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that are discussed in the article are marked. Stars indicate localities from where hantavirus sequences have been recovered earlier [START_REF] Scharninghausen | Genetic 418 evidence of DOB virus in Apodemus agrarius in Hungary[END_REF]Jakab et al., 2007a[START_REF] Jakab | First detection of Tula 385 hantaviruses in Microtus arvalis voles in Hungary[END_REF]. France and Belgium [START_REF] Heyman | Seoul hantavirus in Europe: first demonstration of the virus genome in wild R. 372 norvegicus captured in France[END_REF][START_REF] Heyman | Serological and genetic evidence for the 375 presence of Seoul hantavirus in Rattus norvegicus in the Flanders, Belgium[END_REF] 199

On the phylogenetic tree based on the complete S segment coding region, the 200 two Hungarian PUUV strains were located within the well-supported Alpe-Adrian

201

(ALAD) genetic lineage that included also Austrian and Slovenian strains (Fig. 2A). line with earlier observations on human HFRS cases in this country [Ferenczi et al., 269 2005;Jakab et al., 2007a] and recovery of hantavirus sequences from rodents 270 [START_REF] Scharninghausen | Genetic 418 evidence of DOB virus in Apodemus agrarius in Hungary[END_REF][START_REF] Ferenczi | New data for the public health importance of hantaviruses in 361 Hungary][END_REF]Jakab et al., 2007a] A. agrarius [START_REF] Scharninghausen | Genetic 418 evidence of DOB virus in Apodemus agrarius in Hungary[END_REF]Jakab et al., 2007a] should be re-classified 302 as SAAV strains. It seems that only the sequence recovered from human HFRS case 303 in Pécs [Jakab et al., 2007b] presents bona fide DOBV. As mentioned above, for 304 several years there was a controversy in taxonomy and hence terminology of SAAV.
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When first discovered, this Dobrava-like virus was erroneously considered a genetic 306 variant of DOBV carried by the striped field mice [START_REF] Plyusnin | Dobrava 408 hantavirus in Estonia: does the virus exist throughout Europe?[END_REF]Nemirov et 307 al., 1999]. It took several years to realize that this is in fact a distinct hantavirus 308 species [START_REF] Brus-Sjölander | Serological divergence 348 of Dobrava and Saaremaa hantaviruses: evidence for two distinct serotypes[END_REF][START_REF] Nemirov | Phylogenetic evidence for host 396 switching in the evolution of hantaviruses carried by Apodemus mice[END_REF] Slovenia [Avsic-Zupanc et al., 2002, 2007], Slovakia [START_REF] Sibold | Dobrava hantavirus causes hemorrhagic fever with renal syndrome in central Europe and is carried by two different Apodemus mice species[END_REF] 

Fig. 1 .

 1 Fig. 1. Rodent collecting localities in Hungary (shown as full circles). Two localities (TR16 and TR17) that are discussed in the article are marked. Stars indicate localities from where hantavirus sequences have been recovered earlier[START_REF] Scharninghausen | Genetic 418 evidence of DOB virus in Apodemus agrarius in Hungary[END_REF] Jakab et al., 2007a[START_REF] Jakab | First detection of Tula 385 hantaviruses in Microtus arvalis voles in Hungary[END_REF].540x414mm (72 x 72 DPI)
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  Within this lineage, Hungarian and Slovenian strains shared the most recent 203 common ancestor (TMRCA) while Austrian strains formed a sister taxon to this 204 quartet. Six other PUUV lineages can be recognized: (1) Central European (CE); (2) 205 South Scandinavian (S-SCA); (3) Finnish (FIN); (4) Russian (RUS); (5) North 206 Scandinavian (N-SCA); and (6) Danish (DAN). PUUV shared more ancient common 207 ancestors (MACAs) with Hokkaido virus (HOKV) and then with Muju virus 208 (MUJV) associated with Myodes rufocanus and Myodes regulus, respectively. The 209 phylogenetic tree based on the partial M segment sequence showed similar topology 210 (Fig. 2B): Hungarian strains were located within the ALAD lineage which, in this DOBV strain HungAf27 shared TMRCA with Slovenian DOBV strain 260 Af10 from Prekmurje; they, in turn, shared MACA with the Hungarian HFRS-261 associated strain. These results demonstrated host-specific clustering of Hungarian 262 SAAV and DOBV genetic variants and, within each of these hantavirus species, also 263
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  for further analyses. This could explain the observed differences between the results 279 of antibody detection and the N-Ag detection, due to pre-selection not only clearly 280 Ab-positive but also voles and mice giving the borderline results. In turn, the 281 relatively low RT-PCR positivity of N-Ag-positive rodents could be due to partial 282 degradation of target RNA in tissue samples that were subjected to several thawing-283 freezing cycles (to take material for other analyses) before RNA extraction. 284 Phylogenetic analysis of Hungarian PUUV strains placed them within the 285 ALAD genetic lineage that includes also strains from neighbouring Slovenia, Croatia 286 and Austria. This presents a good example of geographical clustering of PUUV 287 genetic variants, a phenomenon first discovered more than a decade ago [Plyusnin recovered from A. agrarius belonged to SAAV while those from A. 300 flavicollis belonged to DOBV. Thus previously reported sequences from Hungarian
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  . Apart from laboratory outbreaks Rodent candidates for further RT-PCR and 167 sequencing were pre-screened for hantavirus antibodies by HDPA, IFA and EIA.[START_REF] Plyusnina | Genetic analysis of Puumala 412 hantavirus strains from Austria[END_REF] and Slovenia[START_REF] Avsic-Zupanc | 345 Puumala hantavirus in Slovenia: analyses of S and M segment sequences recovered 346 from patients and rodents[END_REF]. Partial M
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	76 189	97.4%); the 3'-NCR sequences differed at 28 positions (identity of 95.9%). Deduced N
	77 190	caused by SEOV-infected rats kept in captivity, no human cases in Europe have protein sequences differed by one substitution only (identity of 99.8%) and carried
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	187	identical (the first 22 nt originated from the primer sequence and thus were not
		determined directly); the coding regions differed by 34 substitutions (identity of
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in Hungary each year. The fatality rate associated with clinical infections dropped 87 from approximately 6% in the 1950s to 2.5% in recent years. In case a physician 88 suspects HFRS, further serological tests are performed at the National Center for 89 Epidemiology (NCE). Serological diagnosis is based primarily on 90 immunofluorescence assay (IFA) and secondarily on enzyme-immunoassay (EIA).
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Compared to the number of hospitalized patients, hantavirus seroprevalence is 92 much higher in Hungary, approximately 10%

[START_REF] Ferenczi | Natural foci of 363 classical and emerging viral zoonoses in Hungary[END_REF]

. These 93 controversial data might be explained by the low HFRS awareness of the medical 94 community and by the undiagnosed mild forms of the disease.
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The aim of this study was to recover hantavirus sequences from tissue samples 96 of rodents known as hatural hosts for Puumala, Dobrava and Saaremaaa viruses, 97 perform their detailed (phylo)genetic characterization, assign them to proper taxa 98 and specify unequivocally the rodent hosts involved. 10 RESULTS 165 166 Prescreening of rodents. 169 voles (Myodes glareolus) and 29 Apodemus mice (18 A. agrarius, 2 A. flavicollis, 9 -170 unspecified Apodemus spp.). Positive M. glareolus were from the locality TR17, 174 appeared also positive for PUUV genome when tested by RT-PCR; all three animals 175 were from the same locality, TR-17. Three wild-type PUUV strains (that were not complete sequences of the S segment have been recovered in a set of (semi)-nested 180 PCRs. For the strain Hung2, only partial sequence of the coding region (nt 191 to 181 1190) was recovered. It differed by two silent nucleotide substitutions from the 182 corresponding sequence of strain Hung9 and was excluded from further analyses. 183 Two other sequences included 5'-noncoding region (NCR) of 42 nt and the open 184 reading frame (ORF) for the N protein of 433 aa followed by 499 or 442 nt from 3'-191 Austria [198 are not available).

  . It should be 271 emphasized that while SAAV in Hungarian striped field mice has been already 272 reported (albeit under the name of Dobrava virus -see below), the first unequivocal 273 evidence for PUUV and DOBV in Hungarian rodents, species M. glareolus and A.
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flavicollis, respectively, is presented in this paper.
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Rodents used in genetic studies were selected in two steps. First, pre-selection 276 by HDPA, EIA and IFA to detect hantavirus antibodies was performed. On that 277 stage, not only clearly Ab-positive but also borderline voles and mice were selected

  , the view that is now 309 shared by the International Committtee for Virus Taxonomy [www.ictvonline.org].transmission mode and the high level of host specificity of the hantaviruses make 313 these temperate-zone viruses less affected by host biodiversity[START_REF] Ruedas | Community ecology of small 415 mammal populations in Panamá following an outbreak of Hantavirus pulmonary 416 syndrome[END_REF].Instead, the population density and size are the main factors driving the disease
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	316	temporal dynamics.
	317	Of the four European hantavirus pathogens known so far, only SEOV has not
	318	been found in Hungary, albeit serological evidence showed its causative role at least
	319	in one case [Ferenczi, unpublished data]. Direct detection of this virus is rather
	320	difficult because its primary hosts, Norway rats Rattus norvegicus, would not be
	321	caught by the traps used. Similar observation have been made in neighbouring
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	311	Another important finding of this study is that multiple hantavirus types can
		be maintained at the same locality by their corresponding rodent hosts. The direct
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  and Croatia 322 [Cvetko et al., 2004]. Our unpublished serological data on clinical cases confirm that 323 both PUUV-like and DOBV/SAAV-like HFRS cases occur in Hungary. Co-Rodent collecting localities in Hungary (shown as full circles). Two 438 localities (TR16 and TR17) that are discussed in the article are marked. Stars indicate

	436	Legends to figures
	437	
		Fig. 1.
		F o r F o r F o r F o r F o r F o r
		P P P P P P
		e e e e e e
		e r e r e r e r e r e r
		R R R R R R
		e e e e e e
		v i e v i e v i e v i e v i e v i e
		w w w w w w

324 circulation of three distinct hantaviruses that could cause HFRS of different severity, 325 including life-threatening infections, calls for improvements in both surveillance 326 and diagnostics.
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DISCUSSION
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The results of this study demonstrate co-circulation of all three major 267 European hantavirus pathogens in Hungary: PUUV, DOBV and SAAV. They are in two interesting earlier observations [START_REF] Plyusnina | Genetic analysis of Puumala 412 hantavirus strains from Austria[END_REF]. First, within the ALAD [START_REF] Scharninghausen | Genetic 418 evidence of DOB virus in Apodemus agrarius in Hungary[END_REF]Jakab et al., 2007a[START_REF] Jakab | First detection of Tula 385 hantaviruses in Microtus arvalis voles in Hungary[END_REF].