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In Eugrope, hemorrhagic fever with renal syndrome results mainly from infection with Ppumala virus
_(PUUY) or Dobrava virus. For 31 patients from a hantavirus disease outbreak in Lower Bavaria, a district in
southeast Germany, serodiagnosis was undertaken by enzyme-linked immunosorbent assay, immunefiueres-
cence assay, and immunoblet analysis, u a few of these cases, however, PUUV.specific tyning of antibodies by
these standard assays failed and a virus neutralization assay under biosafety level 3 conditions was required

to verify the infection by this virus fype. PUUV RNA was amplified by reverse transcription-PCR from
acute-phase sera of three patients and was found to be very closely related to virus sequences obtained from
bank veles (Clethrionomys glareolus) trapped in the same area. These findings link the outbreak with 2 novel

PUUV lineage, “Bavaria,” circulating in the local redent population. The Bavaria lineage associated with the
outbreak is only distantly related to other PUUV lineages from Germany.

Two human zoonoses, hemorrhagic fever with renal syn-
drome (HFRS) and hantavirus cardiopulmonary syodrome
(also named hantavirus pulmonary syndrome) are caused by
infections with bantaviruses, Case fatality rates can reach up to
509. The agents, negative-strand RNA viruses forming the
genus Hantavirus within the Bunyaviridae family, are transmit-
ted to humans from their respective rodent reservoirs (8, 13,
19}. In Central Europe, HFRS occurs mainly due to infections
by Puumala virus (PUUYV) transmitted from the red bank vole
(Clethrionomys glareolus} and by a Dobrava virus (DOBVY)
lineage, named DOBV-Aa, carried by the striped field mouse
{Apodemus agrarius) (7, 8, 10, 23). Infections by both PUUV
and DOBV-Aa usually cause mild to moderate HFRS, which is
also known as nephropathia epidemica (22). Germany reports
up to 450 HFRS cases per year (18).

" Since viremia in HFRS patients is short termed and charac-
wiized by fluctuating RNA levels, molecular genetic ap-
proaches are not common in the identification of human in-
fections. Instead, laboratory diagnosis is based on serology.
Usual methods arc enzyme-linked immunosorbent assay
(ELISA) and immunofluorescence assay (IFA) formats based
on the immunodominant nucleocapsid protein (N} antigen and
virus-infected cells, respectively, to detect antibodies of immu-
noglobutin M {IgM) and IgG classes. Also, an immunablot
assay, based on the use of N antigen, has been established. The
majority of hantavirus-infected patients present detectable
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Virologie, Helmui~Ruska-Haus, Charité—Universitiitsmedizin Berlin,
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t Present address: Center of Internal Medicine, Division of Infec-

tious Diseases, University Hospital Frankfurt/Main, 60590 Frankfurt/
Main, Germany.
¥ Pubtished ahead of print on 11 July 2007.
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IgM class antibodies already at the onset of disease. In only few
cases was the IgM response found to be delayed. IgM disap-
pears within months; however, when using sensitive test for-
mats, it can be detected in single cases as late as 2 years after the
acute phase of infection (8, 12). The IgG response is fong lasting
but sometimes delayed; in about 10% of acute-phase, IgM-posi-
tive sera, no JgG can be found with routine assays (8, 20).

Here we describe the serological and molecular epidemio-
logical investigation of an outbreak of hantavirus disease in
Lower Bavaria, a district in southeast Germany (Federal State
of Bavaria), in 2004. We iested early and, in some cases, fol-
low-up sera of 31 patients, showing that the outbreak was
caused by Puumala virus. In certain cases, ELISA, TFA, or
immunoblot assays were unable to support the diagnosis of
PUUV infection because of extended cross-reaction of IgM
and even IgG antibodies to other hantavirus antigens. In these
cases, focus reduction neutralization testing (FRNT) con-
firmed PUUV infection. PUUV sequences were amplified
from sera from three patients and compared with those from
bank voles trapped in the same area where those three patients
resided. The human infections were caused by a novel genetic
lineage of the PUUV species, called Bavaria.

MATERIALS AND METHODS

Patients and sera. Scrum samples were collected by local physicians from
paticnts with clinicat signs of HFRS (nephropathia epidemica) and sent to the
German Reference Centers for Tropical Infections (Hamburg) and Hantavirus
Infections (Berlin) for diagnosis. First scrum samples were taken during the
acute phase (n = 31). In some cases, a second sample {1 = 13} was collected
during convalescence,

Rodent trupping. Rodeats were trapped al Bavarian National Park {village of
Neuschonau) located in the vidinity of the sites where human infections occurred.,

Pleurat and abdominal fluids, lungs, spleens, kidneys, and urinal biadders were |

stored at —70°C.
Serological assays. All human serum samples and body fluids of rodents were
tested for 1gG and IgM antibodies 10 PUUV, DOBV. oc Hantaan virus (HTNV)
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FIG. 1. Epidemic curve based on the 31 cases of laboratory-con-
firmed HFRS in a region in Lower Bavaria, Germany.

by IFA and ELISA. 1gG and IgM IFA were pedfarmed with HTNV (strain
A549/76-118)- and PUUV (strain BINE 56&/8)-infected: Vero . E6 celis. Cells
were spread onto stides, air dried, and acetone fixed. Samples were serially
diluted in twofold sieps in phosphate-buffered saline starting with an inftial
dilution of 1;10, added to the cells, and incubated for 90 min at 37°C. After
washing in phoesphate-buffered saline, slides were incubated with fluorescein
isothiocyanate-labeled rabbit anti-human IgG and IgM antibodies (which are
gamma-chain and mu-chain specific, respectively; SIFIN, Berlin, Germany) at
37C for 25 min. For rodent samples, fiuorescein isothiocyanate-labeled goat
anti-mouse [gG/gM (SIFIN, Berlin, Germany) was used. IgG titers of 1:40 or
more and 1gM titers of 1:20 or more were considered positive.

I3G and IgM ELISA was performed using recombinant nucleocapsid protein
of PUUV, DOBYV, and HTNV 25 described previously (12). Titers of 1:400 or
more were considered positive. Selected sera were tested using commercially
available Western blots (recomBlot; Mikrogen, Martinsried, Genmany) accord-
ing 1o the manufacturer’s instructions and by FRNT. FRNT was performed with
PUUV, DOBV, and HTNV under biosafety Tevel 3 conditions as described
previously (3)-

Reverse transcription-PCR (RT-PCR), cloniag, and sequencing. For the iso-
lation of RNA from patient sera, the QIAamp viral RNA mini kit (QIAGEN,
Hilden, Germany) was used, Serum (140 pd) was zdded to 560 pi of buffer AVL
with carrier RNA, and the standard QIAamp viral RNA mini spin protocol was
performed. RNA was cluted {o 60 pi of buffer AVE.
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1" Total cellular RNA of seropogitive rodents was extracted from homogenized
lung and kidney tissues by using TRIzol reagent (GibcoBRL. Invitrogen,

- Kaslsrube, Germany) according to the manufacturer’s protocol. RNA was re-

verse transcribed with murine leukemiz reverse franscriptase (Invitrogen,
Karlsruhe, Germany) by using random hexamers, PUUV-specific nested PCR
was performed as described previously (1) using the TEMPase hot-start master
mix kit (BIOMOL, Hamburg, Germany). In addition, overlapping fragments
were generated by two seminested PCRs to obtain the complete nudleotide
sequence of the first PCR product,

The amplified preducts were cloned intorpCR 2.1 TOPQ vector (TA doning
kat; Invitregen, Feek, Netherlands). At least three recombinant plasmids were
sequenced in both directions, and the consensus sequence was detetmined.
Dideoxy sequending was performed on a LICOR sequencer using the AutoRead
kit (Pharmacia-Biotech, Freiburg, Germany) as described by the manufaciurer.

Sequence and phylogenetic anzlyses. The sequence data were further analyzed
using the BioEdit software package (4). Sequences were aligned using the
CLUSTALW algorithm (25). The reliability of the alignment was checked using
DotPlot analysis implemented in the BioEdit software package, The alignment
was tested for phylogenetic information by likelihood mapping analysis {24)
implemented in the TREE-PUZZLE 5.2 software program (21). A neighbor-
joining phylogenetic tree was constructed using the PAUP* software program.
The Tamura-Nei evolutionary model (TN93) was used to calculate genetic dis-
tances. Bootstrap statistical support values were caleulated on 10,000 bootstrap
replicates.

Nudeotide. sequence accession numbers. The nucleotide sequences deter-
mined in this study were deposited in GenBank under accession numbers
EU004029 to BEUO04036. ’

RESULTS

Epideiniology of the outbreak. The region around Passau in
Lower Bavaria was not a hot spot of hantavirus transmission in
Germany before 2004. In the previous years, no cases to three
cages per anaum were reported from the same district (17). In
contrast, between January and November 2004, we confirmed
acute hantavirus infection in 31 patients (mean age, 36 years;
78% male} by laboratory investigation. Until May 2004, four
sporadic infections occurred. The peak of the epidemic was
observed between June and October with 27 cases. The epi-
demic curve suddenly declined in November (Fig. 1). Most of
the cases occurred in a radius of about 25 km in a region of the
Bavarian Forest north of the city of Passau (Fig. 2).

FIG. 2. Map of Germany and the outbreak region in Lower Bavaria (Germany). Black circles indicate the places of residence of three patien.ts
(H139, H151, and H201} and wapping places of rodents (CigM2, ClgM26, and Clg201 in Lower Bavaria; Kobi3 in west Germany; and D208 in

north Germany) from which hantavirus RNA was vecovered.
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TABLE 1, Secrological testing of sarples from HERS patients using
different assays

Value for serum sample

Convalescent phase

Virus antigen® and {n = 13)

serological assay

Acute phase (n = 31}

% Positive REIPOC! o posive  ReGPTO
PULV
TgM ELISA 100.0 1,796 923 1,425
IgM IFA 9.8 167 69.2 93
IgG ELISA 93.8 5,489 160.0 20,683
IgG IFA 100.0 2,772 1000 7,050
HTNV
IgM ELISA 43.8 65 76.9 606
IgM IFA 875 40 69.2 43
IgG ELISA 56.3 491 100.0 1,980
IgG IFA 96.9 162 100.0 198
DOBV .
IgM ELISA 62.5 481 538 487
{ C/ TgGELISA = 813 1,204 100.0 1,780
% N antigen for ELISA; virus-infected cells for IFA.
8 GMT of positive samples.

All patients met the clinical criteria of nephropathia epi-
demica (8), and most of them required hospitalization due to
impaired renal function. Neither severe hemorrhagic compli-
cations nor fatal courses of infection were observed.,

Since southeast Germany is a peographical region where
Clethrionomys glareolus, but not Apodemus agrarius, is preva-
lent as a bantavirus reservoir, PUUV could be expected as the
etiological agent of the outbreak.

Serological investigation of patient sera. Serum samples
from the acute phase of iflness were available from 31 patients.
A follow-up serum sample was collected 1 to 20 weeks later
from 13 of the 31 patients. All 44 sera were tested for IgM and
IgG antibodies by IgM and Ig(G ELISA, respectively, on the
basis of PUUV, DOBV, and HTNV nucleocapsid protein an-
tigens and by IFA using PUUV- or HTNV-infected cells. Be-
-+ _cause HINYV is antigenetically closely related to DOBV (8)

C 1d HTNV-infected cells were immediately available, they
-were used to detect DOBV-specific antibodies by IFA.

The largest mumber of pasitive samples and the highest

reciprocal geometric mean titer (GMT) of positive samples

Yy

¥. Cims. MIiCROBIOL

. was seen in the PUUV-specific assays, suggesting that the

outbreak was caused by PUUV (Table 1). All acute-phase sera
were [gM positive by PUUV-specific ELISA. The percentage
of IgM-positive samples and their GMTs were lower by IFA
than by ELISA. Similar differences were observed for the fol-
low-up samples, suggesting that IFA is less sensitive than
ELISA for IgM detection. No major differences were scen
between the two methods with respect fo IgG detection.

However, in a few cases, IgM titers against heterologous
DOBV and HTNV antigens were similar (by IFA) or even
higher (by ELISA) (Table 2). Antibody specificity in these sera
was further tested by immunoblot analysis. In all cases but
one, higher IgM reactivity against PUUV was demonstrated
(Tzble 2). ’

Table 3 summarizes results for four sera with indeterminate
or DOBV-/HTNV-specific IgG typing by ELISA. AH sera re-
acted with the highest titers against PUUV by IFA, whereas
immunoblot analysis identified dominant PUUV reactivity
only in serum sample 361. Immunoblot results for serum sam-
ples 2395 and 2813 corresponded to the indeterminate typing
results by BLISA. In the case of serum sample 2395, the blot
analysis of a consecutive serum sample (sample 2753) from the
same patient showed a slight PUUV antigen preference.

Due to the particularly conflicting. 1gG results for setum
samples 361 and 2813 by ELISA, immunoblot analysis, and
IFA, we decided to use FRNT to determine the specificity of
the sera. The typing of neutralizing antibodies by FRNT is the
method of choice to determine the hantavirus species that led
to the infection of a patient (8). Table 4 demonstrates ‘that
serum samples 361 and 2813 neutralized PUUV cleaily better
than they neutralized DOBV or HTNV, strongly suggesting
that the corresponding patients had been infected by PUUV.

Testing of patient sera by PUUV RT-PCR. RNA was ex-
tracted from all sera and tested by PUUV § segment-specific
RT-PCR. Genetic material was amplified from only three sera
taken early after the onset of disease. The three patients (des-
ignated H139, H151, and H201) were living in different villages
in the Bavarian Forest north of the city of Passau (Fig. 2). All
three cases were characterized by acute onset with fever, my-
algia, back pain, and abnormal fatigue. Acute renal failure was
accompanied by thrombocytopenia and an increase in serum
creatinine. Hemodialysis treatment was not necessary, and all
three patients recovered. Interestingly, in one of the three pa-
tients (FH151), blurred vision, conjunctival petechiae, and lung

N

TABLE 2. Exceptional results of IgM assays without clear PUUV preference”

Result for indicated antigen by IgM

Serum no. ELISA IFA Tmmunobiot
PUUV DOBY HTNV PUUV HTNV PULV DOBV HT_NV SEQV
235 400 1,600 6,400 160 160 ++ - - -
236 1,600 1,600 1,640 160 160 + 4 - - -
2395 6,400 1,600 0 20 20 + + + +
328" 25,600 1,600 25,600 >640 80 ++ - - -
3156 1,600 - 1,600 1,660 80 208 +4 - - -
3300 1,600 1,600 400 320 80 ++ - - -

2002 08 19000 U0 ¥IAENID Q0078 TYYLINID SSOHD QY ISaNVAYF 12 Bio'wse wof woy papeojumoq

“ ELISA, IFA, or blot data not directly supporting the diagnesis of PUUV infection are shown in bold. —, no reaction; +, same intensity as the cutoff band; ++,

strong intensity (stronger than the cutoff band); SEOV, Seoul virus. Numbers are reciprocal titers,

5 RT-PCR data available.

. “ Sampled from the same patient as that for serum sample 3156 but obtained 2 weeks later.
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TABLE 3. Exceptional results of IpG assdys without clear PUUV preference” )
Result for indicated antigen by 1gG
Serum no. ELISA ) IFA Immunoblot
PUUV DOBV HINV PUUV HINV PUUV DOBV HINV SEQV

361 15,600 102,400 400 2,560 640 +++ +) - -
2395 25,600 25,600 ND 2,560 8 ++ ++ ++ +
2753° 25,600 25,600 25,600 20,480 320 +++ +4 ++ +
2813 1,600 25,600 . 25,600 5,120 160 + +++ +++ +

“ ELISA, TFA, or blot data not directly suppovting the diagnosis PUUV infection are shown in bold. —, no reaction; {+), intensity weaker than the cutoff band; +,
same {ntensity as the cutoff band; ++, strong intensity (stronger than the cutoff band); ++-+, very strong intensity; SEOV, Scoul virus; ND, not determined. Numbers

are reciprocal titers.

& Sampled from the same patient as as that for senum no, 2395 but obtained 1 month later.

infiltration were observed during the first days of disease. The
sequences of the PCR products revealed infection by a specific
PUUV strain (see below), confirming the serological findings and
providing direct evidence that PUUV caused the epidemic.

Rodent trapping and amalysis. To investigate whether the
PUUYV strain identified in the patients was also prevalent in
the local rodent population, 38 bank voles were trapped in
Novermber 2004 in the outbreak region, National Park “Bavar-
ian Forest” (Fig. 2). Seven of 38 animals (18.4%) were found
seropositive for PUUV by TFA. Eight animals, including two
seronegative voles, were positive by PUUV S segment RT-
PCR analysis of lung and kidney tissues. The amplified PCR
products from the rodents were sequenced and used for mo-
lecular epidemiclogical analysis.

Furthermore, we wondered whether the PUUV strain is
specific lo the Bavarian region. Therefore, rodents trapped in
other regions of Germany were included.in the study. Three of
49 bank voles (6.2%) trapped in August 2004 in northeast
Germany pear the city of Liibeck and five of 16 bank voles
{31.25%) trapped in June 2005 in West Germany near the city
of Koblenz tested positive by PUUV-specific RT-PCR. The
amplified DNA fragments were sequenced and included in the
phylegenetic analysis.

Sequence and phylogenetic analyses. Partial S segment se-
quences (616 nucleotides, positions 354 to 969) of PUUYV from
sera of the three patients (designated strains H139/04, H151/
04, and H201/04), kidney tissues of three bank voles trapped in
the outbreak region {(designated strains ClgM2/04, CighM26/04,
and ClgM37/04), and kidney tissues of two bank voles trapped
outside the outbreak region (designated strains D208/04 [from
the Lilbeck region in North Germany} and Kobl3/05 {from the
Koblenz region in West Germany]) (Fig. 2) were subjected to
sequence comparisons and phylogenetic analysis.

The sequence analysis showed that all ftuman and rodent
sequences from the outbreak region were very closely related,
with 97.4 to 99.0% sequence identity, Altogether, there were
32 polymorphic sites within the alignment of the Bavarian

TABLE 4. Typing of selccte;';l sera by FRNT -

Recipracal endpoint dilution of serum neutralizng:

Scrum no.
POV DOBV HTNV
361 2,560 T 160
2813 640 <40 160

sequences. Only one substitution represents a noasynonymous
mutation leading to the -conservative amino acid exchange
1251M in the putative N protein, where the strains H139/04
and ClgM26/04 encode isoleucine (I) but the other Bavarian
strains carry methionine (M) (data not shown). Sequence sim-
ilatity of the Bavarian strains to other German and European
PUUV sequences was rather low (81.4 to 87.0%). The only
German PUUYV (partial) nucleotide sequence recovered from
a patient with HFRS so far (15) showed only 84.7 to 85.3%
similarity to the nucleotide sequence of the Berkel strain (ac-
cession no. L36943}. Interestingly, the most related sequence is
not from a German strain but from strain Opina-916 (acces-
sion no. AF294652) obtained from a bank vole captured in
Slovakia {9).

Phylogenetic analysis (neighbor joining) of 60 PUUV se-
quences confirmed the clear molecular epidemiological link
between PUUV strains from patients and rodents collected in the
outbreak area. All Bavarian sequences formed-a well-supported
monophyletic group, indicating that the outbreak had been
caused by a specific Bavarian lineage of PUUV that differs from
lineages found in other parts of Germany. Even a direct coupling
of patient- and rodent-associated sequences could be observed in
the cases of H139/04 and ClgM26/04 sequences (Fig. 3).

As expected, all analyzed German sequences clustered
within the Central European clade formed by strains from
Belgium, Slovakia, and Germany. Within this clade, at least
four lineages can be distinguished further. The strains from
Bavaria form one of them. The strain from Slovakia represents
the second lineage. The third group is formed by strains from
Belgium and northwest Germany (Cg-Edt, accession no.
AJ238779) and by our strains Kobl3/05 from west Germany
and D208/04 from north Germany. The fourth lineage is rep-
resented by another sequence from northwest Germany (Ber-
kel, accession no. 1.36943) obtained from a patient with severe
HFRS (15). Interestingly, the statistical support for the mono-
phyletic group of the three above-defined lineages (bootstrap
valse of 88 {data not shown]) was removed by the addition of
the Iatter sequence into the data set.

DISCUSSION

Here we report the serological and molecular epidemiolog-
ical investigation of an outbreak of hantavirus disease involving
31 patients in southeast Germany. The patients exhibited clin-
ical symptoms and biochemical findings typical of HFRS cases
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FIG. 3. Neighbor-joining phylogenetic tree (TN93 evolutionary model) of European PUUV strains based on S segment partial sequences (616
nucleatides, positions 354 to 969). Bootstrap values higher than 70, calculated from 10,000 replicates, are shown at the tree branches. PUUV-like
.- _sequences from Japan were used as an outgroup. All sequences recovered from GenBank are indicated by their accession numbers. Sequences

: C covered within this study are shown in bold; their GenBank accession numbers are EU004029 (H139), EU004030 (Hi51), EU004031 (F1201),

£U004032 (ClgM2), EUC04033 (ClgM26), EU004034 (ClgM37), EUD04035 (D208), and EUQ04036 (Kobl3). Previously defined lineages are
indicated by abbreviated names. AUT, Austrian; BAL, Balkan; DAN, Danish; FIN, Finish; JPN, Japanese; NSCA, North Scandinavian; OMSK,

Russian from Omsk region; RUS, Russian; SSCA, South Scandinavian.

occurring in Germany. The findings show that the -outbreak
was caused by a novel strain of PUUV that was only distantly
related to other German PUUV strains.

In most cases, serological testing identified PUUV as the
causative agent. In contrast to the common view, standard
methods such as ELISA, IFA, and immunoblot analysis were
not always able to determine the causative hantavirus species.
In these cases, the testing of consecutive sera or fyping of
neutralizing antibodies by FRNT was needed to confirm the
virus-specific diagnosis of PUUV infection. Our findings dem-
onstrate that due to the cross-reactivity of sera, serotyping for
diagnoses of individual patients as well as seroepidemiological
studies may sometimes not correctly identify the causative han-

tavirus if typing is based only on ELISA, IFA, or immunoblot
analysis.

Besides the neutralization assay, RT-PCR and sequencing
provide clear information on the causative virus species. How-
ever, it is known that PUUV infection {eads to a short and
fluctuating viremiz. This is why the recovery of viral nucleic
acid sequences from patient sera is possible during only the
first days after the onset of disease and may even fail during
this time. We were able to amplify viral sequences from early
sera of three patients. Sequence analysis confirmed the diag-
nosis of PUUV infection and indicated that the outbreak was
caused by a novel virus strain.

The trapping of bank voles in the vicinify of human cases
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allowed us to compare nucleotide sequences of human and
rodent origin from the hantavirus disease outbreak. Virus se-
quences from patients were phylogenetically closely related to
those of the bank voles, suggesting that the patients had been
infected by the prevalent PUUV strains circulating in this area.
This view is supparted by an independent study, which was
focused on the reservoir species in the outbreak area (3). All
sequences obtained from these animals were also closely
related to the human sequences determined in our study {up
to 100% identity).

In the analyzed S segment region, we found a degree of
informative nucleotide substitutions of 2.1% between the Ba-
varian sequenices of human and rodent origin accompanied by
one amino acid difference, In general, we and others (6, 16) did
not see specific mutations that can be associated with the
adaptation of a rodent-derived hantavirus to a human host.
Probably, such a mutation(s) is not necessary as long as the

* infected patient is a “dead-end host™ for the virus and a com- ~

plefe adaptation to the new host with high viraemia, enabling
its human-to-human transmission, does not occur. There are
only a few reports about interhuman transmission of Andes
hantavirus; however, no comparison between viral sequences
from these persons and their rodent sources of infection has
been undertaken (11, 14),

In addition to the PUUYV strains from the outbreak in
Bavaria, we included novel PUUV sequences from North
and West Germany in the phylogenetic analysis in order to
determine the evolutionary origin of the outbreak strain in
more detail and to expand our view about the molecufar
diversity of PUUV circulating in Central Europe (Fig. 3). To
our surprise, the Bavarian lincage did not cluster with the
Germarn strains from Koblenz and Labeck but was equidis-
tant from the Slovakian PUUV on the one hand and the
German and Belgium strains on the other hand. Thus, the
phylogenetic reconstruction suggests the existence of at
least two well-supporied Central European lineages of
PUUV (Bavaria; Belgium/NW Germany). The strains
AF294652 (Slovakia) and 136943 (NW Germany) may oc-
cupy separate lineages but also may join one of the sup-

ported lineages; the exact phylogenetic relationship between

these lineages could not yet be resolved on the basis of the
existing sequence information. Strains from another Central
European country, Austria (1), belong to a different phylo-
genetic clade, together with southeast Ewropean strains
from the Balkans (Fig. 3). '
The reason for the outbreak of hantavirus disease in the
Bavarian Forest in 2004 is not known. The local accumulation
of cases is remarkable since, in Germany, the number of re-
corded HFRS cases had not increased compared with the
annual average. One might speculate that 2004 was “high mast
year” for Clethrionomys glareolus animals in this wooded area,
" although underlying ecological changes are unknown. A higher
rodent densily facilitates the spreading of virus between animals
and its fransmission to humans, Similar reasons were assumed to
explain the first outbreak of hantavirus cardiopulmonary syn-
drome in the southwestern United States in 1993 (2). In addition,
information in the local press in the Bavarian Forest area at the
beginning of the hantavirus outbreak could have increased the
awareness of physicians of this disease and might have contrib-
uted to the high number of recarded HFRS cases.

“
.
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