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Abstract 
 

Leptospirosis is an emerging neglected disease representing a heavy burden in the tropics, 

especially in tropical islands such as Seychelles, which record among the highest human incidence 

worldwide. This thesis aims at exploring the eco-epidemiology of leptospirosis in Seychelles by 

(i) using rats as markers of environmental exposure to Leptospira infection, (ii) describing the 

molecular epidemiology of the disease in humans and animals in a One Health framework, and 

(iii) identifying occupational and behavioural risk factors while comparing the current situation to 

that described 25 years ago. The combination of fine spatial distribution, molecular and clinical 

epidemiology complement each other in providing a comprehensive picture of the continuum 

involving reservoirs and human hosts within a shared environment. 

Habitat fragmentation and proximity to nutritional sources are found good predictors of 

Leptospira-laden Rattus spp. Geospatial analyses determined a selection of other important 

variable factors that are strongly correlated with Leptospira infection in Rattus spp., including 

altitude or distance to surface water (negative correlation), urbanization and heavy rainfall 

(positive correlation). Results of these analyses can guide policy makers and especially urban 

planners to best implement landscape structures for conservation or pest control goals leading to 

reduced exposure of humans to rat-borne diseases. 

Rattus norvegicus is found significantly more infected than Rattus rattus. Therefore, 

increased infection in urbanized/fragmented habitats may result at least in part from Rattus spp 

distribution, as R. norvegicus is mostly found in urban areas.  Most importantly, genotyping of 

Leptospira in human acute cases and rats suggests that these rodents are involved in only a third 

of human acute infections, while most human cases originate from yet to be identified reservoir(s). 

An annual incidence of 54.6 (95% CI 40.7-71.8) per 100,000 confirms the major medical 

and public health importance of the disease in the country. The disease affects mainly men (96%) 

and displays a case fatality rate of 11.2%, mostly associated with severe forms (acute renal failure, 

hepatic failure and pulmonary haemorrhage). Farming and gardening related activities, proximity 

to cattle and cats, thrombocytopaenia, leukocytosis, elevated bilirubin and high values for renal 

function tests are predictors of leptospirosis. The geographical distribution of human cases poorly 

overlaps districts of high prevalence in rats in keeping with a restricted role of rats in human 

disease. 
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The comparison of figures reported herein and in previous studies published 25 years ago 

reveals changes in behaviour and exposure, and shows that the development of health care has 

lowered the case fatality despite still high disease incidence in the country. A low level of 

knowledge on leptospirosis is reported, urging the need for implementing health education 

campaigns. Altogether, the data presented in this thesis strongly supports the implementation of a 

research program aiming at discovering alternative reservoir(s) to provide a full understanding of 

the epidemiological situation, which will allow fine tuning preventive measures for an efficient 

control of a disease that is still recognised as the infectious disease causing the highest mortality 

in the country.  
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Résumé. 
 

La leptospirose est une maladie négligée émergente touchant plus particulièrement les 

régions tropicales, et plus encore les îles tropicales telles que les Seychelles, qui enregistrent des 

incidences humaines parmi les plus élevées au monde. Cette thèse a pour objectifs d’explorer l’éco 

épidémiologie de la leptospirose aux Seychelles (i) en utilisant les rats comme marqueurs 

d’exposition environnementale, (ii) en décrivant l’épidémiologie moléculaire de la maladie chez 

l’homme et l’animal à travers une approche “One Health”, et enfin (iii) en identifiant les 

comportements et professions à risque tout en en comparant la situation actuelle à celle décrite il 

y a 25 ans. La combinaison d’approches géographique, moléculaire et clinique vise à dresser un 

tableau complet de la situation épidémiologique de cette maladie aux Seychelles en intégrant les 

réservoirs animaux, l’homme et l’environnement qu’ils occupent. 

La fragmentation de l’habitat et la proximité de ressources alimentaires apparaissent 

comme de bons prédicteurs d’infection chez les rats. Les analyses géo-spatiales permettent de 

mettre en évidence d’autres variables corrélées négativement (altitude ou distance à un point d’eau 

douce) ou positivement (niveau d’urbanisation, pluviométrie) au statut d’infection chez les rats. 

Ces résultats pourraient être pris en compte dans les politiques d’aménagement du territoire mises 

en place dans des buts de conservation des habitats ou de contrôle des rongeurs, afin de réduire 

l’exposition de l’homme à des pathogènes maintenus dans l’environnement par les rats.  

Si le niveau d’urbanisation est positivement corrélé avec le statut d’infection, ce patron 

pourrait au moins en partie résulter de la distribution des deux espèces Rattus norvegicus et Rattus 

rattus. En effet la première espèce, retrouvée essentiellement en milieu urbain, est nettement plus 

infectée que la deuxième que l’on retrouve partout sur l’île. Néanmoins, la comparaison des 

leptospires retrouvés chez les rats et chez les cas humains graves indique que les rats ne sont 

impliqués que dans un tiers des transmissions à l’homme, la majorité des cas humains étant causée 

par des leptospires dont le(s) réservoir(s) reste(nt) à identifier.  

Une incidence annuelle de 54,6 (95% IC 40,7-71,8) pour 100 000 habitants confirme 

l’importance médicale majeure de cette maladie dans le pays. La maladie touche très 

majoritairement les hommes (96%) et présente un taux de mortalité élevé (11,2%), essentiellement 

associé à des formes sévères (dysfonctions rénales et hépatiques, hémorragie pulmonaire). Les 

activités agricoles et le jardinage, la proximité d’élevages et de chats, une thrombocytopénie, une 

leucocytose, un taux de bilirubine élevé et des valeurs élevées aux tests de fonction rénale sont de 

bons prédicteurs de leptospirose. La distribution géographique des cas humains ne correspond pas 
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à celle des districts hébergeant des populations de rats aux prévalences d’infection élevées, en 

cohérence avec un rôle restreint des rats dans la leptospirose humaine. 

La comparaison des données présentées ici avec celles publiées il y a 25 ans révèle un 

changement dans les comportements et les expositions, et montre qu’une meilleure prise en charge 

hospitalière a vraisemblablement contribué à faire diminuer le taux de mortalité lié à la 

leptospirose, même si celle-ci reste élevée. Un faible niveau de connaissance de la maladie en 

population générale souligne l’importance de mettre en place des campagnes de sensibilisation. 

Les données produites dans le cadre de cette thèse stimulent par ailleurs la mise en place d’études 

complémentaires visant à mettre en évidence le(s) réservoir(s) complémentaire(s) afin d’apporter 

toute la lumière sur la situation épidémiologique. Une compréhension plus complète des chaînes 

de transmission permettra d’adapter les mesures de prévention afin de limiter le fardeau que 

représente cette maladie aux Seychelles, aujourd’hui encore reconnue comme la maladie 

infectieuse causant le plus de décès dans le pays. 
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General Introduction 

Emerging infectious diseases  

Infectious diseases have been a constant threat to human survival throughout recorded 

history whether from the Black Death (bubonic/pneumonic plague), the Spanish Flu epidemic, 

HIV/AIDS pandemic, and emerging epidemics of SARS-CoV (Severe Acute Respiratory 

Syndrome novel Coronavirus), MERS (Middle Eastern Respiratory Syndrome), up to recent 

outbreaks of Dengue, Chikungunya and Ebola fevers. The described evolutionary history of 

pathogens is such that they emerge to cause outbreaks and epidemics, constantly adapting with 

periodic emergence and finally becoming endemic with the impending threat of future outbreaks 

(Fauci, Touchette, & Folkers, 2005; Jones et al., 2008; Morens & Fauci, 2013; van Doorn, 2014).   

The definition of what is an emerging infectious disease needs to be traced in history to 

mankind’s complacency and  their grandiose statements of victory against infectious diseases upon 

the advent of antibiotics and shortly followed by the eradication of smallpox through vaccination. 

In a review in 1998 by Cohen, a description of emerging and “resurgent” infectious disease and 

the reasons for their occurrence was described (Cohen, 1998) following a landmark publication in 

1992 about the threat of such diseases (Institute of Medicine & Committee on Emerging Microbial 

Threats to Health, 1992). This definition of Emerging Infectious Diseases (EIDs) is the subject of 

debate, evolving to emerging and re-emerging infectious diseases, followed by classifications into 

three groups, i.e. i) novel diseases originating from wildlife, ii) mutants involved in previously 

treatable diseases, and iii) diseases emerging in a new geographic location (Engering, Hogerwerf, 

& Slingenbergh, 2013; Institute of Medicine (US) Forum on Microbial Threats., 2009). 

Daszak et al. describe emergence as being associated with a range of underlying causal 

factors that are embedded in a complex continuum of interactions involving zoonotic parasites 

(where parasites denote viruses, eukaryotic or prokaryotic infectious agents), wildlife, domestic 

animals and human populations as shown in Fig. 1 (Daszak, Cunningham, & Hyatt, 2000). 
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Fig. 1. The host-parasite ecological continuum (Daszak et al., 2000). 

 

The emergence of novel human pathogens has mostly resulted from the ever-increasing 

interactions of humans (e.g. through trade, travel, agriculture, etc.) to various environments 

amplifying the exposure to a wider range of infectious diseases that can be transmitted from animal 

reservoirs (Engering et al., 2013; Lindahl & Grace, 2015). In addition, the growing phenomenon 

in recent times of multidrug-resistance in various human pathogens due to irrational antimicrobial 

usage and delay in developing diagnostics, is an example of how previously treatable diseases are 

re-emerging and present a significant public health challenge (Casadevall, 2017; Prestinaci, 

Pezzotti, & Pantosti, 2015).  

The World Health Organization (WHO) includes disease X, which conceptually represents 

an unknown pathogen that could potentially cause a serious international epidemic, with an 

updated blue-print list of priority diseases, namely SARS, MERS, Rift Valley Fever (RVF) and 

Zika (Hui & Peiris, 2019; “WHO | List of Blueprint priority diseases,” 2019). The list also includes 

Lassa fever and Chikungunya, which are under watch, and a further two are included in view of 

their public health importance: monkeypox and leptospirosis (“WHO | List of Blueprint priority 

diseases,” 2019).  

The amplification effect that tropical islands have in causing explosive infectious disease 

epidemics of global public health importance has been recently reviewed by Cao-Lormeau et al. 

in a synthetic presentation of the origin and distribution of arboviral outbreaks of Dengue, 

Chikungunya and Zika that have occurred in the last decade on islands in the Indian and Pacific 

oceans, as well as in the Caribbean (Cao-Lormeau, 2016). Although known since the mid-20th 
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century, these three arboviruses were not considered a global public health concern except for 

Dengue. This was until 2005 when a particularly virulent strain (with mutation of the membrane 

fusion glycoprotein E1, A226V) of Chikungunya virus (family Togaviridae, genus Alphavirus), 

different from the above two listed arboviruses Dengue and Zika (family Flaviviridae, genus 

Flavivirus), emerged in Indian Ocean islands (Schuffenecker et al., 2006). This was due to 

Chikungunya virus adaptation to Aedes albopictus, an abundant mosquito species in the SWIO 

islands, as well as to a lack of herd immunity in the human populations inhabiting these islands. 

The following years saw the dramatic impact of Chikungunya virus infection (which causes 

symptoms such as fever, joint pain, rash, polyarthralgia), in the Indian subcontinent, Asia, and 

Central Africa, with autochthonous transmission even reported in Europe (Cao-Lormeau, 2016). 

The long-term severe sequelae of the disease in terms of chronic arthralgia, destructive arthritis 

and fulminant hepatitis was shown by Renault et al in Reunion Island where an attack rate of 35% 

and 244,000 suspected cases was reported (Renault et al., 2007). Likewise, Zika virus first 

circulated in Micronesia and the French Polynesian islands before affecting Brazil where the 

disease was associated with severe forms such as neurologic disorders and a 20-fold increase in 

Guillain-Barré syndrome, and eventually spreading to neighbouring countries, which further 

highlighted the role that tropical islands play in causing global outbreaks (Cao-Lormeau, 2016).  

Zoonoses 

The word zoonosis (plural, zoonoses) derives from the Greek word “zoo” denoting animals 

and “sis” denoting a state or condition (Lipkin, 2015). In the present thesis, the term “animal” will 

use the veterinarian definition that includes all non-human animals. Taylor et al. have listed 

approximately 1415 known human pathogens out of which more than 60% are zoonoses (Taylor, 

Latham, & Woolhouse, 2001), whereas Jones et al have shown that  60.3% of the emerging 

infectious diseases are zoonoses, with 71.8% originating from wildlife (Jones et al., 2008). This 

emphasizes the importance of zoonoses in infectious disease emergence at the human-animal 

interface.  

Indeed, zoonotic diseases that are either endemic to humans or enzootic in wild or domestic 

animals and leading to frequent cross-species transmission have been reported to cause 

approximately a billion cases of illness and millions of deaths per annum, whereas emerging 

zoonoses have cost hundreds of billions of US dollars in recent decades (Karesh et al., 2012). 

Anthropogenic practices (e.g. incursions into natural sites and changes in agropastoral practices) 

and increased risks (through global travel and trade) are components that synergistically increase 
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the disease burden of zoonoses globally, particularly in tropical areas (Halliday et al., 2015; Karesh 

et al., 2012).  

 

 
Fig. 2: Clinical relevance of disease ecology (A) Transmission of infection and amplification in 

people (bright red) occurs after a pathogen from wild animals (pink) moves into livestock to cause 

an outbreak (light green) that amplifies the capacity for pathogen transmission to people. (B) Early 

detection and control efforts reduce disease incidence in people (light blue) and animals (dark 

green). Spillover arrows show cross-species transmission (Karesh et al. 2012). 

 

Emerging zoonoses are mainly of mammalian and avian origin (Taylor et al., 2001). 

Prediction of human infections due to emerging zoonoses can be done with an understanding of 

the dynamic relationship between the environment, wildlife/livestock and their microbiome, which 

can help in early detection and intervention to reduce disease incidence in humans and animals 
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(Han, Schmidt, Bowden, & Drake, 2015; Morse et al., 2012). The use of mathematical modelling 

to predict and thus better target prevention and control strategies, as well as the filling of research 

gaps can be achieved if sufficient data gathered from human, animal and environmental 

compartments are associated with climatic surveillance in order to pinpoint the interactions that 

can potentially cause disease emergence (Leighton, Koffi, Pelcat, Lindsay, & Ogden, 2012; Morse 

et al., 2012). 

Bats and rodents are two examples of wild animal species with high potential for 

harbouring emerging zoonoses (Allocati et al., 2016; Han et al., 2015). The peculiar biology of 

bats including aggregation behaviour, torpor and longevity, has been proposed to contribute to an 

increased risk of emerging infectious diseases that is magnified by a unique flight ability among 

mammals conferring an increased potential for pathogen dispersal and contact to a diversity of 

environments and animal species (Calisher, Childs, Field, Holmes, & Schountz, 2006). Zoonotic 

diseases directly originating from bats have been described although these events are still limited 

in number (Nathwani et al., 2003; Weir, Annand, Reid, & Broder, 2014), while several diseases 

which could potentially spillover into humans have been proposed (Allocati et al., 2016; Joffrin, 

Dietrich, Mavingui, & Lebarbenchon, 2018; Wood et al., 2012).  

Rats are known sources of zoonoses contributing to consequent human disease morbidity 

and mortality. The proximity of rats to humans that occurs in urban settings has been shown to 

provide ideal environments and resources for rat proliferation and for increased potential for 

transmission of zoonoses like leptospirosis (Pantimay, 2016; Byers, 2019). However, the eco-

epidemiology of rat-associated zoonoses is complex due to the numerous interactions that can 

occur between rats, humans, zoonoses and the environment. Nevertheless common determinants 

of human disease can be identified that can lead to the prevention and control strategies against 

zoonoses transmitted by rats (Byers, Lee, Patrick, & Himsworth, 2019; Himsworth, Parsons, 

Jardine, & Patrick, 2013). However, the complexity of the ecology of these rodents, including their 

territorial behaviour, may lead to counterproductive preventive measures (Lee et al., 2018). 

One Health 

The emergence and re-emergence of zoonotic diseases within the “global village” we live 

in has been attributed to anthropogenic changes primarily related to land use and agriculture 

(Brown, 2004; Sofia, 2011). Expansion of the One Medicine concept proposed by Virchow in 
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1855 following his studies on the zoonoses trichinosis, to include human and animal health has 

eventually lead to the development of the One Health concept (Greger, 2007). 

 

 

Fig. 3: One Health Concept (Destoumieux-Garzon et al, 2018) 

The One Health approach that was jointly adopted as a concept by FAO, OIE and WHO in 

Hanoi in 2010 has been seen as a relevant framework in providing solutions to address the 

challenges presented by the emerging and re-emerging epidemics and pandemics of epizootics and 

zoonoses (Food and Agriculture Organization of the United Nations. World Organization for 

Animal Health. World Health Organization, 2010). A recent review highlighted the fact that 

developing countries suffering the highest burden of emerging zoonoses have least developed 

programmes following the One Health approach contrary to developed countries (Bidaisee & 

Macpherson, 2014). Similarly, while infectious diseases have been identified as a threat to wildlife 

conservation, decades later little has changed at policy level to improve transversal integration of 

One Health approaches. It is hoped that such approaches, which would help in improving the 

management and mitigation measures against emerging epizootics, will be integrated in the future 

(Cunningham, Daszak, & Wood, 2017).  

A list of barriers against the effective interdisciplinary implementation of the One Health 

approach was recently published (Fig. 3) in a bid to inspire integrated operational research leading 
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to innovative strategies in human and animal health (Destoumieux-Garzón et al., 2018).  The 

authors noted that the marginalised fields of wildlife, social, legal, economic sciences, plant health, 

and ethics are yet to be well integrated in this multidisciplinary approach. These integration efforts 

have led to recent developments looking at the converging field of EcoHealth (Harrison, Kivuti-

Bitok, Macmillan, & Priest, 2019) and the burgeoning field of Planetary Health (Lancet, 2019) in 

considering the human impact on ecosystems. 

Disentangling the impact of anthropogenic activities on animal and human health is 

challenging and can be achieved through non-oriented strategies that are being facilitated by the 

development of high throughput screening methods. Alternatively, this can be addressed using 

diseases models with environmental, direct or vectorial transmission. For instance, Rift Valley 

Fever has been repeatedly used as a model of vectorial disease to test the importance of climatic 

oscillations on vector abundance and eventually on disease emergence (Pachka et al., 2016; Sang 

et al., 2017; Sindato et al., 2016). Similarly, leptospirosis is a relevant model of environmental 

disease as it is caused by a highly prevalent and diversified pathogen hence allowing testing a 

number of hypotheses. In addition, this disease is of major medical importance specifically in some 

tropical island-states, which provides the investigation of this zoonosis both academic and medical 

importance. Leptospirosis was consequently examined in this context in this thesis, in the island 

state of Seychelles, which suffers from a particularly heavy burden of the disease. 

Introduction on Leptospirosis 
Viral zoonoses such as the ongoing Ebola outbreaks in Congo (Grady, 2019), usually make 

the news headlines. However, among zoonoses, leptospirosis is considered as one of the most 

prevalent infectious disease worldwide (Levett, 2001). It is estimated to affect over 1 million 

persons annually causing nearly 60,000 deaths (Costa, Hagan, et al., 2015) and a 2.9 million 

Disability-Adjusted Life Years (DALYs) lost per annum. A DALY is a human health metric 

measurement for disease burden that is defined by the WHO as “a measurement of the gap between 

current health status and an ideal health situation, where the entire population lives to an 

advanced age, free of disease and disability”. Males are most affected with this disease with a 

global burden of 2.33 million DALYs and the most exposed regions are the resource-poor tropical 

regions of the world (Torgerson, 2015). 

Leptospirosis is also considered as a re-emerging disease (Hartskeerl, Collares-Pereira, & 

Ellis, 2011), and due to its importance has also been recognized by the WHO as being amongst 
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the world’s neglected tropical diseases with epidemic-prone potential causing significant public 

health impact (World Health Organization, 2015; World Health Organization, ICONZ - Integrated 

control of neglected zoonotic diseases, & United Kingdom. Dept for International Development 

Research in Use, 2011). Due to the complexity of the disease, WHO initiated in 2010 a global 

multidisciplinary approach to identify priority areas for research (Durski, Jancloes, Chowdhary, & 

Bertherat, 2014), which had as goal to eventually translate into focussed public health interventions 

aiming at lowering the global burden of the disease.  

Leptospirosis is transmitted to humans and domestic animals through direct or indirect 

contact with infected urine excreted by reservoir/carrier hosts (Bharti et al., 2003) and has been 

associated primarily with rats. Leptospirosis is found ubiquitously in animals and it is primarily 

the renal carrying animal excreter that contaminates the environment with leptospires (Ellis, 2015). 

Leptospirosis prevalence is higher in tropical environments where the usually humid and hot 

conditions may be more conducive to Leptospira survival (Pappas, Papadimitriou, Siozopoulou, 

Christou, & Akritidis, 2008). Much interest has recently been shown for example towards the soil 

and similarly aqueous environments in elucidating their role in the maintenance and transmission 

of leptospires (Lall et al., 2018; Mendoza & Rivera, 2019; Sato et al., 2019).  Prevalence is 

maximal on tropical islands for unknown reasons, although reduced species diversity typical of 

insular ecosystems may boost pathogen transmission (Derne, Fearnley, Lau, Paynter, & Weinstein, 

2011a; Wong, Katz, Li, & Wilcox, 2012).  

 

 
Fig. 4. Scanning electron micrograph showing spirochaete shape of Leptospires from Weyant et 

al. (1999) 

Leptospirosis is caused by infection with pathogenic Leptospira species that are classified 

as spirochaetes and distinguished morphologically among this phylum by having hooked ends 
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(Fig. 4.). An extremely wide spectrum of human disease can be caused by Leptospira species 

ranging from mild subclinical infections to severe syndromes of multi-organ involvement resulting 

in high mortality (Levett, 2001). 

Several textbooks (e.g. Leptospira and Leptospirosis, 2015) have comprehensively 

described various aspects of leptospirosis, however the following section summarises some salient 

introductory points. 

Historical Aspects of Leptospirosis 

According to most textbooks, Adolf Weil first described the syndrome corresponding to 

the severe form (with mainly jaundice and haemorrhage as symptoms) of leptospirosis in 1886 

(Weil, 1886), although for historical accuracy Landouzy described a similar disease in 1883 

(Landouzy, 1883), without recognition. Previous to this, a class of diseases that came to be known 

as the “yellow fever of the tropics” encompassed a range of diseases including yellow fever, 

hepatitis and leptospirosis. Icteric leptospirosis with renal failure was first reported over 100 years 

ago by Adolf Weil in Heidelberg (Weil, 1886), who is the origin of the name of the severe form 

of the infection: Weil’s disease.  

The word Leptospira comes from the Greek leptos meaning "fine or thin" and the Latin 

spira meaning "coil". Icterus comes from the Latinised (hence the addition of –us) Greek word 

ikteros, which to the ancient Greeks meant both jaundice and a yellow bird. The latter came about 

by the belief that observing a yellow bird would heal those affected by jaundice. Leptospirosis is 

also known colloquially by various names throughout the world such as nanukayami fever (Japan), 

which means 7-day fever and which explains the symptoms of the disease (Ido, Ito, & Wani, 1918), 

or canefield fever (Australia), mud fever (Germany) and rat disease (France), which associate 

professional, environmental and reservoir host to the disease (Haake & Levett, 2015a). 

The search for the causative agent of Weil’s disease as it was so named was launched during 

an era of acceptance of the theory that pathogenic microorganisms were the causative agents for 

diseases (Kobayashi, 2001). The causative agent of leptospirosis was discovered in 1915 by Inada 

and Ido, who went on to play an early and prominent role in the aetiological, pathogenic, 

diagnostic, therapeutic and epidemiological aspects of leptospirosis (Kobayashi, 2001). 
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Taxonomy and Nomenclature 
 

The spirochaetal bacteria Leptospira genus belongs to the family Leptospiraceae, which 

also includes Leptonema and Turneriella. The genus name Leptospira was first proposed by 

Noguchi in 1918 and currently includes pathogenic, intermediate and saprophytic species (Levett, 

2001). This classification has come to question recently with Leptospira in the intermediate 

category being isolated or detected from ill patients while a phylogenetically distinct clade (called 

Clade C) has been classified together with the pathogenic lineages (Ganoza et al., 2006; Lehmann, 

Matthias, Vinetz, & Fouts, 2014).  Leptospires are also divided into serovars based on antigenic 

classification. Serovar names are written with an initial capital letter and are not italicized. An 

example of a correct nomenclature for a serovar is Leptospira interrogans serovar 

Icterohaemorrhagiae. Serovars that are antigenically similar are grouped together into serogroups, 

although these do not have any taxonomy standing, but are useful for serological diagnosis and 

epidemiology (Levett, 2001). 

Pathogenic and saprophytic Leptospira can be differentiated by their phenotypic 

characteristics, e.g. saprophytic Leptospira will grow at 13°C and in the presence of 8-azaguanine, 

whereas pathogenic Leptospira do not grow in these conditions (World Health Organization, 

2003).  

Molecular phylogeny 
The genotypic classification of leptospires has replaced the phenotypic serological 

classification (Levett, 2001; Musso & La Scola, 2013). The molecular classification of Leptospira 

species is based on phylogenetic analyses of DNA sequence data. The species of Leptospira cluster 

into three groups, comprising pathogens, saprophytes and an intermediate group (see Fig.5.). 

Recently, a polyphasic stepwise isolation and classification scheme has been used to recover and 

identify 26 Leptospira spp. from tropical freshwater and soil, 12 being novel species. Techniques 

employed by the authors included plating positive liquid cultures on EMJH agar followed by 

picking of single colonies which were identified sequentially by  melting temperature analysis of 

PCR product within the 16S rRNA gene, followed by pairwise comparisons of MALDI-ToF MS 

database and finally with WGS analyses (Thibeaux et al., 2018). 
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Fig. 5. Phylogenetic analysis based on the maximum likelihood of the concatenated core genes of 

the Leptospira genome with Leptonema illini as the outgroup. (A) All spirochete species genomes 

were included. (B) The enlarged pathogenic group from the phylogenetic tree. Numbers before 

and after slash showed the numbers of gains and losses, respectively (G: gain; L: loss). There were 

gene gain and loss events in the evolution from the root to the lineages. Scale bar indicated an 

evolutionary distance of 0.05 amino acid substitutions per position (Xu et al., 2016). 

 

The growing diversity of Leptospira strains isolated from diverse origins has recently led 

to DNA-based barcoding methods leading to the proposal of new standards of classification and 

nomenclature to replace the classical DNA-DNA hybridisation species identification and 

serological techniques for serovar identification (Guernier, Allan, & Goarant, 2018; Vincent et al., 

2019) 

General Morphology 

Although over 200 Leptospira serovars have been described, all members of the genus 

have similar morphology. Leptospira are spiral-shaped, highly motile bacteria that are 6-20 μm 

long and 0.1 μm in diameter with a wavelength of about 0.5 μm. One or both ends of the 

spirochaete are usually hooked. Live Leptospira are best observed by darkfield microscopy rather 

https://en.wikipedia.org/wiki/Darkfield_microscope
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than light microscopy. The bacteria have a number of degrees of freedom; when ready to 

proliferate via binary fission, the bacterium noticeably bends in the place of the future split (Levett, 

2001; Cameron, 2015).  

Genome 

The genome of Leptospira spp. is relatively large (>3.9 Mb) in comparison with other 

spirochetes, like Treponema pallidum (1.1 Mb) and Borrelia burgdorferi (1.5 Mb). Leptospires 

contain 16S and 23S rRNA genes as well as only one 5S rRNA gene which is spread out on the 

large chromosome (Levett, 2001; Mathieu Picardeau, 2015). 

 
Fig. 6. Circular maps of the three L. biflexa replicons (Picardeau et al. 2008) 

 

Two circular replicons are present in several Leptospira spp. (see Fig. 6. above) where the 

larger circular chromosome (cI, >3.6 Mb) codes for largely essential housekeeping functions while 

the smaller second replicon (cII, 278 -350 kb) carries essential genes such as metF (encoding 

methylenetetrahydrofolate reductase) and asd (encoding aspartate semialdehyde dehydrogenase) 

(Mathieu Picardeau, 2015). Whole genome sequencing has identified additional circular replicons 

(p74, 74 kb) in L. biflexa and L. mayottensis (Mathieu Picardeau, 2015; Cordonin et al., 2019). 

Several insertion sequences such as IS1500, IS1502 and IS1533 of varying copy number 

between Leptospira serovars have been identified, and these play a role in transposition and 

genomic rearrangements within the bacteria (Levett, 2001; Mathieu Picardeau, 2015). Sequencing 

of Leptospira genomes has allowed the identification of several other IS elements, e.g. ISlin1, 

which belongs to a diverse range of IS families, including IS110, IS3, and IS4 (Mathieu Picardeau, 

2015). The number of insertion sequences in L. borgpetersenii (mostly from the IS110 family) is 

much higher than in L. biflexa, L. licerasiae, and L. interrogans (Mathieu Picardeau, 2015). The 

considerable genome reduction characteristic of L. borgpetersenii serovar Hardjo may be the result 

of genomic deletions or rearrangements mediated by such IS elements, which could have in turn 

https://en.wikipedia.org/wiki/Binary_fission
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led to lower environmental survival together with increased host specificity, in this case to cattle 

(D. M. Bulach et al., 2006; Mathieu Picardeau, 2015). 

Treatment 

Leptospirosis is usually easily treated with a broad spectrum of antibiotics and prompt 

therapy can avert patients from developing severe disease, whereas the majority of cases are mild 

and resolve spontaneously. Patients presenting with signs and symptoms, leptospirosis-associated 

risk factors and exposure are those that would constitute a suspected case based on clinical 

examination. Unfortunately, due to the mostly flu-like symptoms of leptospirosis, severe patients 

presenting late with increasing complications usually face an impaired treatment effectiveness. 

Although there has been guidance to clinicians for early antimicrobial therapy for patients with 

such a profile in spite of negative rapid diagnostic tests (Levett, 2001; Haake & Levett, 2015b), 

the jury on the effectiveness of such practice being lifesaving is still out. Recent studies have 

shown that delaying antimicrobial administration does not have any effect in treating severe 

leptospirosis (Herrmann-Storck et al., 2010; Tubiana et al., 2013) contrary to what has been 

observed by others (McClain, Ballou, Harrison, & Steinweg, 1984; Spichler et al., 2008). The 

situation becomes even more confusing for clinicians treating severe cases during viral epidemics 

such as dengue, which mimic leptospirosis symptoms and which further complicates the treatment 

with reports of higher mortality due to misdiagnosis (Flannery et al., 2001). 

Early onset of the disease in adult outpatients is easily treated with daily oral doxycycline 

or azithromycin, whereas weight-adjusted doses of azithromycin or amoxicillin is indicated for 

pregnant women and children. Doxycycline has been shown to reduce shedding of leptospires in 

urine, decreasing illness duration and has also proved useful as prophylaxis of choice for patients 

at high risk of exposure. In hospitalised patients treatment usually involves intravenous penicillin-

based (penicillin or ampicillin) or cephalosporin (ceftriaxone or cefotaxime) (Haake & Levett, 

2015b; Levett, 2001).  

Transmission and Reservoir hosts 
Leptospirosis is an epidemic-prone infection that can be transmitted from contaminated 

water (Fig. 7). Transmission occurs through contact of the skin and mucous membranes with water, 

damp soil or vegetation (such as sugar cane), or mud contaminated with rodent urine (Ko, Goarant, 

& Picardeau, 2009). The occurrence of flooding after heavy rainfall facilitates the spread of the 
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organism caused by infected rodents that shed large amounts of leptospires in their urine (Haake 

& Levett, 2015a). 

 

 
Fig. 7. The cycle of leptospiral infection. (Ko et al., 2009) 

 

Reservoir hosts (asymptomatic rodent carriers, wild animals, livestock and domestic 

animals) are considered to play an important role in maintaining the leptospires in the environment 

(Ko et al., 2009). Leptospires have shown some degree of host specificity, to the extent that by 

isolating a particular serovar/lineage, one can be able to infer their relationship to a particular host 

most likely to harbour it (Adler & de la Peña Moctezuma, 2010; Bharti et al., 2003; Gomard et al., 

2016).  

Laboratory diagnosis 
The diagnosis of leptospirosis in humans is not easy in view of the generalised signs and 

non-specific symptoms manifestation. Laboratory diagnosis of leptospires can be accomplished 

by direct detection of the organism or its components in body fluid or tissues, by isolation of 

leptospires in cultures or by detection of specific antibodies.  The collection of appropriate 

specimens and selection of laboratory investigations depends upon the timing of collection and the 
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duration of symptoms (Fig. 8) (Haake & Levett, 2015a; Levett, 2001; Musso & La Scola, 2013; 

M. Picardeau, 2013). 

 

 
Fig. 8. Biphasic nature of leptospirosis and relevant investigations at different stages of the disease. 

Specimens 1 and 2 for serology are acute-phase specimens, 3 is a convalescent-phase sample 

which may facilitate detection of a delayed immune response, and 4 and 5 are follow-up samples 

which can provide epidemiological information, such as the presumptive infecting serogroup 

(Levett, 2001). 

Similarly, to humans, the diagnosis of leptospirosis in animals relies on laboratory 

procedures demonstrating leptospires in tissues or antibodies in serum, as mild and imperceptible 

signs and symptoms complicate clinical diagnosis (Ellis, 2015). 

Microscopy 
Several microscopy techniques are in use for the detection of leptospires in the laboratory. 

These include direct observation by dark-field microscopy and by staining viewed by light or 

immunofluorescence microscopy (Levett, 2001; Ahmad, Shah, & Ahmad, 2005).  

Dark-field microscopy can be done on a variety of body fluids such as whole blood, serum 

sediment, urine sediment, sediment of cerebrospinal fluid, sediment of dialysate fluid, and 
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sediment of supernatant of minced tissues from suspected patients. The disadvantage of dark-field 

microscopy is that it is both insensitive and lacks specificity. This can lead to false positives as 

artefacts (e.g. fibrin and protein threads) may be easily confused with leptospires unless there is a 

large number of leptospires (104 leptospires/ml) for one cell to be viewed per field as well as false 

negatives even with experienced microscopists (Ahmad et al., 2005; Levett, 2001). Lastly, as 

leptospires are slow growing, microscopy takes too long to be effective as a diagnostic tool. 

Detection of leptospires in tissue 
Currently available methods to detect leptospires in tissue include silver staining, Warthin-

Starry stain, Immunohistochemistry (IHC) and quantitative buffy coat, all of which are useful in 

confirming the cause of death in suspicious cases of leptospirosis (Ahmad et al., 2005; Levett, 

2001). These methods are used to increase the sensitivity of direct microscopic examination and 

include immunofluorescence staining of bovine urine, water, and soil and immunoperoxidase 

staining of blood and urine (Ahmad et al., 2005). 

Culture 
Although bacterial culture of leptospires from blood, (midstream) urine, cerebrospinal 

fluid, dialysate fluid (haemodialysis) and (post mortem) tissue is confirmatory, the procedure is 

very laborious and time-consuming. Growth of Leptospira is encouraged by undertaking serial 

dilutions to dilute out growth inhibitors. Tubes containing EMJH culture medium are inoculated 

and incubated at 28°-30°C and checked (by dark field microscopy) weekly for growth for a 

duration of six months (Ahmad et al., 2005; Ellis, 2015). Special care is taken to prevent 

contamination by ensuring materials and media are sterile. Care is also taken to filter water used 

for media preparation to prevent contamination from ubiquitous saprophytic leptospires (Ahmad 

et al., 2005; Ellis, 2015). A series of alternative media have been recently published including 

culture in semi solid (Wuthiekanun et al., 2013) and liquid complex media developed following 

genomic analyses (Dhayabaran, Chidambaram, & Krishnaswamy, 2019). 

Serology 
Serological analysis is the method of choice for laboratory diagnosis of leptospirosis in 

resource-limited tropical countries, which additionally harbour the highest incidence of the disease 

(Musso & La Scola, 2013; M. Picardeau, 2013). Serological tests for leptospirosis can be divided 

into those, which are genus-specific, and those, which are serogroup-specific. As IgM antibodies 

are detectable in the blood only 5-7 days after the onset of symptoms, significant limitations apply 
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to early diagnosis using any serological test and the testing of a second convalescent sample 

(usually 1-2 weeks after the acute sample was taken) should be considered mandatory (M. G. A. 

Goris & Hartskeerl, 2005; Musso & La Scola, 2013; World Health Organization, 2003).  

Rapid Immunochromatographic tests 

Several rapid diagnostic test formats for the detection of acute cases of leptospirosis using 

Leptospira genus-specific IgM antibodies are currently available or in development. These rapid 

diagnostic tests (RDTs) like Leptocheck-WB (Niloofa et al., 2015) are intended for use at the 

point-of-care (POC) tests or in resource-poor laboratories. These tests include dipstick formats, 

latex agglutination, lateral flows and dual path platform (Haake & Levett, 2015a; Mathieu 

Picardeau et al., 2014). 

Enzyme-linked immunosorbent assay (ELISA) 

ELISA prepared by using antigen prepared from cultures of L. biflexa is commonly used 

for the detection of IgM antibodies, although the use of pathogenic species has also been 

implemented (M. Goris et al., 2012; Mathieu Picardeau et al., 2014). Several commercial ELISA 

kits for the detection of Leptospira antibodies are available. Although recombinant antigens have 

been developed, these have not been widely evaluated yet, which is crucial and should take into 

account the diversity of pathogenic Leptospira prevailing in a given environmental setup. 

Specificity of IgM detection by ELISA is affected by the antigen used in the assay, by the presence 

of antibodies due to previous exposure (in endemic regions), and by the presence of other diseases 

(Ahmad et al., 2005; World Health Organization, 2003). 

Microscopic Agglutination Test 

The use of agglutination tests was described soon after the isolation of the organism and 

the microscopic agglutination test remains the definitive confirmatory serological investigation in 

both humans and animals (Ahmad et al., 2005; Ellis, 2015). The microscopic agglutination test 

(MAT) is considered the "gold standard" or cornerstone of serodiagnosis because of its 

unsurpassed diagnostic (serovar/serogroup) specificity in comparison with other currently 

available tests (Palaniappan, Ramanujam, & Chang, 2007; Thongboonkerd, 2008; World Health 

Organization, 2003). In this method, live antigens from fresh cultures are mixed in incremental 

dilutions to patient sera, and the reaction is read by dark-field microscopy, where the titre is noted 
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when 50% of agglutination is observed compared to a control antigen without serum (M. 

Picardeau, 2013; World Health Organization, 2003). MAT is unfortunately not available in 

resource-poor settings, is labour intensive and additionally a confirmed result is only after paired 

acute and convalescent sera is obtained. The challenge is to get the convalescent sera which are 

usually more than 4 weeks after the onset of the disease, as patients have already left the health 

facility or deceased by that time period thereby limiting the confirmatory power of the test. 

Demonstration of a four-fold rise in titre from the acute to convalescent sera is deemed serological 

confirmation of an acute infection in humans (Ahmad et al., 2005; M. G. A. Goris & Hartskeerl, 

2005; World Health Organization, 2003). 

Molecular diagnostic tests 
 Leptospirosis may be misdiagnosed more often using serodiagnosis, due to the nature of 

the presentation of the disease and the limitations of the tests to detect the presence of antibodies 

(Levett, 2001; Palaniappan et al., 2007). Molecular tests provide rapid confirmatory tests allowing 

a definitive diagnosis during acute illness prior to antibodies becoming detectable (i.e. before 5-7 

days post onset of symptoms) and when treatment may be most effective (Musso & La Scola, 

2013).  

Leptospiral DNA has been amplified by Polymerase Chain Reaction (PCR) from serum, 

urine, aqueous humor, CSF, and a number of organs post mortem. Conventional PCR and other 

assays such as LAMP and NASBA have been published and many quantitative PCR assays have 

been described, which target a number of different genes (A. Ahmed, Engelberts, Boer, Ahmed, 

& Hartskeerl, 2009; Palaniappan et al., 2005; Smythe et al., 2002; Stoddard, Gee, Wilkins, 

McCaustland, & Hoffmaster, 2009).  

The use of PCR to detect acute cases, which fall within the 5-7 days post-onset of 

symptoms, has rapidly increased the detection rate of leptospirosis cases. A positive PCR result 

provides confirmation of the presence of leptospires in the blood, which aids the physician in the 

prompt clinical management of cases and hence save lives. 

Assays developed for diagnostic use can be considered in two broad categories, targeting 

either housekeeping genes, such as rrs, gyrB, or secY, or pathogen-specific genes such as lipL32, 

lig, or lfb1 (A. Ahmed et al., 2009). PCR was shown to be more sensitive than culture, although 

serological analyses by MAT still detected more cases, as shown in the large case-control 
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evaluation of two quantitative assays in Thailand, which has a high leptospirosis prevalence 

(Haake & Levett, 2015a). 

A limitation of PCR-based diagnosis of leptospirosis is the current inability of PCR assays 

to identify the infecting serovar. While this is not significant for individual patient management, 

the identity of the serovar has both epidemiological and public health values (Blanco, dos Santos, 

Galloway, & Romero, 2016). Molecular epidemiology of circulating pathogenic Leptospira strains 

helps greatly in understanding the transmission of the disease and its maintenance in reservoir 

hosts, which in turn helps the public health interventions to curb the occurrence of cases.  

Serovar identification requires isolation of the infecting strain from patients or carrier 

animals, however techniques for direct serovar identification are being developed, e.g. High 

Resolution Melt (Naze, Desvars, Picardeau, Bourhy, & Michault, 2015). 

Genotyping 
Genotyping of Leptospira strains has been done by various methods such as Multiple Locus 

Sequence Typing (MLST) (N. Ahmed et al., 2006; Boonsilp et al., 2013; Varni et al., 2014), Pulsed 

Field Gel Electrophoresis (PFGE) (Galloway & Levett, 2010; Mende et al., 2013), Multiple Locus 

Variable Number Tandem Repeat (VNTR) or (MLVA) (Koizumi et al., 2015; Salaün, Mérien, 

Gurianova, Baranton, & Picardeau, 2006), and High Resolution Melt (HRM) analyses (Esteves et 

al., 2018; Naze et al., 2015; Peláez Sánchez, Quintero, Pereira, & Agudelo-Flórez, 2017).  

Genotyping by MLST using the Ahmed et al. (2006) method (Scheme #3) was the 

originally universally accepted method. It consists of sequencing six housekeeping genes (adk, 

icdA, lipL32, lipL41, rrs and secY) and comparing their sequences to online leptospirosis database 

PubMLST. Each sequence profile for a particular gene is allocated an allele number and the whole 

allelic profile leads to a sequence type (ST) (N. Ahmed et al., 2006). A 7-loci MLST scheme was 

later proposed which was proposed by Thaipadungpanit et al. (2007) and modified by Boonsilp et 

al. (2013). It consists of glmU, pntA, sucA, tpiA, pfkB, mreA and caiB (Scheme#1) (Boonsilp et 

al., 2013; Thaipadungpanit et al., 2007).  The last MLST scheme (Scheme#2) proposed by Varni 

et al. (2014) consists of a hybrid of the previous two schemes and uses the polymorphism of adk, 

glmU, icdA, lipL32, lipL41, mreA and pntA genes, analysed as having being able to resolve strain 

type and provide a higher level of intra-species discrimination (Varni et al., 2014). Interestingly 

the latter scheme was able to establish congruence between allelic profile and serogroup in 

Argentinian Leptospira isolates which presents the possibility of inferring Leptospira serogroups 
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using this technique (Varni et al., 2014). The development of genomics has recently allowed 

describing a core genome useful for high resolution typing (Guglielmini et al., 2019). 

Latest research and diagnostic techniques 
Despite advances in diagnostics and treatments of many infectious diseases, leptospirosis 

remains a neglected disease where comparatively little research is being undertaken for the 

development of better diagnostic techniques and treatment. In addition, the paucity of genetic tools 

for these slow growing bacteria limits reverse-genetics approaches. Therefore, there are still many 

gaps in our knowledge of Leptospira pathogenicity, and genetic and molecular approaches for 

identifying environmentally regulated or in vivo expressed/induced genes are necessary 

(Palaniappan et al., 2007). The relatively new field of integrated genomics and proteomics, 

however, is helping to elucidate Leptospira pathogenicity at the genome level (Palaniappan et al., 

2007; Mathieu Picardeau, 2015; Thongboonkerd, 2008). In recent years, numerous reports have 

been published on the use of transcriptomics to conduct genome-wide screening of extracellular 

pathogens such as Helicobacter pylori, Yersinia enterocolitica, Borrelia burgdorferi and other 

intracellular pathogens (Palaniappan et al., 2007), and recent studies on leptospires have been 

reported (Mathieu Picardeau, 2015).  

Bioinformatics and transcriptomic studies in pathogenic leptospires have predicted that 

there are 226 genes that could be exploited in candidate vaccines (Palaniappan et al., 2007). Global 

approaches using proteomic studies have also led to the identification of novel genes that are 

involved in host–bacterium interactions (Palaniappan et al., 2007). Further studies into functional 

aspects by applying both proteomic and transcriptomic tools to leptospires grown at different 

environmental conditions are enhancing our knowledge on the pathogenicity of Leptospira spp. 

and will provide us with clues that may lead to novel vaccine candidates (Palaniappan et al., 2007; 

Mathieu Picardeau, 2015). A classical proteomic approach has been applied for the identification 

and characterisation of leptospiral outer membrane proteins (Thongboonkerd, 2008). 

The study of leptospiral genetics has been slowed by the lack of an efficient transformation 

system (Mathieu Picardeau, 2008). Genetic manipulation of pathogenic Leptospira is difficult 

because of the restriction-modification system in Leptospira spp. (Palaniappan et al., 2007).  It 

was thought that the development of a shuttle vector using the temperate bacteriophage LE1 from 

L. biflexa would be an answer but this has not proved to be successful thus far (Mathieu Picardeau, 

2008). The use of RP4-based broad-host-range plasmids to transfer DNA from a donor Escherichia 
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coli strain to recipient strains belonging to both saprophytic and pathogenic Leptospira species has 

been published (Mathieu Picardeau, 2008). This approach is expected to accelerate reverse 

genetics approaches in pathogenic strains of leptospirosis towards better understanding of its 

pathogenesis. However, it is important to mention that Leptospira exhibit a significant level of 

gene redundancy (D. Bulach & Adler, 2018) which challenges reverse genetic approaches. 

Comparative genomics is a powerful approach for elucidating changes in genetic 

constitution that occur in a given phenotype, including strain differences in virulence modes and/or 

antibiotic resistance (Fouts et al., 2016; Moreno et al., 2018; Nascimento et al., 2004). Over 150 

draft genomes have been completed and are accessible online 

(https://www.patricbrc.org/view/Taxonomy/171).  Comparative genomics is providing us with 

increased knowledge about speciation, host restriction, and differences in genotype, which in turn 

will help us to establish a strategy to control this important zoonotic disease (Fouts et al., 2016). 

However, since spirochetes based on 16S RNA analyses have diverged from other bacteria in 

ancient evolutionary times (Saier, 2000), they exhibit several peculiar cellular structures as well 

as genes of unknown function, which somehow impairs classical comparative genomics 

approaches.  

 The immunoproteomics approach has been used to identify potential leptospiral 

immunogens, and uses leptospiral proteins as the antigens and patients’ sera as the sources of 

primary antibodies (Mathieu Picardeau, 2015; Thongboonkerd, 2008). Both classical and 

immunoproteomics approaches, together with other complementary proteome profiling tools, will 

make the search for potential leptospiral immunogens to be used in diagnostic and vaccine 

development more feasible (Mathieu Picardeau, 2015; Thongboonkerd, 2008). 

An assay that is said to be comparatively faster and more economical than PCR is the 

LAMP assay which does not require specialised personnel or equipment for the detection of 

leptospires and which have good prospect for application in field screening and surveillance 

(Suwancharoen, Sittiwichianwong, & Wiratsudakul, 2016; Tubalinal, Balbin, Villanueva, 

Domingo, & Mingala, 2018). 

Global Epidemiology of Leptospirosis 
Leptospirosis is among the leading zoonotic causes of morbidity worldwide and accounts 

for numbers of deaths, which approach or exceed those for other causes of haemorrhagic fevers. 

Highest morbidity and mortality were estimated to occur in resource-poor countries, which include 

https://www.patricbrc.org/view/Taxonomy/171
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regions where the burden of leptospirosis has been underappreciated (Fig. 9).  

During outbreaks and in high-exposure risk groups, disease incidence may reach over 100 

per 100000. Additionally, a recent outbreaks in Brittany (France) (Guillois et al., 2018) and New 

York City (USA) (“Leptospirosis Outbreak in NYC Has Public Health Officials on Alert,” 2017) 

highlighted the fact that even developed countries can be affected by leptospirosis. 

 

 
Fig. 9. Map showing estimated annual global morbidity rates of leptospirosis by country or 

territory. Annual disease incidence is represented as an exponential colour gradient from white (0–

3), yellow (7–10), orange (20–25) to red (over 100), in cases per 100,000 population. Circles and 

triangles indicate the countries of origin for published and grey literature quality-assured studies, 

respectively. (Source: Costa et al., 2015) 

 

Leptospirosis is an infection that can have fatal consequences in altogether benign 

situations as shown by the high profile death of Holmes, an accomplished Olympic rower for the 

UK from the 1980s, felt unwell in the days after a race in 2010 (Quarrell, 2010), developed a fever 

and was subsequently diagnosed with Weil’s disease. Similarly, a woman died in 2008 within 48 

hours after reportedly being scratched by a wild rat while she was gardening, which an inquest 

confirmed as Weil’s disease (Britten, 2008). This illustrates the fact that being an environmental 

pathogen; Leptospira can infect all category of people at any time if engaged in risky activities. 
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Leptospirosis in insular tropical countries 

The insularity of tropical island states poses challenges in addressing infectious diseases 

that continental states may not encounter. The United Nations Office of the High Representative 

for the Least Developed Countries, Landlocked Developing Countries and Small Island 

Developing States defines “small island developing states”, or SIDS, as “a distinct group of 

developing countries facing specific social, economic and environmental vulnerabilities”(“The 

Challenge of Small Island Developing States: Barbados, Mauritius, Samoa and beyond | ACS-

AEC,” 2017).  

Table 1. List of SIDS by geographical division  

 
SIDS countries are across the globe in the Caribbean, the Pacific, Atlantic and Indian 

Oceans, and the Mediterranean and South China Sea (AIMS) (Table 1.). In addition to common 

difficulties faced by developing countries, SIDS have an additional series of challenges to cope 

with that require special assistance from the international community. These challenges were 

highlighted in the 1994 Barbados Programme of Action (BPOA) and the Mauritius Strategy of 

Implementation (MSI) of 2005, both of which stated that the difficulties SIDS face in the pursuit 

of sustainable development are particularly severe and complex. Recognition of these issues was 

reinforced in September of 2014 when Member States of the United Nations officially adopted the 

Small Island Developing States Accelerated Modalities of Action, known as the SAMOA 

pathways (“The Challenge of Small Island Developing States: Barbados, Mauritius, Samoa and 

beyond | ACS-AEC,” 2017). 

 

A report has placed Seychelles as a world leader in leptospirosis incidence (Table 2.), 

which highlights the importance of this disease in small island state countries.  We should notice 

that four countries reported with the highest incidence in this publication (Pappas et al., 2008), are 
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SIDS (highlighted in red in Table 2), strengthening the peculiarity of these ecosystems in 

maintaining a high level of transmission. 

 

Table 2. Rank of countries reported annual incidence rates (Pappas et al., 2008) with SIDS 

highlighted in red. 

Countries with the highest incidence 

Countries for which 
no data are 

available, probably 
endemic 

Other countries 

Rank Country 

Annual 
incidence 

per million 
population 

 Country 

Annual 
incidence 

per million 
population 

1 Seychelles 432.1 India Belarus 3.4 

2 Trinidad and 
Tobago 120.4 Malaysia Bulgaria 3.7 

3 Barbados 100.3 Bangladesh Chile 1.6 
4 Jamaica 78 Vietnam Colombia 1.6 

5 Costa Rica 67.2 Laos Czech Republic 1.8 

6 Sri Lanka 54 Nepal France 3.9 
7 Thailand 48.9 Cambodia Germany 0.7 
8 El Salvador 35.8 Indonesia Greece 3 
9 New Zealand 26 Myanmar Honduras 3.1 

10 Uruguay 25 China Hungary 3.1 
11 Cuba 24.7 Iran Ireland 2.2 
12 Nicaragua 23.3 Suriname Italy 0.7 
13 Croatia 17.3 Haiti Lithuania 2.2 
14 Russia 17.2 Peru Mexico 1 
15 Ukraine 15.3  Netherlands 1.9 

16 Dominican 
Republic 13.8 

 
Panama 1.3 

17 Brazil 12.8  Paraguay 1.9 

18 Ecuador 11.6 
 

Serbia and 
Montenegro 1.5 

19 Argentina 9.5  Singapore 2 
20 Romania 9.4  South Korea 2.8 
21 Australia 8.9  Spain 0.3 
22 Portugal 6.8  UK 0.6 
23 Denmark 6  USA 0.1 
24 Latvia 5.6  Venezuela 3.8 
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25 Slovenia 5.4    
26 Philippines 4.8    
27 Slovakia 4.4    
28 Taiwan 4.1    

 

The challenges that SIDS face are varied (Table 3.), but all conspire to constrain their 

development processes. They typically do not have a wide base of available resources and thus do 

not benefit from cost advantages that this could potentially generate. Two of the issues identified 

that relate to infectious diseases are (i) high population densities impacting biodiversity and 

ecosystems, and (ii) low resilience to frequent outbreaks/epidemics and natural hazards posed by 

environmental change (“The Challenge of Small Island Developing States: Barbados, Mauritius, 

Samoa and beyond | ACS-AEC,” 2017). 

 

Table 3. Types of health emergencies or outbreaks experienced by SIDS between January 2015 

and the 31st October 2016 (as reported by WHO offices) (World Health Organization, 2017) 

 
 

 

Zoonoses such as leptospirosis have been identified as part of the SIDS climate-related 

health risks, and interventions have been proposed in the SIDS climate-resilient health systems as 

intervention strategies targeting such diseases (World Health Organization, 2018). The highest 

leptospirosis annual incidence in tropical island countries (Costa, Hagan, et al., 2015; Pappas et 

al., 2008) may reflect the ability of saprophytic and pathogenic leptospires to form biofilms and 

survive in such environments which present ideal conditions for their maintenance, such as relative 

humidity, seasonal rainfall, presence of a large abundance of maintenance hosts, etc. Leptospires 

infect humans most often in such islands due to many factors not least being tropical rainfall, the 

abundance of rodents, and risky human behaviours (e.g. walking bare feet, not using protective 

gloves when handling soil etc. (Bovet, Yersin, Merien, Davis, & Perolat, 1999) as well as a limited 



42 

 

number of alternative reservoir species that may enhance transmission (Derne, Fearnley, Lau, 

Paynter, & Weinstein, 2011b) through the so-called amplification effect (Schmidt & Ostfeld, 

2001). 

A recent comprehensive review of leptospirosis in the Pacific islands has shown that there 

is great heterogeneity between the knowledge in human and animal epidemiology (Guernier, 

Goarant, Benschop, & Lau, 2018). Some countries had no data (e.g. Nauru, Pitcairn islands, 

Tuvalu, Wake island) whilst others had continuous published data (e.g. Hawaii, French Polynesia, 

New Caledonia), indicating different resource capacity to survey, prevent and control leptospirosis 

(Guernier, Goarant, et al., 2018). Incidence data for human leptospirosis and animal investigation 

studies were seen in the association of domestic animals such as dogs and cats, as well as cattle 

being infected with Leptospira and thus participating in its transmission. A similar heterogeneity 

in leptospirosis incidence or data availability is seen in the Caribbean islands; however, the risk 

factors for transmission of leptospirosis included human, agricultural and environmental exposure, 

and were the same in both geographical groups of islands (Guernier, Goarant, et al., 2018; Vokaty 

et al., 2016). Authors reviewing human and animal leptospirosis data in both the Pacific and 

Caribbean proposed a One Health approach to further understand the exposure pathways and 

eventually improve prevention interventions. The projected increased burden of human 

leptospirosis in insular states was further seen by authors in the context of the risks presented by 

climate change, flooding, population growth, urbanisation, loss of biodiversity and agricultural 

intensification, which could play a role individually or synergistically (Guernier, Goarant, et al., 

2018; Vokaty et al., 2016). 

Leptospirosis in the South West Indian Ocean islands 
The South West Indian Ocean islands comprise various islands of different sizes, 

geographic isolation and geological history. The islands of the South Western Indian Ocean 

(SWIO) span from the northernmost island of the Seychelles (Bird Island, 3°43′N) to the tip of 

Madagascar in the south (25°61′S), and from Rodrigues Island in the East (63°25’E), to Comoros 

archipelago (43°16’E) in the West of Madagascar. These tropical islands vary from the ancient 

massive granitic islands such as Madagascar or dispersed granitic inner islands of Seychelles, to 

oceanic islands that have emerged de novo from volcanic hotspots including Mascarenes 

(Mauritius, Rodrigues and La Réunion) and Comoros archipelagos as well as the isolated coral 

atolls found in the Seychelles archipelago (Myers, Mittermeier, Mittermeier, da Fonseca, & Kent, 

2000). The region is a recognised biodiversity hotspot including UNESCO World Heritage Listing 
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for six insular nature sites, and three cultural sites. These islands have been visited by a melting 

pot of seafaring Arabians and Africans expanding from the west, Indians from the north, 

Austronesians from the east, and finally Europeans commencing with Portuguese discovery 

around the early 16th century, reflecting a long history of human colonisation (Myers et al., 2000; 

Russell, Cole, Zuël, & Rocamora, 2016). 

A number of mainly serological studies carried out prior to 2012 suggested that the 

epidemiological situation of human leptospirosis in the SWIO is contrasted in terms of human 

incidence and circulating serogroups (P. Bourhy et al., 2012; Gomard et al., 2014; Pagès et al., 

2014; C. Yersin et al., 1998). Seychelles appears as the island state with highest human incidence 

whereas human disease is hardly documented in other islands such as Mauritius, the Union of the 

Comoros or Madagascar. A number of molecular investigations aiming at typing pathogenic 

Leptospira present in human acute cases and animal reservoirs have confirmed this 

epidemiological paradox and shown that although leptospirosis is of main concern in the region, 

different islands shelter distinct transmission chains, composed of either endemic or introduced 

Leptospira lineages, as best exemplified in the French Islands of Mayotte and La Réunion 

(Tortosa, Dellagi, & Mavingui, 2017). The diversity of Leptospira species in Mayotte is perhaps 

relatively similar to neighbouring Madagascar where it has been shown that the prevailing 

species/lineages are host-specific and related to the diverse endemic fauna mainly composed of 

Tenrecs, bats and endemic rodents (Dietrich et al., 2018; Lagadec et al., 2016; Tortosa et al., 2017). 

In Mayotte there are 4 pathogenic Leptospira species identified in humans: L. borgpetersenii, L. 

interrogans, L. kirschneri, and L. borgpetersenii group B found for the first time in this island and 

later reclassified as a new species and named L. mayottensis (Pascale Bourhy, Collet, Brisse, & 

Picardeau, 2014; Pascale Bourhy et al., 2010). This species can be considered as endemic to the 

Malagasy region as it is strictly associated to tenrecs, a highly diversified family of insectivorous 

mammals endemic to the big Island (Dietrich et al., 2018; Lagadec et al., 2016). 

In Reunion, Leptospira interrogans is overwhelmingly dominant among human acute 

cases (Guernier et al, 2016), and is represented by two STs, namely ST02 and ST34, the former 

being identified in over 85% of fully genotyped clinical Leptospira. Sampling of more than a 

thousand animals including 750 rats (Rattus rattus and Rattus norvegicus) showed that these 

rodents harbour ST02 only. Additional sampling of wild (bats, mice) as well as domestic (cattle, 

pigs and dogs) animals showed that both L. interrogans ST02 and ST34 are found in dogs. 

Although bats are massively infected with Leptospira borgpetersenii, these bat-borne lineages 
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have never been found in human acute cases. By contrast, infected cattle and mice harbour L. 

borgpetersenii with significant genetic similarity to lineages found in a minority of human cases. 

A recent introduction of leptospires into La Réunion is substantiated by the fact that there are only 

two species and three genotypes of pathogenic Leptospira present in human cases, and that these 

are found in rats, dogs, mice and cattle, all introduced to the island (Guernier et al., 2016; Tortosa 

et al., 2017).  

Human leptospirosis cases are not well described in Madagascar, and this probably results 

from underreporting and under diagnosis. After few anecdotal reports including a case of a 

traveller with travel history from Madagascar subsequently developing leptospirosis (Pagès, Kuli, 

Moiton, Goarant, & Jaffar-Bandjee, 2015), a seroprevalence survey was conducted in the 

community of Moramanga in Madagascar revealing 2.8% seropositivity (Ratsitorahina et al., 

2015). The work (unpublished ref. http://www.pasteur.mg/projets/) of Vigan Womas et al at 

Institut Pasteur Madagascar has revealed a Leptospira seropositivity of 5.6% to 10.6%, for IgM 

and 20.2% to 29.5% for IgG amongst a cohort of urban garbage removers in Antananarivo the 

capital city of Madagascar. It is clear that Leptospira are abundantly present in animals, findings 

supported by various animal studies in rodents, bats and various insectivores that show infections 

with unique bacterial lineages displaying astonishing levels of host-specificity (Lagadec et al., 

2012; Dietrich et al., 2014; Gomard et al., 2016), with Leptospira seroprevalence in R. norvegicus 

as high as 45% (Muriel Dietrich personal communication). 

In Comoros, there is much less available data for human leptospirosis, however a 

retrospective examination of sera stored at the “Programme National de Lutte contre le Paludisme” 

(PNLP) in Comoros revealed the presence of Leptospira serogroups Mini/Sejroe/Hebdomadis 

complex, Pyrogenes, Grippotyphosa, and Pomona, whereas the serogroup Icterohaemorrhagiae 

was not found (Gomard et al., 2014). Although leptospirosis is not reported in the Union of the 

Comoros, this serological pattern is close to that reported on the neighbouring Mayotte (P. Bourhy 

et al., 2012), and suggests that leptospirosis is indeed a disease of medical concern in this country, 

with likely comparable Leptospira lineages. 

The situation of leptospirosis in Mauritius is unclear as published data is sparse. 

Leptospirosis is suspected to be present in human populations, as was demonstrated by a French 

traveller with recent travel history in this island (Simon et al., 2012). 

 

http://www.pasteur.mg/projets/
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Leptospirosis in Seychelles 

Seychelles geography, population and climate 

The Seychelles archipelago is a group of 155 granitic and coralline island in the Indian 

Ocean spread over an area between 4 and 10 degrees south of the equator and lying between 480 

km and 1,600 km from the east coast of Africa. The Inner Islands group constitutes 41 of the oldest 

mid-oceanic granite islands on earth while the rest of the 74 islands form five groups of coral atolls 

and reef islets that are called the Outer Islands group. This Indian Ocean republic occupies a land 

area of 455 km² and an Exclusive Economic Zone of 1.4 million km². The Seychelles mid-year 

2017 population estimate is approximated at 95, 843 (National Bureau of Statistics, 2018). 

Due to its geographical location and maritime exposure, the climate of Seychelles is of the 

warm, humid tropical type with strong maritime influences, although outside of the cyclone belt. 

The islands of the Seychelles that are most populated are located south of the Intertropical 

Convergence Zone (ITCZ), which is a belt of low pressure circling the earth near the equator where 

trade winds of the Northern and Southern hemisphere come together. The climate in these 

northernmost islands of Seychelles can be divided into two main seasons, the Northwest Monsoon 

and the Southeast Monsoon separated by two relatively short Inter-Monsoon periods, called Am-

climate (Group A tropical monsoon climate) by the Köppen-Geiger classification (H. E. Beck et 

al., 2018). These islands do not experience a distinct dry season, although the southeast monsoon 

is associated with the longest dry spells compared to the northwest monsoon, which has higher 

rainfall. The southernmost islands of this archipelago, which are also sparsely populated, have the 

Am-climate of mostly dry SE monsoon and wet NW monsoon as described above, however 

additionally lie in the cyclone belt. 

Epidemiology of leptospirosis in Seychelles 
Whereas leptospirosis is considered a leading cause of morbidity and mortality amongst 

zoonoses worldwide (Costa, Hagan, et al., 2015), in Seychelles it is still a major cause of 

hospitalisations even after last known published studies in 1992, and 1998 (see Fig. 10. Below). 

The cases represented in the Fig. 10., are not only from published studies, but also from serological 

data (collated by the Statistics Unit of the Ministry of Health of Seychelles from Clinical 

Laboratory data) in the intervening years up to 2013 when molecular screening was initiated and 

data included. 
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Cases occur throughout the year and while the dynamics of human leptospirosis cases is 

known to be related to rainfall, this relationship is not so obvious in Seychelles (C. Yersin et al., 

1998). Transmission dynamics of Leptospira in putative reservoir hosts remains unexamined in 

this island country. It has been shown that leptospires can exist in biofilms (Gomes et al., 2018; 

Ristow et al., 2008), which may explain its endemicity in these humid islands through infected soil 

and water sources in the environment, which remains not well studied worldwide (Barragan, 

Olivas, Keim, & Pearson, 2017; Thibeaux et al., 2017). 

 

 
Fig. 10. Reported cases of leptospirosis from 1989 to 2016 in Seychelles, showing incidence and 

case-fatality rates from past studies as well as the annual rainfall trend. Source: Seychelles’ 

Ministry of Health Statistics Unit and Seychelles Meteorological Station. (*Pinn, 1992 (Pinn, 

1992); †Yersin et al., 1998. (C. Yersin et al., 1998)) 

 

Leptospirosis deaths have been fluctuating in Seychelles with peaks in 2007 and 2014 and 

lows in 2005, 2011, 2015 and 2017 when there was a marked decrease in deaths (Fig. 11), but 

nothing much can be read in that as the quantities are very small. However, for a small island 

developing state, the cases of deaths affect the population and are of national concern. Indeed, 

leptospirosis is mentioned amongst the core priority diseases of public health importance, which 

is required by International Health Regulations 2005, ratified by UN member countries. 
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Importantly, a reduction of 50% in case fatality by 2020 is mentioned as an indicator for quality 

care in the National Health Strategic Plan for 2016-2020 of the Ministry of Health of Seychelles. 

 

 
Fig. 11. Leptospirosis related mortality in all age groups from 2005 to 2017 in the Seychelles 

(Source: Disease Surveillance and Response Unit, Epidemiology and Statistics Section, Ministry 

of Health, Seychelles). 

 

Case fatality rates are difficult to determine accurately as cases have been reported using 

different diagnostic methods in the past, namely serology based on IHA. This includes all the data 

on which the incidence rates for Pappas et al, is based (see Table 1.). 

 

Box 1. Case definitions for leptospirosis  

 

Initiation of PCR tests started in 2013, and it has been used to provide confirmed 

leptospirosis cases. However, reports of cases still included serology until 2015 when case 

classification based on suspected, probable and confirmed was implemented (see Box 1. above). 

Case Definitions 

Suspected case: Anybody reporting to a health centre (private or governmental) presenting with fever of ≥ 
38oC for more than three days with or without any of the following signs and symptoms; headaches, myalgia, 
haemorrhagic manifestations in the absence of any definite diagnosis. 

Probable case: Anybody meeting the suspected case definition criteria with a Positive ELISA IgM. 

Confirmed case: Anybody meeting the suspected case definition criteria with a positive real-time PCR assay 
for pathogenic Leptospira spp. in blood and/or a positive MAT, a minimum four weeks after the onset of 
symptoms. A positive MAT is defined as one that displays an infective Serogroup with a four-fold 
seroconversion in paired sera, or acute sera with a Serogroup displaying a minimum titre of 1:400. The 
infective Serogroup in sera that had coagglutinatinating titres had the serogroup displaying two titre orders 
more than the rest as the definitive infecting serogroup.  

 

 



48 

 

Studies on Leptospirosis in Seychelles 
Investigations on leptospirosis in Seychelles dated from Pinn in 1992 (based on studies in 

1988-1990) showing that more males were affected with leptospirosis than females (a ratio of 

10:1). Yersin et al. later (1998) reported the same trend in a study conducted in 1995-1996. These 

studies tally with the relative risks seen in males and females worldwide (Costa, Hagan, et al., 

2015) (Fig. 12.). 

 

 
Fig. 12. Relative risks of leptospirosis amongst cases (A) and deaths (B), for age groups and sex. 

Comprehensive studies on leptospirosis in humans were conducted in 1995-1996 (Bovet 

et al., 1999; C. Yersin et al., 1998; Claude Yersin et al., 2000), showing high morbidity and 

mortality due to leptospirosis in Seychelles with severe cases presenting with pulmonary 

haemorrhage being present in 20% of cases and associated with Leptospira interrogans serogroup 

Hurstbridge (ref. Fig. 13), which is still classified as non-pathogenic or intermediate. Pathogenic 

L. interrogans serogroup Icterohaemorrhagiae was the most prevalent amongst detected cases. 

PCR was used to confirm Leptospira species but bacterial DNA sequences were lacking. 
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Fig. 13. Distribution of Leptospira serogroups amongst 75 cases from 1995-1996 study (Yersin et 

al., 1998). 

 

The presence of cats around human cases and a mention of studies in rats and dogs was 

documented as a result of the studies in 1995-1996 (Bovet et al., 1999; C. Yersin et al., 1998). 

However, very little else was done to determine the actual animal reservoir of leptospirosis, which 

was presumed to be the notoriously abundant Rattus populations.  

Rodent control 
Historical efforts in controlling rodents in the Seychelles islands are from colonial periods. 

One of these such efforts, which was recorded by newspapers of the day, and re-printed, recently 

was implemented by the colonial government in August 1967. It involved a “tail tally”, where 

islanders were asked to bring as evidence for a monetary reward the tails of rats that had been 

killed in an effort to control its population on the islands. A total of 25,590 tails were counted 

(Ernesta, 2019). 

There are three main rodent species in Seychelles, namely Rattus rattus, Rattus norvegicus 

and Mus musculus. Rats have a destructive effect on biodiversity and hence their control has been 

of importance in Seychelles, which is rich in species biodiversity. Rat control efforts by 

conservation experts have helped in repopulating islands with species that are on the verge of 

extinction (Rocamora & Henriette, 2015b). Rodent control in Seychelles is multifaceted and 

involves several governmental ministries, including the Ministry of Environment, Ministry of 

Agriculture as well as the Ministry of Health. The involvement of rats as a vector of diseases such 

as leptospirosis has long been suspected and this has translated into programmes that are in place 



50 

 

to decrease the abundance of these pests. Various strategies are implemented to do this such as the 

use of rodenticides and/or rat-traps (Rocamora & Henriette, 2015b).  

Statistics for the laying of these traps and utilisation of rodenticides is unfortunately not 

available from the health ministry, however the environment ministry has effectively implemented 

and maintained rat eradication and control of vulnerable islands harbouring at risk endemic species 

for conservation purposes (Rocamora & Henriette, 2015a). The conservation efforts at protecting 

natural ecosystems have recorded as of June 2015, 67 attempts at eradicating invasive animals, the 

most successful of these being eradication of black rats (R. rattus) followed by feral cats 

(Rocamora & Henriette, 2015a).  

Situation at the beginning of the thesis 
Leptospirosis is still a disease causing significant morbidity and mortality in many 

countries including the Seychelles (Fig. 10 and Fig. 11). However, in the Seychelles, there is a 

need to clarify the epidemiology of the disease in view of the continued high burden of the disease 

as shown by routine surveillance conducted by the Ministry of Health. The need to re-evaluate the 

status of leptospirosis in Seychelles through in-depth studies such as those conducted two decades 

ago is seen as a necessity to better understand the evolution of the disease in the country.  

Incidence estimates based on serological data, which have last been done almost a decade 

ago, placed the country amongst the highest in the world (Pappas et al., 2008). With improved and 

now available molecular tools, there is a need to determine the molecular identity of Leptospira 

strains in circulation in Seychelles to be able to compare it with regional and global strains, as well 

as to identify putative reservoir animals that may harbour this pathogen. An identification of the 

reservoir hosts and a thorough understanding of transmission chains in Seychelles will allow fine-

tuning control measures and better assisting evidence-based public health interventions to reduce 

the burden of this disease. 

Deficiencies in sanitation and infrastructure has been associated with the risk of acquisition 

of leptospirosis (Hagan et al., 2016; Reis et al., 2008), however generally there are good housing 

and sanitation systems in the country. The importance of these factors remains to be independently 

examined, as with the effect of other abiotic factors on the evidently multidimensional disease of 

leptospirosis. 
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Globally there is an ever-increasing competition for space with wildlife as human activities 

(through industrialisation, urbanisation, tourism, fisheries, etc.) continuously encroach on more 

natural ecological sites, and this in spite of environmental protection efforts. This results in 

increased exposure of humans to diseases present in wildlife. It also exposes the accompanying 

domestic animals to wildlife from which they could acquire Leptospira infection, increasing the 

reservoir potential of domestic animals and strengthening the wild animal/domestic animal/human 

continuum. Given the general high prevalence of pathogenic Leptospira in animals together with 

a highly diverse regional wildlife, these components make leptospirosis a good model to determine 

the effects of human anthropogenisation on the environment and wildlife on disease maintenance 

and transmission from reservoir hosts to humans. 

A thorough investigation of leptospirosis in a relatively closed environmental setting such 

as Seychelles will allow elucidating which are the prevalent bacterial lineages in this SIDS and 

identifying their associated animal reservoirs, which should intimate the transmission chains that 

are of clear medical concern. 

Statement of the Problem 

The actual status of leptospirosis in Seychelles is not well known as the last study was 

published almost 25 years ago. The current available data, which is the result of routine 

surveillance, is still based on serological data in spite of the introduction of PCR tests in 2013 

(Integrated Disease Surveillance and Response guidelines, Ministry of Health, Seychelles). 

Additionally, no genetic data is available for the circulating Leptospira strains in Seychelles. 

There is also very little validated information available as to the reservoir(s) of leptospirosis in 

Seychelles and the effect of abiotic factors on leptospirosis transmission. 

The burden of the disease has been consistently high throughout the years following the 

last detailed study almost twenty years ago. This burden remains high in spite of continuous 

national effort in implementing rodent control programmes to target the putative Rattus spp. 

reservoirs of the disease as described in multiple literature including the last study done locally, 

and has remained a major public health concern. 

Research hypotheses of the thesis 

Three research questions were set in this thesis: 

 



52 

 

Q1. How do the biotic and abiotic variables influence the transmission and maintenance of the 

disease? As rats are typically considered as a major reservoir, we modelled Leptospira 

infection in this animal using several biotic and abiotic variables such as land use, rainfall and 

altitude.  

Q2. What are the specific Leptospira species/lineages involved in human leptospirosis in 

Seychelles and which are the putative reservoirs? This was achieved using a molecular 

epidemiology approach conducted through a One Health framework and consisting in 

comparing prevalence and genotypes of Leptospira circulating in wildlife and human acute 

cases. 

Q3. What is the current incidence of leptospirosis in Seychelles and what are the epidemiological 

and behavioural variables that impact on the burden of the disease? We addressed the risk 

factors associated with human leptospirosis and compared data to those published 20-25 years 

ago in order to update our knowledge on behaviours, professional or recreational activities 

that protect or expose the Seychellois population to the disease. 

To address these research questions, an acute fever surveillance programme (see Annex 1 for 

the study protocol) and animal sampling studies were put in place. Geospatial and climatic data 

were gathered to analyse abiotic factors influencing Leptospira positivity in humans and animals. 

Animal sampling 
Rats were trapped on Mahé island at 12 sampling sites representing a spread over seven 

regions (Victoria, Victoria periphery, North, Centre, East, West and South) and diverse habitats 

which were later simplified into two classes of urban and rural sites. Sampling was undertaken in 

two missions to represent the two seasons present in Seychelles, one during the Southeast 

monsoonal season in June-July 2013, and the other in the Northwest monsoonal season in 

February-March 2014. Sampling sites where rats were caught were georeferenced and habitat sites 

recorded. A range of 40 to 80 traps was laid 15 metres apart, trapped animals were euthanized, and 

samples including kidney, liver, lung, spleen and blood were collected. Grinded kidney tissue was 

immediately inoculated in culture medium. Morphological features (weight, head and body length, 

tail length, ear length, hind foot length) were recorded and used to differentiate Rattus norvegicus 

from Rattus rattus, whereas the latter was further confirmed through the sequencing of cytochrome 

b (cytb) gene in order to avoid miss-identification within the R. rattus complex. The sex and 

maturity of rats were also recorded. 
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Veterinarians euthanized cats and dogs discarded by owners at the Seychelles Veterinary 

Section and collected samples (urine and kidneys) were put in 70% ethanol and subsequently 

stored at – 80°C before shipping in liquid nitrogen.  

Geospatial data 
Remote sensing of satellite images to describe the land cover / land use of Mahé was 

collected to gather precise environmental information for analyses. SEAS-OI Station 

(http://www.seas-oi.org/) provided four high-resolution cloud-free Spot 5 images (© CNES - 2013, 

Distribution Astrium services / Spot images S.A., France, all rights reserved) at 2.5 meters spatial 

resolution in panchromatic mode and 10 meters in multispectral mode and acquired on December 

6th 2012 and January 6th 2013. The raw images were pre-processed at level 1A with ENVI 5.1 

software to have a set of images that were compatible with each other, i.e., correctly stackable 

(geometric and radiometric corrections). 

An object-based image analysis (OBIA) with eCognition software (eCognition Developer 

9.0.3, © 2014 Trimble Germany GmbH) was conducted involving a segmentation of the image 

pixels into objects and a classification of these objects according to intrinsic (reflectance, shape, 

texture), topologic (relations to neighbouring objects) and contextual properties (semantic 

relationships between objects) (Bordes et al., 2015; Révillion et al., 2015). Land cover / land use 

classes were chosen among the first level of the nomenclature used by the USGS and by adapting 

it to the tropical environment of Mahé (Anderson, Hardy, Roach, & Witmer, 1976). The 

classification was subsequently complemented with geographical vector data from the Seychelles 

Ministry of Habitat, Infrastructure and Land Transport to help differentiate between urban and 

peri-urban areas. A field observation campaign in January 2014 was organised to measure the 

quality of the land cover / land use classification and a confusion matrix was developed to verify 

whether the classes observed in the field were correctly identified on the satellite images. 

The land cover / land use classification was used to compute landscape indices around the 

locations of each captured animal. These indices include the minimum distance between each 

animal and each land-use class. They also include the percentage area of each class in a buffer 

zone for which we chose different sizes (100, 500 and 1000 meters) in order to take into account 

potential distances travelled by animals. In each of these buffer zones, an index of landscape 

fragmentation (the total length of the contour of land use patches within each buffer, divided by 

the buffer area) was calculated. Ground elevation and slope was estimated by using the SRTM 
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(Shuttle Radar Topography Mission, http://srtm.usgs.gov/) digital elevation model (DEM) at 90 

meters spatial resolution. 

Climate data 
Climatic data (monthly temperature and precipitation) was gathered from the Seychelles 

Meteorological Services, Mahé International Airport station and associated to the months of the 

human surveillance as well as those of the Rattus capture to see the impact on Leptospira positivity. 

Human study 
 A prospective population-based survey was launched covering one-year period (1st 

December 2014 to 30th November 2015) on all acute febrile illnesses in the country. Enrolment of 

patients meeting an established case definition was referred to a leptospirosis clinic set up for the 

study, where trained interviewers gathered informed consent from participants, who were 

subsequently assessed for severity and were admitted to hospital according to severity. Patients 

below 13 years were not included in the study as this age category presents with a spectrum of 

acute febrile illnesses and additionally that age group does not suffer of a heavy burden of 

leptospirosis according to local surveillance data. The interviewer-administered questionnaire 

collected demographic and behavioural data on enrolled participants, as well as recorded results 

of clinical interventions. Biological samples were collected and submitted to a battery of tests, 

including those for leptospirosis diagnosis. 
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Chapter 1: Geospatial Analyses of Leptospira-infected Rattus spp. in 
Seychelles 
 
Introduction 
 

Anthropogenic activities on natural ecosystems have been shown to have multiplying effect 

in increasing exposure to emerging diseases such as zoonoses, which represent 60% of human 

infectious diseases (Lindahl & Grace, 2015; Taylor et al., 2001). Leptospirosis is a zoonotic 

disease that affects over a million people worldwide with mortality estimates up to 60,000 per 

annum (Costa, Hagan, et al., 2015). Identifying environmental factors that would indicate the 

presence of leptospires or the carriage of leptospires in animals could thus help targeting the 

settings where humans are most likely to contract leptospirosis. The anthropogenic drivers of 

leptospirosis infection are not well studied. Studies that model abiotic risk factors to Leptospira 

infection in reservoirs hosts as predictor of human infection are also limited. The modelling of 

Leptospira infection in rodents may serve as a good proxy to estimate the habitats, which may 

pose an increased risk of human transmission.  

Remote sensing approaches which utilise satellite data in studies of the effect of habitats 

on disease prevalence have been used to help better understanding the impact of environmental 

factors in maintaining or influencing disease and have provided a more precise and objective 

measure of targeting mitigation efforts with the objective of improving health outcomes (L. R. 

Beck, Lobitz, & Wood, 2000; Zhang et al., 2013). Such approaches have never been done in 

Seychelles, and in view of the available satellite and rodent data, an analysis of this type was seen 

as an opportunity. 

This chapter describes the abiotic risk predictors of Leptospira infection in Rattus species 

in Article 1: Predicting the presence of leptospires in rodents from environmental indicators 

opening up opportunities for environmental monitoring of human leptospirosis. The 

manuscript, which was submitted for peer-review in the Remote Sensing journal, is included 

below. 
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Conclusion 
 

This study showed that Leptospira-infected Rattus were mainly located in areas of low 

elevations, fragmented landscapes, in proximity to urban areas, at an increased distance 

from forests and, particularly important, following recent precipitation. A graphical abstract 

produced for publication (ref. Annex 2) summarises the remote sensing approach in the context of 

examining Leptospira-infected Rattus and the analyses of the impact of different habitats shown 

in the landscape covers. 

A high trapping rate is indicative of the large quantities of rats present on Mahé island, 

which is expected for oceanic islands such as Mayotte for example, and which could explain the 

high human leptospirosis cases. Species of rats captured were Rattus norvegicus and Rattus rattus 

with the former being more infected with Leptospira. The study also predicts through multivariate 

statistical analysis that Leptospira carriage in rats occurs when there is landscape 

fragmentation and recent rainfall. However, contrary to what was expected, we show that there 

is a poor overlap between the distribution of infected rodents and human acute cases, which 

although there is not necessarily a causal link between presence of reservoirs and human cases as 

humans could have contracted the disease and travelled elsewhere, the inference is that there may 

be other alternative reservoirs of Leptospira present on Mahé (see chapter 2). 

Results of the spatial modelling presented may help decision makers implementing 

urban planning policies and/or in balancing conservation efforts when designing pest control 

strategies that should also aim at reducing human contact with Leptospira-laden introduced 

rodents while limiting their negative impact on the autochthonous fauna. 
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Chapter 2: Molecular Epidemiology of Leptospirosis in Seychelles 
 
 
Introduction 

The insular islands of the SWIO display varied epidemiological features of incidence, 

mortality and diversity of leptospires. The Seychelles islands have consistently had high burden of 

this disease (Fig. 9 and Fig 10) and no formal investigation of the animal reservoirs have been 

undertaken. This second chapter aims at responding to these queries with the following objectives 

and strategies: 

1) To determine the human incidence of leptospirosis in Seychelles amongst the cases of acute 

fevers of unknown origin, 

2) To assess the clinical severity of incident leptospirosis in Seychelles, 

3) To determine by molecular and serological methods the circulating Leptospira strains, and 

hence identify the main animal reservoir(s) of leptospirosis. 

A prospective population-based study based was established as per study protocol (ref. Annex 

1) to respond to the human leptospirosis objectives set forth. Two rat-trapping missions organised 

during the dry (SE) and wet (NW) monsoonal seasons were put in place to respond to the objectives 

set forth for the animal compartment. Sampling of domestic pets (cats and dogs) was carried out 

as well. Samples were submitted to serological and molecular screening, and all PCR positive 

samples were subsequently genotyped using MLST.  The answers to these queries were the subject 

of Article 2: Human leptospirosis in Seychelles: A prospective study confirms the heavy 

burden of the disease but suggests that rats are not the main reservoir.  

Article 2 was published in PLoS Neglected Tropical Diseases journal in August 2017. 
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Conclusion 
 

The results from this molecular epidemiological study show that Leptospira interrogans 

is the only species present in human cases on the islands with a low diversity indicative of a 

recent introduction into these islands. The results also confirm the findings of previous studies 

of similar Leptospira serogroups with a higher prevalence of serogroup Icterohaemorrhagiae. 

Our data also show for the first time the presence of three distinct Leptospira STs, two 

of which are unique to the Seychelles. These novel genotypes contribute to the greater majority 

of human cases and importantly, are not found in rats.  

The latter finding means that the greater majority of human cases of leptospirosis are 

originating from yet to be determined alternative reservoir(s), which stimulates the exploration of 

these potential reservoirs. Our small sampling has shown some association with dogs, as one out 

of 24 sample dogs harboured one of the novel genotypes, which is importantly the most prevalent 

ST in human cases.  

Finally, the study confirms the high burden of leptospirosis incidence in Seychelles and 

points to the misidentification of the reservoir of the disease as a possible reason for this in spite 

of the various public health intervention efforts of the Seychelles’ health authorities. Leptospirosis 

seasonality following the seasonal rains was confirmed although not as marked as in the previous 

study conducted over 20 years ago, an effect which is postulated as resulting from climate change. 
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Chapter 3: Epidemiology of human leptospirosis in Seychelles. 
 

Introduction 

Environmental and behavioural factors are known to influence the risk of being exposed to 

Leptospira spp., however the relative importance of different exposures have not been well 

described in the SWIO. Similarly, descriptions on the clinical features associated with leptospirosis 

are limited. In Seychelles, only two previous studies looked at the clinical features or leptospirosis 

and the occupational and behavioural risk factors contributing to Leptospira infection (Bovet et 

al., 1999; Pinn, 1992; C. Yersin et al., 1998).  

In the first study (Pinn, 1992), conducted over a two-year period from 1988-1990, 

leptospirosis was clinically diagnosed in 80 patients, leading to an incidence of 60 per 100,000 

inhabitants although 58 were confirmed serologically and autopsy confirmed a further 7 cases. 

Pinn indicated that the annual incidence figure is most likely an underestimation due to the non-

specific symptoms of leptospirosis.  It was shown that a majority of males (89%) were affected 

with most cases (23.9%) coming from 20-29 age group and this was similar (22.5%) when 

considering both sexes. Regular alcohol consumption was associated with 75% of cases, and Pinn 

postulated that this might be associated with the consumption of traditional brews, which are 

produced in unhygienic environments with potential for contamination; however, this could not be 

confirmed. Biological features were most associated with raised (> 40U/L) alanine 

aminotransferase (87% of cases), raised (> 92U/L) CPK (76% of cases), raised (> 20μmol/L) 

bilirubin (75% of cases), raised (> 100μmol/L) creatinine and haematuria (69% of cases). 

Thrombocytopaenia (< 100×109/L) was in 50% of the 14 patients with pulmonary haemorrhage. 

The most common symptoms were fever (89%), myalgia (85%) and dark urine (53%) whereas the 

most common signs were liver tenderness (78%), fever (76%) and jaundice (76%). Pinn noted that 

myalgia was the most useful clinical symptom with some patients being severe enough as to 

prevent walking. Serum samples were obtained for 64 cases out of which only 12 had convalescent 

sera. ELISA IgM was positive for 58 (90.6%) of these available sera and out of 29 MAT positive 

reactions, 27 (23%) were Icterohaemorrhagiae and 2 (7%) were Autumnalis. Occupations most 

associated with leptospirosis were labourer (26.3%), being unemployed or retired (23.9%) and 

being a farmer or gardener (11.3%). Additionally, amongst positive cases in women, two thirds 

were housewives. Pinn noted that the diagnosis of leptospirosis in a jaundiced patient in the 

absence of malaria and yellow fever and rare cases of viral hepatitis would be simple. 
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In the second study conducted in 1995-1996 (Bovet et al., 1999; C. Yersin et al., 1998), 

Yersin et al. (1998) and Bovet et al. (1999), respectively described clinical features and risk factors 

associated with leptospirosis from a prospective population-based case-control study. A total of 

75 cases of acute leptospirosis were detected corresponding to an annual incidence of 101 per 

100,000 (95% CI: 79-126). The majority of cases were of males (84%) and the most affected age 

group was 20-29 years (32%). Eight serogroups were identified with Icterohaemorrhagiae (31%) 

and Hurstbridge (20%) being the most frequent, whereas influenza-like forms accounted for 37% 

of cases. Additionally, the most marked clinical features were jaundice (52%), acute renal failure 

(28%) and pulmonary haemorrhage (19%). Case fatality was at 8%. The prevalence of subclinical 

infection was high with 9% of healthy adult males having leptospiraemia (PCR positive) and 37% 

showing evidence of past leptospiral infection in the absence of any current or past history of 

infection, which the authors extrapolated to mean that a substantial proportion of the exposed 

population may have undiagnosed or subclinical infection. The concentration of cases was in adult 

males with manual outdoor occupations; however, other notable classes were housewives, students 

and workers with indoor activities.  

Risk factors that were related to increased exposure to environment were forest activities, 

gardening, wet soil around the home, refuse not collected by public service, living in a house with 

corrugated iron and having a kitchen accessible to rats. Highlighted risky behaviours were washing 

clothes or bathing in the river, walking barefoot outside the home and conditions such as skin 

wounds. The relationship with rainfall was weak and explained by an undefined rainfall season. 

Acute leptospirosis was strongly associated with cats at home, however authors described this 

relationship as controversial in view of what was known at the time. Interestingly there was a weak 

association between rat density around the home to leptospirosis and the authors explained that 

this variable could have been attenuated in the study due to its imprecision, high rat density in the 

country and discrepancy between rat trails and what could be their actual habitats. A positive 

association was found with alcohol intake but was not explained further than to be correlated with 

outdoor occupations which may have confounded the association. Independent association was 

found for gardening, wet soil and skin wound which the authors declared to be consistent with the 

fact that leptospires survive in humid soils which may then cross abraded skin. Authors concluded 

that health education was of paramount importance in reducing the risk to leptospiral infection, 

and stressed the need to provide preventative protection equipment in risky activities, such as 

wearing footwear and gloves. Rodent control was acknowledged as a means of protection however 
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authors stressed that behaviour change was required for effective and sustainable prevention and 

control of leptospirosis in tropical areas like Seychelles where there needs to be a multifactorial 

integrated approach. 

After 25 years from the first study conducted in the Seychelles, the need to clarify the 

prevailing clinical features of leptospirosis in Seychelles and how this can help promptly diagnose 

future cases is the subject of the following chapter. Prospective studies to determine the risk factors 

associated with leptospirosis are still rare (Felzemburgh et al., 2014), and the need to clarify and 

update the possible impact of  environmental and behavioural risk factors associated with 

leptospirosis in Seychelles was the subject of Article  3: An observational study of human 

leptospirosis in Seychelles. The manuscript of the article was re-submitted after first review to 

the American Journal of Tropical Medicine and is included below. 
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Conclusion 

The results of this epidemiological investigation has shown through univariate analyses 

that leptospirosis was positively associated with clinical variables including gardening/farming, 

oliguria, jaundice, conjunctivitis, history of HCV infection, anaemia, thrombocytopaenia 

and/or biological renal failure. The epidemiological variables associated with cases were if 

patients were living in houses, the presence of animals around and in houses, gardening and 

misuse of personal protective equipment. 

Multivariate analyses showed that being a farmer/landscaper and having cattle and cats 

around the home were the most significant drivers of leptospirosis. Clinical features most 

associated with leptospirosis were thrombocytopenia, leukocytosis, high values for renal 

function tests and elevated total bilirubin.  

The study showed changes in behaviour and exposure as compared to 25 years ago 

when the previous studies were conducted and reported that the lowered case fatality may be due 

to improved clinical case management. This study leads to recommendations for continuous 

health education campaigns to continuously maintain awareness of the disease amongst the 

population as well as further studies to clarify the epidemiology of human leptospirosis and 

especially the role of domestic animals. 
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Overall Discussion and Perspectives 
Any efforts to describe the epidemiology of zoonotic pathogens should consider their 

presence in reservoir hosts, which maintain and transmit disease, their survival as free organisms 

in the environment, the factors influencing transmission to humans, and finally the distribution and 

effects of the disease in humans. Because of a high prevalence in the environment and an extreme 

diversity, Leptospira spp. represent an excellent model of zoonotic pathogen to examine the 

interactions between reservoir host(s), the environment and humans. Within the frame of this 

thesis, we explored the epidemiology of leptospirosis in Seychelles through geographic modelling, 

molecular epidemiology and human epidemiology approaches. Produced data allowed us to 

determine the biotic and abiotic factors that influence and predict Leptospira spp. 

transmission and infection in Rattus species through a geospatial modelling approach, the 

results of which are described in Chapter 1. We updated the incidence of leptospirosis in these 

islands and identified the specific involved Leptospira lineages as well as their putative 

reservoirs. The results of this investigation are presented in Chapter 2. We finally used 

questionnaire data to explore the epidemiological and behavioural variables that impact the 

burden of the disease as well as describe the main clinical manifestations, and the results of 

this are presented in Chapter 3. Summary of all the main findings of the studies done in Seychelles 

is shown in Fig. 14.  

 Previous to this study, reports of leptospirosis epidemiology in Seychelles was dated and 

mostly non-existent in terms of exploration of the putative reservoirs and the effect of biotic and 

abiotic factors in affecting disease morbidity and infection prevalence in animals (C. Yersin et al., 

1998; Bovet et al., 1999; Claude Yersin et al., 2000). An understanding of leptospirosis 

epidemiology in Seychelles was of particular public health priority in view of the continued burden 

of the disease in this island state and in view of the fact that the last reports placed it as having the 

highest incidence of the disease worldwide (Pappas et al., 2008).  

 

 



138 

 

 

Fig. 14. Summary of salient features of leptospirosis in Seychelles produced in the frame of this 

thesis. 

Geospatial Analyses of Leptospira-infected Rattus spp. in Seychelles 

A precise geospatial analyses of infection prevalence was undertaken using Rattus as a 

model of Leptospira exposure on Mahe, the largest island of the Seychelles archipelago, where the 

majority (>90%) of the population resides. Rat diversity and trapping success was estimated in our 

study although this was not the main focus of the sampling. We show a trapping rate averaging 

43.3% and peaking at 60%, which is indicative of a relatively high abundance of Rattus norvegicus 

and Rattus rattus. Although the used sampling protocol did not intend to measure the absolute 

abundance of rats in Seychelles, these numbers can be compared with trapping success recorded 

using the same protocols and human resources on La Réunion and Mayotte. For La Reunion, 

trapping rates are 14.4% (2013) and 10.8% (2017) compared to 51.4% (2012), 57.7% (2014) and 

28.3% (2017) for Mayotte. These data were gathered from LeptOI project in 2012 and 2014 and 

on Typhus project in 2017 (source; Gildas Le Minter, IRD). Comparing these figures to Seychelles, 

it can be seen that Mayotte displays similar high rapping rates that are commonplace in oceanic 

islands, which harbour low competitors and predators coupled with the abundance of habitats and 

food resources, whereas trapping success in La Reunion suggests a lower abundance perhaps 

related to its slightly varied habitat and possibly focussed effort in rodent control. The relative high 
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abundance of rats in Seychelles is also consistent with the reports from conservation-focussed 

programs (Harper & Bunbury, 2015; Rocamora & Henriette, 2015b).  

Rattus norvegicus was found to be significantly more infected than R. rattus, a pattern that 

has been also reported in other tropical countries like Brazil (Costa, Wunder, et al., 2015; Panti-

May et al., 2016) and Thailand (Herbreteau, Bordes, Jittapalapong, Supputamongkol, & Morand, 

2012). This may be related to the ecology of these mammal species, with R. rattus being mainly 

arboreal while R. norvegicus breeds in burrows and is hence probably more exposed to infections 

of environmental origin. As Norway rats are also more associated with urban landscapes, their role 

in human leptospirosis is probably more prominent (Harper & Bunbury, 2015).  

For the first time, we show the impact of various environmental factors in relation to rodent 

distribution and Leptospira infection rates on Mahé island, Seychelles. Sampling data show that 

R. rattus is widespread on the island as opposed to R. norvegicus, which is mostly found in lower 

altitudes and urbanized habitats. The differences in the distribution of Leptospira-laden Rattus spp. 

may be related specifically to (i) the carrying capacity and/or (ii) the distribution of each Rattus 

species. Both non-exclusive hypotheses may be the subject of future studies, the former being 

genetic in nature while the latter looks more specifically to the ecology of Rattus spp. Indeed, the 

distribution of R. norvegicus appears contrasted among different islands of SWIO. Rattus 

norvegicus is mostly distributed in coastal urbanized areas in Madagascar but recent surveys 

suggest a colonization of the colder highlands in the last decades (JM Duplantier, personal 

communication). In La Réunion, trapping along two altitudinal transects crossing the eastern 

humid and western dry portions of the island have shown that R. norvegicus is restricted to 

urbanized coastal areas and to elevated (>1000m) forested areas in the West portion of the island 

(unpublished data from LeptOI project). In Seychelles, it is thought that R. norvegicus has 

colonized Mahé through Victoria harbour within the last 50 years (Cheke, 2010). Hence, the 

current distribution may be dynamic and R. norvegicus may expand its range towards more 

elevated and natural habitats in the next future, which in turn could have epidemiological 

consequences. Factors from our study that are most associated with Leptospira presence in Rattus 

spp. are lower altitudes and proximity to urban areas, elevated distance from forested areas, close 

proximity to surface water for R. norvegicus, habitat fragmentation and rainfall within the last 3 

months. 
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Although the majority of Leptospira-infected rats are the Norway rats, there are some black 

rats infected at altitudes located at Chemin Dame Leroi (elevation approx. 170m) and La Reserve 

(elevation approx. 280m), which are natural and semi-natural sites. Strikingly, the southernmost 

part of the island contains a dearth of any Leptospira-carrying rats. This may result from an 

environment non-conducive to Leptospira maintenance (e.g. soil chemistry and its importance in 

maintaining leptospires survival) or from the absence of R. norvegicus, which is 12 times, more 

infected than R. rattus and most probably a foci of infection of R. rattus and other species.  

Molecular epidemiology of leptospirosis in Seychelles 

As a result of a prospective epidemiological study that we were able to put in place (ref. 

study protocol in Annex 1), we were able to confirm that Seychelles shares an epidemiological 

profile similar to Reunion where most clinical cases result from infection with Leptospira 

interrogans (Biscornet et al., 2017; Guernier et al., 2016). In fact, Reunion Island also shares the 

same Leptospira interrogans strain sequence type ST02 in rats, indicative of a recent introduction 

of this Leptospira spp. in these islands compared to other regions of the world. In Mayotte, for 

example, a portion of human cases is associated with  L. mayottensis, a recently identified 

Leptospira spp. found first in Mayotte but subsequently found to originate from Madagascar and 

present uniquely in Tenrecs (P. Bourhy et al., 2012; Pascale Bourhy et al., 2014; Dietrich et al., 

2014; Lagadec et al., 2016; Dietrich et al., 2018). In Seychelles however, the finding of two novel 

genotypes (ST142 and ST143) and the absence of these bacterial lineages in rats stimulates interest 

in elucidating their reservoir(s), especially as these STs represent 2/3 of human cases included in 

the frame of the present study. Interestingly, a small sampling was able to show an association 

with dogs where one out of 24 sampled dogs harboured ST142, which is note worthily the most 

prevalent ST in human cases. Interestingly, on Reunion Island, two distinct STs, namely ST02 and 

ST34, were found in human cases. As in Seychelles, all infected rats were shedding ST02 only, 

while dogs were found shedding both ST02 and ST34. Dogs are predominant in Seychellois 

households and frequently as strays. They have been shown to be involved in leptospirosis 

epidemiology in other parts of the world as well (Gay, Soupé-Gilbert, & Goarant, 2014; Guernier 

et al., 2016; Miotto et al., 2018; Zaidi et al., 2018), and hence deserve further exploration in the 

Indian Ocean islands. 

 More Leptospira positive patients were from semi-rural and rural areas and there was a 

strong association with agricultural activities as shown in epidemiological studies (see below). It 

was difficult to determine where the patients were infected and even the STs did not show any 
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apparent structuration in geographic distribution (Biscornet et al., 2017). This finding is consistent 

with the molecular epidemiological profile determined in the frame of the study, which identified 

two novel sequence types (ST142 and ST143) of which the reservoir(s) is/are not rats and which 

represent the majority strain of Leptospira interrogans found in human patients. This is further 

supported by the finding that only a 7.7% molecular prevalence of Leptospira in rats from 

Seychelles whereas a review of country-specific study data showed that some countries have more 

than 60% infection prevalence of Leptospira in rats (Boey, Shiokawa, & Rajeev, 2019). 

The finding that rats are not the major reservoir for human leptospirosis in Seychelles is 

major for two main reasons. Firstly, rats have been historically associated with leptospirosis and 

considered as the main reservoir of human leptospirosis (Haake & Levett, 2015a). Leptospirosis 

is actually termed “rat disease” in France. However, recent studies have begun shifting dogmatic 

stances on this subject to enable the consideration of other animal species as being major 

contributors for the transmission of pathogenic leptospires (Jimenez-Coello et al., 2010; Desvars, 

Naze, Benneveau, Cardinale, & Michault, 2013; Gay et al., 2014; Guernier et al., 2016). In a recent 

study carried out in Tanzania where rats were sampled in zones of high incidence of human 

leptospirosis, no rats (zero out of 320 rats) were found to carry leptospires whereas in contrast 

positivity was found in cattle, sheep and goats suggesting that ruminants play a more important 

role (Allan et al., 2018). Secondly, this finding brings to the fore the importance of other putative 

reservoirs whereas the focus of public health educational information provided has always been 

targeted mainly on the importance of controlling rats with the supposed consequent effect of 

reducing cases of leptospirosis. The decades of rodent control efforts have obviously not 

significantly influenced human leptospirosis epidemiology, which further highlights the presence 

of alternative reservoir(s) for pathogenic leptospires in Seychelles. 

Epidemiology of leptospirosis in Seychelles 

The one-year population-based prospective study that was put in place involved the 

gathering of epidemiological information through the use of a standardised questionnaire and 

recording results of clinical diagnostic markers of leptospirosis in humans, with the objective of 

revealing the characteristic features of the disease and describing the risk factors that may be 

involved. We argue that case classification bias is low in the study due to the combined use of RT-

PCR, IgM ELISA and MAT screening. We also determined that the epidemiological patterns that 

have been identified are likely descriptive of the situation in Seychelles due to a limited number 

of imported cases of leptospirosis. 
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A sex distribution bias was confirmed in leptospirosis epidemiology in Seychelles with a 

significant over-representation of males, as reported in previous studies in Seychelles in 1992 

(89%) (Pinn, 1992) and 1995-1996 (84%) (C. Yersin et al., 1998) at an average ratio of 9:1, 

although the difference in 2014-2015 (96%) was even more markedly biased towards males. The 

higher risk of developing leptospirosis experienced by adult males has been shown in numerous 

studies worldwide and summarised in a recent review article by Costa, et al (Costa, Hagan, et al., 

2015). Although, exposure-related bias may be an important driver for this gender difference 

(Haake & Levett, 2015a), the effect of gender bias in acquisition of infectious diseases has been 

expounded recently as related to differences in sex hormone and immune effectors (Guerra-

Silveira & Abad-Franch, 2013; Skufca & Arima, 2012). This hypothesis may also be coherent with 

a low incidence in children, who are typically exposed in tropical islands but rarely diagnosed with 

leptospirosis. 

 

 
Fig. 15. Updated chart of reported cases of leptospirosis from 1989 to 2017 in Seychelles, showing 

incidence and case-fatality rates from past studies as well as the annual rainfall trend. Source: 

Seychelles’ Ministry of Health Statistics Unit and Seychelles Meteorological Station. (*Pinn, 1992 

(Pinn, 1992); †Yersin et al., 1998. (C. Yersin et al., 1998) and ‡Biscornet et al, 2017 ((Biscornet 

et al., 2017)). 
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The apparent 2 to 3 year cyclical peaks and troughs in number of leptospirosis cases is yet 

to be explained. A similar cyclical pattern of Leptospira shedding was seen in bat maternity 

although the cyclical peaks were annual and there was no connection to human disease (Dietrich 

et al., 2015), therefore the implication for Seychelles context is not known. A small sampling of 

bats (n=50) did not reveal any pathogenic Leptospira spp. (Biscornet et al., 2017). An in depth 

sampling of the yet unexplored other potential Leptospira-infected animals is yet to be done and 

could shed light on the reason for the peaks and troughs, which seem to be independent of years 

with heavy rainfall. 

We report a case fatality rate of 11.8% for leptospirosis in Seychelles (see Fig. 15 for 

comparison of previous studies), which in the region is closest to Reunion island at 3-5% CFR, 

and considerably higher than on the island of Mayotte where CFR is at 0.9%. These differences 

tally with the findings that the L. interrogans strains identified in the Seychelles and Reunion with 

the highest CFR are likely newly introduced and so likely exhibit the highest virulence attributes 

in causing severe disease, as compared to the endemic leptospires (L. mayottensis and bat-borne 

L. borgpetersenii), which are mainly found in endemic tenrecs and rodents of Mayotte and 

Madagascar and may be less virulent (Tortosa et al., 2017). Indeed in a recent article, this 

hypothesis was confirmed in experimental infections with leptospires isolated from wildlife from 

the islands of the SWIO and showing that endemic tenrec-borne and bat-borne leptospires are less 

virulent than the likely introduced rat-borne L. interrogans genotyped as ST02 (Cordonin et al., 

2019). 

The CFR due to leptospirosis was shown to have decreased in the last decades between 

studies conducted from 1992 (Pinn, 1992) when it was 16% to 11.8% in the last study conducted 

in 2014-2015. In the study conducted in 1995-1996 (Claude Yersin et al., 2000), pulmonary 

haemorrhage was seen as the main cause of death amongst leptospirosis cases, where all fatalities 

(n= 6) that occurred presented as such dying shortly after symptom onset. In our study, although 

there were similarly 6 fatalities, however, only a third presented in pulmonary form at autopsy. 

We suggest that the reduction in CFR and changes seen in the main cause of death may be due to 

the improvements in the clinical management of severe leptospirosis during the intervening years, 

as well as implementation of dialysis and mechanical ventilation. 

 

We also show that as with studies done elsewhere, clinical (oliguria and jaundice) and 

biological (severe anaemia, severe thrombocytopaenia, high bilirubin and renal failure) markers 
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are associated with severity and could thus serve as indicators to guide physicians. A recent article 

demonstrated how the implementation of a simple score based on markers of severity can help to 

predict acute and severe leptospirosis (Fish-Low et al., 2019; Smith et al., 2019). A similar score 

implemented in Seychelles where leptospirosis is endemic and where severe forms are frequent 

could be lifesaving. 

We report in our study changes in risky behaviours compared to previous studies conducted 

20 years ago. Walking barefoot which was found to be a significant risk factor for leptospirosis in 

previous studies for example, was not found to be significantly linked with cases of leptospirosis, 

which we argue points to changes in such practices. 

Most interestingly, we found that the presence of rats around houses of leptospirosis cases 

has not changed between previous studies and ours, which we argue further suggests that rats are 

not the main source of transmission of leptospirosis in Seychelles (Biscornet et al., 2017). In our 

study we also highlight the importance of other potential animal reservoirs of leptospirosis, as 

leptospirosis cases was found to be associated with cattle, cats, dogs and poultry. Whereas previous 

studies did not show any difference in the presence of dogs around leptospirosis cases compared 

to non-leptospirosis cases, our study showed that dogs were present around 100% of leptospirosis 

cases compared to 63% for non-leptospirosis cases. This further highlights the probable 

involvement of dogs as a shedder of pathogenic leptospires as a genotype representing one of the 

novel and main infecting strain was found in a dog (Biscornet et al., 2017). 

The professions with the highest risk of being a leptospirosis case was landscaping and 

farming, with three times more risk in these two professions. Integrating these factors in the 

aforementioned scoring index could assist in early detection and treatment of potential 

leptospirosis cases (Tubiana et al., 2013; Goarant, 2016; Smith et al., 2019). 

Perspectives 

Although the investigations carried out in the frame of the present thesis have enlightened 

the epidemiology of the disease, results have also led to new research questions, some of which 

need to be addressed in order to fully understand what is actually going on in Seychelles. 

Obviously, one of the most salient remaining questions is related to the identification of 

reservoir(s) alternative to rats. As the majority of human cases are associated with two new STs, 

identifying reservoirs involved in their maintenance and shedding would undoubtedly help in 

prevention. A sampling to include the House mouse (Mus musculus), which was not trapped in our 
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study, could be relevant as highlighted by a recent investigation implemented in Puerto Rico and 

revealing this species as the most Leptospira-infected rodent in cattle farms (Benavidez et al., 

2019). A large exploration of dogs, including stray dogs and pets, will allow answering whether 

dogs are indeed major reservoir of the disease. If so, obligatory vaccination of pets and proactive 

control of stray dogs would have a tremendous positive impact on disease incidence. There have 

been discussions already with the Chief Veterinary Officer of the National Biosecurity Agency, 

Dr. Jimmy Melanie, about conducting animal sampling and this is expected to start as soon as the 

study protocol is complete which is currently in draft phase. Sampling of the urine and/or kidneys 

as well as blood of animals has been proposed. We also propose to include yet untrained staff in 

this future study, e.g. newly recruited veterinarians and lab staff who will be interested in the study. 

As far as reservoirs are concerned, we can establish protocols to allow testing whether the 

increased infection prevalence in Norway rats results from the intrinsic capacity of this species to 

support chronic infection, and/or from the distribution of this species which occupies low elevated 

fragmented areas. Indeed, the stark difference in Leptospira prevalence between Norway and black 

rats leads to exploring this feature to understand the underlying reasons for the differences. 

A growing number of studies explores Leptospira infection in environment samples such 

as mud or rivers (Sato et al., 2019; Thibeaux et al., 2018), and environmental DNA may be highly 

relevant as a proxy to determine the levels of infection of specific habitats. Actually, data presented 

herein shows that infection prevalence in rats might not be such a relevant proxy of Leptospira 

exposure of the environment. Hence, a direct measure of the infections in the environment may 

bring in complementary information.  Currently the SPHL is in process of establishing an MoU 

with the Seychelles Agricultural Agency (SAA) and the Soil and Plant Diagnostic Laboratory 

(SPDL) to be able to collaborate on these areas. They would already be in possession of interesting 

data on soil chemical composition and characteristics, which could be analysed together with past 

and future data on leptospires presence in the environment or animals or human leptospirosis cases. 

There could well be important abiotic factors accounting for the survival of Leptospira spp. in the 

environment and so explain the epidemiology of the disease seen within and between these islands. 

The human epidemiology data presented in chapter 3 highlighted farmers and landscapers 

as an at-risk group. A seroprevalence study in this group could further clarify their actual exposure, 

and eventually propose measures to specifically lower the burden of the disease in this group. This 
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could also be the subject of collaboration to be formalised in the MoU currently being drafted 

between the SPHL of the Public Health Authority and the SAA. 

In view of the prevailing high CFR seem in Seychelles, a retrospective analysis of case 

files to examine the specific details of fatal cases would also be a very interesting prospect. The 

possibility of there being other pathologies that worsen the leptospirosis cases could also be 

explored by such a retrospective study. In previous studies, the association of pulmonary 

haemorrhage to disease severity has highlighted (Yersin et al., 2000), however this has not been 

of particular significance in recently conducted studies. 

Lastly, 77.1% of the included patients were actually diagnosed as negative for 

leptospirosis. This sample is precious and will be used to identify other pathogens responsible for 

acute fevers in Seychelles. Such study will be carried out using high throughput serological 

screenings, and will allow identifying the pathogens of highest medical importance in the country. 

This is especially important as following the study, the epidemiological profile of acute fevers in 

Seychelles had changed dramatically with the most massive waves of dengue infection seen in 

these islands to date (Lustig, Wolf, Halutz, & Schwartz, 2017), which in turn further complicates 

the diagnosis of leptospirosis. The presence of other rat-borne diseases such as murine typhus 

(caused by Rickettsia typhus) is yet to be explored, a fact that becomes important in view of the 

abundant rats present on the islands and as murine typhus has been recently reported in regional 

islands like Reunion (Balleydier et al., 2015) and Madagascar (Rakotonanahary et al., 2017). 

Causes of what has been termed as “rat bite fever”, which in literature mentions Streptobacillus 

moniliformis and Spirillum minus as causative agents, could be explored as well amongst the large 

percentage of patients that were diagnosed negative as well as in future prospective studies or 

surveillance examining acute fever syndromes. Altogether, presented data show how 

investigations carried out under the One Health framework are relevant from basic and public 

health perspectives. In Seychelles, such studies are facilitated by the insular nature of the country, 

which typically shelters a limited number of animal (and potentially reservoir) species and 

facilitate the identification of human imported cases (Tortosa et al., 2012). In addition, Seychelles 

shelter a limited number of health infrastructures and the reduced size of the human population 

virtually gives access to most if not all human cases.  

 

  



147 

 

Annex 1: Leptospirosis Study Protocol 
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Annex 2: Graphical Abstract of Geospatial Analyses 
 

 

 

 

Graphical abstract of article submitted to Remote Sensing based on geospatial analyses of 
Leptospira spp. in rats on Mahé island. © Herbreteau 
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Annex 3: Lettre D’Engagement de Non-Plagiat 
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