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Abstract: Leptospirosis is a neglected zoonosis of global significance, associated with flooding and
increased precipitation. This study aimed to identify hydro-climatic factors linked to leptospirosis in
humans and animals through an integrative literature review. Searches were conducted in August
2024 in the SciELO, Scopus, and PubMed databases using the descriptors “Leptospirosis OR
Leptospira” and “flooding” in Portuguese and English. Articles published in the last 10 years (2014~
2024), describing the influence of climatic changes, such as heavy rains, floods, and temperature
variations, on leptospirosis occurrence, were included. Review articles, conference abstracts, books,
and irrelevant studies were excluded. Out of 240 studies, 55 were selected after screening. Findings
show urban flooding, driven by high population density and poor drainage infrastructure, facilitates
disease spread, while rural flooding increases bacterial dispersion via domestic and livestock
animals, inadequate rodent control, and agricultural land contamination. The diversity of serovars
highlights the disease’s epidemiological complexity, with animals serving as reservoirs and links
between environments and humans. Recommendations include strengthening basic sanitation to
reduce exposure, rodent population control, implementing early warning systems to monitor climatic
conditions, and adopting the One Health approach to integrate human, animal, plant and
environmental health for effective leptospirosis control amid climatic changes.
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1. Introduction

Leptospira belongs to the order Spirochaetales, family Leptospiraceae, and genus Leptospira.
These are spiral-shaped bacteria resembling corkscrews, distinguished from other spirochetes by the
presence of terminal hooks in their structure [1,2]. However, all Leptospira species are
morphologically similar, making it challenging to differentiate them based solely on physical
characteristics [1].

Despite these morphological similarities, Leptospira species are divided into pathogenic,
saprophytic, and intermediate groups. Pathogenic Leptospira have the potential to cause disease in
animals and humans, residing in the renal tubules and genital tracts of certain animals (primarily
rats) and exhibiting a more complex life cycle. Saprophytic Leptospira are free-living, reproducing in
the environment, and are found in surface water, tap water, and moist soil [1]. Additionally, there is
a third group, intermediate Leptospira, which is less documented. These species have low
pathogenicity and may cause mild clinical signs in mammals [3].

The classification concept evolved after 1989 into two additional schemes: one based on
serology, where the serovar is the basic taxonomic unit, and another based on DNA analysis using

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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molecular taxonomy to identify species [4,5]. Serological classification, based on the reactivity of
surface antigens, led to the identification of serovars, most of which are pathogenic. These serovars
are grouped into serogroups, which may exhibit cross-reactivity [4,5]. Serovars were determined
using the Microscopic Agglutination Test (MAT) [5,6].

Alongside this classification, a genotypic classification of the Leptospira genus was established,
leading to the description of additional species [7]. Leptospira species (genospecies) are classified
based on DNA similarity, and within each species, serology is used to identify surface antigens and
classify isolates into serogroups [8]. Currently, over 250 recognized serovars are distributed across 23
serogroups, many of which are associated with clinical diseases [8]. All pathogenic serovars for
animals are also pathogenic for humans, with no host-adapted strains identified [7,9].

The primary transmission route of leptospirosis is through contact with water and soil
contaminated by the urine of infected animals [10-14]. Infection occurs when the bacteria penetrate
tissue barriers, facilitated by wounds, prolonged submersion of intact skin in contaminated water, or
mucous membrane exposure [15].

In humans, leptospirosis can present a wide range of symptoms, including fever, headache,
chills, muscle or body aches, nausea, vomiting, red eyes, abdominal pain, diarrhea, and skin rashes
[16]. The diversity of symptoms often leads to confusion with other diseases, complicating diagnosis.
Additionally, some individuals may remain asymptomatic, showing no signs of infection [16]. The
incubation period ranges from 2 to 30 days and, in severe cases, the disease can progress to
complications such as jaundice, kidney failure, hemorrhage (especially pulmonary), aseptic
meningitis, cardiac arrhythmias, pulmonary failure, and hemodynamic collapse [17]. The case fatality
rate of leptospirosis ranges from 5% to 15% in severe cases, exceeding 50% in patients with severe
pulmonary hemorrhagic syndrome [17].

Animal leptospirosis presents clinical syndromes similar to those observed in humans, with
hepatic, renal, and pulmonary involvement as the main manifestations. Common clinical signs
include jaundice, hemorrhage, uveitis, uremic syndrome, and reproductive issues such as abortions
[18-20]. Animals that survive the acute phase of the disease may become carriers, shedding Leptospira
in their urine and contaminating the environment [20]. Many Leptospira serovars are associated with
maintenance host animals, which acquire the infection easily and excrete the bacteria in urine for
prolonged periods [8].

Due to its broad spectrum of clinical manifestations and challenges in early diagnosis,
leptospirosis is frequently underreported, despite its significant impact on public health, particularly
in tropical and subtropical regions [1]. Globally, the disease accounts for approximately 1,03 million
cases and 58900 deaths annually, making leptospirosis one of the leading zoonotic causes of
morbidity and mortality [21].

Brazil has the highest number of leptospirosis cases in Latin America, with approximately 4000
cases reported annually [11]. The relationship between flooding and leptospirosis incidence is well-
documented [11]. During flood events, contaminated water spreads across urban and rural areas,
increasing exposure for humans and animals and creating conditions conducive to bacterial
proliferation [11]. Furthermore, the bacterium’s persistence in moist environments and its ability to
survive for extended periods in water or flooded soil make floods one of the primary risk factors for
leptospirosis transmission [22,23].

The epidemiologic triad of agent, environment, and host is recognized as a key determinant in
the occurrence and spread of leptospirosis and other infectious diseases [24]. Consequently, it
encompasses all facets of One Health, a collaborative, multisectoral, and transdisciplinary strategy
recognizing the inextricable link between human, animal, plant and environmental health [25]. This
strategy aims to enhance understanding and strengthen initiatives to confront the challenges in
preventing epidemics and epizootics, while also preserving the integrity of ecosystems, benefiting
both humans and the biodiversity that supports them [26]. Considering the growing threat of climate
change, particularly the increased frequency and intensity of flooding events, which exacerbate
leptospirosis, this integrative literature review aims to identify the influence of climate change -
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focusing on floods, precipitation, and temperature - on the occurrence of leptospirosis in humans and
animals. Additionally, it seeks to report the diversity of serovars recorded during flood periods.
These findings may contribute to the development of effective prevention and control strategies.

2. Materials and Methods

An integrative literature review was conducted through a systematic search for articles that
contribute to answering the research question aimed at identifying the influence of climate change,
focusing on flooding, precipitation, and temperature, on the occurrence of leptospirosis in humans
and animals.

The search for scientific articles was carried out in the PubMed, SciELO, and Scopus databases,
in Portuguese and English, in August 2024, using the Health Sciences Descriptors (DeCS/MeSH)
“leptospirosis OR Leptospira” AND “flooding,” identified in the title and/or abstract and/or keywords
of the articles, with the same descriptors also being used in Portuguese.

Articles published in Portuguese and English within the last ten years (2014 to 2024), describing
the influence of climate change, such as flooding, precipitation, and temperature, on the occurrence
of human and animal leptospirosis, were considered. From the articles, the diversity of registered
serovars was also identified. Review articles, conference abstracts, and books were excluded, as well
as articles that did not meet the inclusion criteria described above. The identified articles were
imported into the Rayyan platform, a tool specialized in systematic review screening [27].

After importing the articles, the Rayyan platform was used for detecting and excluding duplicate
articles, which were manually reviewed to ensure their removal. Next, two independent reviewers
proceeded to read the titles and abstracts of the included articles, classifying them according to the
previously established inclusion and exclusion criteria.

In cases of disagreement between the two reviewers, a third researcher was consulted to read
the article in question and decide on its inclusion or exclusion. The screening step was conducted
blindly on Rayyan to avoid bias among reviewers during the selection process. The information from
the articles included in the review was organized into tables highlighting the characteristics of each
study.

3. Results

A total of 240 articles were identified in the databases, following the proposed inclusion criteria.
After reading the titles and abstracts, 73 duplicate articles and 112 articles that did not meet the
inclusion criteria were excluded. Thus, 55 potentially eligible articles were selected and read in full
to ensure they met the established criteria. Figure 1 details the process of selecting the studies.

Regarding the type of study, 29 were cross-sectional studies (52.7%), seven ecological studies
(12.7%), four epidemiological studies (7.3%), three case studies (5.5%), two case reports (3.6%), two
meta-analysis (3.6%), two descriptive studies (3.6%), two experimental studies (3.6%), two
mathematical models (3.6%), one cross-over study (1.9%), and one retrospective analytical study
(1.9%), as represented in Figure 2.

Table 1 summarizes the databases of the articles with information about the authors, year of
publication, country where the study was conducted, the journal in which the article was published,
and the main related topic.
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Figure 1. Diagram of the studies selected during the integrative review process.
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Figure 2. [llustration representing the types of studies included in the review.

Table 1. Data on authorship, database affiliation, country, publication journal, and main topic, presented in

chronological order.

Leptospirosis X Climate
Databa | Country
Authors (year) Journal Change X
se of Study ]
Humans/Animals

. Annals of Agricultural | Occurrence of pathogenic
Wojcik-Fatla et

1 1 [28] Scopus Poland and Environmental Leptospira in water and
al.
Medicine soil samples.
Humans infected with
Wynwood et ) ) ) o
2 1 [29] Scopus | Australia | Tropical Biomedicine serovar Arborea after
al.

flooding.
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Agampodi et . PLoS Neglected Disease outbreak in
3 Scopus | SriLanka . . . i
al. [30] Tropical Diseases humans in a dry region.
Pimenta et al. Pesquisa Veterinaria Serovar prevalence in
4 Scielo Brazil
[31] Brasileira cattle.
Positive effect of
Guimaraes et | Pubme Ciéncia & Saude . .
5 Brazil precipitation on
al. [32] d Coletiva o
transmission.
Environmental and
International Journal socioeconomic factors
6 Gracie et al. Pubme Brazil of Environmental (densely urbanized areas,
razi
[33] d Research and Public | flood-prone regions, and
Health altitude) in disease
transmission.
Suwanpakdee | Pubme Epidemiology and Influence of flooding on
7 Thailand
etal. [34] d Infection human disease.
Report of two positive
g Matono etal. | Pubme ] Journal of Travel leptospirosis cases after
apan
[35] d P Medicine traveling to a flooded
area.
Pubme PLoS Neglected Serovars involved and
9 | Lauetal.[36] Fiji ] ] )
d Tropical Diseases environmental factors.
1 Sohalil et al. . Journal of Equine Seroprevalence and risk
Scopus Pakistan ) ] ) )
0 [37] Veterinary Science factors in equines.
Southeast Asian Human seroprevalence
1 | Gloriani et al. 5 Philippine Journal of Tropical of the disease after
copus
1 [38] P S Medicine and Public floods.
Health
1 | Azocar-Aedo | Pubme Chil Zoonoses and Public Factors associated with
ile
2 | & Monti [39] d Health canine leptospirosis.
1 | Ledienetal. | Pubme . Development of a flood
Cambodia PloS One o
3 [40] d indicator test.
Asian Journal of Environmental factors
1 Hayati et al. . . . L
4 (41] Scopus | Malaysia Agriculture and linked to leptospirosis
Biology risk in humans.
Indian Journal of Human seroprevalence
Syamsuar et . Public Health in flood-prone areas.
Scopus India
5 al. [42] Research and
Development
) ) ) Seroprevalence and risk
ljaz etal. [43] | Scopus | Pakistan Acta Tropica )
6 factors in cattle.
) Use of chemoprophylaxis
1 Pubme ) The National Medical o
Supe et al. [44] India . for leptospirosis in
7 d Journal of India
humans in flooded areas.
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Environmental factors in

Chadsuthi et ) BMC Infectious leptospirosis
Scopus | Thailand ) o
al. [45] Diseases transmission in cattle
and buffaloes.
. ) Report of two
Vitale et al. Pubme Journal of Infection .
Italy . symptomatic human
[46] d and Public Health o
leptospirosis cases.
Association of rainfall
Matsushita et | Pubme | Philippine PLoS Neglected
and disease occurrence in
al. [47] d S Tropical Diseases
humans.
Environmental factors
The American Journal
) Pubme ] ] B such as floods and water
Radi et al. [48] Malaysia of Tropical Medicine o
d ) bodies in disease
and Hygiene
distribution in humans.
Use of geographically
Mayfield etal. | Pubme Fiii The Lancet Planetary weighted logistic
iji
[49] d J Health regression for human
epidemiology.
Sohail et al. Pubme ) i Seroprevalence and risk
Pakistan Acta Tropica .
[50] d factors in humans.
i The American Journal | Occurrence of the disease
Togamietal. | Pubme ] o )
(51] d Fiji of Tropical Medicine in humans and factors
and Hygiene such as floods.
L ) ) Presence of bacteria in
Widiyanti et . Zoonoses and Public )
Scopus | Indonesia the environment,
al. [52] Health . .
especially during floods.
) ) Environmental Influence of floods on
Ding et al. [53] | Scopus China
Research human cases.
Relationship between
Sumalapao et 5 Philippine | Asian Pacific Journal | typhoons and increased
copus
al. [54] P s of Tropical Medicine disease occurrence in
humans.
Significant association
Naing et al. Pubme . between floods and
Australia PloS One
[55] d increased risk of human
leptospirosis.
) ) Hydro-climatic factors in
Lopez et al. ) Science of the Total ] )
Scopus | Argentina i disease occurrence in
[56] Environment
humans.
Influence of extreme
. . hydrometeorological
Péres et al. [57] | Scopus Brazil Water

events and increased

human hospitalization
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rates due to leptospirosis
in Santa Catarina state.
International Journal Rat contact and shared
3 Pubme . of Environmental areas as risk factors for
Goh et al. [58] Malaysia ) ]
1 d Research and Public shelter dogs and their
Health handlers.
3 | Hamond etal. | Pubme Transboundary and Report of ovine
Uruguay . . -
2 [59] d Emerging Diseases leptospirosis.
3 | Blagojevicet | Pubme Serbi Acta Veterinaria Detection of leptospirosis
erbia
3 al. [60] d Hungarica in wild mammals.
Human epidemiology
3 Chery et al. ) _ | Pan American Journal and correlation with
Scopus | Saint Lucia . o
[61] of Public Health precipitation and
temperature.
] Detection of
) . Malaysian Journal of o )
Baki et al. [62] | Scopus | Malaysia . i pathogenicity genes in
Microbiology )
environmental samples.
Identifying human
Pubme disease clusters in
Silva et al. [63] Brazil Geospatial Health L
d municipalities after
natural disasters.
Higher risk of human
Gracie et al. Pubme Bragil Cadernos de Saude leptospirosis in
razi
[64] d Puablica municipalities that
declared floods.
Human disease cases
Syakbanah & Jurnal Kesehatan
Scopus Java . after a cyclone and
Fuad [65] Lingkungan )
flooding.
Mathematical model to
Chadsuthi et | Pubme ) L evaluate cases in
Thailand Scientific Reports .
al. [66] d humans, animals, and
the environment.
. Disease prevalence in
Rahman etal. | Pubme . Journal of Veterinary
Malaysia cattle, goats, and sheep
[67] d Research )
after flooding.
Presence of bacteria in
4 | Keenumetal. | Pubme Puerto Environmental Science
. water systems after
1 [68] d Rico & Technology )
flooding.
4 | Mgodeetal. | Pubme . Disease prevalence in
Tanzania Pathogens
2 [69] d cattle.
4 Taylor et al. Pubme Great Preventive Veterinary Disease prevalence in
3 [14] d Britain Medicine dogs.
4 | Yanagihara et Microbiology Presence of Leptospira in
Scopus Japan )
4 al. [70] Spectrum the environment.
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Climatic and
. . . Ciéncia e Saude environmental factors in
Silvaetal. [71] | Scielo Brazil ) o
Coletiva human leptospirosis
occurrence.
) Occurrence of human
Taunton et al. | Pubme ) Communicable o
Australia . . leptospirosis after heavy
[72] d Diseases Intelligence . .
rains and flooding.
Flood-prone areas and
Marteli etal. | Pubme
73] d Brazil Geospatial Health human leptospirosis
cases.
Presence of Leptospira in
Rahman et al. ] ] ] ]
4] Scopus | Malaysia Sains Malaysiana cattle farm soils after
flooding.
. Bosnia and Seroprevalence of
Maric et al. ) o o
(751 Scopus | Herzegovi Acta Veterinaria leptospirosis in dogs and
na foxes after flooding.
. Hydrometeorological
Jayaramu et al. | Pubme ) International Journal )
Malaysia . risk factors and human
[76] d of Biometeorology L
leptospirosis.
) Environmental risk
5 | Udayaretal. | Pubme . Indian Journal of . )
India i o factors associated with
[77] d Community Medicine L
human leptospirosis.
) o Risk factors such as
Sohn-Hausner | Pubme . Tropical Medicine and ) .
Brazil . . flooding and serovars in
etal. [78] d Infectious Disease .
dogs and their owners.
Thibeaux et al. S New Science of the Total Presence of Leptospira in
copus
[22] P Caledonia Environment soil samples after floods.
Rodriguez- Risk factors for
] Pubme ] Zoonoses and Public o
Rodriguez et Malaysia leptospirosis occurrence
d Health
al. [79] in humans.
) ) Positive relationship
Ifejube et al. Pubme i International Journal .
India . between flooding and
[80] d of Health Geographics
human cases.

The selected studies were conducted primarily on the Asian and American continents (Figure
3).

The articles were published in journals covering various thematic areas, with the most
significant representation in Public Health and Epidemiology (27.3%), followed by Agriculture and
Veterinary Sciences (20%) and Tropical Medicine and Neglected Diseases (20%) (Figure 4).
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4. Discussion

The studies were conducted in 27 countries, highlighting the global public health impact of the
disease, with most research conducted in Asia and America. Additionally, the publications are in
journals across various thematic areas, demonstrating the interdisciplinary nature of the studies.

The main topics addressed include the relationship between leptospirosis, flooding, and
precipitation, and how climatic events contribute to the spread of the disease. The influence of
temperature was also discussed, demonstrating how climatic conditions can increase the incidence
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of leptospirosis. Furthermore, the diversity of serovars found shows the epidemiological complexity
of the disease in different regions worldwide. Finally, the studies provide important
recommendations for controlling leptospirosis, especially in areas with inadequate sanitation and
those vulnerable to flooding.

4.1. Leptospirosis, Flooding, and Precipitation

Floods are common natural events and are the leading cause of death in natural disasters
worldwide [44]. With the increasing frequency of extreme weather events, such as floods, as a result
of climate change, the risk to health is growing [57,61,64,66].

In the case of leptospirosis, the selected studies report a strong correlation with flood events in
urban areas [22,29,34,36,39-42,46-48,50-57,63—65,73,77,79-81] and rural areas
[31,35,37,43,45,59,60,67,68,75,78]. Only one study did not find a relationship between these factors,
and its results suggest that, in the eastern region of Poland, water and soil have limited significance
in the persistence and spread of Leptospira [28]. However, the authors mention limitations in
comparing water reservoirs between areas exposed and not exposed to flooding, as well as a lack of
differentiation between Leptospira strains.

The occurrence of leptospirosis in urban areas is directly associated with environmental and
structural factors, such as poor sanitation, the accumulation of solid waste in inappropriate locations,
and the proliferation of rodents [22,29,33,34,36,39-42,46-48,51-57,63-65,73,77-82]. High population
density and lack of proper drainage and sewage systems worsen the situation during floods,
facilitating the spread of the disease in urban environments [36,41,46]. These combined factors create
favorable conditions for increased leptospirosis incidence, especially in vulnerable regions where the
impact of floods is more intense and frequent [46].

In rural areas, leptospirosis is related to various environmental and occupational factors. Close
contact with domestic and farm animals, which can be hosts for Leptospira, increases the risk of
transmission [31,59]. Additionally, agricultural activities such as cattle and pig farming expose rural
workers to frequent contact with contaminated soil and water through infected animals” urine [42,45].
In periods of heavy rain and floods, the inundation of agricultural areas facilitates the spread of the
bacteria, contaminating water bodies and soil [67-69,75]. The lack of effective rodent control, which
also acts as a reservoir, and the absence of adequate sanitation in many rural areas contribute to the
persistence and spread of leptospirosis in these environments [29]. These factors, combined with
favorable climatic conditions and lack of sanitary infrastructure, intensify the risk of disease
outbreaks in rural areas.

There is a significant correlation between high rainfall volumes and leptospirosis outbreaks,
particularly evident in areas vulnerable to flooding, where water runoff increases contamination in
both urban and rural areas. In India, the peak of leptospirosis cases occurred 17 days after floods [80].
In the Philippines, increased hospital admissions were observed 15 days after increased precipitation,
also associated with flooding [47]. Additionally, some studies suggest that leptospirosis incidence
may increase one to three months after heavy rainfall [32,65].

Another study conducted in Puerto Rico found the presence of Leptospira in six public networks
of surface water supply six months after a hurricane caused extensive flooding [68]. The hurricane,
by causing flooding, promoted the spread of waste and urine from infected animals in water bodies,
facilitating contamination of water sources, which highlights the relationship between natural
disasters, such as hurricanes and subsequent flooding, and the increased risk of leptospirosis
contamination in water supply networks [68].

Although floods are a relevant indicator for predicting future leptospirosis cases, floods of lesser
severity do not always result in an increase in cases [80]. On the other hand, a meta-analysis on the
epidemiology of canine leptospirosis did not find statistically significant evidence of an association
between infection occurrence and flooding in the dog’s habitat [39]. In contrast, in horses, the risk of
seropositivity triples when animals are exposed to flooding [37], and among humans, exposure to
flooding doubles the risk of leptospirosis infection [40,71].
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In Brazil, a study found that municipalities that experienced flooding had a leptospirosis
incidence rate 77% higher than municipalities that did not report flooding [64]. Studies conducted in
various countries link floods to the creation of favorable environmental conditions for the
proliferation of the bacteria, particularly through contact with water contaminated by the urine of
rodents and other infected animals [31,34,37,48,52,55,58,66,70,77,78].

Living near water bodies is also associated with an increased risk of contracting the disease
[36,48]. A study showed that pathogenic Leptospira remain dormant in the soil and can become active
for infection under flooding conditions, when soil water content increases [70]. In other words,
Leptospira survive at different depths in soils and surface sediments of rivers (depending on water
saturation), being transferred to surface water during erosion caused by flooding [22,36]. One study
suggests that pathogenic strains of Leptospira are widely distributed in the environment, especially in
areas affected by flooding [62].

Precipitation is also a risk factor in the dynamics of leptospirosis and is discussed in several
studies that associate heavy rainfall with increased disease spread [32,36,46,47,49,56,63,65,71,72,76].
In the state of Santa Catarina (Brazil), for example, it was reported that each additional day of rain in
a given month increases the disease risk by an average of 6% [71]. In northeastern Australia, however,
a study suggests that while heavy rainfall likely contributed to increased cases of the disease, the
factor was not clearly identified as being associated with a rise in cases in this region [72].

4.2. Influence of Temperature on Leptospirosis Occurrence

Temperature variations also influence leptospirosis cases, particularly in tropical and
subtropical climates, with an average 12% increase in risk for every 1°C rise in temperature [71].

An average temperature of 28°C was associated with a higher number of leptospirosis cases in
Colombia [79]. In Great Britain, the annual mean temperature was the most significant variable
related to the higher incidence of canine leptospirosis, with cases peaking during the autumn season
[14]. According to the authors, the likelihood of the disease occurring in dogs was higher at
temperatures up to 11°C, although this optimal temperature for canine leptospirosis presence varied
depending on the serogroup analyzed.

In Saint Lucia, a Caribbean region, no correlation was found between temperature and disease
cases [61]. Meanwhile, in two studies conducted in the state of Santa Catarina, Brazil, leptospirosis
showed a seasonal pattern, peaking in summer months, which also coincide with periods of higher
rainfall [57].

4.3. Diversity of Serovars Found

The pathogenicity of Leptospira depends on the virulence of the infecting serovar and the
susceptibility of the host species, with rodents being the main carriers of Leptospira, followed by wild
carnivores. However, all mammals have the potential to be hosts of the bacterium [9]. For instance,
L. interrogans is the primary pathogenic species and includes 24 serogroups, such as the
Icterohaemorrhagiae serogroup, which encompasses the serovars Icterohaemorrhagiae,
Copenhageni, and Lai [82]. In horses, the most recurrent serovar is L. interrogans serovar Pomona,
while in pigs, leptospirosis is commonly caused by serovars such as L. interrogans serovars
Icterohaemorrhagiae and Copenhageni, as well as L. pomona, L. canicola, L. tarassovi, L. bratislava, and
L. muenchen [9]. In cattle, L. borgpetersenii serovar Hardjo is prevalent [9]. Among dogs, the serovars
Canicola and Icterohaemorrhagiae were historically the main causative agents of the disease, but
vaccination against these serovars has led to the emergence of others, such as Grippotyphosa and
Bratislava [8,20].

In the studies included in this review, it was found that in Australia, the most prevalent serovars
in human leptospirosis cases were Australis and Zanoni [29,72], as well as Arborea and Hardjo [29].
In Indonesia, the occurrence of serovars such as Bangkinang, Grippotyphosa, Canicola, Robinsoni,
Bataviae, and Mini was reported [42]. In the Philippines, the serovars Patoc, Semaranga,
Grippotyphosa, Ratnapura, Copenhageni, and Poi were identified [38]. In Colombia, the most


https://doi.org/10.20944/preprints202503.1666.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 March 2025

12 of 19

frequent serogroups were Australis, Sejroe, Pomona, Bataviae, Pyrogenes, and Grippotyphosa [79].
In the relatively dry region of Sri Lanka, most cases during the 2011 outbreak were caused by L.
kirschneri [30].

In dogs, the most frequent serogroups in Great Britain were Australis, Icterohaemorrhagiae, and
Sejroe, the latter being absent from commercial vaccines [14]. In Malaysia, Australis,
Icterohaemorrhagiae, Canicola, Bataviae, Hardjo, Lai, Grippotyphosa, Ballum, Hardjobovis, and
Javanica were identified [58]. In Brazil, serovars such as Icterohaemorrhagiae, Canicola, Pyrogenes,
Copenhageni, and Autumnalis were found, with three dogs testing positive for more than one
serovar [78]. This study also showed an association between the presence of seropositive dogs and a
higher density of human cases. In a study conducted in Bosnia and Herzegovina, the serovars
Australis, Bratislava, Sejroe, and Autumnalis were found in dogs, while the highest seroprevalence
in foxes was for the serovars Australis, Sejroe, Bratislava, and Bataviae [75].

In sheep, in Uruguay, the serovar isolated in two lamb herds after flooding was Pomona [59]. In
cattle in Malaysia, the most frequent serovars were Pomona, Hardjo, and Hebdomadis [67]. In
Paraiba State, Brazil, Hardjo was the most prevalent serovar [31,69], followed by
Icterohaemorrhagiae and Australis [69]. Therefore, it is necessary to investigate the epidemiological
role of domestic animals as reservoirs of leptospirosis for humans [59]. Genotyping studies suggest,
for example, that multiple animal reservoirs were implicated in the leptospirosis outbreak in Western
Fiji after flooding [51].

In addition to the pathogenic bacteria identified in the studies, intermediate species have also
been reported in the environment. The intermediate L. licerasiae was isolated from the environment
in Jakarta, Indonesia, and has pathogenic infection potential [52]. In Kelantan, Malaysia, following
flooding, L. wolffii, another intermediate Leptospira species, was identified, which could potentially be
transmitted to humans and animals [74].

The Leptospira serovars identified decades ago remain the causative agents of leptospirosis in
humans [38]. However, the transmission of leptospirosis involves numerous factors, including the
impact of climate, whose role is not yet fully understood [32]. The diversity of Leptospira serovars
identified in humans and animals highlights the epidemiological complexity of leptospirosis and its
multifactorial nature, supporting the interdependence of human, animal, plant and environmental
health, a core principle of One Health. The wide serological variability suggests the presence of
multiple reservoirs and transmission pathways, emphasizing the need for an integrated approach to
epidemiological surveillance, control measures, and risk mitigation. Elucidating this role is essential,
as it facilitates epidemic risk analysis and supports preventive efforts, which must involve
intersectoral cooperation among public health authorities, promoting improvements in urban
infrastructure and intensified surveillance [61,64,65].

4.4. Recommendations for Leptospirosis Control

Integrated human and animal health strategies for controlling leptospirosis in flood-prone areas
should include rigorous rodent control measures both before and during the recovery period of
natural disasters [51]. Prevention involves the use of personal protective equipment, such as gloves
and closed footwear [29], as well as draining flooded areas and implementing sanitary controls before
introducing animals [31]. A study in India reported the use of doxycycline as chemoprophylaxis in
asymptomatic individuals, at variable doses based on flood exposure [28]. However, this evidence
remains inconclusive because the intervention was not implemented as a controlled study,
potentially leading to biased results. In contrast, rapid diagnosis, treatment, and community
awareness programs are recognized methods of disease control [51].

Nevertheless, early antibiotic treatment is recommended for cases with a high suspicion of
leptospirosis, even before laboratory confirmation, as it can reduce the severity and duration of the
disease [17]. Therefore, leptospirosis should be included in the differential diagnosis of any patient
presenting with acute febrile illness or nonspecific symptoms and a history of potential exposure to
floodwaters or rodent-infested areas [83].
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Given the high risk of contamination following floods, a permanent recommendation should be
to avoid recreational activities in freshwater bodies [35]. Furthermore, implementing environmental
interventions targeting transmission sources, such as improved waste disposal management
(especially in flooded areas) and efficient basic sanitation, is crucial [41].

Definitive diagnosis of leptospirosis relies on bacterial isolation via culture, DNA detection by
polymerase chain reaction (PCR), or demonstration of seroconversion in paired acute and
convalescent serum samples [15,84]. The microscopic agglutination test (MAT) remains the gold
standard for leptospirosis diagnosis, utilizing a panel of live antigens [1,8]. However, MAT’s
limitation lies in its restricted coverage of recognized serovars, potentially missing unknown serovars
in specific regions [81]. Real-time PCR has been employed for early Leptospira detection in clinical
samples during the acute, leptospiremic phase, which is critical for effective antimicrobial therapy
[1]. Despite its utility, a key limitation of PCR-based diagnosis is the current inability to identify the
infecting serovar, an important factor for epidemiological and public health purposes [85].

Although the disease’s pathogenesis is well-documented, the cellular and molecular
mechanisms remain unclear. Currently, leptospirosis research is entering a “molecular era”, driven
by the sequencing of both virulent and saprophytic Leptospira strains conducted by international
research groups. This effort aims to identify key bacterial protein virulence factors [2].

Vaccines for animals are licensed worldwide, but their formulations have not significantly
changed in recent decades. Vaccine-induced immunity is often restricted to related serovars and is
short-lived [18]. In cattle and pigs, pentavalent vaccines typically include L. hardjo, L. pomona, L.
canicola, L. icterohaemorrhagiae, and L. grippotyphosa, with some formulations also containing L.
bratislava [9]. For dogs, bivalent vaccines (L. icterohaemorrhagiae and L. canicola) or multivalent vaccines
including L. pomona and L. grippotyphosa are used. However, most dogs show negative antibody titers
against all serovars one-year post-vaccination [86].

In humans, a universal leptospirosis vaccine remains unavailable, despite the testing of several
recombinant vaccines that have not yet progressed to clinical trials [82]. Similar to animal bacterin
vaccines, these approaches are limited by the lack of an effective cross-protective immune response
[87].

5. Conclusions

The reviewed articles emphasize the importance of understanding leptospirosis in the context
of climatic events, particularly highlighting the impact of floods on the disease’s dissemination.

Among the main contributions to controlling leptospirosis in flood-prone areas, the review
suggests strengthening basic sanitation measures e rodent control to reduce human and animal
exposure to contaminated environments. Additionally, implementing early warning systems could
enable the monitoring of critical climatic conditions and the anticipation of outbreaks.

Leptospirosis still faces significant underreporting, largely due to insufficient monitoring, with
many cases remaining undiagnosed or not reaching healthcare services for mandatory notification.
This reveals weaknesses in the surveillance system, which could operate more effectively.
Furthermore, it is essential to promote more robust awareness campaigns among the population
during flood periods, emphasizing the importance of preventive measures to avoid contamination
and minimize the risk of disease spread.

Vaccination of dogs and production animals, particularly in high-risk regions, is also
recommended to reduce the role of these animals as Leptospira reservoirs. However, the limited
duration and serovar coverage of current animal vaccines, coupled with potential interference with
serological testing, restricts their effectiveness in providing broad protection.

Addressing these multifaceted challenges necessitates a One Health approach, fostering more
effective strategies for leptospirosis surveillance and control. Ultimately, preventing leptospirosis
requires coordinated, interdisciplinary efforts involving physicians, veterinarians, public health
specialists, and other stakeholders, particularly in the context of climate change and environmental
vulnerabilities.
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