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Preface

Leptospirosis is an infectious disease that has been globally present for centuries,

but it is still one of the overlooked threats to global health. It is a zoonotic disease
affecting humans and animals of many species, representing a great burden in some
regions. Leptospirosis has a broad geographic distribution and considerable morbidity
and mortality, but still, this disease is sometimes underdiagnosed and therefore also
underreported. The disease has a nonspecific clinical presentation and some diagnos-
tic challenges, but lack of general awareness is probably the most important factor.

The book represents an effort to analyze current knowledge on leptospirosis, bring-
ing together perspectives of human and veterinary medicine, environmental health,
microbiology and public policy. The One Health approach is essential for understand-
ing the epidemiology and risk factors related to leptospirosis.

The introductory chapter slowly takes the readers into the topic of leptospirosis, with
a few overall information about the disease.

The first chapter is about the epidemiology of leptospirosis in the broadest possible way.

It covers the infection cycle and transmission of the pathogen, pathogenesis, diagnostic,

pathogenic and biological characteristics of Leptospira spp. It also covers diagnostic chal-
lenges, reservoirs of the pathogen and different factors that can impact the outbreaks.

Chapter two presents the clinical landscape of leptospirosis, highlighting the variability in
clinical symptoms and difficulties of early diagnosis. The concept of chronic leptospirosis
is also presented and needs future research in diagnosis and long-term management.

Chapter three focuses on the epidemiology and public health dimension of leptospirosis.
Outbreaks of leptospirosis often follow seasonal patterns and environmental situations
such as floods or heavy rainfalls. Rodents are usually identified as pathogen reservoirs,
and the risk for infection rises with increased exposure to contaminated water or soil.
The chapter also highlights the importance of improved diagnostic tools, particularly in
regions where resources are limited and where the disease is most prevalent.

The fourth chapter concerns animal leptospirosis, underlining the economic and
ecological impact. In veterinary medicine, leptospirosis can cause reproductive fail-
ure, a decrease in milk production, and livestock mortality, all leading to significant
economic losses. Small mammals and rodents are also mentioned as reservoirs of the
disease, with the possibility of excreting Leptospira in the urine without showing any
symptoms of the disease, continuously contaminating the environment. Therefore,
surveillance of the disease goes much beyond only the human population and must
also include animal health monitoring and biosecurity measures.

Chapter five explains the relationship between leptospirosis and environmental
conditions, particularly in tropical and subtropical climates that are favourable for the



survival of Leptospira. Warm temperatures, high humidity, and still or slow-moving
water contribute to the maintenance of the pathogen. Urbanization and land use
changes also interfere with ecological balance, increasing human/animal contact with
the possibility of pathogen transmission. The chapter calls for environmental stew-
ardship and cross-sector collaboration.

The sixth chapter looks into the global burden of leptospirosis and policy level
responses to the outbreaks. Leptospirosis has been acknowledged by international
organizations as a neglected tropical disease with epidemic potential. There is a need
to enhance the surveillance system and educational campaigns for populations at risk.

Besides the biological and clinical complexity of leptospirosis, there is also the
implication of global health equity. The disease affects vulnerable populations living
in poor hygienic conditions, poverty, flood areas, and often in close contact with
rodents. All of this highlights the intersection between health, environment and social
determinants. Addressing leptospirosis is not only a medical question, but a holistic
approach is also required, considering environmental factors.

This book is intended for a broad and diverse audience who wants to know about
leptospirosis. Clinical insights relevant to diagnosis and management are shown.
There is also some epidemiological and policy information relevant to public health.
Some animal health implications are also mentioned from the veterinary medicine
point of view. There is also a section with ecological dynamics and an environmental
approach. On the other hand, there is much more information about leptospiro-

sis than covered in this book, because it is an excellent research field with many
approaches.

The main purpose of this book is to create awareness, curiosity, and debate about
leptospirosis, as it is a complex disease that has been present for a long time and is still
causing outbreaks worldwide. The awareness of leptospirosis is meant to be raised as an
often-neglected component of global health. Curiosity and debate are meant to be stim-
ulated between different disciplines, resulting in stimulating interdisciplinary dialogue
and activities, leading further to a multisectoral approach combining the strengths of
human and veterinary medicine, environmental research and public policy.

Our current world is shaped by ecological disruption, rapid urbanization, global
interconnectivity, and threats of zoonotic diseases. Therefore, preparedness for the
future is needed, and it lies in knowledge. This book is meant to contribute to that
knowledge.

Sara Savié¢ and Marina Zeki¢
Scientific Veterinary Institute “Novi Sad”,
Novi Sad, Serbia
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Chapter1

Introductory Chapter:
Leptospirosis as a Global Concern
at a Glance

Sara Savié and Marina Zekié

1. Introduction

Leptospirosis is a bacterial zoonotic disease and is one of the most prevalent
ones in the world. This disease is a significant public burden not only in tropical and
subtropical regions but also in some other parts of the world. Despite the worldwide
presence, many people are unaware of the risks, symptoms, and prevention activities.
Understanding of leptospirosis has several aspects, such as biology, transmission,
clinical manifestation, diagnostics, treatment and prevention.

Leptospirosis is an infectious disease caused by the bacterium Leptospira. This
bacterium mostly infects animals, but it can also affect humans. The infectious agent
can be found in domestic and wild animals, such as rodents, dogs, and humans.
Bacteria Leptospira are mostly present in and shed by the urine of infected animals,
and that way they can contaminate water, soil or food. Humans are mostly infected by
contact with the environment contaminated with the bacteria. For example, contact
with contaminated water through broken skin, such as cuts or scratches on humans or
animals, can provide a pathway for bacteria to enter the body.

Bacteria can survive in water or soil for some time, especially in warm and humid
conditions, which makes Leptospira a resilient microorganism and therefore repre-
sents a global concern.

The first known record of leptospirosis was in China, identified in rice harvesters,
and in Japan, it was named “autumn fever.” A disease characterized by jaundice and
renal failure in a severe form was described by Adolf Weil in 1886, so the disease was
named at the time Weil’s disease. In 1907, Arthur Stimson identified the causative
agent of leptospirosis by finding the spirochetes in the kidneys of the patient and
named it Spirochaeta interrogans because of the question mark shape [1]. The rats as
carriers of the disease were identified in 1917 and then also as reservoirs of leptospiro-
sis [2]. Different serovars of Leptospira were identified much later, and by the 1950s,
more than 200 serovars were found, and some were already associated with a specific
animal as a host [1]. During the past few decades, leptospirosis has been found to
be a re-emerging disease related to environmental and climate changes. When first
discovered, leptospirosis was declared as an occupational disease. Still, today, itisa
global health concern that affects animals and humans.

Leptospirosis can be found in any part of the world, but its highest prevalence
is still in tropical and subtropical regions, such as Southeast Asia, Central and
South America, and some parts of Africa. A warm and humid climate and frequent
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flooding are all good preconditions for both the spread and survival of Leptospira
pathogens. The factors that can contribute to spreading the disease in urban areas are
poor hygienic conditions, which favor rodents’ reproduction and close contact with
humans. Rodents are primary carriers of Leptospira pathogens, and they excrete them
with their urine into water, soil or other surfaces, contaminating them. Outbreaks

of leptospirosis are often related to natural disasters, most often floods [3]. Floods
represent a risk factor for the spread of leptospirosis due to the ability of Leptospira to
survive in water or humid places for a longer time than in dry places [4, 5].

Leptospirosis is an endemic disease in many parts of the world, and also obligative
for reporting, but even so, it is often underreported. That might be because of the
nonspecific symptoms it causes in clinical cases, or in some countries, there might not
be the possibility of adequate diagnostic testing [4]. On the other hand, in developed
countries such as the US, leptospirosis is less spread and less of a concern, but it is
still recognized and associated with some risk factors, such as outdoor activities or
occupational factors related to animals.

Animals of different species can be affected by leptospirosis, including pets and
domestic and wild animals. Canine leptospirosis can become a major concern because
of its close connection to humans, but there is also a vaccine for dogs that is applicable
in many countries. In livestock and farm animals, leptospira outbreaks can happen
most frequently in cattle, pigs, and sheep. The disease causes reproductive problems
such as abortion, kidney damage and, after all, decreased productivity. Wildlife
animals, including rodents, can also represent a reservoir of Leptospira pathogens
which can be spilled into the environment from which humans and other animals are
affected.

One Health approach recognizes the interconnections between humans, ani-
mals, and the environment, and leptospirosis is an ideal case for implementing this
approach. Leptospira pathogens can be transmitted from animals, such as rodents,
livestock, or even pets, to humans through contaminated water, soil, or animal excre-
ment. This transmission pathway highlights all three components of the One Health
approach. So, addressing leptospirosis requires an interdisciplinary engagement in
order to monitor the animals as reservoirs, control the rodent population, raise aware-
ness in humans, etc. Intraspecies and interspecies transmission of Leptospira patho-
gens depend on the reservoir host animal where bacteria replicate and shed in urine,
the persistence of bacteria in the environment and the interaction between humans,
animals and the environment [6]. One Health approach in the case of leptospirosis
outbreaks, therefore, involves veterinarians, medical doctors, public health officials,
environmental scientists, biologists, etc. The One Health approach aims not only to
control outbreaks but also to prevent future occurrences by addressing all aspects
of the disease. A multidisciplinary team should focus on building preparedness and
resilience, particularly in endemic regions where the disease remains a constant
threat.

2. Conclusion

Leptospirosis continues to be a significant global health issue and concern. Its
complex nature involves environmental, animal, and human factors that contribute to
the transmission of the pathogen and the spreading of the disease. The main trans-
mission of the pathogen goes through contaminated water, soil, or animals such as
rodents, dogs, livestock, and potentially wildlife. The impact of the disease is the most
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severe in tropical and subtropical regions, especially in places with a high population
density, poor sanitation, and frequent flooding, which create perfect conditions for
the causative pathogen to survive and spread.

Misdiagnoses and underreporting need to be improved globally. Advanced diag-
nostic methods should improve the ability to perform quick and precise detection of
the Leptospira pathogen. The efforts should be made to invest people’s resources and
finances into surveillance and monitoring activities, especially in regions with high
prevalence. This way, the places with high exposure can be identified and marked. A
One Health approach with mutual efforts between human, animal and environmental
sectors is essential for leptospirosis control. The strategy of One Health can lead to
more effective prevention and control measures in regions where an interdisciplinary
approach is implemented, meaning rodent control, vaccination, surveillance and
education.
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Chapter?2

Comprehensive Epidemiological
Insights on Leptospirosis Global

Health Effects and the Risk Factors
for Prevention and Control

Aregitu Mekuriaw

Abstract

Leptospirosis is a potentially fatal and often ignored zoonotic illness caused by
the genus Leptospira. The pathogen infects humans, animals, and ecosystems with
diverse clinical signs and is estimated to be responsible for 60,000 mortalities,
with over a million cases annually. It is common and poses a significant diagnostic
problem in low-income tropical and subtropical countries. The incidence is sea-
sonal; climate change, animal exposure, physical environment, and globalization
are risk factors of leptospirosis. Rats are the primary reservoir species, while other
mammals may potentially play a major role in the transmission of human illnesses.
The high burden of pathogens on animals affects the livestock reproduction sector
and impacts the socioeconomic burden. Human leptospirosis commercial vaccines
are available in Japan, China, Cuba, and France. The pathogen’s ability to exist in
the environment contributes to its growth in water and enables the maintenance
and distribution of the bacteria globally. This situation reflects a higher impact on
agriculture, human and animal health, and ecosystems, which need comprehensive
management and a holistic approach, promoting different disciplines and joint-
work initiatives toward controlling and treating leptospirosis. Therefore, this book
chapter is aimed at highlighting the leptospirosis disease epidemiology, its global
health effects, the risk factors, and the challenges in leptospirosis disease control
and prevention.

Keywords: epidemiology, global, leptospirosis, prevention, zoonosis

1. Introduction
Leptospirosis is the most globally prevalent neglected zoonosis disease that

affects both domestic and wild animals, as well as people mainly in low-income
populations living in both urban and rural areas of tropical and subtropical regions
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[1, 2]. Historically, leptospirosis has been linked to occupational threats, upsetting
soldiers [3], farmers [4, 5], miners [6], and abattoir workers [7], but individuals

in non-specific occupational groups may also get leptospirosis. Thus, with a global
distribution, leptospirosis concerns human health and safety at work due to direct or
indirect contact with the urine of infected animals and through contaminated water.
It can result in life-threatening clinical issues like pulmonary hemorrhage syndrome,
which has a high morbidity and mortality rate [8]. Despite having a significant
negative impact on human health and livestock production, leptospirosis is a tropi-
cal disease that is frequently neglected [9]. Leptospirosis is a zoonosis that has a
significant global mortality and morbidity rate and impacts the interface between
humans, animals, and ecosystems with several clinical symptoms. It is instigated by
the pathogenic spirochete of the genus Leptospira. There is evidence that Leptospira
can be found in the tissues of almost all mammal species, and even reptiles and birds
may be susceptible to them [10, 11]. Most of the time, an infection has no symptoms
at all and is mild, generic, or indiscriminate. But rarely, leptospirosis can cause
severe symptoms in both humans and animals that can be life-threatening clinical
issues, such as pulmonary hemorrhage syndrome, which has a high morbidity and
mortality rate [8, 12].

It is estimated that leptospirosis is responsible for 60,000 deaths annually, with
over a million cases reported [13, 14]. However, due to low clinical presentation
specificity, lack of diagnostic facility availability, low reliability of surveillance
systems, and little knowledge of the disease, these numbers are thought to be sig-
nificantly underestimated [15]. Effective vaccination is the sole way to avoid it, but
since the discovery of bacteria more than a century ago, the leptospirosis vaccine has
not advanced significantly [16, 17]. Numerous investigations have revealed that wild
animals such as rats, bats, foxes, sea lions, and capybaras are leptospirosis reservoirs
[18-20] and may be spread to people by wild boars, monkeys, and tenrecs [21-23].
Thus, the identification of animal hosts, which are both direct and indirect infec-
tion spreaders, is an essential first step in managing and controlling leptospirosis,
regardless of the approach employed, as these animals are the ones that discharge the
bacteria into the environment and cause environmental contamination [24]. Among
many other considerations, the animal population, environmental circumstances,
infectious serovars, accessibility to animals, and species involved can all influence
the choice of treatments [25]. Furthermore, leptospirosis still presents several
obstacles in underdeveloped nations, encompassing not only public health domains
but also medical and biological diagnostics, as well as case management [26]. With
varying clinical symptoms, this pathogen affects people, domestic animals, wildlife,
and ecosystems. Although, the interplays between domestic animals, wildlife, and
humans can occur in a range of locations and are associated with significant epidem-
ics around the globe [27, 28].

Urine from carrier animals can infect humans through direct contact with skin
lesions or mucous membranes, while contact with fresh water bodies or irrigated soil
polluted by animal urine is more common [14, 17]. Leptospirosis is more frequently
associated with leisure and occupational activities in temperate areas; on the other
hand, as a result of increased exposure to polluted soil or water because of high rodent
populations, the majority of outbreaks in tropical countries happen during the rainy
season. More than 35 pathogenic and intermediate Leptospira species, which are
mostly spread by environmental factors, are the cause of human leptospirosis [29]. In
poor nations from tropical and subtropical locations across the world, leptospirosis
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has a severe negative impact on vulnerable farming communities. Most animal infec-
tions occur through contact with the environment, while some mammal species can
frequently contract infections through intercourse. However, the prevalence of infec-
tions in animals caused by various Leptospira serovars on livestock farms in tropical
and subtropical countries is unknown, which accounts for the lack of standardization
and accessibility to diagnostic testing [30]. The high burden of the pathogen on
animal’s health affects livestock, the high death rate, the reproduction sector, and the
socioeconomic burden [9]. Additionally, they have an impact on the environment
because of their widespread distribution and the fact that water promotes the growth,
maintenance, transmission, and dispersal of bacteria [31]. Government agencies

in charge of leptospirosis treatment and control are promoting a holistic approach,
which emphasizes the necessity for inclusive management given the influence on
agriculture, human, and animal health [32].

Transmission in vulnerable species is accelerated by epidemiological risk fac-
tors, primarily in endemic locations, and includes leisure activities, travel abroad,
and occupational exposure. Currently, the way in which Leptospira exposure
occurs has changed due to tourism and globalization. As per recent studies [33-36],
leptospirosis is currently seen as a significant danger for travellers. Outdoor
recreation and sports have been connected to leptospirosis [37, 38]. Additionally,
from the standpoint of individual health, the commercialization of domestic and
wild animals in non-endemic regions is a significant factor in the transmission of
leptospirosis [9]. Therefore, the discovery of Leptospira reservoirs in wild species
provides new information about the epidemiology of the pathogen. Numerous
studies have reported that a wide range of serious infectious diseases, such as hanta
virus pulmonary syndrome, dengue fever, yellow fever, malaria, trypanosomiasis,
leishmaniasis, and leptospirosis, are caused by local climate change, large-scale
deforestation, disruption of significant ecosystems and ecosystem services, and
urbanization [28]. Furthermore, leptospirosis is an issue for animal health and a
source of economic loss in the same underdeveloped areas where the burden of
human disease is high; it is acquiescent to One Health approach to intervention
[39]. In general, the impact of pathogen backgrounds on agriculture, human health,
and animal health discloses the need for inclusive management, where a holistic
approach is promoted for controlling and treating leptospirosis. The inclusive
management of leptospirosis necessitates a deeper comprehension of the illness
and the biological, socioeconomic, and cultural risk factors present in the area.
Additionally, as zoonoses are now a growing public health concern, it is critical to
support collaborative work projects and provide proof of the necessity for work
from a One Health perspective. In this chapter presents an updated, comprehensive
epidemiological insight on leptospirosis global health effects and the risk factors for
prevention and control.

1.1 Leptospirosis global zoonotic health effects

A zoonotic bacterial disease, leptospirosis, affects populations with few resources
the most, while it can arise in a variety of epidemiological contexts [40, 41]. Because
a wide variety of mammals can retain and excrete the spirochete agent from their
renal tubules, the disease has a wide geographic spread [41, 42]. Leptospirosis is
predicted to be responsible for more than half a million deaths, with over a million
cases reported annually [13, 14]. Costa et al’s [41] more recent estimates indicate
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that leptospirosis is “among the leading zoonotic causes of morbidity and mortal-
ity”. However, according to estimates from the World Health Organization (WHO),
there are five endemic cases of human leptospirosis for every 100,000 persons and 14
epidemic cases each year worldwide [43]. These disparate figures demonstrate how
challenging it is to quantify the current leptospirosis burden worldwide. This is due
to the lack of diagnostic facility availability, low reliability of surveillance systems
and little knowledge of the disease, and these numbers are thought to be significantly
underestimated [15]. Furthermore, the diagnostic tests that are currently accessible
are not ideal; the best tests miss nearly 40% of patients [15]. However, due to low
clinical presentation specificity and close similarities to other diseases, only one

in ten infections are believed to be precisely identified [44]. Case fatality rates for
leptospirosis can vary from less than 5% to more than 30%, depending on the clinical
presentation and course of treatment. Young adults between the ages of 20 and 49

are more likely to contract an infection with Leptospira [41]. Males are estimated to
bear 80% of the global leptospirosis burden [45]. Leptospirosis, which causes high
death rates in both people and sensitive animal species, has become a major infectious
zoonotic disease in the last 10 years, especially in endemic tropical locations with
significant rainfall [14, 46]. The high death rate in leptospirosis is still high, attributed
to a variety of poorly understood factors that may include the innate pathogenicity of
some Leptospira strains or host immune-pathological responses that are genetically
determined [47]. These factors also contribute to delays in diagnosis brought on by a
lack of infrastructure and sufficient clinical suspicion.

In many areas where transmission is endemic, the primary burden attributed to
leptospirosis life-threatening manifestations has occurred as a significant cause of
acute renal injury related to Weil’s disease [41] and pulmonary hemorrhage syn-
drome [48]. Moreover, leptospirosis is becoming more widely acknowledged as a
significant contributor to undifferentiated fever [49, 50]. Most cases of leptospirosis
are misinterpreted as dengue [50, 51], or other acute febrile illness-related condi-
tions. This has been linked to the lack of an appropriate diagnostic test [52], which
leads to underreporting of cases [53, 54] and deaths [51]. The absence of trustworthy
leptospirosis burden approximations has hindered attempts to build the case for
investment in order to remove important obstacles, such as better diagnostics, and
find efficient preventive and control strategies. Risk groups for leptospirosis include
those working in sewage and abattoirs, military personnel, and people who partici-
pate in water sports and recreation, as well as those exposed to animal reservoirs or
contaminated surroundings [41]. Furthermore, because of the effects of globaliza-
tion and climate change, leptospirosis has become a health concern in previously
unexplored areas [55, 56]. Epidemics are now known to be glowed by disasters and
harsh weather [40, 41].

1.2 Socioeconomic impact of leptospirosis

In addition to the health consequences that leptospirosis might have, the relatives
of the victims and society at large may also be negatively impacted financially and
socially. The condition has both direct and indirect financial consequences, such
as the expense of treating the acute sickness, managing long-term medical issues,
causing income loss due to the illness, and maybe having an impact on one’s eventual
ability to earn a living [57]. During epidemics, thousands of individuals may possibly
become infected in a short period of time, placing a great deal of strain on healthcare



Comprehensive Epidemiological Insights on Leptospirosis Global Health Effects and the Risk...
DOI: http://dx.doi.org/10.5772/intechopen.1008181

services. The health system will be further taxed by the implementation of public
health initiatives for surveillance, control, and prevention. Moreover, leptospirosis
poses a risk to cattle, exacerbating financial losses. A lot of leptospirosis epidemics
happen in urban slums, which are home to some of the most vulnerable and impov-
erished individuals on the planet. These areas also tend to have low socioeconomic
resilience, insufficient access to healthcare, and few public health resources. The
combination of these factors will make leptospirosis the most harmful disease to
communities in terms of both health and socioeconomics, and as emerging nations
become more urbanized, this situation is expected to get worse.

1.3 Leptospirosis epidemiological insights

Leptospirosis is a zoonotic, important bacterial disease that is associated with low
levels of sanitation and poverty in both rural and urban regions. Although transmis-
sion happens in both developed and developing nations, the occurrence of human
infection is greater in tropical regions than in temperate ones. Since the disease is not
well-known and tests are not readily available or performed quickly enough, inci-
dence rates are underestimated. In endemic areas, infection that is asymptomatic or
subclinical is frequent [58]. It is also interconnected with the locations where livestock
is raised, as close contact with animals may facilitate the transmission of leptospirosis.
Veterinary professionals, hunters, caregivers of wild animals, farmers, and agricul-
tural workers who come into contact with infected animals are among the people who
are affected by this occupational risk disease [59]. Leptospira strains associated with
human cases are influenced by the animal reservoir in each particular area. Numerous
mammals, such as domestic animals, can preserve and disperse a variety of Leptospira
serovars in rural areas [60, 61].

Due to the fact that numerous species can act as reservoirs for illness and are found
in tropical, subtropical, and temperate regions, leptospirosis has a complicated epi-
demiology [62]. Both genders and urban and rural environments report cases of the
disease, with young adult males being the most affected [44, 63, 64]. Additionally, it
is a significant occupational zoonosis that affects workers in the agricultural, sewage,
mining, slaughterhouse, butcher, dairy, veterinary, and animal handling industries,
as well as construction, kennel, military, and fishing industries [63-65]. Teams that
work in occupationally exposed environments consider communities living in urban
slums with inadequate sanitation to be extremely vulnerable and represent a substan-
tial risk to occupationally exposed personnel [66-69].

Leptospirosis was mostly a work-related illness in temperate, wealthy nations,
linked to exposure to animals or freshwater. It is becoming more widely acknowl-
edged that this environmental illness is linked to leisure pursuits including tramping,
rafting, and other outdoor sports [60, 70]. There is evidence that the countries visited
pose harm to the environment, and the number of individuals with leptospirosis
cases returning from tropical vacations is rising [34, 71]. Leptospirosis is known to
occur in both temperate and tropical climates. Research has revealed that the high-
est frequency of the illness transpired during the rainy seasons in tropical areas and
late summer to early fall in temperate countries; nevertheless, the majority of the
outbreaks were preceded by times of excessive rainfall where favorable conditions
allow for its spread [44, 72, 73]. This is due to warm and moist weather which favors
Leptospira existence, and incidences in tropical areas are almost ten times greater than
those in temperate areas.
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Both global warming and changes in rainfall patterns have the potential to raise
the disease burden. For instance, it is a seasonal sickness that is most likely caused by
climate change environment (soil or water) contamination in particular as a result
of prolonged exposure to an abundance of rodent populations [74-77]. In areas of
moderate climate, work-related and entertaining activities (e.g. contact with polluted
water or soil, contact with cattle infected with leptospirosis) are more probable to be
linked with leptospirosis [77, 78]. Thus, the population biology, behaviour, or com-
munity ecology of spirochetes and their hosts are altered by environmental factors,
which have a significant impact on leptospirosis transmission.

1.4 Aetiology of leptospirosis

Leptospira are tiny, helicoidal bacteria with a diameter of 0.1-0.2 pm and a length of
6-20 pm. Two periplasmic flagella are located at each pole of these hooked-ended, gram-
negative spirochete bacteria. In addition to aiding in the bacterium’s survival within the
host and during infection, flagella allow the bacteria to travel swiftly in viscous environ-
ments such as blood, interstitial fluid, and connective tissues [17]. Lipo-polysaccharides,
proteins, lipoproteins, and lipids make up the outer membrane, while lipoproteins and
transport proteins are in the double-layer inner membrane, which is tightly linked to the
peptidoglycan layer [79]. It is believed that having periplasmic flagella and a corkscrew-
shaped structure helps Leptospira survive over the long term in both their host and the
environment [80]. Leptospira were categorized formerly based on their antigenic patterns,
which were grouped into over 25 serogroups that combined serovars that were antigeni-
cally linked [58, 81], but, in more recent times, a molecular taxonomy has been reported
that uses DNA relatedness to split the Leptospira genus into many species [82]. Leptospira
is classified as pathogen, intermediate, or saprophyte strain. Saprophytes are normal
inhabitants of many types of wet, humid, and freshwater environments. Pathogen strains
can be found in nature in the renal tubules of animals and are notable for their extreme
sensitivity to UV radiation, chlorine, and detergents [60, 83]. It is also believed that they
are vulnerable to low temperatures and acidic environments.

Almost all mammal species are susceptible to Leptospira infection, which can result
in leptospirosis. Intermediates strains can infect mammals, but they often have a lesser
virulence and only cause minor illnesses. Pathogenic strains can endure extended peri-
ods of time in the environment, but their capacity to multiply outside of their live host
is limited. As a response to the prolonged lack of a suitable host species, they instead
occasionally display binary fission or, in other situations, group together to form a
biofilm [84]. For survival, both saprophyt and pathogen Leptospira need the same
kinds of nutrients and temperatures. Saprophyte strains are sometimes discovered in
humans and other animals, but they usually live their whole lives in soil and water. In
order to finish their life cycles, pathogenic organisms need a live object. However, lep-
tospires” ability to survive and thrive is mostly dependent on the temperature, pH, and
moisture content of their surroundings, in addition to the vital nutrients they need to
grow [85, 86]. Leptospira are assumed to be persistent and have an extended lifespan in
the environment because of their ability to build biofilms with other bacteria [86].

The majority of settlements use natural water sources like rivers, streams, or
subterranean aquifers to gather water, which is then stored in reservoirs for extended
periods of time. It is reported worldwide as a threat to epidemics in developing
nations during and after the rainy season. People in metropolitan areas are susceptible
to leptospirosis when roadways flood after heavy rainfall [87, 88]. There is a signifi-
cant risk of infection for farmers in rural areas who labour in rice fields [89].
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1.5 Leptospirosis infection cycle and transmission

The possibility of contracting leptospirosis is via contact with contaminated
environment, infected wild animals, and rodents [60, 61, 68]. Natural reservoirs
for Leptospira, such as herbivores and other animals, may develop into symptomless
carriers following an infection. As a result, they serve as a significant foundation for
Leptospira in the environment through bacteria emissions in urine. Renal carrier state
is thought to be the primary mechanism that allows leptospirosis to sustain itself
in the environment [90]. The primary carriers of Leptospira are rodents, who can
contaminate the environment by releasing the germs through their urine [17]. Many
wild and domestic animals, such as bovine, swine, canines, and horses, can serve as
reservoirs and contribute to the spread of leptospirosis, but the brown rat has been
shown to be the most vital source of human infection [24]. Humans can get sick from
direct contact with infected animals and Leptospira contaminated soil and water.
Once ingested, the germs penetrate and enter the bloodstream and go to the organs,
where they cause pathological harm.

In the past, leptospirosis was mostly thought to be an occupational illness linked to
occupations including mining, sewage cleaning, raising and killing livestock, veteri-
nary care, and military operations. With the introduction of preventive measures,
the relative significance of certain occupational risks has dropped. Human infection
occurs when a person comes into contact with a carrier mammal’s contaminated
urine, either directly or through polluted surfaces, water, or soil [91]. Leptospirosis
is primarily spread by damaged skin or mucosa when contaminated water, soil, or
urine comes into contact with it [92]. Leptospira has never been shown to represent
significant epidemiological sources of transmission, despite the fact that humans can
excrete them into their urine for weeks, or, in rare cases, months, or longer than a year
[24, 60]. In addition, the occurrence of different Leptospira serovars within a human
population is influenced by the existence of reservoir animals and the serovars they
carry, as well as by local environmental conditions, occupation, agronomical prac-
tices, and agricultural methods. People who live in urban areas that are characterized
by high population density, poor housing quality, and inadequate cleanliness are more
likely to be exposed to rats and consequently contract leptospirosis. In industrialized
countries, occupational exposure, visits to endemic regions, leisure activities, and
the introduction of both domestic and wild animals are the main causes of infection
[24]. For example, a sero-prevalence study conducted by Schoonman and colleagues
[93] revealed that, among livestock farmers, veterinary/meat inspectors, and abattoir
workers, the prevalence of Leptospira spp. infection was 19.4, 18.1, and 17.1%, respec-
tively. Additionally, subjects who reported milking cows had a significantly higher
likelihood of testing positive for the infection [47].

1.6 Pathogenesis and clinical sign

Despite decades of study on leptospirosis, understanding mechanisms of lep-
tospirosis pathogenesis is limited [94]. For example, the cause of the severity or
mildness of an infection, whether caused by the pathogen directly or by host immune
responses that are genetically defined, is yet unclear [95, 96]. However, the emergence
of genetic manipulation instruments and the release of genome sequences from
saprophytic and pathogenic Leptospira have recently provided new information about
the biology and pathophysiology of this significant agent [97]. Leptospira’s motility
and capacity to float through viscous liquids are two virulence mechanisms [98].
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The preliminary contagion and the spread of organisms from the site of entrance to
end-organ damage locations, including the lung, liver, kidney, eye, and brain, are
likely critical processes involving motility. Among the Leptospira genome sequence,
there are 4768 predicted genes, at least 50 of which are related to motility [99]. After
entering a new host, Leptospira reach the kidneys through the hematogenous route,
passing glomeruli or peritubular capillaries. They overrun the brush boundary of
the proximal tubule, which is where urine is excreted, when they penetrate the renal
tubular lumen [24]. Pathogenic Leptospira can inflict local or systemic harm if it
enters the bloodstream. Variations in severity are related to patient age, health state,
inoculum size, and serovars [17].

Leptospira incubation lasts approximately 10 days, and the illness manifests
5-14 days following the bacteria’s introduction [100]. A wide range of events may be
involved in the acute and chronic infection processes of humans and reservoir hosts,
according to the widely varying clinical presentations of Leptospira infection [101].
Leptospira spread quickly and multiplied in the bloodstream during the early phase
(3-7 days), after which they went to the kidney, liver, spleen, and other organs [17].
Pathogenic Leptospira infection in hosts results in a wide range of clinical symptoms,
including subclinical infection, undifferentiated febrile illness, jaundice, renal failure,
and possibly fatal pulmonary hemorrhage [24]. On the other hand, conjunctival suf-
fusion is thought to be a distinctive clinical feature of the early stages of leptospirosis
[17]. The proximal renal tubules of carrier animals continue to be colonized, which
sustains leptospirosis. An animal that is afflicted may not show any symptoms and
may secrete infectious organisms in its urine for the whole of its life [102, 103].

The clinical course of leptospirosis can be split into two phases: the acute phase,
marked by flu-like symptoms that are milder, and the chronic phase, which has more
severe clinical indications, including renal failure and pulmonary diffuse hemorrhage
[100, 104]. In certain instances, the infection may not cause any symptoms. The
majority of individuals infected with the pathogen either exhibit few symptoms, such
as fever, headache, myalgia, nausea, vomiting, malaise, and conjunctival hyperaemia,
or none at all [105]. However, as one of the many potential causes of acute fevers in
medical settings, patients experience around 7 days of fever, photophobia, head-
ache, arthralgia, chills, diaphoresis, asthenia, cough, nausea, vomiting, and muscle
discomfort that can all manifest during the acute phase of the leptospirosis stage.
These symptoms are similar to those of other illnesses like dengue and influenza,
which cause misdiagnosis and underreporting of leptospirosis cases worldwide. If
treatment is not received, serious forms may develop, resulting in serious pulmonary
hemorrhage, liver damage, and renal damage [104]. Leptospirosis motility is likely
significant for both the initial infection and the spread of the organisms from the
point of entry to end-organ damage sites, including the liver, kidney, brain, lung, and
eye [106]. It has been demonstrated that virulent Leptospira strains have a chemotaxis
toward haemoglobin [107]. Leptospira also has a variety of putative virulence factors,
including phospholipase, sphingomyelinase, and haemolytic activities, which are
consistent with their projected capacity to move through host tissues [108].

According to estimates [17], between 10 and 15% of tainted individual’s exhibit
major clinical signs, which are more frequent in the late phase (after the first week
of infection). However, occasionally, even in the early stages, very severe signs are
noted. Weil’s syndrome is the term for the characteristic symptom of the severe form
of leptospirosis. Chronic interstitial nephritis, pancreatitis, anemia, splenomegaly,
jaundice, renal failure, myocarditis, and pulmonary hemorrhage are among the
conditions that these patients may experience [109]. Interstitial nephritis is the key
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pathological change detected in most cases of patients [110]. According to Ferrer et al.
[111], experimental mouse models of Leptospira outer membrane proteins (OMPs)
cause local inflammation by stimulating renal cells to produce pro-inflammatory
cytokines. Furthermore, one of the most alarming side effects of leptospirosis is
severe pulmonary hemorrhage syndrome (SPHS), which is characterized by cough,
dyspnoea, haemoptysis, and dense pulmonary hemorrhage as its primary symptoms.
About half of the patients with SPHS pass away as a result of these problems [112].
Leptospirosis in cattle is a reproductive disease that is widely known. The main
features of this illness include poor offspring’s birth and abortions occurring at any
time during a pregnancy. There have been reports of nursing cows’ milk tainted with
blood. Conversely, the most typical sign is a silent, on-going infection associated
with recurrent estruses and the loss of embryos. Due to their capacity to colonize and
bear in the genital tracts of afflicted cows and bulls, serovars Hardjo and Guaricura
are more closely linked with the chronic reproductive type of disease. It is becoming
well-acknowledged that the main sign of leptospirosis affecting cattle is this genital
manifestation of the disease [113-115].

1.7 Diagnosis and treatment

In endemic areas, leptospirosis infection has a very broad spectrum, which might
complicate diagnosis and is frequently asymptomatic or symptomless [68]. As a
result, the disease is not as well-known as it could be, and diagnosis is not provided
quickly enough or with sufficient accessibility. Leptospirosis is diagnosed depend-
ing on the temporal stage of the disease and the sample’s availability. Laboratory
techniques such as microscope evaluation, culture, molecular approaches, serology,
and animal inoculation are employed to detect Leptospira [116]. Bacterial culture
is the gold-standard diagnostic technique, but due to financial and technological
constraints, it is not widely used. Nonetheless, epidemiologic investigations of animal
strains infecting a particular area need the isolation and genetic characterization of
isolates [117, 118]. Thus, an immunoglobulin M (IgM) serological screening approach
on a herd level with usually enzyme-linked immune-sorbent assay (ELISA), or MAT
may identify suspect herds, but culturing, immunofluorescence, or, preferentially,
polymerase chain reaction (PCR) assay is required for a definitive diagnosis in acute
phase leptospirosis [91]. Although urine is primary and has been extensively used
as a sample, recent studies have demonstrated the usefulness of cervicovaginal
mucus for the diagnosis of genital infection. The mortality rate can be significantly
decreased by starting antimicrobial medication early and receiving supportive
therapy right away [91]. Thus, early detection is essential to lower the severity and
rate of disease progression since fast treatment reduces mortality. Leptospira has not
shown to have acquired antibiotic resistance, despite slight variations in antibiotic
susceptibility among isolates so far [119]. Amoxicillin (or penicillin), tetracycline,
or ceftriaxone, doxycycline, streptomycin, and erythromycin are used to treat
leptospirosis [60, 72, 120, 121]. Early antibiotic therapy has been shown to reduce the
risk of severe disease in both the individual and the population, as well as to reduce
the severity and fatality rates and save costs for the healthcare system [60]. Prompt
presumptive antibiotic treatment is also advised by the WHO, citing the empirical
advantage of starting it prior to the fifth day of illness [72]. The requirements for
supportive care, including intensive care, will vary depending on the severity of
leptospirosis. The majority of cases of severe leptospirosis will necessitate some kind
of supportive care, including intensive care. Hemodynamic instability is often evident
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in the presentation, necessitating the use of vasoactive medications and intravenous
therapy, which will also be employed to administer medication and balance correc-
tion. Corticosteroids are occasionally utilized because patients often appear with a
septic shock, and some degree of excessive inflammatory response is reported [122].

1.8 Prevention and control measures

The adoption of vaccination is highly recommended since it is the least expensive
control strategy and is crucial for the management of leptospirosis [123]. Vaccinating
both humans and animals helps prevent leptospirosis. Its effectiveness varies, and
research has shown that commercial vaccinations are ineffective at preventing kidney
colonization [124]. The effectiveness of the control methods differs depending on the
strain of infection. Despite cross-reactivity, some vaccinations may provide protection
against serovars, unlike those used to manufacture them [125]. However, their poten-
tial serotype dependence and inability to elicit an immunological response against
other serovars were noted by Sonrier et al. [126]. Furthermore, the creation of vaccines
is hampered by the genetic and phenotypic variety of infective Leptospira [127].

According to Pereira et al. [18], Cuba is the only country in Latin America where
people are routinely immunized against Leptospira. Inactivated vaccinations are
typically given to domestic animals. It is also used on populations of susceptible
people in numerous other nations. But they are not employed everywhere because
of unpleasant effects on humans, a lack of cross-protection, and a short duration of
immunity [127]. Mostly, the leptospirosis vaccine schedule typically calls for six-
month intervals, with the vaccination window falling preferably before the breeding
service season, which starts in the early spring when environmental contamination is
at its peak [105]. Sejroe strain infections, on the other hand, are impossible to com-
pletely eradicate; instead, on-going vigilance and a programme centred on lowering
reproductive issues and the ensuing financial risks are necessary [128]. Incidental
infections can be managed more readily. The other leptospirosis control techniques
are designed to reduce the incidence of clinical disease by implementing integrated
actions in many parts of the transmission chain [62, 129].

2. Challenging factors for leptospirosis control and prevention

It is anticipated that leptospirosis risk will increase in the future [24, 41, 56, 60].
Different literature classifications of leptospirosis risk variables include behavioral,
climatic, animal exposure, physical, environmental, and socioeconomic threats.
Particularly in tropical and subtropical nations, climate change is expected to exacer-
bate extreme weather conditions and flooding, which could lead to an increase in the
frequency of outbreaks [89]. According to research by Dhewantara [130], one of the
elements supporting the emergence of leptospirosis’ global dissemination is climate.
Some other challenging factors for leptospirosis control and prevention are the
biological characteristics of the etiological agent, the reservoir host, and differential
diagnosis.

2.1 Biological characteristics of Leptospira as a major challenge

The mechanism of cell aggregation as an endurance technique for leptospires
was detected by Trueba et al. [131]. Through the mechanism of cell aggregation,
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the bacteria can accumulate nutrients and enzymes from the lysing cells, which

can help them, survive hard conditions, such as low temperatures or nutrient-poor
environments [86, 132]. Leptospira have a double-membrane that is similar to that of
gram-negative bacteria due to the presence of lipopolysaccharide (LPS), and their
cytoplasmic membrane closely resembles the envelope architecture of Gram-positive
bacteria due to the tight interaction of the peptidoglycan cell wall [80]. On the other
hand, Leptospira shares a thin peptidoglycan cell wall with other gram-negative
bacteria. As noted by Miyamoto-Shinohara et al. [133], the thickness of the cell walls
surely affects the survival rate of bacteria. LPS is another characteristic of Leptospira
species. By keeping water within the cells, LPS aids in the survival of bacteria in

the desiccant environment [134, 135]. For instance, to avoid ice forming inside the
cells and moisture build-up during the storage of dried culture, all water must be
completely removed from the cell. Accordingly, LPS prevents water molecules from
being extracted from inside the cells during the freeze-drying procedure [133].
Because of their meticulous nature, Leptospira spp. are difficult to isolate, propagate,
and store [136].

2.2 Diagnostic challenges

Leptospirosis in humans is frequently misdiagnosed and disregarded as the source
of fever or generalized sickness. Since it can mimic many other infectious diseases,
including dengue, malaria, hepatitis, pneumonia, and meningitis, misdiagnosis is
widespread due to its varied symptoms and non-specific presentations. Other ill-
nesses such as haemorrhagic fevers, Q fever, scrub typhus, yellow fever, and rickettsia
infections may be included in the differential diagnosis, depending on the patient’s
geographic location [137-140]. Following natural catastrophes, infectious disease
epidemics are frequent [138-140]. Concurrent outbreaks of various pathogens can
pose diagnostic hurdles, especially if laboratory facilities are limited. The clinical
ramifications of misdiagnosis or delayed diagnosis are noteworthy, as the reduction of
morbidity and death associated with early treatment of certain infections like lepto-
spirosis, malaria, and meningitis is imperative. Furthermore, misdiagnosis can cause
significant delays in the application of therapies specific to a given disease, giving
epidemics the opportunity to “escape.” Following flooding, food- and water-borne
diseases are frequent, and some of them might be challenging to distinguish clinically
from leptospirosis [89].

Diagnosis is based on laboratory results. However, the clinical appearance of
leptospirosis is unclear, and the laboratory diagnosis of leptospirosis is often challeng-
ing. The polymerase chain reaction (PCR), which is infrequent in high-endemic areas,
is the only sensitive and specific diagnostic that is accurate during the acute phase
of the disease [141, 142]. Micro-agglutination testing (MAT), a serological reference
approach, is only accessible in Ref. laboratories. Leptospirosis may be mistaken for
malaria, influenza, dengue, scrub or murine typhus, spotted fevers, and a variety of
other potential viral, parasitic, or bacterial diseases in tropical environments where
there are many potential causes for acute fevers [60]. Among hundreds of cases of
influenza, dengue, or yellow fever, leptospirosis may be the cause of a few severe
cases of fever. As leptospirosis lacks a pathognomonic sign or symptom, samples
should be sent to a laboratory for biological study, and the epidemiological perspec-
tive should be used to raise suspicions [60, 118]. It has been possible to detect motile,
helical-shaped Leptospira bacilli directly in blood or urine; however, this method has
been shown to have low sensitivity and is difficult to determine specificity due to the
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bacteria’s small diameter [44]. Therefore, caution should be exercised while using this
technique. These days, genes specific to pathogenic Leptospira are targeted by nucleic
acid amplification techniques using a matrix of blood, urine, or cerebrospinal fluid.
In order to effectively control this potentially fatal zoonosis, an efficient surveillance
system that tracks disease trends must be developed.

Our understanding of the disease will grow with the use of these data, but
improving veterinary and public health surveillance and reporting will require
more laboratory space and the resolution of diagnostic hurdles by scientists.

To full-fill monitoring needs and prevent and reduce leptospirosis epidemics,

a collaborative, multidisciplinary One Health approach is required [8]. Early
detection of animal sickness could be used to detect environmental pollution and
initiate preventive actions to lower the risk of leptospirosis infection in humans
[54]. Reducing the opportunities for wild animals to engage with domestic and
companion animals, utilizing potable water, immunizing livestock and compan-
ion animals, and donning water-proof protection gear and footwear when near
potentially polluted water are all possible ways to prevent infection. To determine
whether an activity poses a risk of infection for their pet, to learn about infection
signs, and to take protective measures in case their pet becomes ill, pet owners
should consult with their veterinarian [136].

Organizations dedicated to public and animal health should think about doing
educational outreach in places that have recently seen infections in humans or
animals, that occasionally flood, and that include recreational water areas or events
that could potentially spread the disease. As was previously noted, leptospirosis is
primarily found in tropical and subtropical areas, where there are several potential
causes of acute fevers. In situations where a hospital has limited space, patient triage
may be necessary, particularly in critical care units. This is especially prevalent in two
scenarios: either in conjunction with an on-going (usually viral) outbreak or during
large-scale leptospirosis outbreaks that follow cyclones [143]. In this specific case of
concurrent dengue fevers, leptospirosis should receive extra attention due to its chal-
lenging differential diagnosis and the possibility of co-infections [60]. Leptospirosis
should receive extra attention in this specific setting of concurrent dengue fevers
due to its challenging differential diagnosis, especially given the possibility of co-
infections [60]. To find biological indicators with a prognostic value for severity,
several clinical investigations involving leptospirosis patients have been carried out.
Validated prognostic markers for leptospirosis are still up for debate, despite certain
cohorts demonstrating significant differences.

2.3 Animal reservoirs

Animals are traditionally categorized as susceptible or maintenance hosts.
Susceptible hosts typically experience a variable-severity illness after infection, which
may even be fatal. Within a few weeks, the recuperating hosts will completely eradi-
cate the Leptospira from their bodies. After contagion, vulnerable hosts usually show
a course of sickness with a range of severity; sometimes, it may be fatal. The illness
varies in severity. Within weeks, the recovered hosts will totally clear their bodies
from the Leptospira. With rare exceptions, the maintenance hosts will likely neither
acquire nor exhibit any mild clinical symptoms, and they will also likely rid their
bodies of Leptospira with the exception of the kidneys, where they will likely continue
to grow and persist in the proximal renal tubules for several months.
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Preservation host populations are called “reservoirs” for leptospirosis. Among
the various Leptospira, different serovars with frequent host associations cattle with
the serogroup Hardjo; dogs and canines with the serogroup Canicola; mice with the
serogroup Ballum; rats with the serogroup Icterohaemorrhagiae are common. Recent
research on the Rattus norvegicus model leptospirosis reservoir has also revealed
evidence of Leptospira in the breast tissue and milk of females with long-term infec-
tions. Even though it has already been suggested that leptospirosis can spread through
breastfeeding [144]. Conditions for the Leptospira strains implicated in individuals’
cases are determined by the animal reservoir in a particular setting. Many mammals
in rural areas, such as domestic animals like pigs, cattle, dogs, sheep, and goats, pre-
serve and disperse a variety of Leptospira serovars. Conversely, in typical urban and
peri-urban leptospirosis, the main reservoir is rats (mainly Rattus norvegicus) bearing
the serogroup Icterohaemorrhagiae. As “vectors,” domestic dogs may, for example,
be seen wandering in areas where they come into contact with soil, water, or wild or
feral creatures. Within days to weeks, they may become infected and start to excrete
leptospires in their urine, even in close proximity to their owners.

2.4 Environmental drivers of leptospirosis

Notwithstanding the prevalence and range of leptospirosis, there are still a great
deal of unanswered questions regarding the dynamics of the disease’s transmission
and the catalysts for epidemics. However, several environmental risk factors for
illness or outbreaks have been found by epidemiological investigations, and these
factors vary depending on the ecological area. Urbanization and climate change are
probably going to have an impact on a lot of these variables.

2.4.1 The environmental reservoir

Leptospira are released into the environment along with the urine of infected
animals. It is believed that pathogen Leptospira exist in the environment but does not
proliferate [44, 145]. Early research has identified a few physiological characteristics
of Leptospira that influence their ability to survive in the environment [15, 146, 147].

It is commonly known that pathogen Leptospira strain can thrive in neutral to slightly
alkaline soils and freshwater environments, such as muck, swamps, streams, lakes, and
rivers. Both humans and animals can get infected if they come into contact with that
kind of muck or stagnant water. When there is a lot of rain, the surface soils become
washed away, exposing humans to pathogenic leptospiras in freshwater bodies like
floods. Large-scale outbreaks of leptospirosis typically occur after cyclones or other
periods of intense rainfall and flooding [148-150]. Notably, the continuous changes

in climate will likely affect leptospirosis prevalence and distribution in some parts of
the world by altering patterns of rainfall [89]. Infection of humans directly from the
animal reservoir occurs primarily in work environments. Particularly workers who deal
with rodent management, farmers, hunters, butchers, and veterinarians, among other
occupations, may come into direct contact with the contaminated urine. Still, data indi-
cates that the majority of human infections are caused by indirect exposure to surface
waters, soils, and mud. Occupational exposures among freshwater fishermen, sewage
workers, miners, soldiers, farmers, and farmers operating in irrigated rice or taro
fields, sugarcane, or banana farms are also accounted for by indirect environmental
exposure. Mucosae and skin wounds are entrance points for Leptospira into the body.
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2.4.2 Habitats and animal interactions

Habitats that allow for interspecies interactions may promote transmission.
Conditions that facilitate interactions between wildlife and farm animals may be pro-
duced by agricultural operations. According to New et al., deer frequently consume
food that has been left out for cattle [151]. According to Jenkins and associates, swine
farms frequently draw stray canines [152]. Among the 30 environments examined,
Brown and Gorman conjectured that Leptospira was nearly exclusively found in areas
with substantial populations of house mice (Mus musculus) [153]. The increased
host susceptibility density could support the persistence of the illness. Domestic cat
ownership may benefit human occupants by lowering rodent numbers in residential
settings, according to one study [154].

2.4.3 Host and management visk factors

Animals of any age can get a Leptospira infection. While leptospirosis affects
almost all mammalian species, it is most frequently found in pigs, dogs, horses, sheep,
and goats [62, 155]. Risk factors for infection include the introduction of infected
animals into herds, sharing grazing areas with infected animals, contact with infected
water sources like rivers, flood waters, or drainage water, and reproduction with
infected male animals by natural insemination [156]. Leptospirosis has been linked to
animal exposure, especially to rats, rodents, household pets, and livestock, as would
be predicted given its route of transmission [24]. The animals that are linked to the
spread of disease carry different serovars in different geographical areas; exposure
risk is influenced by a number of factors, including living conditions, agricultural
activities, local wildlife, and cultural norms.

2.4.4 Climatic change and seasonal factors

The transmission of leptospirosis is frequently seasonal, peaking in warm regions
during the rainy seasons and in temperate climates during the summer [12]. Seasonal
trends were also identified in veterinary diagnostic studies [157]. Flooding and
excessive rains contribute to increasing the threat of leptospirosis. Across the globe,
in a variety of geographical locations, there have been numerous reports of leptospi-
rosis outbreaks following extreme weather events [89]. Over the last 50 years, all the
scenarios involving greenhouse emissions have resulted in an extraordinary rise in the
global surface temperature, and this trend has persisted until the next mid-century
[158]. These shifting circumstances can affect hosts, pathogens, vectors, and the
spread of disease [159, 160]. In particular, infections can only grow in a limited range
of temperatures; they cannot grow at higher or lower temperatures. Higher tempera-
tures hasten the pathogens maturation, which in turn affects the pathogens prolifera-
tion and extrinsic incubation duration within a vector.

Climate change poses a number of health risks, and these can be classified as
biomedical (i.e. immune-compromised and malnourished), demographic (i.e. age
and sex), geographic (i.e. land use and flood zones), socioeconomic (i.e. poverty and
education), or socio-political (i.e. civil unrest and political instability) [161].

A weather or climate event can initiate cascading risk pathways, which are a
series of secondary, causally connected events, in addition to these effects on infec-
tions, vectors, hosts, and disease transmission [160]. In high-risk counties in China,
rainfall and land surface temperature were found to be substantially correlated with
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the notification of human leptospirosis between 2006 and 2016 [162]. Leptospirosis
incidences can be brought on by infected drinking water or floodwater [160, 163],
clearly demonstrating how population exposure, societal vulnerability, and climatic
hazards interact to create cascading risk pathways for leptospirosis.

2.4.5 Rainfall and flooding

The most frequent natural disaster, flooding, can raise the risk of infectious dis-
eases like leptospirosis by interfering with public health services and infrastructure,
destroying water and sanitation systems, uprooting populations, causing property
damage, and increasing the exposure of the environment to pathogens [89, 164]. The
bulk of the world’s most vulnerable populations reside in Asia, the Pacific Islands,
Africa, and the Middle East, where 70% of these disasters happen [165]. Rainfall
and flooding contribute to the proliferation of rats, the dispersal of food, trash, and
debris, the disturbance of sewage and waste management systems, and the promotion
of vegetation growth that raises the availability of food [89, 166].

In addition, floods enhance animal-human interaction when people are uprooted
from their houses and animals are forced from their customary territories [167].

It is true that intricate socio-ecological processes play a role in leptospirosis trans-
mission. In tropical and subtropical areas, the majority of leptospirosis epidemics
happen during the monsoon or humid, wet seasons. These conditions create an ideal
environment for Leptospira transmission by bringing in more water, moist soil, and
flooding [60, 162]. Certain pathogen Leptospira strains have been shown to survive
for days or even months in such favorable environmental circumstances [168, 169].
Additionally, in rural areas, the rainy season coincides with a period of high farm-
ing activity (e.g. planting or irrigating paddy fields, harvesting and herding).
Simultaneously, the number of mice in the ecosystem grows [170] due to increased
rainfall and increased productivity of the land and plants, which in turn provide
more food and an environment conducive to rodent breeding. Leptospira shedding
into the environment and the risk of transmission among reservoir animals may both
increase with a rise in the rodent population. In addition, inadequate waste manage-
ment, unsanitary practices, and risky behaviors (such as going barefoot) brought on
by low socioeconomic circumstances raise the risk of infection in humans [101]. As
a consequence, a non-specific clinical presentation may occur, and leptospirosis is
frequently misdiagnosed, particularly in areas where scrutiny and analytical abilities
are inadequate. Assessing the long-term effects of leptospirosis after floods requires
continuous monitoring during the post-disaster phase [166].

3. Temperature

Higher temperatures and humid settings allow Leptospira to live longer, and sea-
sonal variations in leptospirosis incidence are well documented [171, 172]. Increased
temperatures can also lessen the availability of surface water due to evaporation
while also promoting animal and human water-based activities (such as drinking,
swimming, and bathing). This increases the amount of time that people, livestock,
pets, and wildlife spend together by sharing the limited surface water sources [89].
The interaction of rainfall, surface runoff, sea level, catchment size, and local terrain
is triggered by the consequences of flooding. Land use, urbanization, deforestation,
irrigation, agricultural techniques, dams, and water management are some of the
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ways that these components might change in turn [173]. Increasing sea levels, ris-

ing land and sea surface temperatures, a rise in the frequency of hazardous weather
events, stronger tropical cyclones, and greater storm surges are additional factors that
will increase the danger of floods due to global climate variance [89]. A correlation
has also been shown in certain studies [174, 175] between the incidence of leptospiro-
sis and temperature and humidity.

Nowadays, wide ranges of physical environment data at different spatial and
temporal scales are delivered by remote-sensing (RS) technologies, which can aid in
the understanding of disease epidemiology [176, 177]. In Kampong Cham province,
Cambodia, the modified normalized difference water index (MNDWI), which is
produced from the Moderate Resolution Imaging Spectroradiometer (MODIS), has
been used as a flood indicator and to assess the risk of leptospirosis [178].

4. Conclusions and future prospect

The complexity and variability of leptospirosis epidemiology vary significantly
in various environmental settings. The global burden of leptospirosis disease will
most likely increase as a result of climate change, flooding, population growth, and
urbanization. Understanding disease patterns from an ecological perspective, like the
local, regional, and global levels, hence requires. Comprehending the environmental
factors that contribute to leptospirosis infection is also crucial for enhancing commu-
nity awareness and hazard mitigation, as well as developing local capacity to get ready
for the rising leptospirosis risk brought on by climate change. More comprehensive
surveillance and research are required to better understand leptospirosis transmis-
sion patterns and how they may be impacted by climatic events, environmental
variables, animal reservoirs, and demographic and socioeconomic trends in humans.
Additionally, establishing instruments to determine the causes of outbreaks, create
early warning systems, project the frequency and severity of outbreaks, and pinpoint
regions most susceptible to a high disease burden can also be important. If such data
is available, emergency and disaster response stakeholders could use it to manage
risk factors at disaster sites, improve the timeliness of emergency responses, assess
the ability of response teams to meet future demands, provide an evidence base for
disaster management and public health resource allocation planning and allocation,
and concentrate interventions on reducing the risk of infection and the overall disease
burden from leptospirosis.

Apart from the existing burden, data indicates that leptospirosis incidence may
rise due to climate change, particularly but not exclusively in temperate zones. There
is currently no information available on the true cost of this resurgent zoonosis in a
number of developing nations with lifestyle, climate, and ecological factors that make
leptospirosis likely. It is also likely to be overlooked in many of these nations due to its
ambiguous clinical presentation and complex biological diagnosis. Wearing protec-
tive gear, such as gloves, eye protection, and face masks, is advised while handling
infected animals or working in contaminated regions. Ethiopia and other African
nations lack adequate information about leptospirosis. While leptospirosis is easily
treatable with most antibiotics, it is also simple to diagnose using microscopy, culture,
and serological methods. Antibiotics are an efficient way to treat leptospirosis, and
vaccination against the disease can reduce the severity of the illness in domestic
animals. The current leptospirosis policies emphasize early case detection and timely
treatment. Undoubtedly, this limits mortality and problems in their early stages,

20



Comprehensive Epidemiological Insights on Leptospirosis Global Health Effects and the Risk...
DOI: http://dx.doi.org/10.5772/intechopen.1008181

but when combined with an integrated rodent management strategy, this can be
strengthened even further. It may be helpful to identify risk zones, such as popular
tourist destinations, fields, rivers, and streams, and to raise awareness of these areas
by highlighting vulnerable populations.

In the upcoming contention for strategy and programme, the integration of
rodent control is still lacking in underdeveloped nations, despite an abundance of
measures aimed at preventing tropical illnesses that are increasingly being over-
looked. Therefore, research is also required to comprehend the potential reservoir
due to the variety of causes. The creation of computerized databases, the merging of
government and commercial hospitals with academic research groups, and the use
of geographic information systems can all be useful in figuring out how the disease is
distributed throughout the globe. Frontline healthcare providers may be investigated
as a means of educating the public and equipping them with the fundamental knowl-
edge and abilities needed to identify risk factors and report them on time.
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Chapter 3

Chronic Leptospirosis in Human
Patients

Beatriz Rivas Sdanchez

Abstract

Leptospirosis can be a subclinical infection or an infection with a variety of symp-
toms ranging from a simple flu-like illness to severe forms with or without jaundice,
multiple organ failure, and death in less than 5 days. Due to the complexity of the
clinical picture and the lack of knowledge about leptospirosis, it frequently goes
unnoticed. Due the lack of a 100% sensitive test to detect infection in the early phase,
some cases are confused with other pathologies. The chronic leptospirosis is widely
accepted in animals, but until recently, chronic leptospirosis was denied in humans.
It has been reported that, after the acute phase, patients can continue with symptoms
for months or years, which have been called sequelae of the disease. The patient can
or not continue to present a high antibody titer and viable Leptospira in the urine for
many years. In some of them, the isolation of Leptospira interrogans has been achieved.

Keywords: leptospirosis, chronic human leptospirosis, persistent leptospirosis,
dark field, long term leptospirosis

1. Introduction

Leptospirosis is a cosmopolitan disease that affects more than 180 animal species,
including mammals, birds, amphibians, and reptiles. Many of these animals act as res-
ervoirs of the disease [1-3], so the wide distribution of this infection throughout the
world is not unusual. Although it is common in temperate areas, it is more common
in subtropical and tropical areas. The temperature and humidity in these areas allow
greater survival of the etiological agent in contaminated soil and water [1-2, 4-5].

The global burden of leptospirosis is very significant, affecting several regions
with a mortality of up to 26.89%. Therefore, this disease has an important impact on
public health around the world [6]. However, the great lack of knowledge about it
makes its surveillance, control, and detection difficult, especially in those countries
that suffer the consequences of global warming and the serious flooding that occurs
[6]. Hartskeerl et al. emphasized that the morbidity and mortality of leptospirosis
is significantly underestimated due to under-reporting and lack of epidemiological
surveillance [4]. Despite being a re-emerging disease, that has an important human
public health and veterinary health with a great impact on the world economy;, it
continues to be neglected due to the difficulty in diagnosing it [4, 5, 7]. Furthermore,
the majority of cases reported in leptospirosis database correspond to the best-known
severe forms, icteric and hemorrhagic, confirmed by laboratory [4].
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Leptospirosis may be asymptomatic or have mild symptoms as a simple flu-like ill-
ness. Frequently, it can affect every organ progressing into a multisystem illness with
or without jaundice such as Weil syndrome and pulmonary hemorrhagic fever and
cause death in less than 5 days. It presents a broad spectrum of clinical manifestations.
It causes a wide range of signs and symptoms, many of which may be mistaken for
other diseases such as Lyme disease and other borreliosis, influenza, dengue, hanta-
virus, hepatitis, yellow fever, malaria, rickettsioses, salmonellosis and other enteric
fevers, pyelonephritis, primary, HIV, meningitis [8, 9], cancer [10, 11], psychotic
disorders [12-14], among others, including COVID-19 as an associated infection [15].

2. Pathogenesis

To understand the pathogenesis of the disease, we must understand how the
bacterium interacts with its host in establishing infection and causing leptospirosis.
In general, Leptospira penetrates the host through mucous membranes, especially the
conjunctivae and the oral cavity, and through broken skin and even through softened
skin when it has remained under water for a long time. It is a very thin bacterium,
spiral-shaped bodies with two endoflagella that wrap around the protoplasmic
cylinder, causing a twisting motion. This is similar to a corkscrew, which givesita
great invasive capacity [16, 17]. It has a wide variety of molecules that act at differ-
ent levels [18], which allows it to cross the extracellular matrix, quickly invade the
bloodstream, and distribute to all body tissues. Furthermore, it evades the immune
system [19], as well as activates proinflammatory cytokines that play an important
role in the inflammatory damage of the disease [20-22]. Some of these virulence
factors are binding proteins (Lsa66, Len, LigB, Omp37, Omp47, LigB, Lsa33, Ompli,
LenA, Lip32, etc.) that allow it to adhere to vessel walls, the activation and binding of
leukocytes, increasing inflammation, crossing the different tissue layers, activating
or inhibiting the host’s enzymes, among other activities [18, 20, 23-25]. It has che-
motactic proteins (MCPs) that respond to hemoglobin [26-28], transport enzymes
(phospholipases, sphingomyelinases) that degrade cell membranes by beta oxidation,
hemolysins (tlyABC) that allow it to obtain iron from the heme group, proteases
(collagenases, metalloproteases, hyaluronidases, thermolysins) that degrade the
extracellular matrix, lipopolysaccharides (LPS) with endotoxic activity producing an
inflammatory reaction, injury to the endothelial lining of the blood vessels, micro-
thrombosis, and decrease in blood platelets, which are necessary for coagulation [22,
25,29-31]. LPS play an essential role in pathogenesis, colonization, and dissemina-
tion of Leptospira; the evasion of the host’s immune system; as well as the degree of
damage on the host [6, 32-33]. Although Leptospira adopt a fairly linear transmission
framework of adhesion and entry into host cells, the exact molecular pathophysiol-
ogy remains a perplexing enigma to many; even complex metabolic pathways such as
cobalamin biosynthesis and free radical detoxification have been reported [6].

In other ways, different populations of pathogenic bacteria, from normal and
environmental microbioma, form biofilms by producing a complex matrix that allows
them to adhere to different surfaces and provides them with protection [33-35].
Similary, Leptospira interrogans is a biofilm-forming pathogen, which allows it to sur-
vive in the environment for months [36, 37]. Other studies have reported the presence
of aggregated Leptospira similar to biofilms within the lumen of the proximal renal
tubules in rodents [38—40] and in the vitreous humor in horses [41], which could
explain the evasion of the immune system and therefore its persistence in the host
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and its antibiotic resistance [37, 41-42]. The differences in sensitivity to Leptospira
between different species of animals do not only depend on genetics, as observed in
the differential activation of LPS of human and murine TLR2/TLR4 [21, 40, 43], but
also depend on the differences in genetic predisposition between individuals medi-
ated by histocompatibility antigens (MHC) [40]. Another very important aspect in
the pathogenesis is the immune system activation via generation of an inflammatory
response that can determine the evolution of the disease. The crosstalk between pro-
inflammatory and anti-inflammatory interleukins is a complex and dynamic process
that influences to eliminate the bacteria. Dysregulation of balance between both
interleukins results in paralysis of the immune system, causing sepsis, multiple organ
failure, and death [44, 45].

The above indicates that Leptospira is a very complex bacterium with a high
pathogenic capacity. It has much virulence factors that allow it to invade any organ of
the host, evade host defenses, and cause disease. Often, leptospirosis symptoms may
be mistaken for other conditions. Leptospirosis is a perplexing conundrum for many,
but much is still unknown about the pathophysiology. However, its ability to evade the
immune system and adapt to its host by forming biofilms, which protect it from the
adverse environment and the action of antibiotics, allows it not only to persist in its
host but also to promote chronic infection.

3. Chronic leptospirosis

It is now increasingly recognized that many patients are left with chronic post-
leptospirosis [21, 45] symptoms that include recurrent migraines, eye pain, uveitis
and iridiocyclitis, chronic fatigue, depression, mood swings, obsessive-compulsive
disorder, and other disorders including Tourette syndrome, paresis, paralysis, and
parainfectious encephalomyelitis. In many cases, patients can improve with repeated
courses of antibiotics [12, 46, 47].

The suspicion of the existence of chronic human leptospirosis dates to the last
century when Murgetroyd in 1937 described a case of chronic meningitis in a patient
with Weil’s disease [48]. Later, in 1984, Nicolescu et al. studied four cases, concluding
that in certain circumstances human leptospirosis could present as a chronic disease
[49].

In the literature, there are multiple studies and case reports that, even when the
authors do not mention it directly, show the existence of chronic leptospirosis. Below,
we will present some of these works.

In 1986, Kingscote reported two cases of veterinarians who fell ill with leptospi-
rosis presenting with fever, muscle and joint pain, prostration, and severe headache.
After taking the clinical history and its correlation with the compatible clinical
picture of leptospirosis, they were given treatment with penicillin and doxycycline,
responding favorably. The first was infected while handling a Leptospira culture. He
began with skin and muscle hyperesthesia, weakness, and delirium. Over the next
8 months, he relapsed three times. The severe headache and fatigue continued for
two and a half more years. In a relapse, 2 years later, by plate Microagglutination
(MAT) low antibody titers of 1:50 were detected. He was treated again with tetracy-
cline with improvement. Case 2 was a veterinarian who began with fever, lassitude,
anuria, profuse diarrhea, chills, followed by inability to focus the eyes, temporary
loss of consciousness, and lucid but irrational speech. He also presented jaundice,
hyperesthesia in the skin and muscles, ecchymosis on the foot, and significant weight
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loss. He responded well to crystalline penicillin G. He was diagnosed by darkfield
observation of Leptospira in blood and urine. The MAT and the indirect hemaggluti-
nation test (IHA) were negative. He was left with dizziness and weight loss for more
than a year [50].

Orrego et al. conducted a study in Colombia on pig farm workers. MAT and
growth inhibition (IC) tests were performed at 1:50 and 1:25, respectively, besides
direct observation of urine by dark field and its culture. The results were positive in
3.9% to MAT, 9.8% to IC, 31.4% to direct observation, and 60.8% to culture. This
indicates that despite being infected with Leptospira, and not reporting acute illness,
the workers are chronically infected with very low or negative antibodies [51]. The
excreting Leptospira through the urine, as happens in animals, indicates a carrier state
with a high degree of chronic infection [7].

In other works, the detection of antigens by PCR [52] and monoclonal antibodies
[53] in cerebrospinal fluid, urine, and aqueous humor have been reported, months or
years after the patient recovered from the acute phase.

Avdeeva, in 2003, studied 170 patients who had suffered from leptospirosis due
to Leptospira interrogans serovar icterohaemorragiae for up to 9 years. During early or
late convalescence, they developed damage to the urinary system (67.6%), hepatobili-
ary (65.3%), cardiovascular (31.8%), nervous system (13.5%), and eyes (7.1%). For 1
year, 86% of the patients had chronic hepatitis, latent phase of chronic renal failure,
and myocardiodystrophy. In both the early and late phases, there were nervous and
ocular complications. Sixty-six percent had combined complications, with kidney and
liver damage being the most frequent at 66%. A very important fact was the activa-
tion of endogenous infection foci within 6 months after acute infection. In 19.4%, the
process lasted 1.5 years, and 5.3% continued for several years [54].

In Mexico, Velasco et al., 2009, reported the follow-up of seven cases of human
leptospirosis diagnosed with acute leptospirosis by MAT and dark field in blood and
urine. Six of them were in contact with dogs sick with leptospirosis, and one patient
was in contact with rats and opossums that invaded her house. All of them began
with an acute fever, myalgia, arthralgia, abdominal pain and distension, asthenia,
and adynamia. Some experienced great prostration and petechiae (43%), diarrhea,
nausea, vomiting, polyuria, dysenteric and bronchopneumonic symptoms, diapho-
resis, and blurred vision (29%). One of them presented severe nonspecific bilateral
uveitis, amnestic aphasia, depression, and mental confusion. All were treated with
doxycycline for a maximum of 4 months with good success. The patients relapsed
months later and again presented some initial signs and symptoms, so treatment was
successfully restored for at least 4 more months [55]. The same authors have observed
multiple patients with long-term clinical symptoms characterized by headache;
low-grade fever; dark fever syndrome; chronic fatigue; hypersomnia; arthralgia;
myalgia, especially in the calves, eye pain; lymphadenopathy; anxiety; depres-
sion; hematological disorders; ophthalmological and intestinal disorders; hepatorenal
syndrome; central nervous system problems including psychological disorders such as
obsessive-compulsive disorder, schizophrenia, jealousy, and Tourette syndrome [47];
uveitis and retinopathy [56, 57]; cardiomegaly [58]; and even Leukemia [11]. In these
patients, Leptospira have been detected in blood, urine, cerebrospinal fluid (CSF),
and other fluids by dark field observation, silver impregnation, specific immunos-
taining by immunohistochemistry [59, 60] and in some cases by electron microscopy
in peripheral blood [60], and L. interrogans serovar pomona was isolated in 14
individuals [61]. The majority of them presented antibody titers below 1:80 [59-61],
as has been reported in chronic disease in animals [7, 62].
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Ganoza et al. studied a hyperendemic area of Peru, finding that 38% of the
individuals studied had a high rate of seropositivity, and of these, 60% had evidence
of recent subclinical infection by presenting antibody titers by MAT 1:800. But what
caught attention was that 5% of the individuals, healthy and without evidence of
recent infection, were positive for the detection of Leptospira in urine using 16S
DNA hybridization. The presence of Leptospira in the renal tubules of humans
demonstrates that inapparent infection is common and leads to the elimination of the
organisms for more than a year, so the possibility that a man is a chronic carrier of
leptospirosis is not ruled out and contributes to the transmission of the disease [63].

In the Netherlands, Goris et al. studied 225 patients with persistent complications,
diagnosed and confirmed as leptospirosis. The study included a period from 1985
to 1993. Sixty-eight of them (30.2%) presented persistent complications. Of these,
80.7% had complications for more than 2 months after the acute infection, and 21.1%
remained for more than 24 months. Complications consisted of depression-like
symptoms such as extreme fatigue, malaise, and headache, in addition to myalgia and
arthralgia that affected mobility, tinnitus, and psychotic complications. The serovars
involved were L. interrogans serovar icterohaemorrhagiae, L. iterrogans serovar grip-
potyphosa, L. interrogans serovar sejroe, and L. interrogans serovar pomona [64].

Kurilungin et al. (2017) studied 37 asymptomatic people in an endemic area in
Thailand, of which L. interrogans was identified by PCR in one of them [65].

3.1 Chronic leptospirosis in the nervous system (CNS)

In 1937, Murgetroyd described the first known case of chronic leptospirosis in
England. It was a man who worked on a farm where he apparently became infected
because there were many rats near the farm. It was initially diagnosed as Weil’s disease,
when L. interrogans serovar icterohaemorrhagiae was found in urine. In the following
months, he presented recurrent symptoms of fever without jaundice until it evolved
into chronic meningitis. The diagnosis was confirmed by demonstrating the bacteria
in the cerebro-spinal fluid by guinea-pig inoculation. The serology was negative [48].

In 2011, Moschini presented the case of a man who became ill after moving cattle
to a high area during a flood in Argentina. The patient presented idiopathic acute
febrile syndrome, jaundice, and intense and persistent holocranial headache with
photophobia and phonophobia, spontaneously limiting itself in 4 weeks. Later he pre-
sented sudden dysarthria and right hemiparesis, which was treated as a cerebrovas-
cular accident (CVA). Weeks later he presented a new clinical event characterized by
drowsiness and worsening of dysarthria and right hemiparesis. Computed tomogra-
phy (CT) showed multiple hypodense lesions suggestive of recurrent ischemic stroke
receiving specific treatment. Five months later he showed mild dysarthria, right
facio-branchio-crural hemiparesis of mild to moderate intensity, spasticity and osteo-
tendinous hyperreflexia in the right upper limb, and right Hoffmann and Babinski
signs. MRI showed multiple chronic ischemic lesions with generalized narrowing of
the medium- and large-caliber arteries of the anterior and posterior cerebral circula-
tion consistent with vasculitis. After various analyses to rule out infectious agents
and systemic immunological diseases, leptospirosis was diagnosed using MAT in
serum and was classified as having a triphasic clinical course: initial phase with acute
syndrome, the second phase with jaundice and meningitis, and the third phase with
isolated and severe involvement of the CNS in the form of meningitis, vasculitis of
large arteries, and multiple cerebral infarcts. He responded favorably with specific
treatment with intravenous (IV) ceftriaxone for 2 weeks [66].
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Wilson et al. studied a 14-year-old boy with severe combined immunodeficiency.
He apparently became infected on a trip to Puerto Rico where he swam in a river and
in the sea, presenting fever and hematuria suggestive of nephritis associated with
Leptospira. Over 10 months, various symptoms such as headache, thrombocytopenia,
uveitis, conjunctivitis, photophobia, fatigue, abdominal pain, weight loss, weakness,
myalgia, nausea, vomiting, psychiatric symptoms, and hydrocephalus were added.
The MRI showed abnormalities in the brain as well as the CSF. He underwent vari-
ous studies including infectious diseases. Leptospira were detected in CSF by a new
diagnostic test using unbiased next-generation sequencing. Conventional tests for
leptospirosis were negative. Specific treatment was administered with full recovery.
Subsequently, the serological tests and the PCR were positive. The authors concluded
that, in retrospect, this was a case of chronic neuroleptospirosis [67].

3.2 Chronic leptospirosis in eyes

The ocular manifestations of leptospirosis appear after the immune phase, that
is, when the systemic symptoms disappear. For this reason, health personnel do
not relate these symptoms as part of the disease. Sphilberg et al. studied 11 cases
with damage to the anterior chamber of the eye, chronic headache, and a history
of acute leptospirosis, on average, 22 years ago. After reevaluating the patients, the
authors concluded that the symptoms had remained sequelae of the disease [68].
Tenorio et al. subsequently studied 26 patients clinically diagnosed as uveitis due to
Toxoplasmosis, of which 10 had positive IgG antibodies for Toxoplasma, indicating
a latent infection, and only one was positive for IgM, indicating active toxoplas-
mosis. Seventy-three percent of patients were positive to the MAT, mostly at low
titers. All patients progressed satisfactorily to the specific treatment. The authors
concluded that it is important to consider leptospirosis as a differential diagnosis
of ocular Toxoplasmosis [69]. In a subsequent study carried out in patients with
chronic uveitis, 31.4% positivity for leptospirosis was reported. The authors suggest
including the search for Leptospira within the test panel for patients with chronic
uveitis [56].

In a study carried out by Rathinam et al. in patients with Leptospira-positive
uveitis, they found that 14.9% of individuals had cataracts from their first con-
sultation, and in 24.1%, the cataracts evolved between 1 and 6 months. In 19.5%,
cataracts resolved by spontaneous absorption between 6 and 18 months. The authors
concluded that cataracts can be spontaneously absorbed in a significant number
of patients and appear to be exclusive to leptospiral uveitis [70]. Later, Rathinam
et al. reported six young patients, with a history of having suffered fever for which
they received symptomatic treatment. All six attended consultation with a history
of poor vision of 15 to 30 days. Upon examination, mature cataracts were observed
in only one eye. Four of them underwent surgery, and a histological study was
performed on the lens, observing globular degeneration of the fibers, while the
controls from foursenile cataracts showed a uniform arrangement of the lens fibers.
With this, the authors conclude that rapid cataract maturation is a characteristic of
leptospirosis [71].

Arrieta et al. conducted a review on uveitis caused by leptospirosis in 54 interna-
tional articles selected from more than 10,000 articles found in various databases.
Uveitis due to leptospirosis is a pathology that is becoming more relevant day by day.
The pathogenesis of uveitis due to leptospirosis is not well known, but it is believed
that, due to the low response against Leptospira in the eyes, it proliferates rapidly,
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producing enzymes and toxins that damage the tissue. In some cases, LPS has been
found in aqueous humor, inducing congestion and increasing vascular permeability
[31]. It has also been associated with rapid progression of cataracts, probably due to
an immunological cross-reaction in the response against Leptospira lipoproteins with
different ocular components of the retina, lenses, and ciliary bodies [71].

3.3 Chronic leptospirosis in heart

In Mexico, a 26-year-old patient was studied who was admitted to the hospital
with a 3-month history of jaundice, congestive heart failure, grade IV cardiomegaly,
and liver damage. Chagas disease was initially suspected and ruled out by labora-
tory and blood culture. Leptospirosis was also suspected as a co-associated disease,
which was confirmed by dark field observation, silver staining, and immunohis-
tochemistry in blood and urine and by MAT at low titers (1:80). By blood culture,
the isolation of L. interrogans serovar pomona was achieved. The patient died 2
days after diagnosis. At autopsy, the presence of Trypanosoma cruzi in the heart was
ruled out, and the presence of Leptospira was detected in the heart, lung, kidney,
and liver by silver staining, immunohistochemistry, and indirect immunofluores-
cence [58].

This case is interesting because Leptospira is described as the causative agent of
dilated heart disease and is probably involved in idiopathic heart diseases in which
a precise diagnosis is not found. In fatal cases, there is histopathological evidence of
damage to the myocardium; although it is not yet clear whether this damage could
cause death, it has been reported that myocardial failure may contribute to the death
of the patient [72, 73]. On the other hand, the patient already had a chronic disease,
which suggests that Leptospira could remain in the heart tissue, just as it occurs in the
kidneys and eyes [38, 40—41, 43].

3.4 Chronic leptospirosis simulating leukemia

Velasco et al. reported two cases that presented bleeding in the skin, mucous,
and viscera. The first, an 83-year-old adult with a history of leptospirosis, pre-
sented with a long-term, difficult-to-control allergic dermatitis. One year later, he
began with pharyngolaryngitis with hemoptoic expectoration, gingivorrhagia, and
purpuric lesions in the lower extremities. The patient was diagnosed with chronic
leptospirosis. He was hospitalized and treated with high-dose penicillin with a
favorable evolution; the dermatitis completely disappeared. Due to continued low
hemoglobin and platelets, he was diagnosed with M3 acute myeloblastic leukemia.
He was taken off penicillin and treated with chemotherapy, dying 12 hours later.
The second case was a 66-year-old adult, who was admitted to the hospital with a
diagnosis of anemic and febrile syndrome of 1 month’s duration. He was diagnosed
with L2 acute lymphoblastic leukemia and was started on specific therapy, with no
response. He continued to have fever, oliguria, respiratory failure, and gastrointesti-
nal bleeding. He was reevaluated and diagnosed with chronic leptospirosis; he died
a day later. In the autopsy, the diagnosis of leukemia was ruled out in both cases.
Leptospira were found in bone marrow, kidneys, spleen, liver, lungs, and digestive
tract, stained by Warthin Starry and indirect immunofluorescence with specific
antibodies. The histopathological diagnoses were generalized leptospirosis with
spinal cord aplasia and generalized leptospirosis with myelodysplastic syndrome,
respectively [11].
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3.5 Chronic leptospirosis in kidney

Chronic kidney disease (CKD) is a state of progressive loss of kidney function
caused by damage from a pathological process such as hypertension, diabetes,
infection, and so on. The incidence of CKD is difficult to determine because it often
goes unnoticed until CKD is in an advanced stage [74]. It is estimated that it affects
10% of the world’s population, that is, more than 800 million people. CKD is a
leading non-communicable cause of death that has been increasing over the past two
decades [75].

The kidney is a very important target organ in leptospirosis, and kidney dam-
age is an early manifestation of acute leptospirosis called acute renal failure (ARF).
The ARF involves acute tubular necrosis and interstitial nephritis with tubular
degeneration and interstitial edema that can be severe and diffuse. The incidence of
ARF varies from 10 to 60%, depending on the age of the patient, the severity of the
disease, and the infecting serovar [76]. Recovery of kidney function can take months
or years, during which the individual may remain an asymptomatic carrier [63,

77, 78]. It has also been observed that many patients who develop severe ARF may
continue to present antibody titers and viable Leptospira in urine for years, especially
in endemic areas, which strongly supports that Leptospira causes chronic kidney
disease [78-83].

In 2014 in Sri Lanka, a one-year follow-up study of 44 patients who suffered
from ARF due to acute leptospirosis was reported. Of these 31, they recovered their
kidney function in a few days. Eleven presented a decrease in their glomerular
filtration rate and an increase in creatinine, the measurement of which represents a
marker of kidney function. During the follow-up period, seven patients recovered
their kidney function, and four showed damage compatible with CKD. The authors
conclude that 9% of patients showed altered renal function consistent with an early
stage of CKD [80].

Huang et al. conducted a study of 3045 chronic kidney patients at different
stages of evolution in an area with a high dialysis rate in Taiwan. It was observed that
subjects with prior Leptospira exposure had a lower level of glomerular filtration rate
(eGFR) and more severe CKD disease, especially in subjects with high antibody titers
with an elevated level of KIM-1 compared to those individuals with low antibodies.
The KIM-1 is a biomarker associated with kidney disease. Two participants with
persistently high antibody titers and impaired renal function were positive for PCR in
urine, demonstrating the presence and elimination of Leptospira through urine. These
results suggest that prior exposure to Leptospira is associated with a higher prevalence
and severity of CKD [81].

Chih relate the endemic areas of leptospirosis with the areas with the highest
number of cases of CKD of unknown origin. Many of these patients report hav-
ing suffered symptoms like the acute phase of leptospirosis without it having been
diagnosed in a timely manner, due to the lack of knowledge and adequate diagnostic
tests. Both in these patients and the asymptomatic, it is likely that the bacteria have
not been completely eradicated and that the individuals have progressed to CKD.
Chronic leptospirosis may develop if Leptospira persists in the tubular lumen and
interstitium as a continuum of acute kidney injury or asymptomatic renal coloniza-
tion with clinical symptoms occurring in 2.3-57% of the population at risk. Chronic
leptospiral renal infection may present with characteristic chronic tubulointerstitial
nephritis and interstitial fibrosis, a well-known feature in animals. Leptospira can
colonize the proximal tubules and progress to chronic tubulointerstitial nephritis
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and fibrosis, so asymptomatic exposure may be associated with an increased risk of
developing CKD [82].

Later, Chih et al. conducted a retrospective study in 2145 patients diagnosed with
acute leptospirosis. Of these, 443 (20.6%) developed ARF. No significant differ-
ences in mortality risk were observed between the ARF group and the non-ARF
group. In total 282 (13.14%) patients developed CKD, being significantly higher
in patients with ARF, especially patients who were dialyzed. The authors conclude
that leptospirosis patients complicated with ARF are associated with a higher risk of
CKD [83].

4. Diagnosis and treatment

Leptospirosis is a zoonotic disease of global public health importance. However,
due to the lack of knowledge about it and the confusion on protean clinical picture, it
is often not taken into consideration by health professionals. It is difficult to make a
precise diagnosis, even in the acute phase, despite the serious or fatal consequences.
Just as occurred in the Nicaragua outbreak in 1995, where the serology tests were
unable to detect leptospirosis, the diagnosis was made in postmortem histopathologi-
cal studies that were conducted on the first deceased, when Leptospira were observed
in the different tissue samples stained with silver impregnation and immunohisto-
chemistry [84]. Similarly, in India, 62 autopsies of individuals clinically suspected
of leptospirosis were analyzed. The diagnosis was confirmed postmortem in 39 cases
(63%) by immunohistochemistry and Levaditi’s staining of the kidney and serology
by MAT [85].

In chronic leptospirosis, the diagnosis is more difficult to make. Frequently, it isa
diagnosis by rule out when all clinical suspicions of better-known diseases are nega-
tive. Velasco et al. propose that the diagnosis of both acute and chronic leptospirosis
should be made sequentially or “in construct” [59]. Diagnostic constructs are created
by the interaction of causal factors, multiple cultural and individual factors that give
rise to a medical condition. Therefore, diagnostic constructs based on similarity with
the clinical picture can have clinical utility by accumulating information about prob-
able results [86], where the collection, integration, and interpretation of information,
through the preparation of the clinical history, is essential to reach the diagnosis.

Laboratory diagnosis of chronic leptospirosis should be performed by searching
for antibodies at low titers, from a dilution of 1:20 [50, 51, 59, 61, 62]. Likewise, in
addition to serology for diagnosis, it is necessary to use two or more test to detect the
bacteria in different tissues, including blood and urine. The use of dark field obser-
vation is very controversial, but if it is performed by specialized personnel, it is an
easy and quick diagnostic test to perform. Figure 1 shows stain with silver salts such
as Whartin Starry and Fontana, which are useful to detect the bacteria in different
tissues; the sensitivity of this test is increased when the observation is made under a
darkfield microscope. Figure 2 shows the use of specific antibodies against Leptospira
by immunostaining, which is a very useful and sensitive test for diagnosis, such as
indirect immunofluorescence and immunohistochemistry, as shown in Figure 3 [47,
59]. In recent years, serological and immunohistochemical tests have been developed
using specific recombinant antigens with good expectations for diagnosis [87].
Molecular tests such as PCR are very useful tests for diagnosis since they are very
specific tests, but their sensitivity depends on the type of sample, the gene, and the
molecular method used [87-89].
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Figure 1.
Leptospira in blood observed by dark field microscopy.

Figure 2.
Leptospira with silver stain (Whartin Starry) observed by dark field microscopy.

Regarding treatment, the same antibiotics used in the acute phase are used in
the treatment of chronic leptospirosis [90], the base antibiotics being penicillin and
doxycycline [91]. Since it is a bacterium that can survive in the organs for many years,
courses of antibiotics must be given for a long time [12, 46, 47], even for more than a
year, and the patient’s immune system must be strengthened with immunomodulators
such as transfer factor [61, 92].
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Figure 3.
Immunohistochemestry showing Leptospira interrogans.

5. Conclusion

Chronic leptospirosis disease occurs with a very complex clinical picture that can
be misdiagnosed with other diseases or go unnoticed due to the lack of recognition of
the symptoms [4-7]. When patients are diagnosed and treated for acute leptospirosis,
many of them continue to have symptoms months or years after the infection has sub-
sided [55, 64]. Although it is said that these are sequelae left by disease [68], there are
multiple reports that indicate that it is a long-term, chronic disease, and the patient’s
health status improves after antibiotic treatment [12, 46-48].

Many of these chronic cases present antibody titers starting at 1:20 [56, 65-67].
The presence of Leptospira is observed in blood, urine, and other biological samples
by dark field microscopy [50-51, 58-61], by silver staining, and by immunohisto-
chemistry with specific antibodies [58-60, 84-85]. The isolation of Leptospira from
blood, urine, cerebro-spinal fluid, and biopsies of heart and skin is also reported
[48, 50, 51, 58, 61].

These findings confirm the existence of chronic leptospirosis, which, until
recently, had been denied worldwide. In some epidemiological studies, Leptospira
has even been detected in blood and the urine of asymptomatic individuals living
in endemic areas [93, 94], in hyperendemic areas [63], or in high-risk workers [51],
confirming that Leptospira can survive in humans for a long time, just as it does in
animals, without causing any symptoms.

Acute leptospirosis is one of the most important zoonotic diseases in the world,
which makes it a serous global public health problem. But the growing recognition of
the existence of chronic human leptospirosis contributes to a significant increase in its
global burden [64]. All of these findings support the confirmation of the existence of
chronic leptospirosis, which until recently was denied worldwide.
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Leptospirosis and Risk Factors:
A Review
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Abstract

Leptospirosis is a zoonotic disease with epidemic potential, especially after heavy
rainfall, caused by a bacterium called Leptospira, affecting humans and animals.
Leptospirosis occurs worldwide, but its incidence is the highest in tropical regions.
Estimates indicate that there are more than 500,000 cases of leptospirosis each year
worldwide. Several stains of Leptospira can induce an infection state primarily in vari-
ous animal hosts such as rodents, cattle, and domestic animals, though human beings
operate as secondary hosts. Therefore, Leptospirosis exhibits a broad diversity of
clinical symptoms, beginning as a modest sickness and progressing to a more critical
and deadly disease. Leptospirosis’s symptoms mirror several disorders, such as den-
gue, influenza, as well as various viral hemorrhagic diseases. Consequently, a precise
diagnosis both medical and biological tests is required when symptoms first occurred,
primarily in outbreak situations. As such, in the present review, we describe the mode
of transmission, specific symptoms and examples of leptospirosis outbreaks around
the world. Despite all the preventive measures, leptospirosis remains a significant
public health concern. Accordingly, we have highlighted the need to develop effective
vaccines against leptospirosis for humans and animals.

Keywords: leptospirosis, pathogens, tropical diseases, environmental zoonoses,
risk factors

1. Introduction

In the past decade, leptospirosis, also called Weill’s disease or Nanukayami’s
disease (other names include canicola fever, canefield fever, and seven-day fever),
come into sight as a worldwide crucial infectious disease. The disease arises mainly in
urban industrialized and developed countries, as well as in rural provinces around the
world (Figure 1). As such, mortality significantly persists, linked to gaps in adequate
analysis and/or poor judgment, mainly due to poor groundwork and lack of resources.
Likewise, other poorly understood reasons may include essential pathogenicity of
some leptospiral strains. Leptospirosis, caused by bacterial pathogenic Leptospira, is
an emerging worldwide zoonotic disease partially due to global warming and more
frequent and severe flooding. Leptospirosis is also a waterborne disease (Table 1).
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Figure 1.
Working in a paddy field bavefoot is a risk factor for leptospirosis. Source: This image is in the public domain.

Infectious agent: Serovars of Leptospira interrogans

Endemicity

Global, higher incidence in humid and hot areas

People at greatest risks to get infected

Tourists, open-air athletes, as well as those exposed to fresh water or muddy terrain

Aid workers, mainly operating at sites of hurricanes or at various flooded regions

Military staff
Sewage professionals

Preventive approaches

Keep away from rat’s urine, water or soil infected with animal’s urine

Personal protective/shielding equipment

Chemoprophylaxis — Immunization

Testing - diagnosis

* Done by a clinical laboratory, certified in intricacy testing,
* Or State Health Department,

* Or connect to bspb@cdc.gov, the CDC’s Bacterial Special Pathogens Branch for further specific diagnosis.

Table1.
Infectious agent—Leptospira.

Leptospires are slim and defined as helical bacteria (Figure 2). They are classified
into 12 pathogenic and 4 saprophytic species, representing more than 250 pathogenic
serovars [1, 2].

The primary reservoirs of Leptospira are rodents, serving as the main hosts [3].
When infected, rodents release these bacteria into the environment through their
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Figure 2.
This digitally-colorized, scanning electron microscopic (SEM) image depicts a number of corkscrew-shaped,
Leptospira sp. bacteria atop a 0.1 uym polycarbonate filter. Source: This image is in the public domain.

urine, leading to contamination. Additionally, other animals such as dogs and live-
stock act as reservoirs, spreading pathogenic leptospires. As compared to rodents,
these animals display severe clinical manifestations, involving abortion. As soon as
the soil and water are infected with Leptospira, humans enter directly in contract
through either an infected rats’s blood or urine. The bacteria penetrates the human
body mainly through lacerations of the skin, as well as the eyes and mouth mucosa.
Following penetration, the bacteria enter the bloodstream and disseminate to vari-
ous organs, causing pathological damage. However, interactions between environ-
ment, rodent reservoir and human leptospirosis remain poorly studied. Instances
of Leptospirosis disease have been related following water consumption. Causes of
infection may occur during inadequate water handling methods and/or deficient
management.

2. Geographic distribution

One million severe cases are reported every year worldwide. Leptospirosis strikes
around the world, yet in higher numbers in hot and humid locations [4]. Moreover,
developed countries, have also perceived a significant increase in the number of
reported leptospirosis cases (European Centre for Disease Prevention and Control.
Introduction to the Annual Epidemiological Report. 2020). Available from: https://
www.ecdc.europa.eu/en/surveillance-and-disease-data/annual-epidemiologicalreports/
introduction-annual. Leptospirosis can be defined as a work-related disease affecting
farmers, veterinarians and sewer workers or as a recreational disease related to water-
bathing, canyoning and kayaking. Indeed, water exposure emerges as a major risk fac-
tor. Likewise, increases in seasonal floods amplified the risk of infection by exposing
humans and animals to Leptospira that are washed out of their environment.

According to current literature, leptospira have a high incidence on public health
in endemic regions and/or during specific seasons. However, little is known about the
environmental concentration in urbanized areas, marked by the proliferation of rats,
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representing the leading animal reservoir of Leptospira [5]. Some explanations can be
related to social exchanges and water-related activities that amplified in industrial-
ized and developed countries, with the setting of urban beaches, bathing areas with
non-treated surface water. As such, we have summarized few examples of leptospiro-
sis infection in Europe and in the Pacific region in this review.

For instance, in France, a study led from 1995 to 2005 reported that 42% of
patients became infected after performing water sports, 19% following contact with
water from ponds, swamps, wells, water holes, and 19% during certified activities.
[6]. It is well known that recreational water activities are becoming more and more
prevalent. A recent study from Yvonnick Guillois described a gathering of 14 kayakers
in Brittany, France, exhibiting leptospirosis symptoms following contact with water
[7]. Likewise, Morgan et al. [8] examined an outbreak of leptospirosis in athletes
and community locals after a triathlon held in Springfield, Illinois, USA, in 1998. A
telephone survey was initiated to collect clinical information and data on possible
risk factors. Likewise, community surveillance was created, animals and lake water
samples were gathered to assess the source of leptospiral contamination. Data have
shown that a total of 834 of 876 triathletes were contacted; 98 (12%) reported being
sick. In addition, serum samples obtained from 474 athletes were tested; 52 of these
samples (11%) tested positive for leptospirosis. Fourteen (6%) of 248 symptomatic
community residents tested positive for leptospirosis. The authors concluded that
heavy rains prior to the triathlon likely increased leptospiral contamination in Lake
Springfield. As such, ingestion of one or more mouthfuls of lake water was a predomi-
nant risk factor for illness in athletes. This was the largest outbreak of leptospirosis
reported in the United States [8].

A high incidence of leptospirosis was also reported in tropical areas, later named
“the neglected disease” in the Pacific region, such as French Polynesia (FP), which is
overseeing territory located in the South Pacific. Though data on the epidemiology
in FP are rare, Bouscaren et al. [9] have described the likelihoods and surveillance of
this disease to better focus on preventive methods. The authors have reported 11 years
of surveillance data between January 1, 2007, and December 31, 2017. Over the study
period, they have testified 1356 confirmed and likely reported leptospirosis cases. It
was concluded that the mean annual incidence rate was 46.0 (95% confidence inter-
val, 43.6-48.5) cases per 100. 000 residents. The investigators have registered 864
(63.7%) hospitalizations; of these, at least 270 (19.9%) were admitted in ICU (inten-
sive care unit). Twenty-four patients (1.8%) died. The authors concluded that even
if the occurrence of leptospirosis was minor in FP compared to most of other Pacific
countries and territories, data confirmed that the disease is highly endemic in FP [9].
According to “la Depeche de Tahiti - https://ladepeche.pf,” 8 cases of leptospirosis
were identified in Tahiti, Raiatea, and Huahine on January 11, 2024. These cases were
spotted following heavy rainfall or flooding in the regions. Among the infected cases,
5 individuals were hospitalized (62.5%). La Depeche de Tahiti reported that among
117 confirmed in 2023, 64% were males, age 15-65 from Tahiti (60%), Raiatea (22%),
and Huahine (6%). Two deaths were recorded, both infected with leptospirosis [10].

Tubiana et al. [11] directed a retrospective case-control study of hospitalized
patients confirmed with leptospirosis, admitted to two public hospitals in New
Caledonia in 2008-2011. Patients exhibited fatal or severe leptospirosis, determined
by clinical standards. Controls were defined as patients hospitalized for milder
leptospirosis. Among the 176 patients enrolled in the study, 71 had criteria of severity
including 10 deaths. The authors concluded that the study illustrated the benefit for
clinicians to identify (i) the strain causing the infection, (ii) a life-threatening level
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of leptospiremia determined by qPCR and (iii) delivering results as soon as possible.
Overall, Tubiana et al. indicated that preventive measures should include initial anti-
bacterial therapy as well as rodent’s control, specifically for the Ictero-Haemorrhagiae
serogroup [11].

Furthermore, health experts have documented high level of leptospirosis activity
throughout the Reunion Island including a total of 40 cases related from January 1
to February 13 2024, compared to only 13 cases documented during a similar time
in 2023. Most of the cases were acknowledged in the South of the island (29 events),
then West of the island with 5 events, East of the island with 4 events, and finally
North of the island with solely 2 events. Health representatives widely advise inhabit-
ants to consent on available disease preventions, such as wearing proper shielding
clothes and equipment when working in fields, gardening and/or bathing activities,
mainly in muddy terrain [12].

3. Symptoms

Leptospirosis can take different forms, from a flu-like disorder (myalgia, fever
or headache) to a multisystem syndrome, with icteric and hemorrhagic pattern for
20% of cases. Leptospirosis symptoms frequently appear one to two weeks after
infection. However, the incubation period can be as long as one month. The progres-
sion of leptospirosis disease can be divided into 2 phases: the early or febrile phase,
characterized by modest flu-like symptoms, and the late or immune phase, scored by
more severe clinical manifestations such as pulmonary diffuse hemorrhage and renal
failure (Figure 3).

3.1 Early or febrile phase
Symptoms of the first phase last five to seven days. Typical clinical signs include

conjunctival suffusion and a transient petechial outbreak. This transient skin
outbreak is seen in most cases of leptospirosis and is identical to those observed

Human Infection Early Febrile Phase

_ * Fever
Asymptomatic/ « Conjunctivitis
Resista iers * Headache
A Domestic Reservoirs _ J Late Immune Phase
Wild Reservoirs ; _ _ R Myocarditls

Pulmonary Diffuse
Hemorrhage
\Jaundice

_\* Renal Failure

Figure 3.
Cycle of Leptospirosis. This figure was generated using Bio-Render.
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in bacterial meningitis. Red, irregular spots appear on the skin, dark red in color,
sometimes turning purple [13] (Figure 4).

3.2 Late or immune phase

In this phase, also called immune phase, symptoms settle as antibodies are pro-
duced against the bacteria. However, additional warning signs might develop. For
instance, illness may not be well-defined, specifically in patients with harsh sickness.
It has been reported that 90% of infected individuals undergo soft symptoms com-
pared to 10% that undergo a more severe leptospirosis disease.

Leptospirosis-
Induced Rashes

R TN

Figure 4.
Leptospirosis—induced rashes. This figure was genevated using Bio-Render.

Early Febrile Phase Late Immune Phase
Fever, Headache , X T Meningitis
Conjuctival suffusion, _ P
Jaundice, Photophobia ™"

.. Lung bleeding

Cough --... .
. Myocarditis

Pancreatitis . Liver failure

Cholecystitis |

Diarrhea

Muscle pain

Skin rashes |/

Figures.
A schematic of the human body showing the symptoms and signs of leptospirosis. This figure was genevated using
Bio-Render.
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Severe symptoms may be accounted in the second phase or immune phase. This
phase is distinguished by liver damage, causing jaundice, kidney failure, and bleeding,
happening in 5-10% of those infected. Moreover, lung and brain damage can also arise.
A variety of neurological complications such as partial paralysis of the body, complete
inflammation of the horizontal section of spinal cord, and muscle softness due to nerve’s
damage can be observed in the classic form of leptospirosis. Signs of bleeding including
non-traumatic contusions, nose bleeding, bloody stools due to bleeding in the stomach,
vomiting blood and bleeding from the lungs can also be observed. Furthermore, a pro-
longation of prothrombin time is also observed following coagulation testing, indicating
a severe bleeding symptom. However, low platelet count is not associated with severe
bleeding. Pulmonary hemorrhage leads to massive coughing associated with blood, caus-
ing ARDS (acute respiratory distress syndrome), with a risk of death at 50% [14-16].
Complications of the disease can occur as myocarditis, aseptic meningitis, hepatic failure
with or without renal failure, pulmonary hemorrhage, iridocyclitis, seizures, ARDS, and
coma [17]. Symptoms occurring in humans in both phases are summarized in (Figure 5).

4. Risk factors
Risk factors can be divided into 2 categories (summarized in Table 2)
1.individual categories

2. collective / shared categories

5. Provision care

In the event of strong sickness, Wiwanitkit et al. [18] reported that provision care
including renal substitute treatment, ventilation maintenance, and blood samples

Individual categories

Contact with contaminated stagnant water or mud

Contact with infected rodents directly or indirectly through food materials they consume

Leisure: Hunting, swimming in contaminated water (triathlon, open water swimming); sailing/windsurfing/
rafting/golfing); freshwater fishing.

Venture tourist/explorer

Skin wound or cut

Collective / shaved categories

Hurricanes, heavy rain, flooding

Poor sewage infrastructure

Poor rat population control

Animal urine in the soil and other surfaces

Sewer worker; Fish farm worker; Street dweller/urban slums

Table 2.
Risk factors.
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analysis may also be required [18]. Such therapy mimics organ failure, seen for
instance in septic patients. In a Brazilian study performed in patients with leptospi-
rosis complications associated with acute respiratory distress syndrome (ARDS) and
acute kidney injury (AKI), hemodialysis administered daily was reported valuable
as compared to alternative dialysis [19]. Abdulkader et al. [20] reported that hypo-
kalemia is common in non-oliguric AKI associated with leptospirosis and should be
corrected [20].

6. Therapy

It is well established that most leptospirosis events are self-limited without anti-
microbial treatment. However, some individuals build up clinical problems result-
ing in elevated deaths. Overall, in the event the disease is strong enough to benefit
clinical care and the establishment of a diagnosis, antibiotic therapy should be given
to reduce the length of the illness. The approach varies with the clinical presentation.
A Jarisch-Herxheimer reaction may arise after leptospirosis’s antimicrobial therapy.
This reaction is described as acute inflammatory response in response to the clear-
ance of spirochetes from the blood, clinically described by fever, muscle rigors, and
decrease in blood pressure [21-23]. This inflammatory response occurred in 21% of
cases from a total of 262 patients with leptospirosis. For outpatients with mild disease,
doxycycline or azithromycin treatments are in favor. These agents also have activity
against rickettsial disease, which can be confused with leptospirosis. Azithromycin is
preferred over amoxicillin if the differential diagnosis includes rickettsial infection.
For hospitalized adults with severe disease, Nick Day et al. [24] favor treatment with
penicillin, doxycycline and ceftriaxone (1 to 2 g, IV, q24h), or cefotaxime (1 g, IV,
q6h). The duration of treatment in severe disease is usually 7 days [24].

Given the vasculitic nature of severe leptospirosis, particularly in the setting of
pulmonary participation, corticosteroid therapy, administered intravenously has
been suggested. Currently, little is known for corticosteroids usage. However, some
reports have proposed a beneficial effect in using steroids in addition to antibiotic
therapy in rigorous illness [25-29].

7. Prevention

Although all protective measures have been deployed, leptospirosis disease
remains a strong medical concern worldwide. Therefore, the need to continue rig-
orous leptospirosis observation, training medical staff, providing material to the
public, remain to be emphasized [30]. Anticipation procedures comprise escaping
latent sources of infection, to administer prophylaxis for people with high risk of
contact, as well as preceding to vaccinate all animals. Specifically, the most crucial
control measures to anticipate human leptospirosis include: refrain from standing
water, rodent restriction, and finally avoiding consumable food from contaminated
animals. Antimicrobial prophylaxis for people at high risk of contact may be use-
ful in some situations. However, evidence is vulnerable as investigations have been
mixed in experimental design and mainly underpowered [31]. A study conducted by
Sehgal et al. [32], enrolled 700 people in the Andaman Islands, an extremely endemic
location in Southeast Asia. The authors reported that the occurrences of leptospirosis
are secondary to high water, leading to flooding. Individuals were randomized to
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doxycycline 200 mg, orally administered weekly, or placebo. Results demonstrated
that the rates of clinical infection were attenuated in individuals receiving doxycy-
cline (3.1 vs.6.8%), although no changes in the rates of seroconversion were reported
[32]. In a different study conducted by Takafuji et al. [33] 900 warfighters positioned
in the Panama jungle for exercises and drilling were enrolled. The investigators
reported that a small amount of leptospirosis cases were detected among individuals
who took doxycycline treatment (200 mg orally administered every week for 2 to

3 weeks and at the end of exposure) compared with placebo (1 vs. 20 cases) [33].

8. Vaccination

According to the CDC, there is no vaccine approved for use in the United States to
prevent leptospirosis in people, though some countries have approved. Existing anti-
leptospirosis vaccines in the market consist of whole inactivated Leptospira, commonly
referred to as bacterin. Up to now, only bacterins have obtained approval for human
application. Bacterins consist of one (monovalent) or more (polyvalent) chemically
inactivated pathogenic Leptospira serovars, achieved through methods like ethanol,
formaldehyde, phenol, or physical approaches e. g. heat, irradiation, or freezing.

Immunization of domestic and farm animals against leptospirosis can provide
variable levels of protection [34-37]. Some immunized animals become infected and
excrete leptospires in their urine [38].

Vaccination to combat leptospirosis in humans, has failed in clinical treatment
despite a significant number of candidates willing to be tested over years [39, 40].
Interestingly, commercial vaccines to treat human leptospirosis are solely available in
Japan, China, Cuba and France. Isabela Resende Azevedo et al. [41] reported that com-
mercial vaccines primed with inactivated Leptospira (bacterins) generate a short and
serovar-specific immune response, associated with robust adverse consequences [41].

9. Conclusion

In this extensive review, we discuss the global challenge posed by the rise of
leptospirosis due to climate change and increase in rodent populations. We conclude
that leptospirosis has emerged as a significant global health concern over the past
decade, affecting both urban and rural populations worldwide. The disease, caused
by pathogenic Leptospira bacteria, presents challenges in diagnosis, treatment, and
prevention due to factors such as inadequate infrastructure, environmental changes,
and a lack of effective vaccines.

The transmission of leptospirosis primarily occurs through contact with water
or soil contaminated with the urine of infected wild animals, particularly rodents.
Interestingly, it has been reported that many animals in the wild including mice, rats,
squirrels, raccoons, opossums, skunks, deers and foxes transport the bacteria without
developing the disease [42]. Early diagnosis and appropriate antibiotic therapy are
essential for improving clinical outcomes, especially in severe cases.

Preventive measures play a crucial role in controlling leptospirosis, including
avoiding exposure to contaminated water, implementing rodent control measures,
and providing prophylactic antibiotics to high-risk individuals. However, despite
these efforts, leptospirosis remains a persistent public health challenge, particularly in
tropical regions prone to flooding and without adequate sanitation infrastructure.
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Furthermore, the development of effective vaccines against leptospirosis for both
humans and animals remain a priority. While existing vaccines offer limited protec-
tion and may have adverse side effects, ongoing research aims to improve vaccine
efficacy and safety to mitigate the burden of this disease.

Finally, addressing leptospirosis requires a multifaceted approach involving
enhanced surveillance, improved diagnostic capabilities, better infrastructure, and
continued research into vaccines and therapeutic interventions. By implementing
comprehensive strategies, we can strive better to reduce the global burden of leptospi-
rosis and improve the health outcomes of affected populations.
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Abstract

Leptospirosis, a major issue in veterinary medicine and public health, is a bacterial
systemic disease caused by pathogenic spirochetes of the genus Leptospira. This infec-
tious disease affects a wide range of animal species, including humans, indicating its
widespread impact. Leptospires are highly diverse, with over 20 species, which are
divided into over 300 serovars and more than 24 serogroups, which complicates the
pathogenicity of the disease. Leptospirosis causes economic losses in livestock, which
has larger consequences for food security and farming communities. Leptospirosis
develops differently in livestock and wildlife, with small mammals, especially
rodents, playing a crucial role as maintenance hosts. Effective management requires
surveillance systems that employ serological, molecular, and cultural approaches. The
interdependence of human and animal health emphasizes the need for a worldwide
One Health approach that prioritizes collaborative work, research, and targeted inter-
ventions to address the multifaceted challenges of leptospirosis in a unified manner.

Keywords: leptospirosis, animal, zoonoses, epidemiology, diagnosis & Control

1. Introduction

Leptospirosis is a bacterial systemic infection caused by pathogenic spirochetes
of the genus Leptospira which affects domestic animals and wildlife, as well as
humans [1, 2]. Leptospirosis presents an important public health concern, occur-
ring at the convergence of the animal-human-environment ecosystem. Geographic
and host factors impact its complexities, making it a challenging issue [3]. Itisa
neglected re-emerging zoonosis and it is one of the six diseases identified by the
World Organization for Animal Health (WOAH) in relation to animal diseases and
climate change [1, 4]. The disease presents itself as a much greater incidence in
tropical regions as well as in developing economy [1, 2, 5, 6]. In 1886, Weil defined
leptospirosis as acute jaundice; Weil’s disease was characterized by renal failure and
extensive hemorrhage [7, 8]. However, Weil did not identify or isolate the causal
agent. Several decades later, in 1914, Inada and Ido became the first scientists to
detect leptospires after inoculating a guinea pig liver with the blood of a jaundiced
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patient and observing a spirochete, which they named Leptospira haemorvhagae. A
report was released in 1915 explaining their discovery and proposing this spirochete
as the primary agent of Weil’s disease [9]. Leptospirosis constitutes a significant
economic challenge, especially when it influences the reproductive performance
of food-producing animals [10-12]. This adverse effect extends to various aspects
of reproduction, including abortion, embryonic death, stillbirths, and infertility,
leading to significant economic losses due to lower meat and milk outputs [13, 14].
Furthermore, the disease contributes to mastitis, weak pregnancy, decreased milk
production and growth rates, enforcing indirect treatment costs [15, 16]. These
losses are most evident in cattle and pigs, which are usually considered to be more
susceptible than small ruminants [17, 18].

2. Etiology

Leptospira, derives its name from the Greek ‘leptos’ meaning fine and Latin
‘spira’ indicating coil, represents ubiquitous spirochetes. Leptospirosis is caused
by Gram-negative bacterium within the Spirochaetes phylum, Leptospiraceae
family, and Leptospira genus [1, 2, 19]. These spiral-shaped microorganisms mea-
sure 0.1 pm in diameter and 6-20 pm in length, featuring a pointed end typically
folded into a characteristic hook shape, giving them a distinctive question-mark
shape [1, 19]. Leptospira exhibits high mobility, executing rotational movements,
translation, undulation, and flexion facilitated by two periplasmic axial flagella
located under the cell membrane [20]. Despite being a microaerophile, Leptospira
thrives even in conditions of complete aerobiosis, unable to survive in dry envi-
ronments, heat, acidic, and basic disinfectants. Its optimal growth temperature
ranges between 28 and 30°C, with the ability to grow at 37°C, and the ideal pH
falls between 7.2 and 7.4 [2].

3. Classification of Leptospiraceae

The genus Leptospira is one of the most varied genera of bacteria, with species
identified all over the world. The first taxonomic classification was based on the
serological similarities of the strains [21]. The genus Leptospira has been conven-
tionally divided into two groups, saprophytes—Leptospira biflexa sensu lato—and
pathogens—Leptospira interrogans sensu lato—based on their virulence. These species
are further divided into numerous serovars determined by the agglutination reaction
due to the surface lipopolysaccharide of the bacteria. There are over 20 species of
Leptospira, which are divided into over 300 serovars and more than 24 serogroups
[22-24]. A new classification system based on genetic classification reveals at least 19
species [25, 26], with seven, including L. interrogans, L. borgpetersenii, L. santarosai,
L. noguchii, L. weilli, L. kirschneri, and L. alexanderi, being the primary agents of
leptospirosis [26-29]. The development of genetic typing technologies has acceler-
ated the identification of serovars, which may now be used as alternative typing
systems to identify a group of serovars that cause leptospirosis. More recently, a
phylogenetic study found that Leptospira may be classified into three groups based
on pathogenicity status, namely, pathogenic, non-pathogenic, and intermediate
groups [30].
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4. Epidemiology
4.1 Animal hosts and reservoirs

Reservoirs are animals that stay substantially asymptomatic in spite of being
infected. Reservoirs retain leptospires in their renal tubules, where they grow
and reproduce, and periodically release them through urination [31]. Although
rodents are the most common reservoirs [32, 33], other animals such as bats
[34], small terrestrial mammals [35, 36], and cattle [37] have also been identi-
fied as major Leptospira reservoirs. The basic life cycle of pathogenic Leptospira
includes wild or domestic animals acting as reservoirs, releasing bacteria into the
environment via their urine. Feral and wild animals also act as reservoir hosts for
leptospires and often do not exhibit clinical signs of the disease [38, 39], releas-
ing bacteria into the environment through their urine and infecting humans and
domestic animals, which then may become a source of infection for other animals
and humans [39, 40].

A maintenance host is an animal infected with a host-adapted serovar of the
pathogen. Although each serovar is adapted to a specific maintenance host, it can
cause disease in any mammalian species [41]. Clinically, a serovar reacts differently
in its maintenance host species and in incidental or accidental hosts [42]. Leptospires
are maintained in nature by chronic infection of the renal tubules of maintenance
hosts [19]. Examples include serovar Bratislava in swine and serovar hardjo and bovis
in cattle [42]. These animals can shed leptospires in their urine for years, potentially
transmitting the infection to additional susceptible reservoir hosts or accidental
(incidental) hosts [43]. The principal reservoir animals for the majority of Leptospira
serovars are wild animals, notably rodents. Accidental or incidental infection occurs
when vulnerable animals are exposed to non-host-adapted serovars. The incidental
host has a low sensitivity to infection but a high pathogenicity for the host, causing
rapid and severe infection rather than chronic disease. Infection by the pig-adapted
serovar Pomona in cattle is one such example [42]. Humans serve as accidental hosts
for Leptospira species [44].

4.2 Source of infection and transmission routes

Contaminated water is a major source of Leptospira bacteria. Stagnant or
slow-flowing water bodies create breeding grounds, and animals can get sick by
drinking or coming into contact with water contaminated by the urine of diseased
animals. Furthermore, the urine of carrier animals, particularly rats, acts as a main
source [45, 46]. Leptospirosis spreads among animals primarily through direct
contact, involving interactions with infected urine or proximity to carrier animals.
In crowded living areas, this transmission mode is particularly relevant. Animals
can also contract the disease by ingesting contaminated food or water (Figure 1).
Leptospira enters the host through mucosa and broken skin, resulting in bactere-
mia [47]. Humans can contract the infection through direct contact with infected
animals, their urine, or contaminated environments [48]. This highlights the inter-
connectedness of the health of animals and humans in the context of leptospirosis.
Human activities, including agricultural practices and urbanization, can influence
the prevalence of leptospirosis in animals and subsequently impact the risk of
zoonotic transmission [49, 50].
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Figure 1.
Transmission cycle of Leptospirosis.

4.3 Seasonal patterns and climate influence

Seasonal variations and climate impact the dynamics of leptospirosis in ani-
mals, influencing disease prevalence, transmission, and emergence. The interplay
of environmental conditions and the biology of Leptospira bacteria contributes to
regionally diverse seasonal patterns. In warm and humid settings, Leptospira bacteria
can survive better. Leptospires may survive in soil and water for long periods of time,
especially when temperatures and moisture levels are favorable. As a result, tropical
and subtropical climates frequently have increased leptospirosis prevalence [51].
There is substantial evidence that pathogenic Leptospira may survive and stay infec-
tious in the environment for months, particularly in soils [52, 53]. According to other
researchers, leptospires are more commonly isolated from soils than from freshwater
samples [54-56]. These findings support the concept that soils might serve as a reser-
voir for Leptospira spp., especially pathogenic strains [57, 58]. Seasonal fluctuations
during rainfall also have a considerable impact on the disease dynamics. Heavy rains
and flooding events generate excellent conditions for the spread of leptospires [59].
Contaminated water sources can increase the risk of exposure for animals [60, 61].
Flooding can cause sick animals to be displaced, adding to the transmission cycle.

Climate phenomena such as El Nifio and La Nifia, particularly in the Equatorial
Pacific, can have a global influence on rainfall patterns [62, 63]. These events may
cause unexpected weather patterns, which may increase the prevalence of leptospi-
rosis in locations prone to such climatic variations. The combination of excessive
rainfall, warm temperatures, and high humidity provides an environment favorable
to bacterial survival and transmission [64, 65]. This seasonality is most noticeable
in locations with distinct wet and dry seasons. Warmer temperatures may raise
the multiplication rates of Leptospira bacteria. This biological factor, together with
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seasonal temperature fluctuations, leads to the varied patterns of leptospirosis occur-
rence [66]. Water availability may become scarce in places with distinct dry seasons,
causing reservoir hosts to congregate around surviving water bodies. This aggregation
increases the likelihood of Leptospira transmission, as animals share limited water
resources. Seasonal variations can also alter animal behavior and migration, influenc-
ing their interactions with contaminated surroundings [67]. During the wet season,
for example, animals may seek higher ground or move to new habitats, altering the
patterns of Leptospira exposure.

4.4 Global distribution

Leptospirosis has worldwide distribution caused by infection with any of several
pathogenic serovars of Leptospira. There is a predominance of several Leptospira
serovars (Icterohaemorrhagiae, Pomona, Canicola, Bratislava, Wolffi, Hardjo, and
Grippotyphosa) in America, with a high concentration in the United States, Canada,
Argentina, and Colombia [68]. Animal serovar variability was documented to be
more prominent in Brazil and the United States [68]. In bovines, the most com-
mon recorded serovars were Bratislava, Icterohaemorrhagiae, and Hardjo in Brazil
[69, 70]. Similarly, leptospirosis has been documented in practically all geographic
zones of Africa [71]. The prevalent serovars, including Sokoine, are linked to cattle
and rodents; Canicola, detected in rodents; and Grippotyphosa, observed in cattle
[71]. The disease has also been seen in a variety of animal species in several European
nations. The prevailing serovars could differ by region, and the disease is being iden-
tified in wild as well as domesticated animals [72-75]. The distribution of Leptospira
serovars in animals in Asia is diverse, with a significant impact on animal agriculture.
The most common serovars prevalent in India were Autumnalis, Grippotyphosa,
Pyrogenes, Australis, Canicola, Javanica, Ballum, Sejroe, Louisiana, and Pomona
among cattle [76-78]. Another research in India found that the most likely serovars
to cause disease in dogs were Icterohaemorrhagiae, Pomona, Canicola, Autumnalis,
and Grippotyphosa [79]. A study in Thailand recognized that the most commonly
detected Leptospira serovars in cattle were Sejroe and Mini, whereas Mini, Sejroe, and
Bratislava were mostly detected in buffaloes, Ranarum, Pomona, and Bratislava in
pigs, and Mini, Shermani, and Ranarum in sheep and goats [80]. Research in Malaysia
found a significant enzootic incidence in the animal population. Leptospirosis is con-
sidered endemic in Vietnam, Cambodia, and Laos [81]. Over 19 leptospiral serovars
from over 7 serogroups have also been found in the Asia Pacific region [77].

5. Clinical manifestations in animals

Leptospirosis has a wide range of clinical manifestations in various animal species,
reflecting the broad host range of this zoonotic pathogen. Leptospirosis manifests
clinically similar in cattle and buffalo, posing considerable economic implications. In
cattle and buffalo, clinical signs of leptospirosis include infertility, abortion, low milk
output, and reproductive issues [76, 77, 82-84]. The disease can cause significant eco-
nomic losses in the cattle sector owing to lower milk output and reproductive difficul-
ties [84]. In piglets, particularly those in their early stages of development, signs of
leptospirosis may include fever, lack of appetite, hemolytic anemia, hemoglobinuria,
icterus, and infrequent convulsions. Some piglets may fail to develop and gain weight
as expected [16, 42]. The signs of chronic leptospiral infection in dams often appear
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as diverse reproductive failures, resulting in low conception rates. Infected pregnant
animals with the infection often experience late-term abortions [16, 19]. In dogs,
leptospirosis can cause a number of clinical manifestations, including renal disease,
hepatic disease, uveitis, and pulmonary hemorrhage The severity of the condition
varies, with some dogs displaying no or few symptoms while others suffer serious
disease or death, frequently due to renal damage [85, 86]. Fever, shivering, muscle
tenderness, icterus, vomiting, anorexia, lethargy, abdominal pain, and changes in
urination patterns such as polyuria, oliguria, or anuria are common clinical signs

of canine leptospirosis [87]. Reports of clinical leptospirosis in cats are rare [88].
Clinical symptoms in wild animals vary with the host species, the pathogenicity of
the Leptospira strain and serovar, as well as the age of the animal and physiological
state [89]. Leptospirosis shows itself in a variety of wild animal species, with varying
clinical manifestations. Infections that affect multiple mammalian species can cause
systemic symptoms such as fever, as well as hepatic and renal involvement [90].

6. Diagnosis and detection in animals

A comprehensive approach to leptospirosis diagnosis that employs a variety of test
modalities improves the accuracy of diagnosis. Increasing access to tests that meet
regulatory and quality criteria for diagnosis is necessary to expand and encourage
testing in animals in order to raise the global spotlight on leptospirosis. The proper
diagnosis of animal leptospirosis is dependent on several critical aspects, including
the collection of appropriate specimens and, most importantly, the stage of infection.
Direct visualization of leptospires in blood, urine, and milk of infected animals has
been performed using dark-field microscopy. However, false positives are observed
due to the Brownian movement of fibrin proteins often misinterpreted as Leptospira
[19], and this approach has low sensitivity and specificity [91]; therefore, it is not
widely employed in the diagnosis of animal leptospirosis [16, 92]. A positive culture
of biological specimens (blood, urine, tissue) provides definitive confirmation of
infection; however, culturing leptospires is time-consuming and meticulous. The
bacteria require a specific growth medium and may require months-long incubation.
The culturing approach is highly specific but has limited sensitivity, which might be
due to low bacteremia, antibiotic dosing prior to specimen collection, or technical
issues [92].

Serologically, the microscopic agglutination test (MAT) is appropriate to diagnose
acute leptospirosis, as infected animals have high IgM and IgG titers that are easily
detectable, and its use is recommended by the WOAH [93]. The diagnostic perfor-
mance of the MAT is strongly related to the number of serovars in the panel used
for each region. This test, however, needs substantial knowledge to perform; thus,
the results must be regarded with caution [94]. Other serological test kinds, such as
IgM ELISA and other rapid diagnostic tests, such as indirect hemagglutination test,
Latex agglutination assays, Lateral flow assays, and IgM Dipstick assays, have been
developed as more accessible alternatives to the time-consuming MAT method [95].
Serologic assays for leptospirosis have several limitations. Although MAT is consid-
ered a “gold standard” reference serovar-specific test for leptospirosis diagnosis, it
is challenging to perform correctly. It also requires a wide panel of live leptospiral
culture as antigen, as well as professional expertise and qualified personnel for
result interpretation. Similarly, ELISA and rapid diagnostic procedures that employ
only one antigen to detect Leptospira spp. infection can fail to identify antibodies
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directed against additional antigens. Serology tests should ideally utilize an antigen
(or antigens) that detects infection by all leptospiral species and strains precisely and
sensitively [96]. Sero-diagnostic antigens should be updated on a regular basis when
new strains appear to maximize their efficacy [95]. Despite its limitations as an early
diagnostic test, serology has played an important role in leptospirosis monitoring.
Sero-surveillance has shown the extent of leptospirosis exposure and identified high-
risk animals and regions. MAT sero-surveillance, on the other hand, can give broad
epidemiological information on circulating serovars [96, 97].

Molecular diagnostic methods for leptospiral DNA identification, such as PCR,
have been widely used for animal leptospirosis diagnosis due to their excellent sen-
sitivity and specificity [98]. The 16S YRNA gene was the first genetic marker utilized
for Leptospira identification and has been used as a target for various diagnostic
PCR techniques for a long period [99]. Nowadays, PCR assays have focused on both
universal genes present in bacteria such asgryB, rrs (16S yRNA gene), and secY, as
well as surface proteins specific to Leptospira such as lipL21, lipL32, lipL41, and ligB
[100]. LipL32-PCR, a surface protein gene, has been widely reported to be benefi-
cial for initial screening for Leptospira DNA detection in animal clinical samples.
Real-time PCR (qPCR) is now being used, which enables a faster and more sensitive
diagnostic than classical PCR [101]. The limitation of PCR is that it can only quantify
leptospires but not identify the specific strain, which is crucial in epidemiological
surveillance [102].

7. Prevention and control measures in animals

Vaccination is an important step in preventing leptospirosis in animals. Standard
vaccination protocols in dairy cattle herds, for example, normally begin with calves
aged 4-6 weeks, followed by yearly or semi-annual boosters in closed or open
herds, accordingly [103]. Vaccinations are advised for dogs around the world once
ayear [104]. Vaccinating animals against leptospirosis can aid in disease preven-
tion. However, it is crucial to highlight that the vaccination does not give complete
protection. This is due to the fact that there are several strains of leptospires, and the
vaccination does not confer protection against all of them [105].

Biosecurity measures within barns and sites are critical in the context of bovines,
pigs, and small ruminants such as goats and sheep. Rodent control measures are
one of these strategies. Rodents serving as Leptospira reservoirs demand specific
measures. Implementing rodent-proof structures and using rodenticides judiciously
are critical in limiting the reservoir of the bacteria, hence significantly lowering the
danger of intra-species transmission within animal populations. Furthermore, effec-
tive waste disposal techniques, avoiding contact with contaminated water sources,
and enforcing strict quarantine measures for new introductions are critical compo-
nents in limiting the introduction and subsequent spread of Leptospira within animal
populations. Monitoring symptoms of infection and performing routine health
checks that include serological testing are critical for early identification and effective
control [106, 107].

Preventing leptospirosis in companion animals, particularly dogs with outdoor
access, involves the execution of key interventions including selectively vaccinating
against prevalent serovars like Leptospira interrogans serovar Canicola and L. interro-
gans serovar Icterohaemorrhagiae [108]. Other strategies include limiting exposure to
contaminated water sources, decreasing rodent populations near homes, and assuring

77



Leptospirosis — Symptoms, Causes and Treatment

access to safe drinking water. Regular veterinarian examinations, including serologi-
cal testing, are essential components of a complete preventive strategy. The complex
dynamics introduced by wildlife populations, with their different species and envi-
ronments, add complexity to leptospirosis prevention [109]. Strategies include moni-
toring for symptoms of infection, examining wildlife-human-animal interactions to
reduce spillover occurrences, and contemplating selective vaccination, particularly in
circumstances where certain animals serve as reservoirs [110]. The establishment of
monitoring and surveillance networks assists in tracking leptospirosis prevalence and
developing trends in animal populations. Regular testing and data collecting allows
for informed decision-making, early detection of outbreaks, and focused response. In
cases of confirmed leptospirosis cases, prompt and proper antibiotic therapy under
veterinarian care is important. Antibiotics minimize the severity and duration of
infection, hence reducing complications. Establishing treatment procedures ensures
that affected animals are managed in a uniform and effective manner [111].

8. The one health approach

Recognizing the vital interdependence of human and animal health is critical in the
context of leptospirosis prevention. The shared ecosystems, zoonotic potential, and
cross-species transmission potential highlight the importance of coordinated efforts.
This emphasizes the importance of a One Health approach, in which specialists in both
human and animal health work together to address the varied challenges of disease
prevention. Disease surveillance relies on the smooth collaboration of veterinarians
and public health specialists. There is also the role of biologists, environmentalists,
or ecologists, who monitor rodent populations, migrations of rodents depending on
floods or droughts, and other parameters. This includes exchanging information on
leptospirosis cases, coordinating control actions, and being committed to the One
Health concept. This type of coordination improves early identification of epidemics,
allowing for prompt intervention and accurate implementation of focused preventive
measures. Effective leptospirosis management requires national and international col-
laboration. Sharing best practices and research findings, as well as coordinating efforts
with surrounding regions, all contribute to a collective and coordinated approach to
disease prevention, particularly in places with shared ecosystems and animal mobility.

9. Conclusion

Leptospirosis, as a zoonotic disease, endangers both animal and human health. As
we understand more about the disease complexities, investing in ongoing research
becomes a crucial step. This includes studying regional serovar prevalence, evaluating
the effectiveness of current vaccinations, and looking for novel disease management
techniques. The information gained from such studies not only improves the under-
standing of animal leptospirosis but also paves the road for more effective prevention
and management strategies.
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Chapter 6
Leptospirosis and the Environment

Patrick Banza

Abstract

This study on leptospirosis and the environment aims to highlight the role of
bacteria in the environment and the impact of the environment on Leptosira infec-
tions and human activities. The environment is a highly complex ecosystem in which
many microorganisms develop and create forms of resistance. The environment is
crucial to human activity and survival. If this environment is not well protected, it
will be responsible for the modification of many non-pathogenic microorganisms
into organisms that are pathogenic to mankind. If a microorganism finds a favorable
environment or changes its natural habitat, it becomes a pathogen and through the
phenomenon of bacterial conjugation, we can have a new bacteria that can escape the
control of the environment.

Keywords: environment, bacteria, spirochetes, prevention, leptospirosis

1. Introduction

Microorganisms are not alone in nature. Each microorganism in an ecosystem
interacts with everything around it and with other organisms [1]. These interactions
can lead to significant physical and chemical changes in the environment, both ben-
eficial and detrimental to other organisms. Whether harmful, beneficial, or without
effect, the collective activities of microorganisms largely control the functioning of
the biosphere [2].

In this chapter, the essential microbial activities will be analyzed.

First, spirochetes in general will be looked at, as the genus Leptospira, the various
natural habitats of microorganisms, and then some specific environments will be
explored: Water and soil are the two most important potential sources of the disease,
and their purification and treatment is the only way to ensure public health.

Most frequently, the determination of water quality is done, which often depends
on standardized microbiological techniques. For soil these analyses are less frequent,
except among farmers and livestock breeders [3].

2. The pathogen

2.1 General information and descriptions of spirochetes

Main genera of Sprochetes are Sprirochaeta, Treponema, Cristispira, Leptospira and
Borrelia [4].
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Spirochaetes are gram-negative, motile bacteria with a slender, flexible helix.
These prokaryotes, with their distinctive morphology, form a major phylogenetic
division within the bacterial family. Spirochetes are widespread in aquatic environ-
ments and in animals. Some are the cause of diseases such as syphilis, in humans, and
others such as leptospirosis [4].

Spirochetes are characterized by the protoplasmic cylindrical body, containing
cytoplasm and nucleoid, which is delimited by a plasma membrane and a wall and
corresponds to the body of the cell. The locomotor apparatus is internal. It is made up
of one or more flagella, one end of each of which attaches to a pole of the protoplas-
mic cylinder, while the other remains located in the cell’s periplasm, hence the name
endo-flagellum. An outer membrane surrounds the endo-flagellae and the protoplas-
mic cylinder [5].

Spirochetes have a particular mobility. Each endo-flagellum is anchored at one end
of the cell and runs two-thirds of the length of the protoplasmic cylinder. Endo-flagella
rotates in the same way as flagella in other bacteria. However, as the protoplasmic
cylinder is rigid, while the outer mantle is flexible, when the endo-flagellae at either end
rotates in the same direction, the protoplasmic cylinder rotates in the opposite direction,
twisting the cell. This gives spirochetes mobility by flexion, or creep, due to the torque
exerted at each end of the protoplasmic cylinder by the rotating endo-flagellae [5].

Spirochaetes are divided into eight genera based on their habitat, pathogenicity,
morphological and physiological characteristics. These are Cristipira, Spirochaeta,
Treponema, Borrelia, Leptosira, leptonema, Brachyspiva and Brevinema. Only Leptospira
genus will be discussed.

3. Leptospira
3.1 Epidemiology of the pathogen

Although the global burden of the disease is unknown, >500,000 cases of lepto-
spirosis are estimated to occur worldwide each year. The incidence in some areas may
be as high as 975 cases per 100,000 population. During the past decade, the occur-
rence of outbreaks has highlighted the strong links between leptospirosis and extreme
weather events in Guyana, India, Kenya, the Lao People’s Democratic Republic, New
Caledonia, Nicaragua, the Philippines and Thailand [6]. There is little research on the
economic impact of leptospirosis, and information is lacking about the societal costs
of the disease, including the costs of health care, lost productivity caused by sequelae
and death of livestock. Two groups are considered to be most at risk: people living in
urban slums and subsistence farmers [6]. The relative proportions of these groups
in the population vary from country to country. There is often a constant force of
infection owing to the existence of animal reservoirs, including rodents, livestock and
dogs. In some areas, such as parts of Asia, outbreaks most often occur after flooding,
as happened in the Philippines in November 2009 [6].

Leptospira interrogans is a Gram-negative, strictly aerobic bacterium responsible
for causing the infectious disease leptospirosis, also known as Weil’s disease, canicola
fever or mud fever.

Leptospira cell is slender, shaped like a fine helix and generally bent at each end
into a semicircular hook. This genus includes both free-living and parasitic species.
The two major species are L. interrogans (parasitic and pathogen) and Leptospira
biflexa (free non-pathogen).
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Leptospira have a typical double membrane, with a lipo-polysaccharide composition
of the outer membrane similar to that of gram-negative bacteria, but with a less marked
endo-toxic activity (e.g., Leptospira lipopolysaccharides (LPS) are about 12 times less
lethal to mice than E. coli LPS). A certain resemblance to Gram-positive bacteria also
lies in the fact that the peptidoglycan layer is intimately associated with the cytoplasmic
membrane [7].

These bacteria are therefore sensitive to most antibiotics but do not take
the GRAM stain. These bacteria remain visible only under dark-field micros-
copy after silver staining or artificial thickening by immunoperoxidase or
immunofluorescence [4].

The outer membrane plays an important role in Leptospira-induced immunity.

In fact, preparations of leptospiral LPS are sufficient to induce immunity, but this is
often serovar-dependent. Differences in the structure and composition of these LPS
are thought to be responsible for the wide diversity of serovars. More recent studies
have even shown that combinations of recombinant outer membrane proteins or 28
outer membrane preparations without LPS are also sufficient to induce immunity in
laboratory animals, even conferring heterologous-type protection [2, 3, 5, 7-21].

The Leptospira genera comprise strict aerobic spirochaetes using long-chain fatty
acids (e.g., oleic acid) as electron donors and carbon sources. With a few exceptions,
these are the only substrates used by leptospires for growth [2, 3, 5, 8-17].

Leptospires are strict aerobes, catalase-positive and/or oxidase-positive and
chemoorganotrophs. The optimum growth temperature is between 28 and 32°C. The
environment in which leptospires grow must contain certain specific elements:

* Long-chain fatty acids (at least 14 carbon atoms), the only source of carbon,
which is then metabolized by 8-oxidation.

* Ammonium salts, a source of nitrogen in inorganic form.

* Vitamins, notably Bl and B12, which are growth factors, as well as Ca2+, Mg2+
and Fe2+ ions [2-5, 7-22].

L. interrogans strains are pathogens for humans and animals. The natural hosts are
rodents, although dogs and pigs are carriers of certain strains.

Species likely to become ill and which also eliminate the bacterium via their urine
are various domestic animals (dogs, horses, cattle and pigs) and wild animals (foxes,
deer, wild boar, etc.).

Water and soil contaminated by the urine of infected animals are mostly sources
of infection. Leptospira can live for a long time in soil and water (mostly sewers and
mines).

The bacterial genome is made up of nitrogenous bases. These bases can undergo
several reactions in nature, which can modify the virulence of the leptospire.

Bacteria and certain archaea possess an enzyme called methyltransferase, which is
responsible for the methylation reaction; a variation in the gene encoding this enzyme
would have serious consequences for the bacteria [1, 23].

In humans, leptospirosis is the most common syndrome caused by Leptospira
interrogans.

Leptospires enter the body via mucous membranes or skin lesions. After a transi-
tory stage of multiplication in various parts of the body, bacteria localizes in the
kidney and liver, causing nephritis and jaundice [8].
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Figure 1.
Example of the sign for vat elimination obligation.

Leptospira in the kidney causes kidney failure, which can lead to death. The
microorganism is eliminated from the body through urine, and infection of another
individual occurs through contact with contaminated urine.

Therapy with penicillin, streptomycin or tetracycline is available, but a long
course of treatment is needed to ensure complete elimination of leptospires from the
kidney. Domestic animals such as dogs are vaccinated against leptospirosis with the
combined distemper-leptospirosis-hepatitis vaccine. In humans, prevention involves
eliminating the disease from animals and eliminating rodents as potential sources of
the infection (Figure 1) [5].

3.2 Genomic classification

A genomospecies is defined as “strains with 70% or more DNA-DNA homol-
ogy and with a ATm of 5°C or less.” The proximity of strains revealed by the MAT,
which enables serogroups to be defined, does not always reflect genomic proximity:
serovars belonging to the same serogroup are dispersed within several species, and
a single species may comprise numerous serogroups. Brenner et al. [11] showed that
out of 303 leptospires strains studied, representing 268 serovars grouped into 30
serogroups, only strains of the serogroup. In the genomic classification, the subgroup
of saprophytic species, of which there are six, forms the oldest branch of the genus
Leptospira. Another subgroup includes the nine pathogenic species, while another
branch of evolution, of more recent discovery, includes the so-called intermediate
species, for which pathogenicity has not been clearly demonstrated [16]. Although
L. kmeyti was isolated from soil in Malaysia [20], phylogenetic analysis of 16S rRNA
shows that this strain belongs to the cluster of pathogenic species. DNA variability
between species is between 0.1 and 1.3% for pathogenic species, between 0.3 and
2.9% for intermediate species, and between 0.2 and 0.5% for pathogenic species. It
suggests that the geographical distribution of the species is limited. For example, the
six strains identified of L. alexanderi were all isolated in China. Sixty-two of the 65
strains of L. santarosai come from North and South America, as do the 20 strains of
L. noguchii. Almost half of the 91 strains of L. interrogans were isolated in Oceania
(representing 70% of the strains isolated in this region). Finally, the 37 African
strains (characterized by DNA-DNA hybridization) in the study by Feresu et al. [13]
all belong to either L. kirschneri or L. santarosai. Genomic and antigenic classification
are not concordant, and several studies have shown that serogroups cannot be super-
imposed on groups formed by genetic classification [4], suggesting that the genes
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that determine serotypes could be transferred laterally between the different species.
Thus, a classification system based on genetic similarities is used in conjunction with
antigenic classification. Recently, the sequencing of the genome of strains belong-
ing to several Leptospira species has enabled the introduction of various Leptospira
genotyping approaches, including MLVA or MLST [9].

3.3 Cycles of sylvatic transmission (rodents)

Rodents are closely associated with human habitation and agriculture, mainly
because they provide food and shelter for animals. Transmission of Leptospira spp. in
rodent populations is governed by a complex interplay of rodent population dynam-
ics, depending on food availability, climatic conditions and endemic status. In certain
circumstances, the occurrence of leptospirosis is highly seasonal, with peaks in
transmission occurring at the same time as seasonal increases in rainfall in tropical
and subtropical areas (i.e., the rainy season) [14]. This type of human disease has been
correlated with an increase in the size of the rodent population and an increase in the
frequency of transport (excretion) of leptospires. This association can be explained by
the increase in the survival rate of leptospires in natural environments, which favored
an increase in the infection rate of rodents at the same time as the increase in the rodent
population (probably attributable to an increase in available food and housing) created
alarger pool of naive individuals [2, 3, 5, 7, 14-19]. The epidemiology and in particular
the seasonality of leptospirosis differs between the various agro-ecological zones in Fiji.
There is a more apparent seasonal pattern in the north-west of the main island, which
is associated with heavy seasonal rainfall and frequent flooding. The pattern of disease
occurrence in the southeastern part of the main island is less seasonal, which may be
due to a more even distribution of rainfall or to a different type of reservoir host.

4, The environment

One of those diseases is leptospirosis, which can be listed as an environmental
disease. Leptospira survives provided that the environment is favorable for the adapta-
tion of its metabolism (strict aerobic), thanks to the availability of growth factors.

Fresh or humid water contains a concentration of dissolved oxygen, which varies
between 4.5 to 5.6 mg/1 for an average temperature 30°C higher, enough to allow its
survival [24].

The soil as a microbial environment depends on climate and biological processes,
which determine the recycling of organic and inorganic compounds.

Microorganisms inhabit all habitats capable of supporting life. Microbial habitats
are extremely diverse and often change very rapidly. In addition to the common
habitats of soil and water, microorganisms live on the surface of more complex organ-
isms and, in many cases, live inside them. Microorganisms frequently reach very large
numbers in these habitats and can contribute significantly to the nutritional needs of
plants or animals [4].

The presence of rodents in livestock buildings entails serious risks for farmers due
to the number of pathogens that they carry. Rodents such as rats and mice, by carry-
ing pathogens, represent a danger of different diseases that is often underestimated
by the breeders.

One of those diseases is leptospirosis, which can be listed as an environmental
disease [2, 3, 5, 7, 13-21].
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Leptospira interrogans uses certain long-chain fatty acids such as oleic acid, asa
carbon source [4].

Oleic acid is an 18-carbon fatty acid with a double bond that is monounsaturated
in cis form. Unusual oleic, unsystematic Cis-9-octadecenoic as sources: the most com-
mon fatty acid in natural fats, particularly abundant in olive oil.

These phenomena also occur in nature, where the leptospira, which is chemoau-
totrophic, takes advantage of its carbon source and electron donor thanks to photo-
synthesis, which recycles nutrients by converting light energy into chemical energy,
enabling it to survive in different environments [5].

The presence of certain chemicals in the environment can be harmful to bacterial
DNA, which can undergo spontaneous degradation, modification of certain genes
coding for enzymes crucial to bacteria, or biochemical modification through the addi-
tion of groups in the aquatic environment [25].

Deamination processes are frequently observed, leading to the transformation of
cytosine into uracil, or methyl-cytosine into thymine. Similarly, alkyl groups such as
methyl or ethyl can be added in an alkylation process. Finally, free oxygen radicals
resulting from oxidative metabolism can cause hydroxylation, in particular generat-
ing hydroxy-guanine, which can pair erroneously with adenine, inducing G-C to A-T
transversions.

Base analogs, such as the thymine analog 5-bromo-uracil, incorporate into DNA
during replication and induce transitions during a subsequent replication cycle.

Intercalating agents, analogs of base pairs, such as ethidium bromide or acridine
orange, insert themselves between bases, causing a shift in the reading frame.

In this way, nitrous acid induces deamination and nitrosoguanine causes alkylation.

All the above processes are responsible for gain of function, the appearance of new
strains of leptospira bacteria that escape sanitary control, or loss of function [4, 5, 7,
18-22, 25].

Leptospira survive for several weeks, even months (up to 10 months) in warm,
humid conditions (28-30°C), with neutral pH [15].

The effect of humidity and oxygen tension are linked. Very wet soils are hostile to the
proliferation of many species of bacteria, including Leptospira, due to the reduced
aeration of water-filled pores [22]. Soil flooding leads to the elimination of aerobic
species. But, at the other extreme, soil drying significantly reduces metabolic activity
and bacterial cell numbers.

Ultraviolet radiation (wavelengths 200-310 nm) is microbicidal because these
wavelengths are absorbed by nucleic acids, damaging their structure and function.
On the other hand, UV radiation is mutagenic because it generates pyrimidine dimers,
which may be responsible for the virulence and reduced virulence of certain strains of
leptospira observed in certain animals [25].

Leptospirosis is a worldwide bacterial disease. This disease is a zoonosis, meaning
that it involves wild or domestic animals but can be transmitted to humans. Rats often
like to live in damp areas close to houses, where household waste is disposed. These areas
are a source of food for rats but also a favorable breeding ground for Leptospira because
rats and mice urinate and dispose of their feces where they take their meals [10-12, 17].

5. Conclusion

At the end of this chapter, leptospirosis remains a lesser-known disease in domes-
tic, livestock and other environments. It is most often confused with typhoid fever,
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which occurs in the environment in the Democratic Republic of Congo and is little
known anywhere else in the world.

However, our aim was to draw the attention of the general public, as well as the
most at-risk individuals, such as livestock farmers and veterinarians, to the serious-
ness of leptospirosis.

This is because leptospirosis in the wild can interact with a wide range of products
and waste from many different areas, giving rise to several different strains. However,
the prevention of leptospirosis must begin in the environment.

To prevent leptospirosis, you need to:

* clean and disinfect livestock premises soiled by rodent urine and clean feed
troughs;

* use protective equipment when handling livestock or their carcasses;
* Avoid swimming in freshwater rivers and do not walk barefoot;

* decontaminate urban areas and control the rodent population in rural areas.
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Abstract

Leptospirosis is a tropical re-emerging zoonotic infectious disease caused by
spirochetes of the genus Leptospira. Leptospirosis is now seen as a major global public
health issue, affecting both developing and industrialized nations. The economic
impact and true incidence of the disease are not fully understood. It is estimated
that tens of millions of individuals are affected by leptospirosis annually, with
approximately 1,000,000 cases reported worldwide. The disease has a case-fatality
rate ranging from 5 to 25%, resulting in 59,000 deaths and an estimated 2.9 million
disability-adjusted life years lost each year, highlighting its substantial socioeconomic
impact. Leptospirosis is increasingly affecting urban areas due to urbanization and
proximity to disease-carrying animals. Challenges include a lack of awareness among
healthcare professionals and the public, as well as climate change contributing to the
spread of the disease. Addressing these challenges will require improved surveillance,
public education, sanitation improvements, and research into new diagnostic tools
and vaccines.

Keywords: leptospirosis, Weil's syndrome, re-emerging, diagnosis, neglected disease

1. Introduction

Leptospirosis is a zoonotic disease caused by Leptospira bacteria, which are
gram-negative, aerobic, motile, helicoidal, and thin spirochetes of the genus
Leptospira. The disease was first clinically reported in 1803 by William Wittmen,
and later, in 1886, Weil described the jaundice component of the disease, leading to
the disease being named after him [1].

Since 2018, the phylogeny of Leptospira has been extensively revised through
large-scale whole-genome sequencing. Among the 64 recognized species, 60 have
been formally documented following the regulations of the International Code
of Nomenclature of Bacteria. These species are divided into two clades and four
subclades. Subclade P1, which consists of 17 species, includes both newly identified
species and those traditionally known to be pathogenic, such as Leptospira interrogans,
L. kirschneri, L. noguchii, Leptospira alexanderi, L. weilii, L. alstonii, L. borgpetersenii,
L. santarosai, L. kmetyi, and Leptospira mayottensis. Subclade P2 comprises 20 spe-
cies, incorporating those previously considered to have intermediate or unclear
pathogenicity. Subclades S1 and S2 encompass 22 and 5 species, respectively, includ-
ing those previously classified as ‘saprophytes’ [2].
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Leptospirosis is a neglected tropical infectious disease caused by spirochetes of the
genus Leptospira, and is considered a re-emerging zoonosis [3]. In recent years, there
has been increasing recognition of leptospirosis as a significant global public health
concern, impacting both developing and developed nations. The economic impact of
this disease remains uncertain, but it is widely acknowledged that the true prevalence
of leptospirosis is underestimated, particularly in endemic areas where the disease
often goes undiagnosed. Leptospirosis is believed to affect millions of individuals
annually, with an estimated 1,000,000 cases reported worldwide each year. The fatal-
ity rates for these cases range from 5 to 25%, resulting in approximately 59,000 deaths
annually and causing an estimated loss of 2.9 million disability-adjusted life years
per year, highlighting its substantial socioeconomic consequences [4]. Diagnosing
leptospirosis clinically is difficult due to the presence of non-specific symptoms, often
leading to misidentification with other illnesses like dengue fever, influenza, and
hepatitis, which contributes to its underreporting. Additionally, around 90% of cases
either show no symptoms or exhibit mild ones. The symptomatic cases can progress
from a mild, self-limiting febrile illness to severe forms, characterized by multiple
system complications that can result in a rapidly progressing, life-threatening condi-
tion [5]. Risk factors for leptospirosis encompass both behavioral and environmental
elements [4]. Research in this field aims to evaluate the risk factors contributing to
leptospirosis, describe the changing patterns of the disease, and identify alternative
reservoirs of Leptospira that infect humans. Studies have also focused on identifying
biological markers with predictive value and addressing major issues in leptospi-
rosis research to move forward with adequate support [5]. This disease imposes an
unknown economic burden and is remarkably underestimated and underdiagnosed
in endemic regions [6]. The global research agenda for leptospirosis emphasizes the
need for international cooperative efforts and the development of a multicenter
prospective cohort study to understand the clinical manifestations and outcomes of
leptospirosis. Data from prospective surveillance studies suggest that most human
leptospiral infections in endemic areas are mild or asymptomatic, highlighting the
need for continued research and surveillance to address this threat [5].

2. Epidemiology and global burden

Geographical distribution: Leptospirosis is a significant global issue. According to
the World Health Organization (WHO), there is an endemic human leptospirosis rate
of 5 cases per 100,000 individuals annually and an epidemic human leptospirosis rate
of 14 cases per 100,000 people annually. However, recent assessments suggest that
leptospirosis is currently recognized as the primary cause of morbidity and mortality
in endemic reigon [7]. The prevalence and incidence of leptospirosis are affected by
geographical and climatic conditions, including temperate and warm climates, the
rate of rainfall and humidity, especially after heavy rainfall or flooding due to hurri-
canes, the presence of surface and stable water, and an increase in rodent populations
[8]. Leptospirosis is an endemic zoonosis with a wide distribution, demonstrating
various epidemiological patterns, including transmission in urban, rural, and sylvatic
areas [8]. This disease is frequently observed in Asia, Oceania, and South America.
However, there is an increasing number of cases being reported in Europe and
North America [9]. Leptospirosis has the highest morbidity and mortality rates in
resource-poor regions with tropical climates, such as parts of Sub-Saharan Africa,
Latin America, the Caribbean, South and Southeast Asia, and Oceania. Vulnerable
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populations, including rural subsistence farmers and urban slum dwellers, are espe-
cially affected in these areas [4].

Leptospirosis is re-emerging as a zoonotic disease in developed countries, and its
actual incidence is probably higher than reported. In the United States, the reported
annual cases are relatively low, around 100-150, but it is believed to be underdiag-
nosed and underreported. A study from 1998 to 2009 found 0.6 hospitalizations per
1,000,000 people [10].

In 2021, the European Union and European Economic Area (EU/EEA) had a
notification rate of 0.20 confirmed leptospirosis cases per 100,000 population. The
rates of endemic human leptospirosis varied significantly, from 0.5 cases per 100,000
population in Europe to 95 cases per 100,000 population in Africa. France reported
the highest number of confirmed cases (308) at a rate of 0.46 cases per 100,000
population. The highest rates of confirmed cases were found in 45-64-year-old males
and 15-24-year-old females, with rates of 0.44 and 0.14 cases per 100,000 popula-
tion, respectively. In 2020, the notification rate was 0.14 confirmed cases per 100,000
population in the EU/EEA. Globally, the annual incidence of leptospirosis is estimated
to be between 14.8 and 350 cases per 100,000 population, with approximately 1 mil-
lion cases and 60,000 deaths annually [11].

In China, the incidence of leptospirosis is concentrated in specific geographic
areas, with the highest rates observed in the southern region of Yunnan Province.
However, the level of spatial clustering has decreased over time [8]. In Seychelles, the
occurrence of leptospirosis is influenced by various environmental factors, including
low elevations, fragmented landscapes, proximity to urbanized areas, and increased
precipitation, leading to spatial variations in its incidence [12]. Conversely, in Saint
Lucia, there was no clear relationship between location and leptospirosis incidence,
with only a weak correlation found between rainfall and cases [12]. In Denmark,
leptospirosis is rare and non-endemic, with the highest annual incidence observed
in 2017 [8, 13]. The prevalence of leptospirosis varies among Middle Eastern coun-
tries, with Iran, Turkey, and Egypt having more published literature on the disease
compared to Lebanon, Kuwait, and Saudi Arabia. While the prevalence is generally
similar across most Middle Eastern countries, there are variations among specific
nations [7]. This suggests that further research or specific epidemiological studies for
each country are necessary to determine the countries with the highest prevalence of
neglected diseases in the world. These differences in leptospirosis rates across regions
highlight the need for tailored prevention and control strategies to address the vary-
ing burden of leptospirosis in different areas.

Sources of Infection: Pathogenic Leptospira are frequently present in the environ-
ment and reside in the kidneys of different wild and domestic reservoir hosts. The life
cycle of leptospires includes being excreted in urine, surviving in the environment,
infecting a new host, and spreading to the kidneys via the glomerulus or peritubular
capillaries. Once in the renal tubular lumen, they colonize the brush border of the
proximal renal tubular epithelium, allowing for long-term urinary shedding without
significant adverse effects on the host reservoir. This suggests that the relationship
between leptospiral infection and the reservoir host can be considered commensal
[14]. Small mammals are the main reservoirs of pathogenic Leptospira, and large
herbivores are significant sources of infection. Leptospiral species have been found
in numerous mammalian species, including bats and pinnipeds. Leptospires have
also been discovered in poikilothermic animals such as frogs and toads, and although
they may not be significant reservoirs of human infection, they could play a role in
the circulation of leptospirosis in the environment. While only a few studies have
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reported the isolation of leptospires from amphibians, further research is needed to
understand their role in maintaining leptospires in nature. Although leptospirosis

is primarily a zoonosis, humans can serve as accidental hosts. Human-to-human
transmission, while rare, can occur through sexual intercourse and lactation.
Transplacental transmission may also occur during pregnancy, leading to abortion or
stillbirth [15].

Transmission: Leptospirosis can enter the body through cuts, scrapes, or mucous
membranes, such as the eyes, mouth, or genitals. The transmission can occur through
direct contact with an infected animal or indirect exposure to soil or water con-
taminated with the urine of an infected animal. Individuals at risk of direct contact
with potentially infected animals include hunters, abattoir workers, veterinarians,
farm workers (especially those involved in dairy milking), trappers, animal shelter
workers, scientists, and technologists who handle animals in laboratories or during
fieldwork. The likelihood of infection depends on the prevalence of leptospirosis in
the area and the frequency and extent of exposure. Wearing appropriate protective
equipment like rubber boots, gloves, and eyewear can help prevent many of these
infections. Given that workplace health and safety regulations often cover these infec-
tions, conducting local risk assessments and providing training is crucial [14, 16].

Leptospirosis is often linked to work, leisure, and personal activities, with indirect
contact with water or soil contaminated with leptospires being the most common
way it spreads. Jobs like working in sewers, military exercises, and farming in rainy
tropical areas pose significant risks, especially for agricultural workers like rice field
workers, taro farmers, banana farmers, sugarcane, and pineapple field harvesters.
Recreational activities involving freshwater sports and adventure sports have also
contributed to the rising cases of leptospirosis. Additionally, personal exposure,
affecting millions of people in tropical regions, is worsened by poor sanitation and
housing conditions. The combination of urbanization and climate change has been
identified as a major risk factor for both the increased cases and frequency of lep-
tospirosis outbreaks. Understanding the impact of human-induced changes on the
spread of leptospirosis is crucial, emphasizing the need for interdisciplinary research
to address this public health issue [7, 16].

Global Burden of Disease: Estimating the global impact of leptospirosis is dif-
ficult due to factors such as inadequate surveillance, insufficient diagnostic tests,
and under-recognition. The WHO has been taking the lead in improving global
estimates of illness and mortality by addressing these issues. The seriousness of the
disease’s prevalence and impact is particularly pronounced in economically disad-
vantaged tropical countries, where the burden of leptospirosis has been undervalued.
Moreover, a more thorough understanding of the environmental phases of the disease
cycle and its transmission routes is necessary to improve disease surveillance, diag-
nostics, and interventions [7, 17].

The Leptospirosis Epidemiology Reference Group (LERG) of the WHO was estab-
lished to assess the worldwide impact of leptospirosis on illness, death, and Disability
Adjusted Life Years (DALYs). Due to limited available data, the LERG conducted a
thorough review of existing literature and developed a modeling approach. The esti-
mated global burden of leptospirosis offers an opportunity to assess a health strategy
for prevention and control. The global burden of leptospirosis was not calculated until
2015, and it is estimated that there are approximately 1.03 million cases annually,
resulting in a total of approximately 2.90 million DALYs. This represents an incidence
of 41.8 DALYs per 100,000 population per year [17]. The illness is found all over the
world and can lead to life-threatening symptoms such as pulmonary hemorrhage
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syndrome. Most cases and fatalities from leptospirosis happen in tropical areas, with
73% of cases and deaths occurring between the Tropics of Cancer and Capricorn. A
notable portion of the worldwide burden of cases and deaths related to leptospirosis
affects males aged 20—49 years, with an estimated 48% of cases and 42% of deaths
occurring in this age group [4].

The previous lack of recognition of leptospirosis as a significant zoonotic disease
had hindered the consideration of a unified health approach to prevention and
control. However, with the estimation of the global burden of leptospirosis, there
is now an opportunity to assess a One Health strategy for prevention and control.
Leptospirosis is a significant zoonotic disease that leads to illness and fatalities
in humans, primarily affecting regions with substantial subsistence farming and
pastoral communities. Further work is required to measure the economic impact of
leptospirosis, including an evaluation of its effect on animal health. As climate change
increases the frequency and severity of extreme weather events, efforts to address
the disproportionate impact of leptospirosis have become increasingly important.
Leptospirosis outbreaks often occur after floods and storms, highlighting the need
to gain a better understanding of the environmental phase of the disease cycle for
improved disease surveillance and interventions [3, 7].

Farmers, veterinarians, sewage workers, and outdoor recreational workers are more
likely to get infected due to regular exposure to environments that may be contami-
nated. Among these workers, most infections result from direct contact with infected
animals, with the highest risk associated with swine farming, slaughterhouses, and the
meat industry. Risk factors for leptospiral infection include working overtime, coming
into contact with animals during work, encountering rats at the workplace, and living
less than 200 meters from a river. Wearing boots while working and washing hands
with soap after work are recognized as protective factors [12, 14, 18].

Leptospirosis presents a socio-ecological challenge that frequently arises within
the framework of social inequality. Consequently, it is crucial to assess and tackle the
investment rationale for interventions that focus on the fundamental environmental
conditions and infrastructure shortcomings, such as open sewers in urban slum com-
munities, to achieve lasting advancements against this overlooked disease.

3. Pathology and pathogenesis

Pathogenic leptospires are commonly present in nature, and humans, as accidental
hosts, typically show short-term urinary shedding of leptospires. In reservoir hosts,
leptospires colonize the brush border of the proximal tubules for extended periods,
without causing apparent adverse effects in the host but aiding in the spread of the
microorganisms. However, during infections in humans and animals, the proximal
tubules are the main sites of significant lesions, resulting in morphological and
immunoenzymatic changes in the brush border, among other alterations. It is expected
that the presence of microorganisms in the reservoir host may lead to subtle patho-
physiological manifestations, at least in certain cases. In regions with high disease
transmission, humans may exhibit clinical and serological characteristics similar to
asymptomatic urinary carriers, resembling what is observed in reservoir hosts [14, 19].

Leptospirosis has two stages of pathogenesis. The first stage involves the penetra-
tion of tissue barriers into the body, which can occur through the skin or mucous
membranes of the conjunctiva or oral cavity. Studies have shown that swallowing
contaminated water is a risk factor for infection, highlighting the importance of
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oral mucosa as a gateway. The second stage involves hematogenous dissemination,
wherein pathogenic leptospires enter the bloodstream and remain in the leptospire-
mia stage of the disease. During the first 8 days of fever, leptospiremia can be detected
by quantitative PCR before the formation of antibodies and clearing of organisms
from the bloodstream [20]. Leptospiral LPS (lipopolysaccharide) has a unique meth-
ylated phosphate residue not found in any other form of lipid A, and human TLR4

is unable to recognize it. Murine TLR4, on the other hand, can recognize leptospiral
LPS, indicating that the mouse’s innate immune response is adaptive to leptospiral
infection. The absence of leptospiral lipid recognition in human cells, as opposed to
murine cells, may result in the inability to generate appropriate responses, ultimately
leading to susceptibility to leptospirosis [21].

Leptospirosis infection at high levels can trigger a robust immune response leading
to severe conditions like sepsis or organ failure. Patients with severe cases often show
increased levels of cytokines such as IL-6 and TNF-a. Elevated IL-6 and IL-10 are
linked to higher mortality rates, potentially inhibiting protective immune responses.
Non-specific T-cell activation may also play a role in the disease. A study on athletes
exposed to contaminated water revealed HLA-DQ6 as a significant risk factor for
leptospirosis, suggesting a superantigenic mechanism for susceptibility, although the
specific antigens involved are unknown [14, 19, 22].

Leptospirosis primarily targets the liver, with pathology reports from fatal
cases indicating sinus congestion and space of Disse dilatation. Studies have shown
leptospires between hepatocytes, and recent research highlighted leptospiral pen-
etration into the disc space and preferential binding to the perihepatocyte junction.
Hepatocyte apoptosis is also observed. Damage to hepatocytes and intercellular
junction disruption can lead to bile leakage into sinusoidal blood vessels, resulting in
high direct bilirubin levels in icteric leptospirosis. Hemolysis induced by leptospirosis
may occasionally elevate indirect bilirubin levels [23].

Pathological changes in the lungs, such as alveolar hemorrhage and pulmonary
congestion, are frequently observed in severe cases of leptospirosis. In a study of fatal
cases, all patients had pulmonary petechiae at the pleural level and 60% had severe
bleeding at the cut lung levels. Histologically, bleeding was observed in the alveolar
septum and intra-alveolar space. Inmunohistochemistry of the lung tissue revealed
granular material representing leptospiral antigen in macrophages in the septa and
alveoli. The guinea pig model of leptospirosis mimics the pulmonary hemorrhage
seen in humans, with studies showing significant immunoglobulin and complement
deposition along the alveolar basement membrane. Pulmonary hemorrhage, aleading
cause of death in leptospirosis in certain regions, may be linked to coagulation abnor-
malities common in severe cases. This pulmonary complication is not solely a lung
issue but also reflects severe systemic disease, as evidenced by risk factors for severe
pulmonary hemorrhagic syndrome (SPHS) including respiratory rate, hypokalemia,
elevated serum creatinine, shock, and Glasgow Coma Scale score [14, 19, 24].

Renal complications in leptospirosis range from mild renal dysfunction to com-
plete renal failure seen in Weil’s syndrome. Severe cases may exhibit polyuria due
to reduced expression of sodium-hydrogen exchanger 3, impacting sodium and
fluid reabsorption in the proximal tubule. Kidney histological changes often involve
tubular alterations and interstitial nephritis, with thinning or necrosis of tubular epi-
thelium, tubular lumen dilation with casts, and cellular debris. In the reservoir host,
tubules are crucial for leptospiral colonization. In humans, inflammatory responses
triggered by leptospiral lipoproteins like LipL32 binding to TLR2 on renal tubular
cells induce nitric oxide synthase and monocyte chemoattractant protein-1. This leads
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to tubular inflammation and interstitial nephritis characterized by cell infiltration.
Interstitial nephritis typically worsens in the initial disease phase. Some patients may
experience persistent renal issues with tubular atrophy and interstitial fibrosis on
biopsy, but most recover normal renal function [14, 19, 25].

4, Clinical manifestations

Leptospirosis can range from a mild flu-like illness to a severe life-threatening
condition, affecting different organ systems and leading to a variety of symptoms
often confused with other causes of acute febrile syndrome. The incubation period
typically lasts from 7 to 12 days but can range from 3 days to a month [26].

General manifestations: Patients with leptospirosis often experience sudden fever,
chills, and headaches, which are non-specific symptoms also found in other febrile
illnesses. Additional symptoms include muscle pain, tenderness in the calves and
lower back, and conjunctival suffusion. Leptospirosis is typically distinguished by
ocular findings, such as subconjunctival hemorrhage and icterus, and rashes are
uncommon. An erythematous rash on the pretibial areas of both legs may indicate
leptospirosis [3, 11, 14, 19].

Patients with leptospirosis commonly experience non-productive cough, gas-
trointestinal symptoms, and abdominal pain. Gastrointestinal symptoms may lead
to dehydration, and abdominal pain may be due to acalculous cholecystitis and/or
pancreatitis. Abnormal serum amylase and/or lipase levels are relatively common in
hospitalized leptospirosis patients. Impaired renal function can elevate pancreatic
enzyme levels. While most cases of pancreatitis due to leptospirosis are self-limiting,
some are severe and fatal [27].

Severe leptospirosis involves dysfunction of several organs, including the liver,
kidneys, lungs, and brain. The condition known as Weil’s disease, characterized by
jaundice and renal failure, was initially documented in 1886 and is still one of the
most identifiable forms of leptospirosis. Signs of organ dysfunction signify a more
advanced infection stage, and these symptoms can emerge suddenly and affecta
significant portion of patients upon presentation [14, 27].

Hepatic manifestations: Patients suffering from leptospirosis generally display mild
to moderate increases in liver transaminases and direct bilirubin levels. The occur-
rence of jaundice varies significantly across different cases, and acute hemolytic ane-
mia can be a contributing factor. It is common for patients to experience leukocytosis
and thrombocytopenia, but typically not to the degree that would result in spontane-
ous hemorrhaging. The presence of leukopenia in conjunction with thrombocytope-
nia and anemia suggests potential bone marrow suppression. Katz et al. discovered
a strong correlation between infection and the Icterohaemorrhagiae serogroup,
jaundice, and heightened bilirubin levels [28]. Occasionally, elevated levels of indirect
bilirubin may occur due to hemolysis caused by leptospirosis [14, 19, 27].

Hematologic manifestations: Leptospirosis frequently results in clinical indications
of bleeding, such as petechiae, ecchymosis, and epistaxis. While thrombocytopenia
typically does not lead to spontaneous bleeding, certain patients may encounter
significant gastrointestinal or pulmonary hemorrhage. Coagulation irregularities,
including extended prothrombin time, are prevalent in severe cases of leptospirosis
and are linked to severe bleeding. The exact cause of bleeding in leptospirosis is not
entirely understood, but research suggests that it may involve ongoing fibrinolysis,
coagulation activation, impaired anticoagulation, and thrombocytopenia. Platelet
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dysfunction has also been implicated in the occurrence of bleeding complications in
leptospirosis [29].

Renal manifestations: Leptospirosis can lead to kidney complications, manifest-
ing as elevated blood urea nitrogen and creatinine levels, pyuria, hematuria, and
increased urine protein levels. A unique feature is the development of non-oliguric
potassium wasting nephropathy, involving compromised sodium reabsorption and
potassium loss. In instances of decreased oral intake due to symptoms like nausea and
high-output renal failure, patients may face dehydration, increasing the risk of oli-
guria and renal failure. In regions lacking access to peritoneal or hemodialysis, renal
failure can be a common cause of death in severe cases of leptospirosis [11, 14, 15, 30].

Leptospirosis is a frequent cause of acute kidney injury (AKI), with renal compli-
cations ranging from mild urinary irregularities to severe AKI necessitating dialysis.
Acute tubulointerstitial nephritis (ATIN) is the most prevalent renal pathology
associated with leptospirosis, and hypokalemia and sodium wasting are commonly
observed in laboratory tests. AKI induced by leptospirosis typically does not involve
reduced urine output and hypokalemia accounts for a substantial number of cases.
Tubular dysfunction and related electrolyte imbalances, such as bicarbonaturia,
glycosuria, and decreased sodium reabsorption in the proximal tubule, are also
frequently seen in leptospirosis. Hyponatremia is a common occurrence in leptospi-
rosis and is attributed to various factors, including increased urinary sodium loss and
defects in Na+/K + -ATPase. The downregulation of the sodium-potassium-2-chloride
co-transporter in the medullary thick ascending limb of the loop of Henle may con-
tribute to the urinary loss of sodium and potassium in leptospirosis. During the initial
stages of the disease, polyuria or non-oliguric acute kidney injury (AKI) can occur
due to decreased expression of aquaporin 2, leading to a urinary concentration defect.
As a compensatory mechanism, the expression of AQP2 increases during the recovery
phase of AKI [14, 31].

Hypomagnesemia is a frequent occurrence in individuals with leptospirosis and
acute kidney injury (AKI) due to the loss of magnesium caused by decreased NKCC2
on the apical membrane of the medullary thick ascending limb (mTAL). Monitoring
of hypomagnesemia and hypophosphatemia resulting from increased excretion of
magnesium and phosphate is crucial during leptospirosis infection. It is essential to
carefully correct hypomagnesemia and hypophosphatemia, as rapid correction may
inadvertently lead to elevated circulating magnesium levels due to reduced magne-
sium clearance in AKI caused by leptospirosis. Hypophosphatemia from proximal
tubulopathy may contribute to metabolic encephalopathy and myopathy, emphasiz-
ing the need for regular assessment of serum magnesium and phosphate levels,
particularly in severe cases of leptospirosis [31].

Respiratory manifestations: Patients with leptospirosis can exhibit primary pulmo-
nary symptoms, such as cough, chest pain, breathlessness, and mild to severe hemop-
tysis, progressing to acute respiratory distress syndrome (ARDS). These pulmonary
symptoms typically emerge between the fourth and sixth days of illness, and the
disease progression can be rapid, leading to death in less than 72 hours. Dry cough,
especially during the leptospiremic phase, is the most common pulmonary symptom.
Severe pulmonary forms of leptospirosis (SPFL) may present as pulmonary hemor-
rhage, often massive, resulting in respiratory insufficiency and potential death from
asphyxiation. Pulmonary hemorrhage can precede other manifestations of leptospi-
rosis, including jaundice and acute renal failure. Hemoptysis, a sign of pulmonary
hemorrhage, has been reported in 17-50% of patients. SPFL has a rapid and severe
course, with high mortality rates ranging from 30 to 60%. In rare cases, patients may
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develop ARDS, requiring mechanical ventilation and associated with a mortality

rate of up to 51%. ARDS is often linked to pulmonary hemorrhage due to endothelial
damage. Myocarditis, renal failure, and/or overhydration in oliguria can lead to pul-
monary edema. Upon general physical examination, patients with severe pulmonary
leptospirosis may display tachypnea and cyanosis. Although jaundice is part of the
classical triad, it may be inconspicuously absent in 30% of patients, and the severity
of respiratory involvement does not necessarily correlate with the presence of icterus.
The respiratory system examination may be entirely normal or reveal the presence of
rales at the base. The most common cause of death in these cases is respiratory failure
due to diffuse pulmonary hemorrhage [14, 32, 33].

Nervous system manifestation: Leptospirosis commonly presents with headache and
fever, and approximately 50% of patients with suspected leptospiral meningitis have
cerebrospinal fluid (CSF) pleocytosis, with most having normal CSF glucose and
protein levels. Analysis of cerebrospinal fluid (CSF) in cases of aseptic meningitis
commonly reveals a predominance of lymphocytes, with total cell counts reaching up
to 500/mm3, protein levels ranging from 50 to 100 mg/mL, and normal glucose levels
[34]. Leptospirosis can be a predominant cause of aseptic meningitis in certain areas.
Patients with aseptic meningitis due to leptospirosis may not present with jaundice,
making diagnosis more challenging. In severe cases, altered mental status may indicate
meningoencephalitis, and other neurological complications such as hemiplegia, trans-
verse myelitis, Guillain—Barré syndrome, and encephalitis can also occur [14, 35, 36].

Ocular manifestation: The frequency of ocular manifestations in leptospirosis
ranges widely from 2 to 90% during the acute phase, with these signs typically
appearing in the immune phase. These manifestations encompass various conditions
such as chemosis, subconjunctival hemorrhage, cataracts, glaucoma, icteric sclera,
pericorneal congestion, interstitial keratitis, and uveitis, which can affect one or both
eyes. Uveitis, occurring in 40% of patients with systemic disease, can manifest as
anterior or panuveitis, with the latter being the most severe form, involving non-
granulomatous reactions, vitritis, periphlebitis, and other ocular complications.
Fortunately, the prognosis for ocular findings in leptospirosis, including uveitis, is
generally favorable with prompt treatment and accurate diagnosis [1]. One study
suggests that non-granulomatous panuveitis, hypopyon, and vitreous infiltration are
predictors of leptospiral uveitis in the absence of retinochoroiditis [37].

Pregnancy and leptospirosis: Pregnant women infected with leptospirosis may
exhibit symptoms like fever, jaundice, and headache. The estimated incidence of
leptospirosis in pregnancy is around 1.3 per 10,000 in women with fever or jaundice,
potentially higher in endemic regions. Adverse fetal outcomes are more prevalent
when the infection occurs during the second trimester compared to the third trimes-
ter. The clinical presentation of leptospirosis in pregnancy often overlaps with other
pregnancy-related conditions such as Pre-Eclampsia, Acute Fatty Liver of Pregnancy,
and HELLP Syndrome, making diagnosis challenging. In a significant number of
cases, patient history revealed potential exposure to leptospirosis, emphasizing the
importance of considering this infection in the differential diagnosis [38].

5. Prognosis and risk factors for morbidity and mortality

Leptospirosis is a serious and potentially fatal disease, with a mortality rate rang-
ing from 0.87 to 2.49%. The prognosis of the illness hinges on factors such as disease
severity, timely diagnosis, and immediate intensive treatment. Without proper
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intervention, complications like kidney failure, meningitis, liver damage, and respira-
tory distress can arise, leading to a case-fatality rate exceeding 50% in severe cases.
Various risk factors linked to severe leptospirosis and mortality include age, clinical
manifestations, and laboratory results. It is crucial to recognize that the transmission
and clinical manifestations of leptospirosis can differ based on environmental and
socioeconomic factors. Therefore, predictors of severe outcomes need to be assessed
within each specific epidemiological context to account for regional peculiarities.
Altered mental status, starting with confusion and obtundation without focal neu-
rological signs, stands out as a significant independent predictor of a fatal outcome

in leptospirosis. Other risk factors for death encompass hypotension, oliguria, age
over 36 years, and respiratory insufficiency. Advanced age and lung involvement,
indicated by dyspnea or alveolar infiltrates on chest X-rays, are correlated with higher
mortality rates.

Moreover, various negative prognostic indicators identified in studies include acute
renal failure, hypotension, arrhythmias, shock, multiple organ dysfunction, leukocy-
tosis, anemia (hematocrit <30%), and a platelet count below 100,000/pL [14, 39].

Patients with leptospirosis generally have a good prognosis with appropriate sup-
portive care. Those with acute renal failure necessitating dialysis often recover most
of their renal function, although some may exhibit mild persistent renal impairment.
Despite recovery, a significant portion of patients may encounter chronic post-lepto-
spirosis symptoms. Around 30% of individuals report ongoing complaints following
acute leptospirosis, which can manifest as fatigue, myalgia, malaise, headache, and
weakness. Additionally, ocular complications such as uveitis can arise during the recov-
ery phase of leptospirosis. This highlights the importance of continued monitoring and
follow-up care for patients even after the acute phase of the illness has passed [14].

6. Diagnosis

Leptospirosis diagnosis involves detecting the organism or its components in body
fluids, isolating Leptospira in cultures, or identifying specific antibodies. The choice
of tests and specimens collected hinges on when symptoms started and how long they
have been present [18].

Molecular Diagnosis: Leptospiral DNA can be amplified from various bodily fluids
and organs using PCR and other assays, with quantitative PCR assays targeting
different genes for diagnostic use. PCR detection in blood samples is more sensitive
than culture; however, serology ultimately detects more cases. PCR assays currently
can identify the infecting serovar, which has epidemiological and public health value
[40]. Whole-genome sequencing has been applied to the diagnosis of neurological
leptospirosis, and it is likely that direct serovar identification will be possible in the
near future [41].

Laboratory Isolation and Identification: Leptospires are cultured using specialized
media, and the timing of culture depends on the accurate onset of symptoms. Blood
cultures should be obtained promptly after the patient’s presentation, with a small
amount of blood inoculated into a suitable medium. While multiple cultures increase
recovery rates, this is often challenging. Other samples like cerebrospinal fluid (CSF)
and peritoneal dialysate can be cultured in the first week of illness. Urine cultures
are recommended from the second week onward, as urinary excretion can persist
for weeks. Cultures are typically maintained at 28-30°C and examined weekly under
dark-field microscopy for up to 13 weeks [14, 31].
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Leptospires are identified through serological or molecular techniques, with
sequence-based identification of Leptospira spp. becoming more common. For epidemi-
ological purposes, strain subtyping can be done using methods like restriction enzymes
or PCR variations to create distinct banding patterns. Modern techniques like MLVA and
MLST offer reproducible and detailed sub-serovar-level information [42, 43].

Serological diagnosis is crucial for identifying leptospirosis due to limited culture
and PCR capabilities. IgM antibodies typically appear in blood 5-7 days post-
symptom onset. The Microscopic Agglutination Test (MAT) is the gold standard
for serological diagnosis, involving live antigen reactions with patient sera to detect
agglutination. MAT is serogroup-specific but may not pinpoint the infecting serovar
accurately due to cross-reactions. Confirming a diagnosis requires paired sera show-
ing a fourfold titer increase. While MAT is complex and requires live cultures, it is
valuable for epidemiological studies. Other serological tests like ELISA are used for
rapid screening, but MAT remains the preferred method for leptospirosis diagnosis
despite its limitations [14, 18].

Due to the complexity of MAT, rapid screening for leptospiral antibodies in severe
disease has been developed. IgM antibodies can be detected in the first week of ill-
ness, allowing diagnosis to be confirmed and treatment initiated, although this may
be the most effective method. It has been repeatedly proven that the IgM test is more
sensitive than MAT when the first sample is taken early in the course of the disease.
Detection of IgM using ELISA is widely used, mainly using antigens prepared from
culture of Lactobacillus Bifidum, although bacterial strain is also used. There are sev-
eral products available. Recombinant antigens have also been used but have not been
evaluated extensively. Recently, IgM testing has been developed into a variety of rapid
tests intended for use in the laboratory without extensive testing or potency in the
field. These include two types of test strips: latex agglutination, lateral flow, and dual-
pass platform. However, the use of serological tests for early diagnosis has important
limitations and evaluation of the second sample should be considered mandatory. It is
also recommended to confirm the diagnosis quickly with the test used [14, 18].

7. Patients management

Treatment: Leptospirosis is a mild condition that usually resolves on its own, but
early antibiotic treatment can prevent the disease from progressing to serious levels
in patients. Diagnosis depends on the patient’s risk, infection history, and symptoms,
and rapid diagnosis has been developed. However, negative results should not be
relied on to exclude early infection, and empirical treatment should be started as
soon as the diagnosis is made. Leptospira strains are naturally resistant to many anti-
biotics, but there is little evidence of resistance to antibiotics used to treat leptospi-
rosis. In addition to rapid diagnosis and appropriate antimicrobial therapy, regular
monitoring of antibiotic resistance is important [44]. The treatment for severe
leptospirosis includes the use of intravenous penicillin, ampicillin, ceftriaxone, or
cefotaxime. Ceftriaxone is comparable to penicillin, has once-daily dosing, and can
be administered intramuscularly. For outpatients with early disease, doxycycline or
azithromycin is recommended, while pregnant women and children can be given
azithromycin or amoxicillin. These recommendations are based on various studies
and clinical experience, including research demonstrating the benefits of doxycy-
cline therapy in shortening the duration of illness and preventing the shedding of
organisms in the urine (Table 1) [11, 14].
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Drug Dose Duration Points
Out Patients Doxycycline 100 mg po Bid 5-7 Days
Amoxicillin or 500 mg po 7 Days In pregnancy and children
Ampicillin Tid or Qid <8 years: 25-50 mg/kg/day po
in 3 divided doses for 7 days
Azithromycin 1gm poone 3 Days In pregnancy and children
dose and then <8 years: 10 mg/kg (max
500 mg po for 500 mg) on day one and then
2 days 5 mg/kg/day for 3 days
Hospitalized Penicillin G 1.5 million 7 Days Children: 250,000—
units IV /Q6h 400,000 units/kg/day in 4-6
divided doses/7 days
Cefotaxime 1grlIV/q6h 7 Days
Doxycycline 100 mg IV/ 7 Days
Bid
Ceftriaxone 2gmIV once 7 Days
daily
Chemoprophylaxis Doxycycline 200 mg po Oncea
week
Azithromycin 500 mg oncea
week

Table 1.
Leptospirosis treatment or chemoprophylaxis.

The treatment for severe leptospirosis involves the use of antibiotics and support-
ive therapy. This includes intravenous hydration, potassium supplementation, and, in
cases of oliguric renal failure, peritoneal dialysis or hemodialysis, which can be life-
saving if initiated early. Prompt initiation of daily dialysis in critically ill patients has
been shown to reduce mortality. Additionally, patients with respiratory failure may
benefit from low tidal volume ventilation to improve survival rates [10, 14, 27, 33].

Leptospires are susceptible to various antibiotics including f-lactams, macrolides,
tetracyclines, fluoroquinolones [45], and streptomycin. However, determining sus-
ceptibility is challenging because of long incubation times, serum-containing media,
and difficulties in quantifying growth accurately. Recent microdilution methods may
facilitate the study of large numbers of isolates against different antimicrobial agents,
potentially identifying new treatments for leptospirosis [45, 46].

According to a meta-analysis, there is no evidence that antibiotics are more effec-
tive than a placebo in treating leptospirosis, and no significant differences have been
found in preventing symptomatic infection. Clinical trials with other antibiotics are
needed to improve understanding of the treatment for this neglected disease [47].

A study in India found that levofloxacin demonstrated efficacy against leptospiral
serovars, suggesting its potential for treating leptospirosis. Similarly, enrofloxacin
showed success in treating bovine leptospirosis in Mexico. However, further research
is needed to assess the effectiveness of fluoroquinolones in human cases. Prompt
diagnosis and appropriate antimicrobial therapy are crucial in preventing chronic
illness [48].

Complications of treatment: The Jarisch-Herxheimer Reaction (JHR) is a transient
immunological phenomenon that can occur during treatment for leptospirosis that

110



Leptospirosis: New Insights and Researches
DOI: http://dx.doi.org/10.5772/intechopen.1008892

can lead to severe symptoms including shaking chills, fever, headache, myalgia, and
skin rashes, and in some cases, may cause complications such as respiratory distress
syndrome, myocardial injury, and seizures. The reaction is caused by non-endotoxin
pyrogen and spirochetal lipoproteins, and its mediation in relapsing fever involves
pro-inflammatory cytokines such as TNF, IL-6, and IL-8. JHR typically occurs within
24 hours after antibiotic treatment and resolves a few hours later, but can also occur in
the context of other spirochetal infections. In severe cases, it can lead to complications
and even death, particularly in neonates and pregnant women. Ocular complications,
such as ocular syphilis and neuroretinitis, have been reported in association with
JHR, leading to vision impairment and other ocular issues. Ophthalmologists should
be aware of these complications, especially when initiating antibiotic treatment in
patients with syphilitic disease. Early diagnosis and appropriate treatment can reduce
the mortality rate of severe JHR cases [49].

Prevention: Preventing leptospirosis involves understanding its epidemiology,
transmission, and implementing protective measures. This includes reducing expo-
sure, using protective clothing, and immunization. The disease is closely associated
with poverty and poor housing, leading to exposure to rodent reservoirs. While
rodent abatement efforts have short-term benefits, they pose risks to children and
wildlife. Therefore, constructing rodent-proof housing and implementing flood con-
trol projects are crucial but challenging prevention measures. Identifying high-risk
activities and using personal protective equipment are also important. Additionally,
immunizing animals and treating infected ones are vital for preventing the disease in
humans [3, 7, 14].

The use of oral doxycycline has been studied as an antibiotic for leptospirosis,
and some evidence shows protection. However, the evidence is insufficient, and
more powerful studies are needed to confirm the main effects of chemoprevention.
Limited research suggests that chemoprophylaxis with doxycycline (200 mg orally
per week), starting 1 to 2 days before exposure and continuing, may be effective
in preventing infection, especially in adults with high risk and short-term expo-
sure. However, the best time for leptospirosis chemoprophylaxis has not yet been
determined and further research is needed to determine the best time for chemo-
prophylaxis [14, 47].

A study conducted in Iran demonstrated that a weekly dose of 500 mg of azithro-
mycin or 200 mg of doxycycline can effectively prevent leptospirosis without any
significant differences [50].

Vaccination: Vaccination with the leptospirosis vaccine is limited to high-risk
groups and response to floods and epidemics. Reports from Japan, China, and Cuba
indicate that vaccination leads to a reduction in the incidence of leptospirosis but
also leads to social disruption and disease. Due to concerns of excessive effect on the
host protein, growing a vaccine from Leptospira has been proposed in medicine, but
this vaccine is not yet widely used. The vaccines are not fully effective but are the
only universal vaccine authorized to control leptospirosis in humans and animals.
However, it also has disadvantages such as lack of immunity, reactogenicity problems,
and protection against most serotypes contained in the vaccine. Research on recom-
binant subunit vaccines has shown promising results, but they provide only partial
protection against Leptospira infections. More research is needed to develop an effec-
tive leptospirosis vaccine [4, 14, 51].

The development of a killed whole-cell vaccine for leptospirosis by the Pasteur
Institute led to a significant reduction in leptospirosis cases among Parisian sewer
workers. The recommended vaccination protocol involves initial immunization,
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followed by two booster doses and reimmunization every 2 years. Recent reports have
confirmed the safety and efficacy of the vaccine marketed as Spirolept™. The active
component of killed whole-cell vaccines for leptospirosis is leptospiral LPS, a serovar-
specific antigen that provides protection against homologous or closely related
serovars. A trivalent vaccine has been developed to protect against unrelated serovars.
Research is focused on developing leptospirosis vaccines with a low side-effect profile
and long-lasting, cross-protective immunity by improving understanding of the
leptospiral outer membrane [51].

8. New challenges

One of the new challenges related to leptospirosis is the increasing incidence of
this disease in urban areas. As urbanization continues to expand, more people are liv-
ing in close proximity to rodents and other animals that carry the bacteria responsible
for leptospirosis. This increases the risk of exposure to disease, particularly in areas
with poor sanitation and drainage systems.

Another challenge is the lack of awareness and understanding of leptospirosis
among healthcare professionals and the general public. This can lead to delays in
diagnosis and treatment, as well as missed opportunities for disease prevention and
control.

Climate change also contributes to the spread of leptospirosis, as warmer tempera-
tures and more frequent extreme weather events create favorable conditions for the
bacteria to survive and spread.

Addressing these challenges will require a multi-faceted approach, including
improved surveillance and reporting of leptospirosis cases, public education and
awareness campaigns, and efforts to improve the sanitation and control of rodent
populations in urban areas. Additionally, research into new diagnostic tools and vac-
cines for leptospirosis is needed to prevent and manage the disease better.

The important research topics concerning human leptospirosis encompass
several critical areas. One key focus is exploring the role of the host immune
response in the pathogenesis of leptospirosis, which holds significant implications
for developing novel therapeutic strategies. Additionally, genomic and transcrip-
tomic analyses of Leptospira spp. are crucial for understanding strain diversity,
identifying virulence factors, and detecting emerging strains that impact
public health.

Developing a rapid and accurate diagnostic test using CRISPR-Cas technology,
along with other innovative diagnostic methods, would enhance early detection
of leptospirosis, benefiting both human and veterinary medicine. Research into
the effects of climate change on the incidence and distribution of leptospirosis is
essential, as it may enable the prediction of environmental conditions conducive to
outbreaks. Identifying novel drug targets through high-throughput screening and
structural biology approaches can improve therapeutic outcomes. Moreover, examin-
ing the long-term effects and complications of leptospirosis is vital for understanding
its impact on the development and growth of affected countries.

This research should also extend to the mechanisms of transmission in both
urban and rural settings, bolstered by the development of effective vaccines, thereby
advancing prevention measures against the disease. Collectively, these research
efforts offer a comprehensive understanding of leptospirosis and form the foundation
for improved interventions and control strategies.
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9. Conclusions

Leptospirosis is a re-emerging zoonotic infection that poses significant challenges
to human health, particularly in tropical regions, but also in other regions as well, and
after heavy rainfall and floods. It is also becoming a new threat in developed countries
and urban areas and requires increased awareness among clinicians. Diagnosis is
challenging due to non-specific symptoms and inadequate laboratory test results.
Medical management of severe cases requires a multidisciplinary approach, and
further studies of Leptospira-host interactions are needed. Overall, the challenges of
leptospirosis include its varied clinical presentation, the need for accurate diagnosis,
and the importance of preventive measures to reduce exposure risk.
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