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This special issue of International Journal of Environmental Research and Public Health is
dedicated to leptospirosis, an endemic zoonotic disease that is a cause of many acute undifferentiated
fevers, especially in tropical countries [1,2]. While it can be debated whether leptospirosis is an
emerging disease, it is evident that it is becoming an emerging public health problem. It is recognized
as a disease of epidemic potential that has a significant health impact in many parts of the world.

Leptospirosis is an excellent example of “One Health”, where the relationship between humans,
animals and ecosystems can be used to improve our understanding of this disease and to enhance
control strategies [3]. The bacteria Leptospira interrogans is pathogenic to humans and animals.
It affects a wide variety of animal species, both wild and domestic, which serve as sources of infection
for humans [4]. Exposure through water and soil contaminated by the urine of infected animals is the
most common route of transmission to people and domestic animals [4].

The burden of leptospirosis is estimated to be 500,000 persons worldwide per year, although new
estimations are being developed by an expert consultation group led by the World Health Organization
(WHO) [5]. In addition, the number of reported cases associated with natural disasters and flooding
have increased with the most notable outbreaks occurring in: Nicaragua (1995), Peru and
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Ecuador (1998), Orissa (1999), Malaysia (2000), Jakarta (2002), Mumbai (2000 and 2005),
and The Philippines (2009) [6—12].

Reviewing the HealthMap database that utilizes different online sources for real-time surveillance
of emerging public health threats, there were 787 global alerts for leptospirosis between 2007 and
2013 [13]. More than half of these leptospirosis alerts (63%) occurred in the Americas Region,
particularly in Brazil (142 alerts), Nicaragua (45) and Argentina (43) [13]. About ten million people
are affected by natural disasters in the Region of the Americas annually, with the majority of them
being storms (41%) and floods (35%) [14,15]. However, only half of the countries in this region have
reported leptospirosis case surveillance data, which suggests that not all countries have recognized
leptospirosis as an important public health threat [16]. The region with the second highest percentage
of alerts is the Western Pacific (15%), followed by South-East Asia (14%) and Europe (8%) [13]. The
African (1%) and the Eastern Mediterranean Regions (0.5%) do not present many leptospirosis alerts,
possibly due to their diagnostic capabilities [13].

Leptospirosis cases have been reported in a variety of settings, from large urban centers after floods
to remote rural areas with limited access to clean drinking water and sanitation [17-20]. While it
affects mostly vulnerable populations and is often considered a disease of poverty in middle and low
income countries; it is also considered an occupational disease affecting rice workers, animal handlers
(farmers, veterinarians, butchers), sewer workers, gold mining workers, among others in low, middle
and high income countries alike [4,21-23]. In recent years, leptospirosis has gained increased attention
as it relates to recreational activities among the wildlife and army expeditions [8,24]. The impact
on humans may be devastating since the disease can result in hospitalization and time lost from
work [25]. In addition, leptospirosis outbreaks pose a burden on health systems and can cause
significant economic and social disruption.

Leptospirosis is typically underdiagnosed and underreported. With symptoms ranging from a mild
flu-like illness to a more severe and sometimes fatal disease (mortality rate greater than 10%),
differentiating leptospirosis from diseases with similar non-specific symptoms such as dengue, malaria
and influenza becomes arduous [1,26,27]. Furthermore, laboratory confirmation is difficult as
diagnostic tests are expensive and require specific training and equipment, often only found at
reference labs.

Despite these difficulties, leptospirosis remains one of the top ten infectious hazards reported
globally in the Event Management System (EMS), the event system that supports the International
Health Regulations since its revised version implemented in 2007 [28,29]. In the Americas,
leptospirosis events were in the top third, and came only after dengue and influenza as top infectious
hazards in the EMS.

Animal leptospirosis can cause a significant economic impact to local farmers and national
economies since it is related to reduced milk production and livestock abortions [30]. Local studies in
Central America already indicate the importance of this disease in animals, given that leptospirosis
prevalence was found in bovine (31-83%), equine (18-76%), porcine (17-75%) and canine (27-65%),
among others animals [31]. Because only a few studies can be found in the literature about the impact
of leptospirosis on livestock production, both in small farms and in extensive livestock raising
practices, there is an urgent need to have additional studies evaluating its impact and the cost-effective
actions required in order to reduce the spread of this disease from animals to humans.
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Further, the role that the environment has on leptospirosis outbreaks is not well understood. Recent
evidence suggests that climate change may be correlated to the increased number of outbreaks. In
addition, research indicates that heavy rains or floods may be drivers for this disease [18,32-35].
Another possible driver is type of alkaline and neutral soil, which may facilitate longer survival of the
bacteria, especially in volcano origin soils [18,30]. Certain ecological conditions may propagate the
circulation of peri-domestic rodents and contribute to intensive agriculture production [36]. Also,
higher risk of infection has been associated with vulnerable populations living in dense urban or
peri-urban areas without waste collection and with inadequate sanitation [33,37]. An increased level of
understanding regarding the risk factors could provide information to support countries’ decision
makers in identifying risk areas for priority interventions.

Leptospirosis remains as a neglected disease that suffers from unawareness, despite its increasing
number of cases and outbreaks globally [28]. However, the impact this disease has on various sectors,
on numerous risk groups, in many countries, and in a variety of settings demonstrates the importance
of addressing leptospirosis with a holistic approach in a global perspective.

This special issue on leptospirosis in the animal-human-ecosystem interface highlights a range of
topics, from the complexities surrounding disease transmission between animals, rodents and humans
to the need for developing economical preventive and control methods. It demonstrates the importance
of developing interdisciplinary, multi-sectorial groups, as the Global Leptospirosis Environmental
Action Network (GLEAN), a network which translates research into operational tools to support
communities and countries affected by leptospirosis [38]. It brings to light country specific initiatives
and research focusing on the socioeconomic factors related to leptospirosis outbreaks and also
addresses the impact leptospirosis has on animals. It points out the need for further research on
laboratory diagnosis and vaccines for both humans and animals.

It is evident that an integrated vision within the animal-human-ecosystem interface is necessary in
order to orient knowledge about the prediction, detection, prevention and response to outbreaks of
leptospirosis. The complex nature of the transmission of leptospirosis and the gap of practical tools to
operate at the local level by both human and animal health authorities is a major challenge and it
remains for the scientific community to address. We hope this issue will bring to light the many
components surrounding leptospirosis as well as promote the need for further research, collaboration,
and innovative ideas necessary reduce its global impact.

References

1. World Health Organization. Report of the Second Meeting of the Leptospirosis Burden
Epidemiology Reference Group; WHO: Geneva, Switzerland, 2011; pp. 1-37.

2. Crump, J.A.; Morrissey, A.B.; Nicholson, W.L.; Massung, R.F.; Stoddard, R.A.; Galloway, R.L.;
Ooi, E.E.; Maro, V.P.; Saganda, W.; Kinabo, G.D.; Muiruri, C.; Bartlett, J.A. Etiology of severe
non-malaria febrile illness in northern Tanzania: A prospective cohort study. PLoS Negl. Trop.
Dis. 2013, 7, doi:10.1371/journal.pntd.0002324.

3. Food and Agriculture Organization of the United Nations, World Organization for Animal Health,
World Health Organization. The FAO-OIE-WHO Collaboration: Sharing Responsibilities and
Coordinating Global Activities to Address Health Risks at the Animal-Human-Ecosystems
Interfaces; FAO, OIE, WHO: Geneva, Switzerland, 2010; pp. 1-8.



Int. J. Environ. Res. Public Health 2013, 10 7232

4.

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

World Health Organization. Human Leptospirosis: Guidance for Diagnosis, Surveillance and
Control; WHO: Geneva, Switzerland, 2003.

World Health Organization. Report of the First Meeting of the Leptospirosis Burden
Epidemiology Reference Group; WHO: Geneva, Switzerland, 2010; pp. 1-40.

Trevejo, R.T.; Rigau-Perez, J.G.; Ashford, D.A.; McClure, E.M.; Jarquin-Gonzales, C.;
Amador, J.J.; de los Reyes, J.O.; Gonzalez, A.; Zaki, S.R.; Shieh, W.J.; et al. Epidemic
leptospirosis associated with pulmonary hemorrhage—Nicaragua, 1995. J. Inf. Dis. 1998, 178,
1457-1463.

Johnson, M. A.; Smith, H.; Joseph, P.; Gilman, R.H.; Bautista, C.T.; Campos, K.J.; Cespedes, M.;
Klatsky, P.; Vidal, C.; Terry, H.; ef al. Environmental exposure and leptospirosis, Peru. Emerg.
Infect. Dis. 2004, 10, 1016-1022.

Pappas, G.; Papadimitriou, P.; Siozopoulou, V.; Christou, L.; Akritidis, N. The globalization of
leptospirosis: Worldwide incidence trends. Int. J. Infect. Dis. 2008, 12, 351-357.

Sehgal, S.C.; Sugunan, A.P.; Vijayachari, P. Outbreak of leptospirosis after the cyclone in Orissa.
Natl. Med. J. India 2002, 15, 22-23.

Karande, S.; Bhatt, M.; Kelkar, A.; Kulkarni, M.; De, A.; Varaiya, A. An observational study to
detect leptospirosis in Mumbai, India, 2000. Arch. Dis. Child. 2003, 88, 1070-1075.

Victoriano, A.; Smythe, L.; Gloriani-Barzaga, N.; Cavinta, L.; Kasai, T.; Limpakarnjanarat, K.;
Ong, B.L.; Gongal, G.; Hall, J.; Coulombe, C.A.; et al. Leptospirosis in the Asia Pacific region.
BMC Infect. Dis. 2009, 9, 147, doi:10.1186/1471-2334-9-147.

Amilasan, A.T.; Ujiie, M.; Suzuki, M.; Salva, E.; Belo, M.C.P.; Koizumi, N.; Yoshimatsu, K.;
Schmidt, W.; Marte, S.; Dimaano, E.M.; et al. Outbreak of leptospirosis after flood, the
Philippines, 2009. Emerg. Infect. Dis. 2012, 18, 91-94.

HealthMap. Available online: http://healthmap.org/en/ (accessed on 7 August 2013).

Schneider, M.C.; Tirado, M.C.; Rereddy, S.; Dugas, R.; Borda, M.I.; Alvarez Peralta, E.;
Aldighieri, S.; Cosivi, O. Natural disasters and communicable diseases in the Americas:
Contribution of Veterinary Public Health. Vet. Ital. 2012, 48, 193-218.

Pan American Health Organization. Health in the Americas—Regional Outlook and Country
Profiles, 2012 Edition. Pan American Health Organization: Washington, DC, USA, 2012.

Costa, F.; Martinez-Silveira, M.S.; Hagan, J.E.; Hartskeerl, R.A.; Reis, M.G.D.; Ko, A.L
Surveillance for leptospirosis in the Americas, 1996-2005: A review of data from ministries of
health. Rev. Panam. Salud Publica 2012, 32, 169-177.

Ko, A.L;; Galvad Reis, M.; Ribeiro Dourado, C.M.; Johnson, W.D.; Riley, L.W. Urban epidemic
of severe leptospirosis in Brazil. Lancet 1999, 354, 820-825.

Schneider, M.C.; Ngjera, P.; Aldighieri, S.; Bacallao, J.; Soto, A.; Marquino, W.; Altamirano, L.;
Saenz, C.; Marin, J.; Jimenez, E.; et al. Leptospirosis outbreaks in Nicaragua: Identifying critical
areas and exploring drivers for evidence-based planning. Int. J. Environ. Res. Public Health. 2012,
9, 3883-3910.

Maciel, E.A.P.; de Carvalho, A.L.F.; Nascimento, S.F.; de Matos, R.B.; Gouveia, E.L;
Reis, M.G.; Ko, A.I. Household transmission of leptospira infection in urban slum communities.
PLoS Negl. Trop. Dis. 2008, 2, €154, doi:10.1371/journal.pntd.0000154.



Int. J. Environ. Res. Public Health 2013, 10 7233

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Lau, C.; Clements, A.; Skelly, C.; Dobson, A.; Smythe, L.; Weinstein, P. Leptospirosis in
American Samoa—Estimating and mapping risk using environmental data. PLoS Negl. Trop. Dis.
2012, 6, 1669, doi:10.1371/journal.pntd.0001669.

Benschop, J.; Heuer, C.; Jaros, P.; Collins-Emerson, J.; Midwinter, A.; Wilson, P.
Sero-prevalence of leptospirosis in workers at a New Zealand slaughterhouse. N. Z. Med. J. 2009,
122,39-47.

Muioz, P.; Lopez, M.J.; Muioz, C.A. Determinacion serologica de Leptospirosis y brucelosis en
individuos expuestos al riesgo. Agro-Ciencia Chile 1996, 12, 169—174.

Bertherat, E.; Renaut, A.; Nabias, R.; Dubreuil, G.; Georges-Courbot, M.-C. Leptospirosis and
Ebola virus infection in five gold-panning villages in northeastern Gabon. Am. J. Trop. Med. Hyg.
1999, 60, 610-615.

Sejvar, J.; Bancroft, E.; Winthrop, K.; Bettinger, J.; Bajani, M.; Bragg, S.; Shutt, K.; Kaiser, R.;
Marano, N.; Popovic, T.; et al. Leptospirosis in ‘‘Eco-Challenge’’ athletes, Malaysian Borneo.
Emerg. Infect. Dis. 2003, 9, 702—707.

Souza, V.M.M.D.; Arsky, M.D.L.N.S.; Castro, A.P.B.D.; Araujo, W.N.D. Years of potential life
lost and hospitalization costs associated with leptospirosis in Brazil. Revista de Saude Publica
2011, 45, 1001-1008.

Izurieta, R.; Galwankar, S.; Clem, A. Leptospirosis: The “mysterious” mimic. J. Emerg. Trauma
Shock 2008, 1, 21-33.

Souza, A.lL.; Nogueira, J.M.R.; Pereira, M.M. Anticorpos anti-Leptospira em pacientes do Mato
Grosso do Sul com suspeita clinica de dengue e hepatite viral. Rev. Soc. Bras. Med. Trop. 2007,
40,431-435.

Hartskeerl, R.A. Leptospirosis: Current status and future trends. /ndian J. Med. Microbiol. 2006,
24, 309.

World Health Organization. International Health Regulations, 2005. WHO: Geneva, Switzerland,
2008.

Acha, P.N.; Szyfres, B. Bacterioses and Mycoses. In Zoonoses and Communicable Diseases
Common to Man and Animals, 3rd ed.; Technical Publication No. 580; Pan American Health
Organization: Washington, DC, USA, 2003; pp. 157-168.

Pan American Health Organization. Report of the National Forum of Leptospirosis of Nicaragua
and the International Meeting of Countries that are Facing Leptospirosis Qutbreaks in the
Americas. PAHO: Managua, Nicaragua, 2012. Available online: http://www.paho.org/hq/
index.php?option=com_content&view=article&id=7868&Itemid=39698&lang=en (accessed on
21 October 2013).

Campanella, N. Infectious diseases and natural disasters: The effects of Hurricane Mitch over
Villanueva municipal area, Nicaragua. Public Health Rev. 1999, 27, 311-319.

Barcellos, C.; Chagastelles Sabroza, P. The place behind the case: Leptospirosis risks and
associated environmental conditions in a flood-related outbreak in Rio de Janeiro. Cad. Saude
Publica 2001, Suppl. 17, 59-67.

Gaynor, K.; Katz, A.R.; Park, S.Y.; Nakata, M.; Clark, T.A.; Effler, P.V. Leptospirosis on Oahu:
An outbreak associated with flooding of a university campus. Am. J. Trop. Med. Hyg. 2007, 76,
882-885.



Int. J. Environ. Res. Public Health 2013, 10 7234

35.

36.

37.

38.

Liverpool, J.; Francis, S.; Liverpool, C.E.; Dean, G.T.; Mendez, D.D. Leptospirosis: Case reports
of an outbreak in Guyana. Am. Trop. Med. Parasitol. 2008, 102, 239-245.

Barcellos, C.; Lammerhirt, C.B.; Almeida, M.A.B.D.; Santos, E.D. Spatial distribution of
leptospirosis in Rio Grande do Sul, Brazil: Recovering the ecology of ecological studies.
Cadernos de Saude Publica 2003, 19, 1283-1292.

Reis, R.B.; Ribeiro, G.S.; Felzemburgh, R.D.M.; Santana, F.S.; Mohr, S.; Melendez, A.X.;
Queiroz, A.; Santos, A.C.; Ravines, R.R.; Tassinari, W.S.; et al. Impact of environmental and
social gradient on Leptospira infection in urban slums. PLoS Negl. Trop. Dis. 2008, 2,
doi:10.1371/journal.pntd.0000228.

Global Leptospirosis Environmental Action Network. Available online: http://www.glean-
lepto.org/ (accessed on 21 October 2013).

© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/3.0/).



