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ABSTRACT

Background. Frequent outbreaks around the globe and endemic appearance in different parts of the world emphasize the
substantial risk of hantavirus diseases. Increasing incidence rates, trends of changing distribution of hantavirus species and
new insights into clinical courses of hantavirus diseases call for multinational surveillance. Furthermore, evidence-based
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guidelines for the management of hantavirus diseases and scoring systems, which allow stratification of patients into risk
categories, are lacking.

Methods. Hantavirus registry (HantaReg) is a novel registry platform facilitating multinational research of hantavirus-caused
diseases, such as haemorrhagic fever with renal syndrome (HFRS) and hantavirus cardiopulmonary syndrome (HCPS).
HantaReg provides an electronic case report form and uses the General Data Protection Regulation compliant platform
clinicalsurveys.net, which can be accessed from any internet browser in the world. Having a modular structure, the registry
platform is designed to display or hide questions and items according to the documented case (e.g. patient with HFRS
versus HCPS) to facilitate fast, but standardized, data entry. Information categories documented in HantaReg are
demographics, pre-existing diseases, clinical presentation, diagnostic and therapeutic approaches, as well as outcome.

Conclusions. HantaReg is a novel, ready-to-use platform for clinical and epidemiological studies on hantavirus diseases and
facilitates the documentation of the disease course associated with hantavirus infections. HantaReg is expected to promote
international collaboration and contributes to improving patient care through the analysis of diagnostic and treatment
pathways for hantavirus diseases, providing evidence for robust treatment recommendations. Moreover, HantaReg enables
the development of prognosis-indicating scoring systems for patients with hantavirus disease.

Keywords: epidemiology, hantavirus cardiopulmonary syndrome, HCPS, hantavirus disease, haemorrhagic fever with renal
syndrome, HFRS, nephropathia epidemica, outbreak, registry

INTRODUCTION

Hantavirus-associated disease is a worldwide emerging zoono-
sis that remains a clinical challenge with increasing incidence
and multiple serious outbreak situations in many parts of the
world within the last years [1–7]. Approximately 30 000 humans
are infected annually and the numbers of hantavirus case
reports and affected countries are rising [8]. Hantaviruses are
carried and transmitted to humans by persistently infected
rodents, insectivore hosts and bats, although person-to-person
transmissions of the Andes virus have been reported via the re-
spiratory and saliva pathways in Latin America and Puumala
virus antigen has been found in the saliva of patients [9–13].

Furthermore, climate change and landscape alteration
have a strong effect on a regional level and highly affect hanta-
virus transmission [14, 15]. In Europe, a strong association of
hantavirus infections, rodent food availability and ambient
temperature of previous autumn/winter has been found which,
in parallel with the recent change of climate, resulted in more
frequent and more severe outbreaks [16, 17]. Additionally, novel
hantaviruses are currently found in insectivore hosts, with un-
known pathogenic impacts [6, 9].

Hantavirus disease comprises two distinct clinical syn-
dromes, haemorrhagic fever with renal syndrome (HFRS) and
hantavirus cardiopulmonary syndrome (HCPS) caused by the
so-called Old World and New World hantaviruses, respectively
[9, 18–21]. Depending on the species, courses of disease due to
HFRS can range from mild to severe. HFRS, caused by Hantaan
virus, Amur virus and Dobrava–Belgrade virus, is characterized
by a severe clinical course, with a mortality rate of 10–15%,
whereas Puumala virus infections usually lead to mild disease
courses, also called ‘nephropathia epidemica’, with mortality
rates <1% [18, 22, 23]. HCPS is characterized by the development
of acute respiratory distress syndrome and cardiac arrhythmias,
with attributable mortality ranging from 30% to 50% [24].
However, since the features of HFRS and HCPS can be highly
similar, the presenting clinical picture is often perceived as an
interconnected syndrome [25–28].

Triggered by the rising numbers of hantavirus diseases in
Europe and by frequent serious outbreak situations in many
parts of the world, the novel multicentre register project
Hantavirus registry (HantaReg) was established in February

2020 [1, 3, 7, 18, 29–32]. Considering the difficulties in obtaining
sufficient data in a rare and transient disease, such an interna-
tional approach is of utmost importance to allow for structured
surveillance of hantavirus infections. HantaReg aims to over-
come the lack of knowledge on the epidemiology and disease
course, as well as diagnostic and therapeutic approaches con-
cerning hantavirus diseases. Additionally, HantaReg serves as a
platform for the surveillance of outbreak situations as well as
endemic situations of hantavirus diseases. The specific objec-
tives of HantaReg include the exact determination of the inci-
dence of hantavirus diseases, the local and global monitoring of
epidemiological trends, the identification of patient groups at
risk and of patient-specific prognostic factors, as well as the as-
sessment of attributable mortality and costs.

Herein, we describe the set-up, design and maintenance of
the novel HantaReg.

MATERIALS AND METHODS
Study design

The registry project HantaReg was founded in February 2020
and is projected to continue data collection without a defined
endpoint. HantaReg is an open registry and invites treating
physicians from various specialties (e.g. nephrology or infec-
tious diseases) and virologists to enter epidemiological and
clinical data from cases of hantavirus diseases from any part of
the world retrospectively. HantaReg utilizes an electronic case
report form (eCRF), which was programmed using the online
survey software EFS Leadership 7.0 version 1.2 (Questback
GmbH, Cologne, Germany) accessible at www.clinicalsurveys.
net. To provide the user with a simple but structured online
documentation system, clinicalsurveys.net uses a customized
version of Questback’s internationally approved EFS Survey
and Leadership technology. HantaReg is an intuitive, high-
performance web-based documentation platform for hantavi-
rus diseases accessible through highly encrypted communica-
tion. HantaReg has a modular structure and the platform is
designed to display or hide questions and items depending on
the documented clinical course (e.g. patient with HFRS versus
patient with HCPS), facilitating structured but fast documenta-
tion of cases even in outbreak situations.
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Study population and case recruitment

Since HantaReg is a web-based registry, it enables worldwide
enrolment of patients with hantavirus disease voluntarily.
Further information is accessible at www.kidneyinfection.org.
For inclusion of clinical cases into HantaReg, hantavirus infec-
tion must be confirmed by either serological, immunohisto-
chemical or direct ribonucleic acid evidence, and clinical signs
of HFRS or HCPS. Entered cases are further specified regarding
the clinical course, e.g. signs of HFRS or HCPS resulting in a ded-
icated eCRF. Eligible cases to be included in HantaReg are identi-
fied at participating sites responsible for diagnosis, treatment
and follow-up of hantavirus diseases in their region.

Moreover, HantaReg provides the opportunity to also cap-
ture data on matched reference patients to implement health
economic aspects as well as data on attributable hospitalization
and mortality analyses using a case–control design. Case–con-
trols will be included from the same hospitals that enrol patient
cases into HantaReg and matched for gender, age and pre-
existing diseases.

Until January 2021, a total of 154 cases from six German
centres were enrolled in HantaReg. After quality control, 150 pa-
tient entries were considered valid and are eligible for further
inclusion.

Data collection and analysis

HantaReg collects demographic data (such as age group, time of
diagnosis, sex, ethnic origin, weight, occupation, year and
month of infection, the region of infection and outbreak situa-
tion), as well as pre-existing medical conditions, clinical signs
and symptoms being present at the first clinical presentation,
and virology and/or imaging procedures allowing diagnosis of
hantavirus disease (Table 1). Details on disease course and ther-
apeutic approaches including admission to the intensive care
unit (ICU), antiviral and diuretic therapy (drug, dose, duration,
administration, the reason to stop and adverse events), renal
placement therapy (indication, mode of dialysis, duration and
adverse events), mechanical ventilation (duration) and extra-
corporeal membrane oxygenation (ECMO) are recorded. Disease
outcome (i.e. overall and attributable mortality), time of hospi-
talization and readmission to the hospital due to hantavirus
disease are documented (Table 1). Additionally, if available,
long-term kidney function using creatinine measurements after
hantavirus disease is recorded and evaluated [33]. Autopsy
results are documented as well.

The export of documented cases entered into HantaReg is
performed in SPSS-labelled data files with a binary format facili-
tating univariate and multivariate statistical analyses.

Objectives, analysis and use of data

The main objectives to be investigated are the following: char-
acterization of disease course and clinical features due to han-
tavirus infection, development of HFRS and/or HCPS, diagnostic
approaches to establish a diagnosis of HFRS and/or HCPS, iden-
tification of baseline prognostic factors, description of antiviral
and diuretic therapy regimens, description of renal replacement
therapy, mechanical ventilation and extracorporeal support
systems (e.g. ECMO), as well as patient survival and long-term
outcome. Moreover, HantaReg aims to monitor hantavirus dis-
ease incidence globally and locally over time, and functions as a
registry platform for outbreak situations facilitating identifica-
tion of sources of transmission and description of the impact of
counteractions that were initiated. Furthermore, HantaReg may

aid in developing and modifying existing clinical screening
strategies, as well as diagnostic and treatment pathways, which
may help to improve patient care and to inform future consen-
sus guidelines.

Quality control

Automated entry checks, such as predefined plausibility checks
and mandatory data input with regard to case definitions, mini-
mize the risk for erroneous data entries. Additionally, a team of
physicians reviews clinical cases entered into HantaReg to en-
sure completeness, consistency and conclusiveness. Queries
concerning missing or unclear data are sent electronically to
the collaborators (Figure 1). Changes upon queries will be made
by each participating party, respectively. Upon resolution of all
queries, cases are considered valid and available for statistical
analysis.

Furthermore, a structured peer review looking for implausi-
bility or doubt with regard to medical history, diagnostic and
therapeutic pathways, and queries is conducted at random time
points and regular interim analyses. Importantly, the anonym-
ity of the patient is ensured at all time.

Ethical and data protection regulation considerations

The local Ethics Committee and Review Board of the University
of Cologne approved HantaReg (Identifier of the Ethics
Committee of the University of Cologne: 19-1652) and the study
is registered at ClinicalTrials.gov (Identifier: NCT04323904).
HantaReg uses the General Data Protection Regulation compli-
ant platform clinicalsurveys.net (Questback GmbH, Cologne,
Germany) and all Good Epidemiological Practice Requirement

Table 1. HantaReg information categories documented.

Category Subcategory

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

Pre-existing
diseases

Malignancy, HIV/AIDS, solid organ transplan-
tation, chronic renal disease, chronic liver
disease, chronic cardiovascular disease,
chronic pulmonary disease and autoim-
mune disorder

Clinical
presentation

Signs and symptoms including vital signs at
admission, after 24 and 72 h and at the day
of discharge, disease course, HFRS, HCPS

Diagnostics Virological analyses and imaging procedures
for the diagnosis of hantavirus infection,
laboratory blood and urine results

Therapeutic
approach

Admission to ICU; antiviral and diuretic treat-
ment approaches (drug, dose, duration,
administration and adverse effects), renal
replacement therapy (indication, mode of
dialysis, duration and adverse effects),
mechanical ventilation (duration), ECMO

Outcome Outcome of hantavirus diseases, time of hos-
pitalization, readmission to the hospital,
long term outcome on kidney function,
development of chronic disease after
hantavirus disease

AIDS, acquired immunodeficiency syndrome; ECMO, extracorporeal membrane

oxygenation; HCPS, hantavirus cardiopulmonary syndrome; HFRS, haemor-

rhagic fever with renal syndrome; HIV, human immunodeficiency virus; ICU, in-

tensive care unit.
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specifications are met [34]. All clinical data fall under the regula-
tions of medical confidentially and administration of the col-
lected data and the eCRF itself is restricted to selected and
named administrators at the University Hospital of Cologne.
Contributors to HantaReg log in by username and password and
can only view and modify the cases submitted by themselves.
All documented cases are automatically collected anonymously
in the database on Questback servers in Cologne, Germany.
Since HantaReg allows the anonymous documentation of cases,
informed consent is waived.

DISCUSSION

Hantavirus-caused infections are orphan diseases with sub-
stantial morbidity and mortality [9, 18]. Although rare so far,
hantavirus diseases are progressively emerging globally, partic-
ularly in Europe, and new hantaviruses with as yet unknown
pathogenic impact are found in their rodent and insectivore
hosts [1, 5, 6, 9, 35]. Due to the worldwide burden of hantavirus
infections, there is an urgent need for international cooperation
to increase specific knowledge of the diseases to improve the
overall outcome. HantaReg serves as a novel registry project
simplifying international cooperation, epidemiological analyses
and further studies of disease course, prognostic factors and at-
tributable mortality. HantaReg enables multinational surveil-
lance studies to detect worrisome epidemiological shifts. Due to
the modular structure of HantaReg, rapid but structured case
documentation is feasible. Several serious outbreak situations
of hantavirus diseases have occurred in recent years and
HantaReg’s lean design facilitates easy and fast entry of patient
cases and, thus, real-time monitoring of epidemiological trends
during such outbreak situations [1–3, 36]. From February 2020

until October 2020, six German founding centres included a
pilot cohort of 150 cases with hantavirus-associated diseases
into HantaReg to prove the registry’s functionality and everyday
feasibility. Rapid case entry was supported by the registry’s in-
tuitive and modular design.

Due to the new insights into organ tropism of hantaviruses
infection, HFRS and HCPS are believed to be interconnected syn-
dromes [6, 25–28]. However, knowledge regarding the frequency
and the impact of cardiopulmonary manifestations caused by
Old World hantaviruses originate from single case reports,
while data from larger cohorts are lacking. Through the stan-
dardized documentation of the clinical course of hantavirus dis-
ease and by the documentation of the identified hantavirus
species, HantaReg aims to determine hantavirus disease pro-
gression beyond the denominations of HFRS and HCPS.

Furthermore, HantaReg facilitates the collection of real-life
data together with long-term observations. Retrospective long-
term analyses in patients with Puumala-caused acute kidney
injury revealed mixed results with regard to the development of
hypertension and proteinuria [37–39]. Currently, studies identi-
fying the long-term impact of hantavirus diseases besides renal
function are not available. Therefore, the long-term impact of
hantavirus diseases regarding development of any chronic dis-
ease, especially cardiovascular diseases, are collected and fur-
ther analysed.

The limitations of HantaReg must be divided into general
shortcomings of registries and specific limitations applying to
HantaReg. To protect the privacy of enrolled patients and to
comply with current data protection guidelines, data acquisi-
tion is performed retrospectively and in an anonymized man-
ner, resulting in reduced quality of data. Although HantaReg
aims for long-time observation of included patients, loss of

FIGURE 1: HantaReg. Information flow and quality control measures. The investigators document epidemiological and clinical data of hantavirus disease into the on-

line electronic case report form. The HantaReg quality control team validates cases and clarifies relevant questions with the contributor, if necessary.
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follow-up may hamper the standardized documentation of the
long-term impact of hantavirus diseases. In addition, reporting
bias and selection bias have to be taken into account. However,
since hantavirus-caused diseases are rare, pooling patient cases
on a global scale facilitating large cohort analyses will signifi-
cantly increase the quality of evidence and may provide the
base for future clinical trials. Therefore, we would like to invite
physicians around the world who are dealing with hantavirus
diseases to participate in HantaReg and to contribute to this
joint effort to better understand this disease.

In summary, the HantaReg serves as a novel platform pro-
moting multi-centric collaboration and leading to increased
knowledge of hantavirus diseases and their clinical courses. To
date, specific guidelines for hantavirus diseases are lacking. By
publishing individual patient data, HantaReg facilitates con-
trolled or uncontrolled level II evidence, which may help to es-
tablish specific guidelines for hantavirus infections and may
contribute to an overall improvement in patient care [40, 41].
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