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Hantavirus infections are widely distributed in Europe with the exception of the far north and the Mediterranean
regions. The underlying causes of varying epidemiological patterns differ among regions: in western and central
Europe epidemics of haemorrhagic fever with renal syndrome (HFRS) caused by hantavirus infections follow
mast years with increased seed production by oak and beech trees followed by increased rodent reproduction.
In the northern regions, hantavirus infections and HFRS epidemics occur in three to four year cycles and are
thought to be driven by prey - predator interactions. Hantavirus infections and HFRS seem to be on the increase
in Europe, partly because of better diagnostics, partly perhaps due to environmental changes. Unfortunately,
hantavirus infections are still heavily under-diagnosed in many European countries. Here we report the results of
a survey conducted in 2007 amongst the member laboratories of the European Network for diagnostics of
Imported Viral Diseases (ENIVD).

Introduction

Hantaviruses (family Bunyaviridae, genus Hantavirus) are enveloped RNA viruses, carried primarily by rodents or
insectivores of specific host species [1]. Three hantaviruses, Puumala (PUUV), Dobrava (DOBV) and Saaremaa (SAAV),
are known to cause haemorrhagic fever with renal syndrome (HFRS) in Europe. Puumala virus, carried by the bank vole
(Myodes glareolus, previously known as Clethrionomys glareolus) and Saaremaa virus, carried by the striped field mouse
(Apodemus agrarius), are associated with mild HFRS. Saaremaa virus (also known as Dobrava Aa., Aa. standing for A.
agrarius) has been found in Denmark, Estonia, southeast Finland, Germany, Russia, Slovakia and Slovenia. There are
no well-documented SAAV-HFRS cases [2]. Dobrava virus (also known as Dobrava Af., Af. standing for Apodemus
flavicollis), carried by the yellow-necked mouse (A. flavicollis) has been found in Albania, Bosnia-Herzegovina, Czech
Republic, Croatia, Greece, Hungary, Russia, Serbia and Slovenia and causes severe HFRS [2]. In addition, the
European common vole (Microtus arvalis) carries Tula virus (TULV), and rats (Rattus norvegicus, R. rattus) are carriers
of Seoul virus (SEOV) [3]. However, these two viruses have not been definitely associated with disease in Europe [3],
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although both can infect humans as indicated by reports from Asia (China, South Korea) [4] and the United States where
the virus has been associated with chronic kidney diseases [5]. In several European Union (EU) countries hantavirus
infections are notifiable and in some countries (e.g. Belgium, France, Germany, the Scandinavian countries, Slovenia)
their epidemiology was relatively well studied. In large areas of Europe, however, hantavirus infections and HFRS have
not been studied systematically. In many countries the number of infections has been on the increase in recent years
(Table 2). The European Network for diagnostics of Imported Viral Diseases (ENIVD, http://www.enivd.de) has
conducted a survey of hantavirus infections and HFRS in order to learn more about the epidemiological features and
public health impact and discuss factors that influence the occurrence of the disease.

Table 1. Hantavirus cases by country in the European Union, Bosnia-Herzegovina, Norway, Russia and Switzerland,
ENIVD study 2007

Table 2. Hantavirus cases in 19 EU Member States and Bosnia-Herzegovina, Norway, Russia and Switzerland, ENIVD
study 2007

Material and Methods

To obtain a more detailed overview of hantavirus infections in the EU, Bosnia-Herzegovina, Norway, Russia and
Switzerland, a questionnaire was sent to all 30 members of the ENIVD. The following data were collected in 2007:

e Year in which laboratories implemented the diagnostic for hantaviruses;

e Methods used for screening and confirmation e.g. Enzyme-Linked Immuno Sorbent Assay (ELISA), Indirect
Fluorescence Assay (IFA), Focus Reduction Neutralisation Tests (FRNT), Western Blot (WB) and RT-PCR.

e Notification status of hantavirus disease;

e Annual number of human cases;

e Years with increased hantavirus infections in humans

e Local rodent species (whether the species is known as hantavirus carrier or not)

e Circulating hantavirus serotypes in rodents

e Hantavirus serotypes known to cause human disease locally;

e Geographic distribution of the human cases in the country.

For the analysis of trends and identification of epidemic years, Belgium and France were chosen as examples (Figure 1)
for western Europe, Finland, Norway and Sweden (Fennoscandia) represented northern Europe (Figure 2) and Austria,
Bosnia-Herzegovina, Hungary and Slovenia, (Figure 3) represent central Europe. Our study covered the period from the
start of hantavirus diagnostics in a given country until the end of the year 2006. Laboratories from 23 countries (19 EU
Member States and four collaborating countries, i.e. Bosnia-Herzegovina, Norway, Russia and Switzerland) completed
the questionnaire. No data were obtained from seven of 30 countries, i.e. Bulgaria, Estonia, Ireland, Latvia, Malta,
Poland, Slovakia and the United Kingdom.
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Figure 1. Trends of hantavirus infections in Belgium and France, 1990-2006, ENIVD study 2007

Figure 2. Trends of hantavirus infections in Finland, Norway and Sweden, 1990-2006, ENIVD study 2007

Figure 3. Trends of hantavirus infections in Austria, Bosnia-Herzegovina, Hungary and Slovenia, 1990-2006, ENIVD
study 2007

Results

Start of hantavirus diagnostics

Laboratory diagnostic of hantavirus infections had been initiated before 1990 in six of the responding 23 countries:
Finland (1979), Russia (1980), Belgium (1981), Sweden (1984), Slovenia (1985) and France (1987). The remaining 17
countries started diagnostic testing after 1990.

Methods used for screening and confirmation

Commercial and/or in-house ELISA and IFA were used for screening. If a blood sample was available in the first four
days after onset of symptoms, RT-PCR was an option in some cases. FRNT can be applied to recover the causal
serotype from convalescent sera.

Notification status

A notifiable disease is a disease which by law has to be reported to the appropriate authorities within a time frame
defined by the national authorities, usually within 48 hours after laboratory diagnosis. Hantavirus infections are notifiable
in 17 of the 23 reporting countries; they are not notifiable in Austria, Cyprus, France, Portugal, Romania and Spain (see
Table 1).

Number of cases

Our survey accounted for a total of 35,424 laboratory confirmed cases, 33,587 (94.8%) of which were detected between
1990 and 2006. Finland reported 24,672 cases, accounting for 69.6% of all European cases. No hantavirus cases were

reported from Cyprus, Denmark, Italy and Spain. In Russia, the European part accounted for 95% of the nation’s cases:
Between 1996 and 2006, 89,162 cases were detected, the vast majority due to PUUV infection. In the Asian part of the
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Russian Federation, far fewer cases were noted, with DOBV, SAAV, SEQV, Hantaan (HTNV) and Amur virus (AMRV) as
the causal agents (A. Platonov, personal communication).

The number of human cases is on the rise in almost all European countries and record numbers were noted in Finland
over the last five years (2,603 cases in 2002, 2,526 cases in 2005), Sweden (459 cases in 2004) and Belgium (372
cases in 2005) (Table 1). The total number of reported cases by country is summarised in Table 1. Mild winters and more
frequent and more productive mast events allow more rodents to survive the winter Particularly mild winters are
responsible for an early start of the breeding season and, in consequence, for larger rodent populations [6-8].

Years with increased hantavirus infection activity
Increased hantavirus activity in epidemic years is not synchronised geographically and chronologically in the participating
countries (Table 2). Based on the available data, we present the trends.

Belgium and France

In both countries the disease followed a three-year epidemic cycle prior to 1999 (1990, 1993, 1996, 1999) [9,10].
Between 1999 and 2005, a two-year cycle was observed (1999, 2001, 2003, 2005). The year 2006 (163 cases) was
again an epidemic year, and 2007 with 262 cases detected emerged as the third consecutive epidemic year. As France
and Belgium are geographically located in the temperate deciduous broad leaf-tree biome, rodent cycles are regulated by
masting, i.e. the available food from - mainly - oak and beech trigger higher rodent population densities and increased
virus circulation in the population, represented by considerable higher antibody seroprevalences (Figure 4 and 5). The
2006 epidemic was probably due to extensive (B. Van der Aa, Instituut voor Natuur- en Bosonderzoek, manuscript in
preparation) masting of oak and beech in the autumn of 2004; this mast probably provided sufficient food for rodents
even in autumn and winter 2005. In autumn 2006, an oak mast occurred again which was responsible for the increased
hantavirus activity in 2007.

Adding a trend line to the dataset shows yet another remarkable feature; although both countries share a hyperendemic
area, the trend for Belgium is increasing while the trend for France indicates a stabilisation of the situation. In 1985 the
hantavirus activity in both countries was rather similar. The discrepancy between France and Belgium was marked in
2006: France (see: http://www.invs.sante.fr/surveillance/fhsr/points.htm) had very few cases, while Belgium had an
increased number of cases (http://www.iph.fgov.be/epidemio/epinl/plabnl/plabannl/06_053n_v.pdf). The key factor,
however, is the pattern change in 1999, which is so far unexplained. Abiotic factors like climatic conditions probably play
arole [9,10].

Figure 4. Relation between human cases, oak mast and Puumala virus seroprevalence in rodents

Figure 5. Seroprevalence in Myodes glareolus at 10 trapping sites in Belgium (1999-2005)

Finland, Norway and Sweden
With 1,084, 3,516 and 24,672 detected cases, respectively, Norway, Sweden and Finland account for most of the
hantavirus cases in Europe. Located in the boreal forest biome, rodent population density cycles depend mainly on
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predator-prey mechanisms. Incidences of HFRS almost as high as in Finland occur in parts of European Russia (e.g.
Bashkiria and Udmurtia regions) and parts of northern Sweden. However, the epidemiological pattern on the national
scale in Finland seems to be changing [11]. The 3-4 year cycles were less synchronised before the late 1990s, but more
recently the whole southern part of Finland seems to be in a single cycle. The increasing trend, in the number of human
cases also in 'low activity' years, may be due to better diagnostics.

Austria, Hungary, Slovenia, Bosnia-Herzegovina

With 198, 302, 221 and 555 detected cases, respectively, these countries experience the co-circulation of two or three
hantavirus serotypes, PUUV, DOBV, and SAAV. Austria represents an interesting mixture of patterns: in low altitudes the
mast-year pattern prevails while at higher altitudes the cyclic pattern is seen (S. Aberle, personal communication). The
number of cases in Bosnia-Herzegovina peaked significantly in 1995 (Table 2), during the conflict in that region.

Local rodent species and circulating hantaviruses

Although in most EU Member States and collaborating countries between 10 and 20 rodent species on average occur
locally, only M. glareolus, A. sylvaticus, A. flavicollis, A. agrarius, R. norvegicus, Microtus agrestis, M. arvalis, Mus
musculus and Mus spretus were reported as being present. The reported rodent species reflect those known or
suspected of carrying a hantavirus serotype and other, non-suspect local rodent species were clearly not taken into
account.

Puumala (PUUV), Tula (TULV), Dobrava, (DOBV), Saaremaa (SAAV) and Seoul (SEOV) hantaviruses were the
serotypes reported as circulating both in humans and carrier rodents in the EU Member States and collaborating
countries (Table 1).

Pathogenic hantaviruses in the EU

This survey confirmed that PUUV and DOBV have been causing the vast majority of human cases in the participating
countries [11,12], with the exception of Switzerland, where the only case was associated with TULV [13]. Recently, SAAV
was also found to be responsible for human cases in eastern Europe [14]. No confirmed cases of SEQOV infection have
so far been reported in the EU Member States, though an unpublished case, confirmed by focus reduction neutralization
tests (FRNT), occurred in France (A. Lundkvist, personal communication, see also [3]).

Imported hantavirus cases have been rare and were caused by DOBV in Sweden and Austria, HTNV in Austria, and Sin
Nombre virus (SNV) in France.

In western and northern Europe (Fennoscandia), only PUUV infections were reported [11,12]. Increasing from the west
and north to the east in the EU, the PUUV/ DOBYV infection ratio varied from 3.6% in southern Germany to more than
50% in Slovenia and up to 100% in Greece. Notably, in Germany, SAAV infections have also been designated as DOBV -
Aa. In south-eastern Europe, the DOBV-Af. variant is predominant.

Discussion

Before 1990, hantavirus infections were probably heavily under-diagnosed, due to lack of reliable diagnostic tools. We
assume that a reasonable coverage of hantavirus surveillance is achieved if the level of surveillance and awareness in a
country enables its national public health system to sufficiently determine, whether the disease is endemic and to what
extent public health is affected by its presence. As of 1990, this has been achieved also for those countries with a passive
hantavirus surveillance system (testing performed in regional and/or reference laboratories, regular reporting to the
national public health authorities). It has been estimated that only 10% of PUUV infections lead to disease [1].
Furthermore, it should be kept in mind that, given the unclear clinical picture and the benign clinical symptoms in a
number of patients, some cases escape the surveillance systems.

In all three described biomes of Europe, the human HFRS epidemiology follows the local rodent cycle, meaning that
human cases occur in the same rhythm as the rodent cycles. However, the epidemiological pattern and the epidemic
cycles in central Europe are less clear than in western or northern Europe.

Active surveillance of carrier rodents and circulation of pathogenic hantaviruses is seldom or not at all maintained on a
regular basis in most participating countries. Possible reasons for this might be that active surveillance involving fieldwork
(rodent snap- and /or live-trapping, sampling and subsequent testing) is an expensive and time-consuming exercise with
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often no immediate result for the funding public health authorities. This kind of surveillance is mostly performed by
research groups targeting the pathogen(s) and their transmission ecology, or initiated as a response to an epidemic, the
latter being too late to have a positive and immediate impact on public health.

Factors that determine the occurrence of hantavirus disease

Of the hosts of pathogenic hantaviruses in Europe, the bank vole, the carrier of PUUV, has a distribution range that
includes most of Europe. Still, human disease incidence and epidemiological patterns vary greatly across the continent.
The yellow-necked mouse has not quite as wide a range as the bank vole and DOBV has not been found in the western
and northern parts of Europe. As far as we know, SAAV occurs in most areas where its host, the striped field mouse, is
found in central and eastern Europe [15].

Multiple factors influence the occurrence of the disease in a region. The geographical location and the habitat
composition is important and in Europe three major biomes occur (Figure 6):

e the boreal forest;
e the temperate deciduous broad-leafed forest;
e and the Mediterranean scrub zone [14].

Figure 6. Terrestrial biomes in Europe

The boreal forest in northern Europe can be defined as a large homogenous landscape with relatively low biodiversity,
true cyclic rodent population dynamics with an extended peak phase of more than a year, and its rodent population is
usually considered to be regulated by predator-prey interactions [16]. In contrast, in the mid-European temperate
deciduous broad-leafed forest zone, more stable and seasonal rodent population dynamics occur, with principally mast-
driven peaks. Mast years are years in which trees (mainly oak and beech) produce more seeds than usually. The normal
seasonal peak densities in autumn are of short duration, while after a mast event, increased winter survival results in
extended high-density periods in the following year, coinciding with HFRS outbreaks (see Figure 4). Due to intensive
agriculture and land use for building, the landscapes are highly fragmented and heterogeneous. The important trees for
masting are oaks (Quercus robur and Q. petracaea) and beech (Fagus sylvatica). The more biomass these species
produce, the more significant is the mast effect on rodent populations [17,18]. The less efficient spread of rodents and
virus in the temperate deciduous biome is reflected in the ten-fold lower number of human cases when compared to
Fennoscandia (the boreal forest biome) (see Table 2).

The Mediterranean scrub integrates well-developed and diversified herbaceous, shrub and arboreal strata that often are
dense to almost impenetrable. Rodent population dynamics likely respond to food availability, which in turn is dependent
on rainfall [19].

Human behaviour probably plays a crucial role in the likelihood of human hantavirus infections. In a long-term
seroprevalence study in rodents at multiple locations in Belgium, both inside and outside the epidemic area for human
cases, the presence of PUUV was detected in all examined bank vole populations [12]. Data on the incidence of human
hantavirus disease, however, did not correlate with these findings; i.e. in some regions with a high seroprevalence in
rodents, only a few or no human cases occurred at the same time and vice versa. Instead, the incidence correlated with
the socioeconomic status of the inhabitants of a region [20]. The PUUV incidence rate was higher in areas with a high
proportion of broad-leaved forests and a low level of urbanisation. A high level of urbanisation thus limits PUUV
transmission, while income correlated negatively with the disease incidence.
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Hantaviruses are unexpectedly stable over more than 10 days at room temperature and probably remain infectious for
many months during winter in northern Europe [21]. The change of climatic conditions could have a significant impact on
the magnitude and amplitude of the occurrence of hantavirus infections. Although itis still too early to draw firm
conclusions, this effect has already been observed in Europe [9,16]. In France and Belgium a three-year epidemic cycle
became a bi-annual cycle, and in Belgium, 2005, 2006 and 2007 can be considered three consecutive epidemic years
(Table 2) [9]. In Finland, changes in the geographic synchronicity of rodent cycles have affected the incidence pattern at
national level, although locally, human epidemiology follows the three-year vole cycles [16]. These spatial changes in the
geography of rodent cycles have also occurred in Finland in the past. It may therefore be too early to draw conclusions
regarding the effect of climate change.

Public health impact of hantavirus infections

DOBYV infections, although relatively uncommon, cause severe HFRS with high case-fatality rate (CFR) around 10% [22].
Due to the varying severity of PUUV infections, only 5-10% of infected humans experience clinical problems severe
enough to seek medical help [1]. Although the CFR due to PUUV infections is very low (~0.1% in Belgium and Finland)
[1]1, about 5% of hospitalised PUUV-HFRS patients require dialysis treatment. A severe clinical course of PUUV-HFRS is
strongly associated with HLA-B8 and mild with HLA-B27 haplotype. Fatal cases have been due to fluid imbalance after
shock, haemorrhages and necrosis in the pituitary gland, and encephalitis. In a five year follow-up of hospitalized PUUV-
HFRS patients, increased blood pressure, cardiac pulse and proteinuria were observed as long-term consequences in
20% of the cases [23]. After 10 years of follow-up the effect had largely, but not totally, disappeared.

Conclusions

We conclude that hantavirus infections are widespread in Europe and that they have clear effects on public health.
Unfortunately, as documented by the present ENIVD survey hantavirus infections are currently underestimated or not
recognised by the medical and public health authorities in many countries, largely because diagnostics are not available.
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