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SUMMARY

Within Europe, Puumala virus (PUUYV) is the causal agent of nephropathia epidemica (NE) in
humans, a zoonotic disease with increasing significance in recent years. In a region of Belgium
with a historically high incidence of NE, bank voles (the PUUYV reservoir hosts), were monitored
for PUUV IgG antibody prevalence in nine study sites before, during, and after the highest NE
outbreak recorded in Belgium in 2005. We found that the highest numbers of PUUV IgG-positive
voles coincided with the peak of NE cases at the regional level, indicating that a PUUYV epizootic
in bank voles directly led to the NE outbreak in humans. On a local scale, PUUV infection in
voles was patchy and not correlated to NE incidence before the epizootic. However, during the
epizootic period PUUYV infection spread in the vole populations and was significantly correlated
to local NE incidence. Initially, local bank-vole numbers were positively associated with local
PUUYV infection risk in voles, but this was no longer the case after the homogeneous spreading of
PUUYV during the PUUYV outbreak.

Key words: Myodes glareolus, nephropathia epidemica, population ecology, Puumala hantavirus,
serology.

INTRODUCTION Bunyaviridae) is considered an emerging rodent-
borne virus due to its increasing significance as a
human pathogen [2, 3]. Within northern and conti-
nental West-Central Europe, this virus is the major
cause of a specific form of haemorrhagic fever with
renal syndrome (HFRS), called nephropathia epi-
demica (NE). The incidence of NE is related to the

Ecological reservoir studies are an essential com-
ponent of any integrated public health response
to emerging zoonotic diseases in humans [1].
Puumala virus (PUUYV) (genus Hantavirus, family
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geographical distribution of its sole specific reservoir
host, the bank vole (Myodes glareolus) [4]. Soon after
bank voles become infected with PUUYV, they start
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shedding infectious virus via their excretions. Even
though the voles remain chronically infected, the
shedding of virus peaks at about 3 weeks after infec-
tion [5, 6]. PUUV is mainly horizontally transmitted
through direct contact or indirectly via virus-
contaminated environment. The latter transmission
mode is also assumed to mediate occasional trans-
mission of PUUV to dead-end hosts like humans,
potentially causing NE. This disease is marked by a
sudden onset of fever and headache, followed by
gastrointestinal problems, vomiting and abdominal
pain often accompanied by visual disturbances. Half
of NE cases also show renal symptoms, although
acute renal failure is only detected in severe cases. The
incubation period can vary from a few days up to 41
days. Due to the varying severity of PUUYV infections,
only 5-10% of infected humans experience clinical
problems severe enough to seek medical help. The
number of NE cases is increasing and a record
number of cases have been reported during the last
five years, e.g. in Finland, Sweden, Germany and
Belgium [4, 7].

Incidence of NE shows a clear variation in time and
space. Regarding temporal variation, a sudden in-
crease in the bank-vole population is often used to
explain NE epidemics [8, 9]. This idea is based on the
mass action principle of disease transmission, as-
suming that PUUYV transmission is density dependent
and a higher number of individuals leads to a higher
contact rate in bank voles and in humans [10].
However, within-year seasonal variation in NE inci-
dence can also depend on vole behaviour (e.g. enter-
ing human dwellings) or human behavioural patterns
related to increased infection risk (e.g. professions like
forestry, farming, the military, harvesting crops or
outdoor activities, and the cleaning of cellars, stables
or summer cottages) [11-14]. Therefore, short-term
PUUV infection dynamics in the reservoir host and
NE incidence do not necessarily coincide (see also
[11]). Empirical data covering actual NE epidemics
and related local bank-vole dynamics are rare, but
highly valuable as they are crucial in explaining NE
disease patterns.

Spatial variation of NE cases is also related to local
human behavioural patterns and local environmental
differences [15]. Yet, a predominant factor determin-
ing the local PUUYV infection risk for humans is local
incidence of infectious bank voles [8, 9]. The spatial
distribution of PUUV in bank voles is believed to be
highly patchy. Similar to the proposed spatial system
of Sin nombre virus in deer mice, areas of preferred
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bank-vole habitat and suitable microclimate con-
ditions that harbour resilient bank-vole populations
with a high intrinsic PUUV transmission rate are
hypothesized to function as refugia, or persistently
infected areas. It is from these areas that PUUV
infection could spread during high-density years
[16—18]. A current challenge is to identify the charac-
teristics that are associated with those PUUYV refugia.
The significant role of environmental parameters in
the determination of local PUUV infection risk in
bank voles and humans has recently been shown
[19]. Besides environmental factors, local population
structural and community parameters can also deter-
mine spatial variation in PUUV infection in bank
voles. This was also suggested for hantavirus infection
in hispid cotton rats in Florida and deer mice in
Colorado [20, 21]. In general, bank-vole PUUV
prevalence increases with age, reproductive activity
and is higher in males than females [17, 22-24]. As a
consequence of this, local prevalence and trans-
mission rates can be affected by local age structures,
sex ratios and proportion of reproductive voles [20].
Moreover, local bank-vole numbers have been found
to relate to the local number of PUUV antibody-
positive voles [25] and abundance thresholds, below
which PUUY infection can not be maintained, have
been suggested in several studies [24, 26]. At the
community level, other resident non-host rodent
species can negatively affect local transmission rates
and prevalence, e.g. by reducing encounters in bank
voles or by reducing the number of susceptible bank
voles due to inter-specific competition [27, 28].

The present study focuses on the NE-PUUV-
bank-vole system in Belgium, where the highest
number of NE cases until now was recorded during
2005 [29]. Before, during, and after this NE outbreak,
nine bank-vole populations were monitored in an area
with high NE incidence. First, we describe the 2005
PUUYV epizootic and compare the data of PUUV
infection in bank voles with the epidemiology of
regional and local NE cases during the study period.
These comparisons allow us to describe the temporal
and spatial relationships between NE incidence and
PUUYV infection in the reservoir host. Second, we
investigated effects of selected bank-vole population
features on PUUYV antibody prevalence and number
of PUUYV antibody-positive bank voles throughout
the study period. This approach allows us to identify
bank-vole population or community features that are
related to incidence of high local vole PUUYV infection
rates.
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Fig. 1. A representation of nephropathia epidemica (NE) incidence in each municipality where a study site was situated. The
NE incidence (=number of new cases/100000 inhabitants per time period) is given for the period from 1996 to 2003 and for
the three years of the study period separately. The number of NE cases from 1996 to 2003 in each municipality is indicated
above the incidence bars. The three municipalities with the highest NE risk are indicated by an asterisk (*).

METHODS
NE data

NE data were provided by the Scientific Institute of
Public Health (IPH) [30]. Detailed data were provided
for the period 1996-2006. NE patients were geo-
referenced according to their residential municipality
in the IPH database. Data on the annual human
population size for each municipality were provided
by the National Institute of Statistics (NIS).

Site selection, sampling and serology

Site selection was based on criteria of local NE
incidence and preferred bank-vole habitat. The total
incidence (NE cases/100000 inhabitants from 1996
to 2003) and the frequency of NE cases (absence/
presence per year from 1996 to 2003) were calculated
for all Belgian municipalities. Based on these calcu-
lations, out of the 10 highest ranked municipalities,
three ‘high NE risk’ municipalities were selected.
Within a radius of 60 km of these high-incidence
areas, six other municipalities with lower or no NE
incidence pattern were chosen (Fig. 1). Subsequently,
within the borders of these nine selected munici-
palities, independent trapping areas were selected
with the help of local forest agents (Fig. 1). This
selection was based on criteria of broad-leaved forest
patches with dense ground vegetation, i.e. the pre-
ferred bank-vole biotope in West-Central Europe
[17, 31]. Sites were located within a radius of 50 km
from core: 4° 43’ E, 50° 16’ N. In each municipality,
one 10 x 10 trapping grid was built with 100 Sherman
live traps spaced at 10-m intervals. Rodent trapping
started in summer 2004 and was repeated every
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spring, summer and autumn until autumn 2006 (ex-
cept summer 2006 due to extremely low abundances)
each time during three consecutive trap nights per
site. Each season, the nine sites were monitored within
a 4-week period, in order to minimize temporal
effects. The timing of trapping sessions is indicated in
Figure 2. Captured bank voles were anaesthetized
with Isoflurane (Forene, Abbott, UK) and gender,
sexual condition, body weight (+0-5¢g) and body
length (+ 1 mm) were noted. Males with their testicles
in scrotal position, pregnant and lactating females,
and females with a perforated vagina were considered
reproductively active. After blood sample (60 ul) col-
lection from the retro-orbital sinus, the animals were
individually marked and released at their original
place of capture. Serum was obtained after centri-
fugation (5 min at 5000 rpm) and stored in liquid
nitrogen in the field, and later at —80 °C in the lab-
oratory. Collected serum was screened by immuno-
fluorescence assay using spot slides with acetone-fixed
Vero EG6 cells non-infected and infected with Puumala
Sotkamo strain (HaartBio Ltd, Finland) as previously
described [24].

Statistical analysis

We performed Generalized Linear Model (GLM)
analyses in SAS™ v. 9.2 (SAS Institute Inc., USA) for
evaluation of overall temporal differences in seasonal
bank-vole PUUV IgG prevalence (logistic model),
bank-vole numbers and number of PUUV IgG-
positive bank voles (log-linear model corrected for
overdispersion). A Generalized Estimation Equation
(GEE) method was used to correct for repeated
measurements in seasons. Between-season differences
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Fig. 2. Temporal distribution of nephropathia epidemica (NE) cases at the Belgian national level and the regional level of our
study (provinces Hainaut and Namur) in combination with regional (all study sites combined) number of PUUV IgG-
positive bank voles/ha, PUUV IgG prevalence and bank-vole numbers/ha in each trapping session with respective standard
errors. Significant seasonal differences for each variable are marked by different letters A, B, C, D (P <0-05).

were assessed using the least square means statement.
The relationship between local NE cases/incidence
and seasonal number of PUUV IgG-positive rodents
was analysed using Spearman’s rank-order corre-
lations in SAS.

GLMs in SAS were also used to test the re-
lationship between bank-vole PUUV IgG prevalence
(logistic model)/number of PUUV IgG-positive
rodents (log-linear model) and local, site-specific popu-
lation features within each season. Trapping index,
sex ratio, proportion of voles with body weight >15 g
(weight distribution), proportion of reproductively
active voles and sex ratio of reproductively active
voles were used as measures of local vole population
structure. Fifteen grams was used a cut-off weight
value as this is the lowest weight limit from where
distinct higher PUUYV antibody prevalence was found
in a previous study within the same study region [26].
In the analysis, we used the trapping index:

total number of bank voles trapped

trap nights —1 of traps closed without vole inside

as a measure of bank-vole abundance as it corrects for
Sherman traps that closed without a vole entering
[26]. However, bank-vole number/ha and trapping
index were highly correlated (Spearman: r=0-998,
P <0-0001). The number of PUUV IgG-positive bank
voles was calculated, based on bank-vole numbers
and PUUYV IgG prevalence, as not all dead animals
were tested for antibodies. Besides bank voles, wood
mice (Apodemus sylvaticus) and yellow-necked mice
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(Apodemus flavicollis) were frequently found in our
traps. We used the estimate of

total number of bank voles

~ total number of animals trapped

as a measure of Apodemus sp. proportion per field
site. Study sites where <4 bank voles per session were
captured, were excluded from all proportion analyses
and low bank-vole numbers in 2006 compelled us to
exclude these data from most of the analyses.

RESULTS
Bank-vole numbers and PUUY infection patterns

Clear changes were observed in the local bank-vole
populations and PUUYV infection features during the
study period (Fig. 2). From summer 2004 to autumn
2004 a significant increase in PUUV IgG prevalence
(x%=48:64, P= <0-0001) and number of PUUV
IgG-positive bank voles (y%4=7-23, P=0:007) was
found, this change was followed by an additional in-
crease in prevalence in spring 2005 (3%=878, P=
0-003), resulting in a higher number of PUUV IgG-
positive bank voles (%= 10-44, P=0-001). Bank-vole
abundance did not change significantly in these sca-
sons (P=0-287). In summer 2005, only bank-vole
abundance increased significantly (y%=9-33, P=
0-002). Next, a significant decrease in PUUV IgG
prevalence (y%=646, P=0-011) and abundance
(x%=7-37, P=0-007) and, hence, also in the number
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Fig. 3. Results of bank-vole trapping in nine sites in southern Belgium from summer 2004 to autumn 2006. The figure
represents seasonal local trapping index, PUUV antibody prevalence (number of bank voles tested) and the number of

PUUYV antibody-positive bank voles per site (1 ha).

of PUUV IgG-positive bank voles (y%3=1178,
P=<0-001) was recorded in autumn 2005, followed
by a sharp fall in bank-vole numbers (y%=27-84,
P <0-0001) in spring 2006. During the latter trapping
period, despite equal trapping efforts, no bank voles
were trapped in four field sites, the highest trapping
number recorded was 11 bank voles/ha and only one
PUUYV IgG-positive bank vole was found. In autumn
2006 numbers had increased again slightly (y%=6-69,
P=0-010) and eight PUUV IgG-positive bank voles
were found in two field sites (Fig. 3).

The spatial pattern in the detection of PUUV
infection coincided with the above seasonal patterns.
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In summer 2004, PUUV IgG-positive bank voles were
found in 4/9 sites, this increased to five sites in autumn
2004, while a maximum of eight sites with PUUV
infection was reached in spring 2005. This distribution
was still maintained in autumn 2005 until bank-
vole populations fell during winter 2005/2006 (Figs
2,3).

Variation in NE cases, 2004-2006

Throughout the year, incidence of NE cases in
Belgium was previously described as showing a
bimodal peak with a minor winter peak between
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Table 1. Recaptured bank voles in each season with respective seroconversions to PUUV IgG positivity, inverse
seroconversion (disappearance of maternal antibodies) and PUUV IgG prevalence within the recaptured

bank-vole population

Recaptures Seroconversions Inverse Prevalence recaptures
Trapping season (%) (%) seroconversions (number IgG positive)
Autumn 2004 26 (12-68) 11 (42-31) 0 42-31 (11)
Spring 2005 21 (8:37) 7 (33-33) 0 42-82 (9)
Summer 2005 48 (10-48) 8 (16:67) 0 43-74 (21)
Autumn 2005 57 (19-13) 4 (7-02) 2 14-04 (8)
Spring 2006 15 (45-45) 1 (6:67) 1 6-67 (1)
Autumn 2007 0(—) — —

January and March and a major summer peak
between June and September [32]. This pattern re-
mained during our study period, although a small
additional autumn peak was present in all three years
and in 2006 both winter and summer peaks were equal
in size (Fig. 2).

Local NE incidence related to local reservoir host
PUUY infection

Figure 1 shows the historical NE incidence (1996—
2003) and annual incidence during the study period
for each municipality where a field site was situated.
We found that in 2004 no PUUV IgG-positive voles
were found in sites situated in municipalities with the
highest NE incidence rates in Belgium. In contrast,
the highest number of PUUYV IgG-positive bank voles
in 2004 was found in Beaumont, yet no human NE
cases occurred locally in this municipality at that time.
Significant correlations were only found between the
local annual number of NE cases in 2005 and the
number of PUUYV IgG-positive bank voles in summer
2005 (r=0-69, P=0-039), autumn 2005 (r=0-801,
P=0009) and between the number of NE cases
in 2006 and the number of PUUV IgG-positive
bank voles in summer 2005 (r=0-721, P=0-028) and
autumn 2005 (r=0-797, P=0-010).

Recaptures, seroconversions and abundance thresholds

Throughout the study period, some patterns in re-
captures and bank-vole seroconversions were found,
which provide a measure of PUUV transmission
frequency in voles (Table 1). In spring 2006, only 33
bank voles were trapped in all nine study sites and of
these, 15 were also caught in the previous autumn.
This percentage of bank-vole recaptures between
sessions (45-5%) was the highest throughout our
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study. Only one of these recaptured bank voles was
PUUV IgG-positive in autumn 2005 and this one
juvenile animal (body weight 10 g) had probably lost
its maternal antibodies in spring 2006 (body weight
16 g). The highest percentages of seroconversions
in recaptured voles were found from autumn 2004
to spring 2005 (33-:3%) and from summer 2004 to
autumn 2004 (42-31 % concentrated in only five field
sites) (Table 1, Fig. 3). During the PUUV infection
peak in 2005 no indication of an abundance threshold
was recorded. PUUV infection was found in the
bank-vole populations independent from local bank-
vole abundance, and high infection prevalence
(100%) was found in a site where only four bank
voles were caught (Fig. 3). However, in 2004 except
for one field site (Havelange), PUUV IgG-positive
bank voles were found in the four field sites contain-
ing the highest number of bank voles (Fig. 3).

Local bank-vole population features in relation to
PUUY infection

In each season, site-specific characteristics were
analysed in relation to PUUV antibody prevalence
and absolute number of PUUV IgG-positive rodents
(Table 2). A positive relationship between trapping
index and number of PUUV IgG-positive voles was
found in summer 2004, autumn 2004 and spring 2005.
In the period leading towards the 2005 outbreak, the
number of PUUYV IgG-positive voles was thus related
to vole abundance. Only in summer 2004 was a posi-
tive relationship between prevalence and trapping
index detected. In autumn 2004 the proportion of
reproductively active male bank voles appeared to
positively influence the number of PUUV IgG-
positive bank voles and PUUYV prevalence. However,
similar relationships were not found in the later trap-
ping seasons. The relative proportion of Apodemus sp.
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Table 2. Parameter estimates of site-specific population features (trapping index) and proportion of reproductively
active (RA) males that relate significantly to the number of PUUV IgG-positive bank voles (log scale) and

PUUV IgG prevalence (logit scale) within one season

Number of PUUV

IgG-positive bank voles Prevalence
Season N Parameter Estimate Error 2 P value Estimate Error  x? P value
Summer 2004 9  Trapping index 0-1098 00252 19 <0-0001 0-0516 00240  4-64 0-0312
Intercept —1-2511 0-6966 323 00725  —3-7574 0-6470 3373  <0-0001
Autumn 2004 7  Trapping index 0-1476 00357 17:11 <0-0001 — — — —
Intercept —0-5199 0-7426  0-49 0-4838 — — — —
7  RA males 9-5347 2:3012  17-17  <0-0001 6:0557 19530 961 <0-0019
Intercept —2-1248 1-1206  3-60 00579  —4-0838 09435 1873 <0-0001
Spring 2005 9  Trapping index 0-0957 0-0309  9-60 0-0019 — — — —
Intercept 1-0105 0-5745 0-0786 — — — —

Summer 2005 9
Autumn 2005 9 —

3-:09

N represents the number of study sites used in the analysis.
Main effects are shown in bold.

did not affect antibody prevalence or the number of
antibody-positive bank voles, independent from the
number of bank voles captured in a site (overall
P>0-05).

Discussion

Our results show that the peak of NE cases in our
study region occurred when the highest number of
PUUV IgG-positive rodents was present in the
populations. However, due to the chronic nature of
PUUYV infection in voles, presence of PUUV IgG
antibodies does not necessarily reflect recent PUUV
infection [4]. Analyses of the recaptured bank voles
showed that most seroconversions occurred during
the increasing phase in 2004 and from autumn 2004 to
spring 2005. Hence, our data suggest that the highest
transmission rate in voles precedes the peak in NE
cases. The incubation preceding NE symptoms and
human outdoor activity patterns during the summer
months probably influenced the NE incidence pattern
[4]. This relationship differs from the situation in
northern Europe, where the highest peak of NE cases
appears in late autumn and winter, probably due to
bank voles entering human dwellings owing to harsh
winter conditions [11, 33, 34]. However, an incon-
sistency was found in 2006 when a small NE peak was
recorded early in the year, even though extremely
low numbers of bank-voles were present and almost
no PUUYV infection was detected. A tendency of lower
than average winter temperatures was recorded
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during the beginning of 2006 and these winter con-
ditions remained until the end of March 2006
(Climate report 2006, Royal Meteorological Institute,
Belgium). These conditions may have led to specific
human or vole behaviour that increased infection risk,
e.g. voles seeking shelter in human dwellings, and
more use of firewood stacks stored outside, where old,
virus-contaminated vole excretions are in optimal
conditions for remaining infectious [11, 35].

On the local spatial level, our data only represent
one focus within a municipality. We found that high
local numbers of PUUV IgG-positive voles do not
necessarily lead to local NE infection (see Beaumont,
summer 2004). If this pattern is consistent throughout
other high NE incidence areas, changes in land use can
easily result in increased infection risk for humans,
even during non-epizootic years. For example, new
human suburbs that encroach forests and where new
gardens are situated close to high PUUYV infection
patches are likely to result in high PUUYV infection
risk for the new resident human population. This
local pattern is similar to what we found in northern
Belgium, where PUUYV infection occurs in local
bank voles, but NE cases are rare. However, in this
northern region an overall lower PUUV antibody
prevalence (1:79% in 2004 and 3-54 % in 2005) was
recorded and the 2005 epizootic was less pronounced
[15, 24]. By contrast, in the southern high-NE inci-
dence study region, we found a sharp increase in
PUUV prevalence and spread of PUUV infection
throughout almost all study sites from autumn 2004


https://doi.org/10.1017/S0950268810000956

388 K. Tersago and others

to spring and summer 2005. During this PUUYV epi-
zootic, local numbers of PUUV IgG-positive voles
in summer 2005 and autumn 2005 were positively
correlated with the annual number of NE cases in
each municipality in both 2005 and 2006.

Our observations support the hypothesis that dur-
ing hantavirus outbreaks, infection spreads from ref-
uge patches to neighbouring forest patches, thereby
causing an overall regional distribution of PUUV
infection [18, 26]. We aimed to identify general vole
population structural features that identify patches
with incidence of high PUUYV infection. We found
that the proportion of sexually active males during
autumn 2004 is positively associated with the local
number of PUUV IgG-positive bank voles and
PUUYV prevalence. Further, sex ratio was positively
correlated to incidence of PUUV infection in a
monitoring study in the northern region of Belgium
[24]. These findings are in line with our expectations
as adult males have been suggested to be important
hantavirus carriers and transmitters due to their
greater mobility, aggressiveness (rate of direct con-
tacts) and their apparent ability to shed more hanta-
virus [17, 36, 37]. Our results do not confirm the
existence of a dilution effect on PUUYV prevalence due
to the relative proportion of non-host Apodemus sp.
However, such a dilution effect was described in the
low relative risk area for NE in northern Belgium [24].
Increased importance of the indirect transmission
route in the high-NE risk area could be a possible
explanation for the absence of this effect in our study
sites. Different soil types and climatic conditions in
this study region have been hypothesized to allow for
longer survival of the virus outside the host, hence
minimizing potential effects of encounter reduction
due to other non-host species [19, 27, 35].

The number of PUUV IgG-positive rodents was
positively correlated with the local bank-vole trapping
index until spring 2005. Before the epizootic, in sum-
mer 2004, prevalence was also increased in patches
with high trapping index. Hence, within an area of
high NE incidence, a large number of local bank voles
is an important feature of those sites with high PUUV
incidence or a high intrinsic transmission rate. The
fact that no relationships were found in the sub-
sequent seasons, suggests that, above a certain level of
infection, local population features (i.e. local bank-
vole abundance and sex ratio) no longer played a
major role in determining local PUUYV infection risk.

Within the range of densities that we observed, our
data do not suggest the existence of a vole abundance
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threshold necessary to allow invasion of PUUV. Yet,
we do find indications for the existence of a threshold
for persistence of PUUYV infection [8, 38, 39]. Vole
populations fell over winter 2005/2006 and PUUV-
infected voles remained virtually absent in the fol-
lowing spring (Fig. 3). In contrast, we found a high
recapture rate in spring 2006 of only uninfected voles
captured in the previous autumn. Decreased winter
survival in bank voles due to PUUYV infection was
demonstrated in a previous study and might have in-
fluenced the observed sharp fall in bank-vole numbers
[40]. In autumn 2006, again eight PUUV-infected
voles were detected, but only in those two sites that
showed the highest bank-vole numbers. Interestingly,
these two sites also showed the highest number of
PUUYV IgG-positive voles before the epizootic in
summer 2004. Long-term studies during multiple non-
epizootic years are necessary to identify the actual
persistence of this infection status.

In a previous study we showed the importance of
high tree-seed production, triggered by warm-weather
conditions, for the prediction of high numbers of NE
cases in our study region [30]. In the present study, we
now find that the exceptional peak in NE incidence
during 2005 was directly associated with increased
incidence of PUUYV infection in bank voles on both
the spatial and temporal level. As expected, observed
high tree-seed production in autumn 2004 created
good conditions for bank voles which led to increased
numbers of bank voles in the following spring and
favoured PUUYV transmission. Our findings suggest
that, after such high tree-seed production in autumn,
PUUYV infection spreads readily from potential PUUV
refugia to neighbouring patches, causing high spatial
incidence of PUUYV infection at the beginning of the
breeding season in spring. We found that in the be-
ginning of such an epizootic, local high bank-vole
numbers can be used as an indication of PUUYV high-
risk patches. These results suggest that a well targeted
artificial reduction of local bank-vole numbers during
autumns with high tree-seed production could be used
as a preventive measure against PUUYV spreading in
high-NE risk areas.
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