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Objective: Human leptospirosis is a widespread zoonosis with endemic 
appearance in different parts of the world. Despite causing more than 1 million 
cases, nearly 60.000 deaths and 3 million disability-adjusted life-years per year, 
leptospirosis remains an underrecognized and neglected disease calling for 
multinational surveillance and international collaboration.
Methods: The leptospirosis registry LeptoScope is a novel project enabling both 
international and multi-disciplinary research on Leptospira-caused diseases. 
LeptoScope has an electronic case report form and can be assessed on the 
General Data Protection Regulation compliant platform clinicalsurveys.net. 
Due to its modular structure, LeptoScope depicts or hides items according 
to the documented case (e.g., patients treated in outpatient setting versus 
patient admitted to the intensive care unit). This ensures rapid, but standardized 
enrolment of patients even in epidemics.
Results: Information collected in LeptoScope include demographics, pre-
existing diseases, clinical presentation and measures in addition to outcome. 
A multinational research team from Germany, Belgium and Spain contributed 
a pilot cohort of 78 cases with Leptospira-associated diseases to confirm 
LeptoScope’s functionality and practicality.
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Conclusion: LeptoScope is to our knowledge the first worldwide research 
platform on public health and clinical studies concerning Leptospira-associated 
diseases. LeptoScope promotes the needed collaboration at the cross-
roads of public health, microbiology, infectious diseases and nephrology for 
an underrecognized and often neglected disease. Ensuring controlled or 
uncontrolled level II evidence LeptoScope may improve patient care and may 
provide evidence for robust treatment recommendations in future.
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1 Introduction

Human leptospirosis is a widespread zoonosis caused by the 
spirochetes of the genus Leptospira (1, 2). Leptospirosis is estimated to 
affect more than 1 million individuals and to cause nearly 60,000 deaths 
per year (3). However, lacking awareness paired with challenges in 
diagnosis, coverage and vaccination are major challenges affecting 
disease burden, which is, in turn, considered underestimated (4–6). 
Being neglected commonly, leptospirosis is reported as a major  
(re-) emerging disease being endemic in many (sub-) tropical countries 
with a humid climate (4, 7). In industrialized countries, leptospirosis is 
considered an orphan disease and mostly associated to recreational or 
travel activities, however climate change may cause rising incidences 
and outbreak situations in many parts of the world (2, 8–13).

Infection is acquired through either the direct or indirect exposure 
to the urine of carrier animals or via contaminated soil, water or food 
(14). Being an infectious vasculitis, Leptospira enter the body through 
mucus membranes or small wounds in the skin as well as via 
conjunctivae, aspiration and swallowing. Thus, they spread via 
capillaries to all tissues (15). However, clinical manifestation depends 
on the virulence and size of the inoculum as well as the host’s immune 
status. Pathogenic mechanisms in leptospirosis have, therefore, to be 
divided into the direct damaging effect by Leptospira and the host 
immune response. The major virulence factor is Leptospira motility, as 
they disseminate rapidly from their entry to the end-organs, including 
the kidneys, lung, liver, eye and the central-nervous system (1).

Clinical manifestations of leptospirosis are rather unspecific, since 
it mimics many other diseases due to its protean clinical picture (1, 
16). Notwithstanding, the most common findings of acute severe 
infection due to Leptospira are acute kidney failure (AKI), jaundice 
and fever (17). Besides, leptospirosis may cause less commonly 
pulmonary hemorrhage, myocarditis or aseptic meningitis (6). 
Without timely antibiotic treatment, multiple organ dysfunctions 
involving the kidney, liver, heart, lungs and/or central nervous system 
are the consequence (6, 18). This is represented by a case fatality being 
as high as 5 to 15% (19).

In recent years, there is a growing recognition on the long-term 
kidney and neurology sequelae in addition to leptospirosis associated 
chronic fatigue syndrome (CFS) in survivors. Especially, in endemic 
regions leptospirosis predispose to chronic kidney disease (CKD) and 
end-stage renal disease, if not treated timely, as Leptospira often even 
persist and multiply in the tubules of kidneys despite being cleaned 
from blood and other organs (20–22). In this context, CKD is 
projected to become the fifth leading cause of worldwide deaths by 
2040 (23). Thus, even non-dialysis dependent CKD itself is known to 

be an important risk factor for cardiovascular morbidity and 
mortality (24).

In addition, there is a growing recognition of leptospirosis 
associated psychological sequelae that is not only limited to CFS but 
may also include depressive symptoms, anxiety and even post-
traumatic stress disorders (6, 25, 26). However, despite this clinical 
burden that is accompanied by approximately 3 million disability-
adjusted life-years (DALYs) lost per year with a productivity loss at 
$29.3 billion, leptospirosis remains an underrecognized neglected 
tropical diseases (NTD) (6, 27, 28). In this context, leading public 
health organizations including the World Health Organization 
(WHO) have yet to prioritize leptospirosis by officially adding it to 
their NTD lists (6, 7).

Leptospirosis is a substantial threat disproportionately affecting 
the poor, marginalized, and hard-to-reach population in low- and 
middle-income countries (7). Triggered by this immense challenge, 
the novel multi-center registry project LeptoScope was funded in 
March 2020. To overcome the difficulties in obtaining sufficient data 
in a neglected (and some parts of the world rare) and transient disease 
an international approach is of utmost importance aiming for a 
structured surveillance (29–31). LeptoScope promotes this urgently 
needed international and multi-disciplinary cooperation at the cross-
roads of public health, microbiology, infectious disease and 
nephrology to overcome the lack of knowledge in leptospirosis.

2 Materials and methods

2.1 Study design

LeptoScope was established in March 2020 and is an ongoing project. 
As an open registry, physicians at the cross-roads of public health, 
microbiology, infectious diseases and nephrology are asked to contribute 
both epidemiological and clinical data taken from patients with 
leptospirosis globally in a retrospective manner. Therefore, LeptoScope 
uses an electronic case report (eCRF) programmed with the survey 
software EFS Leadership 7.0 Version 1.2 (Questback GmbH, Cologne, 
Germany) (29–31). Yielding on a simple but structured online data 
collection, LeptoScope provides a customized version of Questback’s 
internationally approved EFS Survey and Leadership technology (29–
31). Thus, the eCRF is accessible at www.clinicalsurveys.net. To sum up, 
LeptoScope is an intuitional, online, high-throughput documentation 
platform for Leptospira-associated diseases. Due to its modular structure 
the eCRF depicts or hides items depending on the documented clinical 
course to ensure structured, but rapid data entry also in epidemics.
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2.2 Data collection

Demographic data (such as age-group, sex, ethnic origin, weight, 
occupation, year and month of infection, the region of infection, 
epidemics), as well as pre-existing medical conditions, clinical signs 
and symptoms upon initial presentation, microbiological results  
and/or imaging procedures allowing diagnosis of leptospirosis are 
entered in the LeptoScope eCRF in a standardized manner (Table 1). 
Clinical course and therapeutic approaches including antibiotic and 
diuretic therapy (drug, dose, duration, administration, the reason to 
stop, adverse events), renal placement therapy (indication, mode of 
dialysis, duration, adverse events), admission to the intensive care 
unit (ICU) and mechanical ventilation (duration) are further 
collected. Outcome (i.e., overall and attributable mortality), time of 
hospitalization and readmission to the hospital, long-term sequelae 
are additionally recorded (Table 1). If available, autopsy results may 
be documented, too.

2.3 Data analysis

Documented cases are directly exported in a binary format 
facilitating uni- and multivariate analyses in SPSS (29–31).

2.4 Ethics approval

LeptoScope is approved from the local Ethics Committee and 
Review Board of the University of Cologne, Germany, (Identifier of 
the Ethics Committee of the University of Cologne: 19–1,631) and the 
study is registered at clinicaltrials.gov (Identifier: NCT04288674). 
LeptoScope is conducted in accordance with the Declaration of 
Helsinki and the good clinical practice guidelines of the International 
Conference on Harmonization.

2.5 Data protection

All Good Epidemiological Practice Requirements (GEP) are 
fulfilled, as LeptoScope is hosted on the General Data Protection 
Regulation (GDPR) compliant platform clinicalsurveys.net 
(Questback GmbH, Cologne, Germany) that is assessed, in turn, 
through encrypted communication. Thus, medical confidentially 
is ensured at all time (32). In this context, access to collected data 
or the eCRF itself is limited to selected members of LeptoScope 
staff at the University Hospital Cologne, Germany. Contributors, 
in turn, log-in at LeptoScope’s eCRF via username and password 
and may only view and edit their own enrolled cases without 
entering any identifiable data, such as name or date of birth. 
Entered patients are automatically stored in an anonymized 
manner in LeptoScope’s database on Questback servers in Cologne, 
Germany. LeptoScope’s staff can only view these anonymized cases 
in the registry’s database. In case of queries, LeptoScope’s staff will 
contact the local participants to resolve these. This resolution is 
conducted again in retrospectively and falls under 
medical confidentially.

Conclusively, an informed consent is waived, since LeptoScope 
allows the anonymous collection and storage of cases, which has been 
independently confirmed and approved by the local Ethics Committee 
and Review Board of the University of Cologne, Germany, (Identifier 
of the Ethics Committee of the University of Cologne: 19–1631).

2.6 Quality control

Automated data checks reduce the risk for false data entries. These 
routine quality control measures consist of both plausibility checks in 
addition to obligatory data input, in particular, with regard to case 
definitions. Besides, entered clinical cases are reviewed by a team of 
physicians to guarantee comprehensiveness, coherence and validity. 
Queries are sent to the collaborators, who, in turn, will resolve these 
themselves (Figure 1). Upon resolution of all queries, cases are treated 
as valid and used for further statistical analyses.

Moreover, extensive peer review investigations searching for 
incomprehensiveness and incoherence at performed both at random 
time points and regular interim analyses. Importantly, the anonymity 
of entered cases is ensured during quality control processes.

2.7 Funding

The Maria-Pesch-Stiftung, Cologne, Germany, supported set-up 
and maintenance of LeptoScope. Participating centres contribute 
voluntarily and do not receive any financial support or compensation.

3 Results

3.1 Aims and use of data

The main aims to be studied are: Delineation of the disease course 
due to Leptospira infection, recapitulation of diagnostic strategies, 
determination of prognostic and risk factors, analysis of antibiotic and 
diuretic therapeutic approaches, renal replacement therapies, 

TABLE 1  Leptospirosis Registry—LeptoScope.

Category Subcategory

Epidemiology Age group at diagnosis, sex, weight, year and place of infection, 

ethnicity, occupation

Pre-existing 

diseases

Malignancy, HIV/AIDS, chronic kidney disease, chronic liver 

disease, chronic cardiovascular disease, chronic pulmonary 

disease, autoimmune disorder

Clinical 

presentation

Signs and symptoms including at admission, disease course

Diagnostics Microbiological analyses, imaging procedures, laboratory blood 

and urine results

Therapeutic 

approach

Admission to ICU, antibiotic and diuretic treatment approaches 

(drug, dose, duration, administration, adverse effects), renal 

replacement therapy (indication, mode of dialysis, duration, 

adverse effects), mechanical ventilation (duration), ECMO

Outcome Survival, time of hospitalization, readmission to the hospital, 

long term kidney sequelae, development of any chronic disease 

after leptospirosis

Information categories documented.
AIDS, acquired immunodeficiency syndrome; ECMO, extracorporeal membrane 
oxygenation; HIV, human immunodeficiency virus; ICU, intensive care unit.
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mechanical ventilation and extracorporeal support systems (e.g., 
ECMO), in addition to the study of patient survival and, if available, 
long-term sequelae. Furthermore, LeptoScope allows for mounting 
leptospirosis’ incidence, even in epidemic and endemic situations. In 
this context, LeptoScope may help to identify transmission sources and 
the efficacy of counteractions. Besides, LeptoScope may improve the 
development or modification of clinical screening regimens, in 
addition to diagnostic and treatment approaches. This may benefit 
both patient care and the design of future guidelines.

3.2 Study population

LeptoScope is an online registry and enables the collection of 
leptospirosis cases on a voluntary basis at participating sites from 
any part in the world. Cases are eligible to be enrolled in 
LeptoScope, when the mandatory evidence of either serological 
(increased titer detected by microscopic agglutination test or 
immunofluorescence) or direct Leptospira’s deoxyribonucleic acid 
(DNA, by polymerase chain reaction (PCR)) is proved and clinical 
signs and symptoms of leptospirosis are apparent in parallel. 
Patients with a single detection of increased IgM titers, in turn, 
are not considered eligible due to limitation in specificity, as 
multiple other pathogens may cause similar clinical manifestations 
in the tropical setting and symptoms of leptospirosis are 
often unspecific.

Of note, LeptoScope facilitates matched patient data collection 
using a case–control design. This in an important pre-requisite to 

enable public health, in addition to socioeconomic analyses. Moreover, 
attributable hospitalization, morbidity and mortality may be studied. 
Case-controls, in turn, will be recruited in the same participating 
hospitals that contribute patient cases, individual matched and further 
stratified for gender, age, and underlying diseases. On the one hand, 
the healthy population (age-group- and sex-matched) will be used as 
case–controls for public health analyses. On the other hand, case–
controls may be further matched for pre-existing disease (e.g., 
leptospirosis patients with CKD will be matched to a non-leptospirosis 
CKD patient of the same KDIGO stage, age-group and sex) in order 
to examine the attributable disease burden of leptospirosis (33).

Further information regarding LeptoScope can be found together 
with its sister registry  – the Hantavirus Registry HantaReg - at  
www.kidneyinfection.org (29).

3.3 Case recruitment of a pilot-cohort in 
three European countries

Until March 2025, a total of 78 cases were recruited in eight 
centres from Germany, Belgium and Spain. These cases underwent 
quality control and were considered valid.

4 Discussion

On the one hand, leptospirosis is a neglected disease in many 
parts of the world. On the other hand, it is an orphan disease in 

Leptospira disease

LeptoScope
Contributors LeptoScope

Quality Control 

� Consistency

Completeness

Predefined Plausibility
Checks

Conclusiveness
�

�

�
Sings and Symptoms

Diagnostic approach

Treatment

Disease course

Outcome

Epidemiology

Queries

FIGURE 1

Leptospirosis registry—LeptoScope: data entry and quality control. Investigators enter epidemiological and clinical data of Leptospira-associated 
disease into the online electronic case report form. The LeptoScope quality control team checks for incorrect data entry, resolves, if necessary, 
relevant queries with the contributor and validates entered cases.
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industrialized countries (6, 7). This great imbalance strongly calls for 
international cooperation to increase disease specific knowledge and 
to improve the overall outcome. LeptoScope is the product of such an 
international effort at the cross-roads of public health, microbiology, 
infectious diseases and nephrology. LeptoScope simplifies international 
cooperation thus facilitating epidemiological in addition to public 
health analyses. Besides, studies of disease course including organ 
tropism, prognostic in addition to risk factors are aimed for. As 
LeptoScope uses a matched case-control design the study of attributable 
morbidity and mortality paired with the implementation of health 
economic analysis is feasible.

One major benefit of LeptoScope is its modular structure. This is 
an important pre-requisite for fast, but structured data entry. In recent 
years, serious outbreak situations of leptospirosis have occurred in 
different parts of the world (6, 11, 34–36). This calls for real-time 
monitoring of epidemics together with the performed counteractions. 
To face challenges in real-life monitoring during outbreaks, 
LeptoScope’s lean design, in turn, yields on easy and fast entry of 
patient cases.

From March 2020 until March 2025, eight centres from Germany, 
Belgium and Spain contributed a pilot cohort of 78 cases with 
Leptospira-associated diseases into LeptoScope, thus proving the 
registry’s functionality and practicality.

With regard to LeptoScope’s limitations, there are both general 
shortcomings of registries in addition to specific limitations applying 
to LeptoScope (29–31). Although LeptoScope yields on a long-time 
follow-up of enrolled cases, their loss may additionally hamper data 
quality. Furthermore, reporting and selection bias need to be 
considered. Data is entered in a retrospective, but anonymized manner 
to adhere to current data protection guidelines and to ensure 
protection of the privacy of enrolled patients. This results in a reduced 
quality of data. However, anonymous data collection and storage 
without the need of an informed consent is an important pre-requisite 
of registries to ensure everyday practicability, data enrolment together 
with highest levels of data protection. We have used this specific 
approach very successfully with large worldwide registries for  
different emerging infectious diseases, such as Hantavirus-associated 
diseases, invasive Candida infections and even rarer fungi in recent 
years (29–31).

Leptospirosis is a neglected disease and in some parts of the world 
an orphan disease. So, worldwide pooling cases will result in cohort 
analyses with sufficient cases included. This is an important 
pre-requisite in search for a high quality of evidence improving future 
design of clinical trials. Consequently, we would like to invite 
physicians around the world, who are dealing with leptospirosis, to 
participate in LeptoScope. This joint effort will help to better 
understand burdens associated with orphan and neglected infectious 
diseases (29–31). In this context, LeptoScope offers co-authorship to 
contributors, who meet the respective definition of the ICMJE (37). 
To participants not fulfilling ICMJE’s authorship criteria, a collaborator 
status is offered to recognize data entry (38). Of note, both author and 
collaborator status contribute to indices, including the h-index, which 
highlight a scientist’s publication performance (31, 39). For treating 
physicians in need for immediate reference information for 
challenging cases, we aim to set-up a freely available web search 
engine based on an extract of all valid cases in the second phase of 
the project.

As a conclusion, LeptoScope is as a novel platform allowing multi-
centric collaboration to increase the knowledge in Leptospira-
associated diseases and their burdens (6). To date, guidelines are 
missing and recommendations are mainly based on scarce evidence 
and expert opinion. In contrast, registry projects like LeptoScope 
facilitate controlled or uncontrolled level II evidence, which may guide 
on future guideline development and benefits in patient care (29–31, 
40, 41).
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