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SUMMARY

An outbreak of haemorrhagic fever with renal syndrome (HFRS) started on Medvednica
mountain near Zagreb in January 2012. In order to detect the aetiological agent of the disease
in small rodents and to make the link with the human outbreak, rodents were trapped at four
different altitudes. Using nested RT–PCR, Puumala virus (PUUV) RNA was detected in 41/53
(77·4%) bank voles (Myodes glareolus) and Dobrava virus (DOBV) RNA was found in 6/61
(9·8%) yellow-necked mice (Apodemus flavicollis). Sequence analysis of a 341-nucleotide region
of the PUUV S segment, obtained from all infected bank voles and five HFRS patients, showed
98·8–100% sequence similarity, indicating that the patients were probably exposed to PUUV on
Medvednica mountain. A very large bank-vole population combined with an extremely high
infection rate of PUUV was responsible for this unusual winter outbreak of HFRS in Croatia.
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INTRODUCTION

Haemorrhagic fever with renal syndrome (HFRS)
is an endemic zoonosis in Europe and Asia that af-
fects tens of thousands of individuals each year. The
causative agents are viruses of the genus Hantavirus,
family Bunyaviridae. Hantavirus infections are widely
distributed in Europe with the exception of the far
north and the Mediterranean regions [1]. The disease
is caused by three hantaviruses: Puumala virus
(PUUV), carried by Myodes glareolus (bank vole),
Dobrava virus (DOBV), carried by Apodemus flavicol-
lis (yellow-necked mouse) and Saarema virus (SAAV),

carried by Apodemus agrarius (striped field mouse)
[2–4]. PUUV is the major causative agent of HFRS
in Europe and usually causes mild form of the disease
commonly called nephropathia epidemica. The epi-
demiology of HFRS usually follows the local cycle
of bank voles. Irruptions of rodent populations are
known to occur in the years following huge seed pro-
duction in beech and oak forests [5, 6]. The bank-vole
population and incidence of HFRS cases are therefore
dependent on the abundance of beech and oak seed
with irruptions of rodent populations preceded by in-
tense winter reproduction [5]. HFRS cases typically
peak during the summer months in Western and
Central Europe, and outbreaks occur every few years.

All of Croatia is endemic for hantaviruses except
for the coastal region and the islands [7, 8]. PUUV
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and DOBV are the main causative viruses of HFRS in
Croatia [8–10], while Tula virus and SAAV were also
detected in small rodents [11, 12]. The main rodent
reservoirs of hantaviruses in Croatia are the yellow-
necked mouse (A. flavicollis), striped field mouse
(A. agrarius) and bank vole (M. glareolus) [9, 13].
Two biggest HFRS outbreaks were recorded in
Croatia in 1995 [7, 8, 13] and 2002 [9, 10] with over
150 and 400 HFRS cases, respectively. During the
1995 outbreak, PUUV and DOBV were for the first
time molecularly characterized and their co-existence
in a narrow region was confirmed [8].

During the winter and spring months of 2012,
several European countries reported an increase in
the number of hantavirus infections which was very
unusual for that part of the year. Between October
2011 and April 2012, 852 human hantavirus infections
(likely to be PUUV) were reported in Germany [14].
In Slovenia, 26 cases of HFRS were reported from
January to April 2012 compared to 15 reported
cases in the entire year for 2011 [15]. The Russian
Federation has reported an incidence rate of HFRS
in the same period of 1·05/100000 compared to 0·19/
100000 for the same time period in 2011 [16].

From the beginning of January until the end of
April 2012, 33 patients, related in some way to
Medvednica mountain, were hospitalized at the Uni-
versity Hospital for Infectious Diseases ‘Dr. Fran
Mihaljevic’ in Zagreb with a diagnosis of HFRS. All
of these individuals were serologically positive for
specific antibodies to PUUV. This is an extremely
high number of HFRS cases related to one geogra-
phically small area and the season of appearance is
unusual because HFRS has its peak during the sum-
mer months. The aim of this study is to perform a
molecular epidemiological analysis of PUUV se-
quences from HFRS patients and infected bank
voles, to ascertain the aetiological link between infec-
tion in rodents and disease in humans, and to describe
Medvednica mountain as a new epidemic area for
hantaviruses in Croatia. We also attempt to explain
which ecological conditions may have led to this out-
break. It was expected that comparison of sequences
isolated from humans and rodents would reveal the
presence of the same sequences.

METHODS

Trapping location

Mount Medvednica is situated in the continental part
of Croatia, to the north above Zagreb (the Croatian

capital with about 1 million inhabitants), 20 km
from the Slovenian and 80 km from the Hungarian
borders. The mountain stretches between 15° 49′ 45″
and 16° 07′ 45″ E and 45° 49′ 00″ and 45° 59′ 00″ N,
in a SW to NE direction, ∼40 km in length and
9 km in width. The highest peak (Sljeme, at 1035 m)
is situated in the western part of the massif. The
Nature park ‘Medvednica’, covering most of the
mountain, has well-preserved forests and forest com-
munities comprising 64% of the park area.

The trapping locations were chosen in such way
as to represent the main vegetation associations dis-
tributed on Medvednica mountain. Sessile oak and
hornbeam forest community (Epimedio-Carpinetum
betuli) occupies the lowest slopes (150–350 m) and
surrounds the entire massif. It is dominated by sessile
oak (Quercus petraea) with common hornbeam
(Carpinus betulus).

Most of the mountain surface (300–820 m) is
covered by beech with a giant dead nettle forest com-
munity (Lamio orvale-Fagetum sylvaticae). The main
element within is European beech (Fagus sylvatica)
with a very rich floristic composition with many
trees, shrubs and herbaceous plants (giant dead
nettle; Lamium orvala). This forest continues on a
very strong vegetation belt of mountain beech forest.
The beech-fir forest community (Festuco drymeiae-
Abietetum) occupies the top of the mountain (800–
1000 m), but on the northern slopes it descends to
400 m. The tree layer is dominated by beech and
European silver fir (Abies alba) with many tree and
shrub species. The layer of ground vegetation is very
rich. The main recreational area of Medvednica is pre-
cisely in these forests (peak area of mountain lodges
and ski trails where the ski competition for the FIS
World Ski cup was held).

Animal samples

Rodents were trapped on four different altitudes on
Medvednica mountain (230 m, 650 m, 840 m and
990 m above sea level) from March until April 2012
using snap traps. Each altitude included two adjacent
trapping sites in the same plant community with
100 traps/site and two trapping nights. Trapping
altitudes are characterized by different plant com-
munities, stand age, slope and exposition (Table 1).
Animals were labelled, weighed, measured and then
aseptically dissected. Species were morphologically
determined. Lung tissue was collected from each
animal and stored at −80 °C until processed further.
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Animal experimentation guidelines approved by
the American Society of Mammalogists (American
Society of Mammalogists, Animal Care and Use
Committee, 1998) were followed.

The age of each individual was roughly estimated
on the basis of body weight and pelage colour. Body
weight of 20 g was taken as a limit for dividing sub-
adult from adult rodents. Sex and reproductive activity
were noted for each individual animal (females: preg-
nancy during dissection; males: testes scrotal).

Human samples

Whole blood samples for PCR diagnostics were col-
lected from 16 HFRS patients who, according to epi-
demiological medical history, acquired the disease on
Medvednica mountain. All patients were hospitalized
at the University Hospital for Infectious Diseases
‘Dr. Fran Mihaljevic’ in Zagreb from January until
April 2012. PUUV infection was serologically con-
firmed by point-of-care test (Reagena, Finland)
which detects specific PUUV IgM antibodies. Blood
samples were collected 5–11 days after the appearance
of disease symptoms.

Detection of hantavirus RNA

Lung tissue samples of rodents were homogenized
in D-MEM medium containing 10% fetal calf serum
and penicillin-streptomycin using TissueLyser II
(Qiagen, Germany) and 5mm steel beads for homo-
genization (Qiagen). Total RNA was extracted using
TriPure Isolation Reagent (Roche Applied Science,
USA). PUUV RNA in bank voles and DOBV RNA
in yellow-necked mice were detected using nested
RT–PCR. For detection of PUUV RNA amplifica-
tion of a 653-bp fragment of the S segment was per-
formed using primers PPT334C (TAT GGI AAT
GTC CTT GAT GT) and PPT986R (GCA CAI
GCA AAI ACC CA). Primers PPT376C (CCI AGT
GGI CAI ACA GC) and PPT716R (AAI CCI ATI
ACI CCC AT) were further used to amplify a

341-bp fragment during nested PCR [17, 18]. For de-
tection of DOBV RNA, amplification of a 490-bp
fragment of the M segment was performed using pri-
mers MOF103 (GGA CCA GGT GCA GCT TGT
GAA GC) and MOR 204 (ACC TCA CAA ACC
ATT GAA CC) [19]. Primers DOBG1F (ATG CCA
GCG AGT CGA CCA A) and DOBG1R (GAG
CTA TTA TGT AAG ATT GC) were further used
to amplify a 290-bp fragment during nested PCR
[20]. Total RNA was extracted from human samples
using TriPure Isolation Reagent and PUUV was de-
tected in the same way as for the rodent samples.
PCR products were visualized on 1% agarose gel
and further purified using QIAquick PCR Purification
kit (Qiagen). All PUUV PCR products obtained from
humans and rodents were sequenced using primer
PPT376C. and all DOBV PCR products obtained
from rodents were sequenced using primer DOBG1F
to confirm the presence of viral nucleic acid. Nucleo-
tide sequences were aligned using Chromas Lite
v. 2.01 (Technelysium Pty Ltd, Australia) and ana-
lysed in MEGA 5 software.

RESULTS

A total of 114 rodents were trapped: 53 (46·5%) were
morphologically determined as bank voles (M. glareo-
lus) and 61 rodents (53·5%) were determined as
yellow-necked mice (A. flavicollis). Trap success rate
was 0·5% at 230m altitude, 4·25% at 650 m altitude,
6·5% at 840 m altitude and 17·25% at 990m altitude
(all rates are given per trap per night). PUUV infec-
tion was detected in 41 (77·4%) bank voles and
DOBV infection was detected in six (9·8%) yellow-
necked mice. Detailed results according to different
trapping sites and rodent species are given in Table 2.

Of the total number of captured bank voles 72%
were males. Overall, both sexes showed a similar per-
centage of PUUV-positive individuals (80% infected
females and 76·3% infected males). Yellow-necked
mouse males accounted for 56% of the total number
of captured yellow-necked mice and between sexes

Table 1. Characteristics of four trapping altitudes

Forest community Altitude Forest stand age Exposition Slope

Epimedio-Carpinetum betuli (Ht. 1938) Borhidi 1963 230m 67 years South East 20–30%
Lamio orvale-Fagetum sylvaticae (Ht. 1938) Borhidi 1963 650m 67 years East 5–15%
Lamio orvale-Fagetum sylvaticae (Ht. 1938) Borhidi 1963 840m 140 years East 5–15%
Festuco drymeiae-Abietetum Vukelić et Baričević 2007 990m Selective forest South West 5–15%
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we found similar numbers for DOBV-positive indivi-
duals (11·1% infected females and 8·8% infected
males). In both species sex ratios were mostly biased
towards males. Overall, bank-vole sex ratio (female
vs. male) was 1:2·5 and for altitudes 650 m, 840m
and 990 m it was 1:6, 1:1·5 and 1:2·6, respectively.
Overall sex ratio of the yellow-necked mouse (female
vs. male) was 1:1·3 and for altitudes 230m, 650 m,
840 m, and 990 m, was 1:1, 1·5:1, 1:1·3, and 1:1·5,
respectively.

According to body weight there were, in total, only
two male bank voles classified as subadults. Overall,
19·6% of yellow-necked mice were classified as sub-
adults (six males, six females). Reproductive activity
of females was low. Only four female yellow-necked
mice were found pregnant during dissection (one at
230 m, one at 650 m, two at 840 m, and none at
990 m). There were no pregnant female bank voles
trapped at any of the four altitudes. Testes were visible
in 68% of captured male bank voles and 59% of male
yellow-necked mice.

Sequencing was performed on all PCR products
obtained from bank voles and PUUV was confirmed
in all samples. After analysis of the fragment of S gen-
ome segment it was clear that ten different sequences
were present in rodents. They were different from
each other in a maximum of four bases (98·8–100%
similarity). All six PCR products obtained from
yellow-necked mice were sequenced and DOBV was
confirmed in all samples.

Although most of the human samples were col-
lected in the viraemic phase of the disease (until
day 9), only five samples were positive by PCR.
This could be the result of very low viraemia which
is known in PUUV. The five PUUV PCR products
were sequenced and found to be different from
each other in a maximum of three bases (99·1–100%
similarity). After comparison of PUUV sequences

obtained from humans and rodents it was evident
that they were different in maximum of four bases
(98·8–100% similarity). Four PUUV sequences ob-
tained from humans were identical to some PUUV
sequences obtained from rodents.

DISCUSSION

Although HFRS is a common disease in Croatia and
the majority of European countries, outbreaks occur-
ring during the winter months are very rare. The out-
break on Medvednica mountain started in early
January 2012 and was linked to an international ski-
ing competition which attracted thousands of people
to the area at the top of the mountain, which is also
a popular tourist attraction and weekend destination.

Hantavirus infection was confirmed serologically in
33 patients who spent some time on Medvednica
mountain from January until April 2012 (according
to epidemiological anamnesis, eight patients visited
the mountain only during the skiing competition).
The majority of people in attendance were simply visi-
tors because very few people live on the mountain.

Clinical manifestations of the disease were mild
in the majority of patients, which is common for
PUUV infections, although some patients developed
moderate and severe disease.

In order to determine the aetiological agent of the
disease in small rodents, which are natural reservoirs
of hantaviruses, rodents were trapped and tested for
the presence of PUUV and DOBV RNA.

A significantly higher number of both rodent spe-
cies was trapped at higher altitudes. It was only at
990 m that >50% of all rodents were trapped (67·9%
of all bank voles and 54·1% of all yellow-necked
mice). The percentage of bank voles infected with
PUUV changed from 60% at 840 m to 100% at
650 m. DOBV was detected in yellow-necked mice

Table 2. Number and percentage of PUUV-positive (PUUV+) bank
voles (M. glareolus) and DOBV-positive (DOBV+) yellow-necked mice
(A. flavicollis) trapped on four altitudes on Medvednica mountain

M. glareolus A. flavicollis

Altitude
Date of
trapping

N(PUUV+)/
N(total) %

N(DOBV+)/
N(total) %

230m 9 March 2012 0/0 — 0/2 0
650m 21 March 2012 7/7 100 0/10 0
840m 29 March 2012 6/10 60 1/16 6.3
990m 26 April 2012 28/36 77.8 5/33 15.2
Total 41/53 77.4 6/61 9.8
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only at two higher altitudes and the percentage of
infection changed from 6·3% at 840 m to 15·2% at
990 m. PUUV infection was confirmed in 77·4% of
the total number of bank voles, which is significantly
higher than DOBV infection which was confirmed in
only 9·8% of yellow-necked mice. A possible reason
for this high percentage of infection of bank voles
might be due to the large population of bank voles,
which results in closer contact among animals thereby
increasing the possibility of virus transmission be-
tween them. This theory, however, does not explain
the significantly lower percentage of infection of
yellow-necked mice with DOBV. Since only two
rodent species were trapped in the area, this high in-
fection percentage is in accordance with the theory
that high biodiversity has a diluting effect for patho-
gen transfer to a single host [21]. High infection rate
of hantaviruses in rodents has previously been de-
scribed in Croatia when DOBV was detected in 71%
of yellow-necked mice captured in Zutica forest [22].
In this case the high infection rate in rodents was
not the cause of a human outbreak probably because
this area is not visited by many people. A high infec-
tion rate of bank voles with PUUV, which caused an
outbreak of HFRS in an urban area was described

previously when 66% of bank voles caught in the
city park in Cologne were infected with PUUV and
89 cases of HFRS were reported [23]. It is generally
assumed that large numbers of infected bank voles
with a high proportion of these rodents in the acute
phase of virus excretion can lead to a human outbreak
[24, 25].

Beech mast occurs irregularly, particularly in
the years following warm, dry summers. High
yield of beech mast was reported in autumn 2011 on
Medvednica mountain (Professor J. Margaletic, per-
sonal communication). The trapping site at the lowest
altitude is characterized by a plant community of
sessile oak and hornbeam (Epimedio-Carpinetum
betuli) where no mast was reported. Higher altitudes
are characterized by plant communities dominated
by beech (Lamio orvale-Fagetum sylvaticae) where
beech mast occurred, which explains rodent abun-
dance. Bank voles as well as yellow-necked mice are
species which are active during winter and show win-
ter breeding patterns especially after beech mast years
which results in irruptions of rodent populations [5].
Although trapping at different altitudes was per-
formed in different months we believe that this did
not have an impact on rodent numbers. The main
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reason for different numbers of rodents at different
altitudes is the difference in beech mast from the pre-
vious autumn. Temperatures >1 °C are seen to be fav-
ourable for breeding [26]. November and December in
2011 as well as the beginning of January 2012 were
warmer, showing temperatures over 0 °C and up to
10 °C (Fig. 1) which probably resulted in greater
rodent activity.

Both high yields of beech mast as well as mild win-
ter temperatures could have resulted in an expansion
of the rodent population. Moreover, we believe that
the very warm beginning of January 2012 resulted in
greater rodent activity. The coincidence of the inter-
national skiing race, which attracted thousands of visi-
tors to an area with an extremely high number of
infected rodents, was probably responsible for the
early onset of the HFRS outbreak.

Sequence analysis of a partial PUUV S segment
obtained from patients and rodents revealed very
close relationship. Sequences were 98·8–100% similar,
which is molecular evidence that patients were infected
on Medvednica mountain. Compared to the other
previously described sequences of partial PUUV S seg-
ment, sequences obtained from humans and rodents
from Medvednica mountain cluster together with
other PUUV sequences from Croatia and are very
closely related to sequences from neighbouring
Slovenia and Austria. The highest similarity (99·1–
100%) was with sequence JF499663 which was
obtained from a patient from Stubica region in 2010,
which is in close proximity to Medvednica mountain.
The similarity with other Croatian sequences obtained
from patients (JF499659 and JF499661) in Mala
Kapela mountain was 94·7–95·6%.

This paper shows how high population numbers
of a natural reservoir for a particular pathogen in
combination with high infection rate can lead to a
human outbreak in a small geographical area, even
at the time of year when the appearance of the disease
is very rare. Moreover, Medvednica mountain, which
attracts numerous national and international tourists,
should be considered an important HFRS hotspot and
continuous epidemiological and public health meas-
ures should be implemented for the area.
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