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Abstract
Puumala orthohantavirus (PUUV) is the most important hantavirus species in Europe, 
causing the majority of human hantavirus disease cases. In central and western 
Europe, the occurrence of human infections is mainly driven by bank vole population 
dynamics influenced by beech mast. In Germany, hantavirus epidemic years are ob-
served in 2- to 5-year intervals. Many of the human infections are recorded in summer 
and early autumn, coinciding with peaks in bank vole populations. Here, we describe 
a molecular epidemiological investigation in a small company with eight employees 
of whom five contracted hantavirus infections in late 2017. Standardized interviews 
with employees were conducted to assess the circumstances under which the disease 
cluster occurred, how the employees were exposed and which counteractive meas-
ures were taken. Initially, two employees were admitted to hospital and serologically 
diagnosed with hantavirus infection. Subsequently, further investigations were con-
ducted. By means of a self-administered questionnaire, three additional symptomatic 
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1  |  INTRODUC TION

Hantaviruses, family Hantaviridae, are rodent-, insectivore- and 
bat-borne pathogens (ICTV,  2022; Krüger et  al.,  2011; Laenen 
et  al.,  2019; Vapalahti et  al.,  1999). Human hantavirus infections 
are caused by rodent-borne orthohantaviruses, and the majority in 
Germany are caused by Puumala orthohantavirus (PUUV) transmit-
ted by bank voles (Clethrionomys glareolus, syn. Myodes glareolus) 
(Faber et al., 2019).

In humans, PUUV causes a mild-to-moderate form of haemor-
rhagic fever with renal syndrome (HFRS), called nephropathia epi-
demica (NE), with mortality rates <1% (Avšič-Županc et al., 2019). 
Transmission occurs via inhalation of virus-containing aerosols orig-
inating from urine, faeces and saliva of chronically infected rodents 
(Reil et al., 2017). This way of transmission is assumed to be domi-
nant in accidentally infected humans (Krüger et al., 2011), whereby 
the specific origin of infection is often unclear. After an incubation 
period of 1 to 6 weeks, NE starts with a sudden onset of high fever, 
accompanied by headache and back pain and, sporadically, gastro-
intestinal symptoms (Krüger et  al.,  2011; Plyusnina et  al.,  2012). 
Severe disease progression is associated with impaired renal func-
tion, occasionally requiring dialysis (Heyman et al., 2007). Due to a 
frequently unspecific or asymptomatic clinical course, many hanta-
virus infections remain undiagnosed, resulting in an underreporting 
of human cases (Drewes, Turni, et al., 2017).

Since 2001, hantavirus disease is subject to notification re-
quirements in Germany under the Protection against Infection Act 
(‘Infektionsschutzgesetz’ [IfSG] in German) §§ 6,7 (Höhl, 2020). The 
incidence of notified cases shows strong temporal and spatial vari-
ations with endemic regions mainly in the German federal states 
Baden-Wuerttemberg, Bavaria, North Rhine-Westphalia, Lower 
Saxony and Hesse (Faber et al., 2019). Increased human case num-
bers were observed in the years 2007, 2010, 2012, 2017 and 2019 
(Binder et al., 2020; Faber et al., 2019; Robert Koch-Institut, 2020). 
This variation is caused by massive beech fructification in a partic-
ular year (‘mast’ year) followed by a so called ‘hantavirus epidemic 
year’ with an increase in human cases (Krüger et  al.,  2013; Reil 
et al., 2015).

Mostly, hantavirus cases are notified as single cases and only a 
few could be epidemiologically linked to outbreaks. In Lower Saxony, 

only 16 out of 740 cases from 2001 to 2016 could be attributed to 
an outbreak (eight groups of two patients each), for example. Similar 
to the endemic regions of Germany, 2017 was one of the years with 
the highest notified case numbers to date in Lower Saxony, with 132 
cases reported (NLGA, 2021). In December 2017, a highly focused 
outbreak of hantavirus cases was identified by a local public health 
authority after two hospitalized cases were reported, working in the 
same small company. Due to this rarely occurring and specific situa-
tion, we took this unique opportunity to conduct an interdisciplinary 
outbreak investigation at the affected company to determine the 
cause of infection and to identify potential transmission route(s).

2  |  MATERIAL S AND METHODS

In the course of the outbreak investigation, detailed information 
was collected among all employees (a total of eight) of the affected 
company via a standardized self-administered questionnaire from 
January through February 2018. The questionnaire included ques-
tions on demographics, disease symptoms, tasks that were fre-
quently performed at the workplace, places where work was carried 
out, rodent contact and measures taken to prevent rodent contact. 
The potential duration of exposure to PUUV was set from 1 October 
2017, until the date of the survey. Participation in the questionnaire 
survey was voluntary; therefore, each participant did not necessar-
ily provide responses to every question. Collected data were sub-
jected to descriptive analysis using statistical software Stata/SE 

cases could be identified. The hospital patients' sera were investigated and revealed 
in one patient a partial PUUV L segment sequence, which was identical to PUUV se-
quences from several bank voles collected in close proximity to company buildings. 
This investigation highlights the importance of a One Health approach that combines 
efforts from human and veterinary medicine, ecology and public health to reveal the 
origin of hantavirus disease clusters.

K E Y W O R D S
Clethrionomys glareolus, hantavirus outbreak, occupational exposure, One Health initiative, 
Puumala orthohantavirus

Impacts

•	 The outbreak occurred in frequently used company 
buildings due to indoor exposure to bank voles.

•	 Using molecular techniques and an epidemiological ap-
proach the investigation provided a comprehensive pic-
ture of the outbreak.

•	 More attention should be given to such outbreak events 
as they provide valuable information on the epidemiol-
ogy of the disease.
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15.1 (StataCorp, 2017) after data pseudonymization to ensure par-
ticipants confidentiality.

As part of the initial diagnostic procedures, hospitalized pa-
tients were tested for hantavirus-specific IgG- and IgM antibod-
ies in the regional laboratory medical practice Osnabrück using a 
commercial assay (recomLine HantaPlus IgG und IgM; Mikrogen, 
Munich, Germany). Furthermore, the positive patients’ sera were 
sent to the national consiliary laboratory for hantaviruses at the 
Institute of Virology at Charité for S segment specific reverse 
transcription—quantitative polymerase chain reaction (RT-qPCR) 
and conventional L segment RT-PCR and sequencing (for details 
see Appendix S1).

Rodent collection was conducted via snap trapping during 
January and March 2018 in the company building, its premises and 
the nearby environment, a rural area on the edge of an industrial 
park nearby a small forest, with birch (Betula spec.), oak (Quercus 
spec.) and beech (Fagus spec.) trees as dominant species (for details 
see Appendix S1).

Rodent carcasses were transferred to the national reference 
laboratory for hantaviruses (veterinary medicine) at the Friedrich-
Loeffler-Institut and dissected according to standard protocols (for 
details see Appendix S1).

Chest cavity lavages were tested by in-house PUUV IgG-
ELISA (Mertens et  al.,  2011). Molecular analyses followed previ-
ously described protocols of one-step conventional and real-time 
S segment (Drewes, Sheikh Ali, et al., 2017; Essbauer et al., 2006; 
Schmidt et al., 2016) and L segment RT-PCR (Klempa et al., 2006) 
and dideoxy-chain termination sequencing. Comparison and phylo-
genetic analyses of bank vole- and patient-derived nucleotide L and 
S segment sequences followed a previously described workflow (for 
details, see Appendix S1).

Ethics approval was not required for the present outbreak in-
vestigation because it was conducted in the framework of the IfSG 

aimed to investigate the infection pathways and stop the further 
spread of infection.

3  |  RESULTS

Seven out of eight company employees participated in our survey, 
three females and four males with a mean age of 35.3 years (range 
29–47). At least one of the symptoms queried within the survey pe-
riod was reported by five survey participants; one person reported 
no symptoms, and no data were provided by the remaining person. 
Symptoms most often mentioned were dizziness, sudden onset of 
fever (>38.5°C), muscle pain, headache, back pain and gastrointes-
tinal symptoms such as nausea, vomiting and diarrhoea. In one case, 
impaired renal function was reported (Table S1). Two out of the five 
symptomatic employees were hospitalized, and their sera tested 
positive for PUUV-reactive IgG- and IgM antibodies regarding 
standard diagnostics (laboratory confirmation). The onset of symp-
toms of these two laboratory-confirmed cases was only 3 days apart 
(on 8 and 11 December 2017). For further laboratory confirmation 
during the outbreak investigation, a partial L segment sequence 
was amplified by RT-PCR and identified as PUUV sequence of the 
Central European (CE) clade. The conventional S and M segment RT-
PCRs failed to detect specific products, and the qPCR showed a low 
viral load (4,073 copies/ml serum). Additionally, the remaining three 
symptomatic participants could be identified as cases by means of 
the survey, due to confirmation as clinical cases with epidemiological 
link according to IfSG. Therefore, for them no laboratory confirma-
tion was performed.

More than half of the survey participants (N = 4) mentioned di-
rect rodent contact inside the company building during the exposure 
period. They reported signs of rodent activity in offices, warehouses 
and the employee kitchen. The rodents present on the company 

TA B L E  1  Number of bank voles trapped and results of serological and reverse transcription—quantitative polymerase chain reaction (RT-
qPCR) analyses

Trapping site Date

Number of positive/total number of tested voles (percentage)

PUUV IgG-ELISA PUUV S RT-PCR PUUV real-time RT-PCR

Inside company building Jan 2018 n.a.a n.a. n.a.

Mar 2018 n.a. n.a. n.a.

Subtotal n.a. n.a. n.a.

Company premises Jan 2018 2/10 (20%) 2/10 (20.0%) 2/10 (20.0%)

Mar 2018 2/8 (25%) 2/8 (25.0%) 2/8 (25.0%)

Subtotal 4/18 (22.2%) 4/18 (22.2%) 4/18 (22.2%)

Closer surroundings Jan 2018 0b/12 (0.0%) 1/12 (8.3%) 1/12 (8.3%)

Mar 2018 7/18 (38.9%) 8/18 (44.4%) 9/18 (50.0%)

Subtotal 7/30 (23.3%) 9/30 (30.0%) 10/30 (33.3%)

Total 2018 11/48 (22.9%) 13/48 (27.1%) 14/48 (29.2%)

Note: Real-time RT-PCR: samples with ct values above 35 were treated as negative.
an.a. = not applicable: no animals were trapped by the standard protocol used.
bOne individual was tested equivocal in Puumala orthohantavirus (PUUV) IgG-ELISA.
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premises, and surrounding areas were identified as bank voles by the 
employees based on pictures of relevant rodent species (Table S1).

No bank voles or other rodents were caught inside the building, 
which suggests that the rodent control measures implemented after 
the first cases of human hantavirus disease were reported at the 
company had proven successful. In contrast, 18 bank voles (0.13 ind/
trap night) were trapped on the company premises and 30 bank voles 
(0.5 ind/trap night) outside the premises indicating large populations 
at or exceeding outbreak density (Reil et al., 2015).

IgG-ELISA screening of the 48 bank voles resulted in the detec-
tion of eleven PUUV-seroreactive animals and one individual tested 
equivocal (Table 1). Conventional S segment RT-PCR revealed that 
these eleven seroreactive individuals were positive for hantavirus 
RNA. In addition, one serological negative and one equivocal bank 
vole tested positive in S segment RT-PCR. For seven out of 13 posi-
tive individuals, S segment sequences were generated (Table 1). The 
results of the PUUV S segment specific real-time RT-PCR of bank 
vole samples matched the results of the conventional S segment RT-
PCR almost perfectly (Table 1).

The human-derived PUUV sequence was identical to eight of 
the nine bank vole-derived PUUV L segment sequences (Table S2). 
Phylogenetic analysis revealed that outbreak-related L segment 
sequences clustered together with other human-derived PUUV se-
quences from neighbouring geographic areas in Germany, but were 
distinct from sequences of other geographic origins (Figures 1 and 
2). Bank vole-derived PUUV S segment sequences from the out-
break area formed a clade well separated from bank vole-derived 
sequences from the Netherlands, Belgium and France (Figure S1).

4  |  DISCUSSION

During our interdisciplinary outbreak investigation, we were able to 
identify a total of five hantavirus disease cases, which corresponds 
to an infection rate of 62.5% for this company, and a high abundance 
of PUUV-infected bank voles on the company premises. Close col-
laboration of the public health and veterinary authorities at the 
local, federal and national level led to the identification of identi-
cal partial virus RNA sequences in a patient and bank voles, indicat-
ing the transmission of PUUV from bank voles to employees at the 
workplace.

A similar approach was done previously, comparing nucleotide 
sequences of human PUUV strains with those from bank voles 
trapped within putative areas of infection and describing it as an es-
sential tool for ‘case-investigations’ (Plyusnin et al., 1999).

Occupational exposure to hantaviruses is well documented 
for persons working in agriculture, forestry or the military (Abu 
Sin et  al.,  2007; Clement et  al.,  1996; Jurke et  al.,  2015; Mertens 
et  al.,  2011; Ruo et  al.,  1994; Zöller et  al.,  1995). For example, in 
late 2017, a hantavirus-induced interstitial nephritis case due to 
Dobrava–Belgrade orthohantavirus (DOBV) was identified in 
Northern Germany related to occupational exposure (Mahmud 
et  al., 2019). Although the described case was infected by DOBV, 
which has a differing seasonality compared with PUUV, the example 

shows that hantavirus infection should be considered also in win-
ter if flu-like symptoms in combination with acute kidney failure 
are present. The occurrence of hantavirus infections during winter 
is well known from Finland, where the highest numbers of human 
NE cases are observed between November and January (Brummer-
Korvenkontio et al., 1999; Kallio et al., 2009). However, the situation 
differs between the European countries: In countries with temper-
ate climate like Germany, the bank vole dynamics is mainly driven by 
the food availability (‘mast’ years) and has its peak during summer, 
while in boreal climate, like in Finland, the vole dynamics is predom-
inantly determined by their specialist mammalian predators (Kallio 
et al., 2009; Vaheri et al., 2013).

Occupational hantavirus cases unrelated to agriculture, forestry 
or the military are rarely described and occurred as isolated single 
cases. In 1996, one employee of a California utility company was 
shown to be infected at the workplace by Sin Nombre orthohan-
tavirus, a hantavirus causing hantavirus cardiopulmonary syndrome 
in North America (Jay et al., 1996). In Germany, hantavirus disease 
has been included in the catalogue for recognized occupational dis-
eases since 2003 (Bundesministerium für Gesundheit und Soziale 
Sicherung, 2003). For an audit of work-related cases, a polystyrene 
recycling company located in an endemic hantavirus region with a 
confirmed case of occupational disease was selected. During the 
audit in 2010, microbiological investigations of air and material sam-
ples, dust measurements and rodent trappings were performed on 
the premises of this company. PUUV was found in one-third of the 
bank voles collected on the company premises and was also diag-
nosed in the infected employee notified in 2008. As a consequence 
of this investigation, the authors suggested that appropriate preven-
tive occupational medical examinations should be offered to all em-
ployees in hantavirus endemic regions with high prevalence of bank 
voles (Brenner et  al.,  2012). Our outbreak investigation provides 
additional evidence that occupational risk of hantavirus infection 
also exists in other businesses and is not restricted to agricultural, 
forestry or military settings.

Human PUUV cases often occur in close temporal and spatial 
association, but it is very rare that they meet the definition of being 
epidemiologically linked according to Robert Koch-Institute case 
definition for hantavirus disease. Our findings suggest that epidemi-
ologically linked PUUV cases should be investigated in more detail in 
the future, since this allows identification of shared exposures and 
risks, and hence provides information where to implement preven-
tive measures to mitigate transmission risk.

Our investigations revealed that bank voles enter build-
ings intensively used by humans, a behaviour suggested pre-
viously for largely uninhabited human dwellings during winter 
(Clement et al., 2009; Kallio et al., 2009; Khalil et al., 2014; Vaheri 
et al., 2013). In our study, bank voles were present in buildings in 
late autumn in unusually high numbers, probably because of food 
shortages in their natural habitat or first freezing, which occurred 
on 1 December. Such invasion into buildings is rare but likely to 
increase exposure of humans to PUUV (Reil et  al.,  2016; Xiang 
et al., 2018). PUUV prevalence in the bank voles trapped on com-
pany premises was about 23% and may have been similar to voles 



    |  583PRINCK et al.

that were present inside the building at the time of human infec-
tion. This value is similar to prevalences reported for bank voles in 
their natural habitat in spring of non-outbreak years in northwest-
ern Germany (Reil et  al.,  2017) and seems to pose considerable 
risk of human infection at least in confined spaces. To mitigate the 
risk of zoonotic transmission, we recommend rodent-proof struc-
tures to prevent bank voles from entering buildings. This can be 

achieved by integrated preventive measures like reduction in food 
availability, reduction in shelters and limiting access to buildings. 
In case, rodents are present in buildings, additional rodent con-
trol measures must be taken. The use of snap traps is the first 
choice if bank voles manage to enter the building. At higher abun-
dance, registered rodenticidal products might also be used. One 
disadvantage of rodenticides compared with traps is that rodents 

F I G U R E  1  1 Consensus phylogenetic tree of outbreak related Puumala orthohantavirus (PUUV) L segment sequences with a length of 325 nt 
(with geographic reference “Bentheim”) and other human-derived PUUV sequences from neighboring geographic areas (see Weiss et al., 
2019) and bank-vole derived PUUV sequences. The consensus phylogenetic tree is based on Bayesian analyses with 8,000,000 generations 
and a burn-in fraction of 25% and on Maximum-Likelihood analyses with 1,000 bootstrap replicates. The Hasegawa, Kishino and Yano 
substitution model with invariant sites and a gamma distributed shape parameter (HKY+I+G) was used for Bayesian and the Jukes-Cantor 
including the categories model (JC+CAT) for Maximum-Likelihood tree reconstructions. Posterior probabilities are given in front and 
bootstrap values behind the slash if branches are supported with values above 50 and if branches of both trees were consistent. CE Central 
European lineage; cg Clethrionomys glareolus; FIN Finnish lineage; hu human; HOKV Hokkaido virus; LAT Latvian lineage; MUJV Muju virus; 
N-SCA North-Scandinavian lineage; RUS Russian lineage; TULV Tula orthohantavirus
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F I G U R E  2  Map showing the locations where the samples from the phylogenetic tree in Figure 1 were collected (see Weiss et al., 2019). 
The outbreak site is represented by the top-left dot
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survive for a longer time inside buildings, which leads to more con-
tamination as it is known that shedding of the virus is lifelong after 
infection and that PUUV remains infectious outside the host for 
two weeks at room temperature (Kallio et  al., 2006; Voutilainen 
et al., 2015). In any case, care must be taken to minimize potential 
risk for non-target small mammals (Walther et al., 2021).
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