructural factors, especially in low-income communities with
inadequate sanitation.

Leptospirosis symptoms range from mild, flu-like manifestations to severe and
potentially fatal forms. Initial symptoms include fever, headache, chills, muscle pain, vomiting,
diarrhea, and conjunctivitis, complicating early diagnosis and proper treatment (Adler & de la
Pefia Moctezuma, 2010).

In severe cases, leptospirosis can progress to Weil’s syndrome, characterized by
jaundice, kidney failure, hemorrhages, and meningitis (McBride et al., 2005). Kidney failure is a
common complication and can occur in up to 40% of severe cases, potentially requiring dialysis
(Levett, 2001). Hemorrhages can range from minor mucosal bleeding to massive pulmonary
hemorrhages, associated with high mortality rates (Gouveia et al., 2008). Neurological
consequences include aseptic meningitis and meningoencephalitis, which may result in
permanent cognitive and motor deficits, especially common in children (Panaphut et al., 2002).
Leptospirosis can also cause uveitis, leading to significant vision loss if not properly treated
(Mendes et al., 2012).

The impact of leptospirosis on public health is significant, particularly in urban and
rural areas of tropical and subtropical countries where the disease is endemic (WHO, 2011).
Underreporting and underdiagnosis hinder the implementation of effective control and
prevention measures (Haake & Levett, 2015). The morbidity and mortality associated with
leptospirosis represent a considerable burden on healthcare systems, especially during
outbreaks associated with floods and natural disasters (Ko et al., 2009). Prevention and control
of leptospirosis require a multifaceted approach, including improvements in sanitation
infrastructure, rodent control, health education, and epidemiological surveillance. Investments
in research to develop effective vaccines are also essential to reduce the impact of this disease
(Vinetz, 2001; Adler & de la Pefia Moctezuma, 2010).
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5 CONCLUSION

The climate crisis has intensified considerably in recent years. Among the impacts of
this crisis, which is strongly driven by human activity through greenhouse gas emissions, are
extreme weather events such as the floods that struck the State of Rio Grande do Sul in the early
months of 2024. This phenomenon was characterized by the concentration of rain in a single
region due to an atmospheric blockage that caused weather systems to remain over Rio Grande
do Sul instead of moving to other states. This blockage caused heat and humidity to settle in the
State, leading storm clouds that would usually last a few hours to persist for several days, with
an estimated increase in intensity of around 15%.

Clearly visible, the floods, inundations, and waterlogging bring with them not only the
destruction of urban infrastructure and homes but also biological, pathogenic, and chemical
agents that cause diseases in various forms. In the case analyzed in this article, there has been
an increase in leptospirosis cases identified to date. However, the literature indicates that the
occurrence of climate events can have several effects on public health, such as mental distress,
food insecurity, and an impact on the healthcare system itself, either through the network being
compromised by floods or by overcrowding in the case of tragedies. It is important to note that,
as a highly productive state, food security issues may affect not only Rio Grande do Sul but also
Brazil as a whole. It is no coincidence that the Federal Government has resorted to measures
such as purchasing cereals like rice on the international market to avoid stock shortages and
subsequent price increases.

Since this is a recent occurrence, the State of Rio Grande do Sul has yet to fully assess
the impacts on public health and the incidence of diseases, which will certainly appear as the
waters recede. Over time, the consequences of pesticide leaks, sewage pipe ruptures,
contamination of groundwater, dead animals, and garbage accumulation will become apparent.

It is imperative, however, that analyses conducted in this process be undertaken
through the lens of the climate crisis to integrate public policies related to urban planning,
housing, health, and the environment. Only through this policy integration will cities be able to
respond adequately to the health effects of the climate crisis. May the tragedy that occurred in
the fall of 2024 in the lands of Rio Grande do Sul raise awareness not only for responding to
climate tragedies but also for urban planning.
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