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viruses are known to cause hemorrhagic fever with renal syndrome (HFRS). All three 29 hantaviruses are now found in Croatia. Lung tissue samples of 315 Apodemus mice 30 trapped in [2003][2004] were screened for the presence of hantaviral N-Ag and 20 mice 31 (6.3%) were found either strongly positive or weak/suspected-positive. Partial 32 sequences of hantavirus M and S segments were recovered by RT-PCR from six mice 33 and subjected to (phylo)genetic analysis that revealed the presence of four novel 34 strains of DOBV and one of SAAV. Curiously, one of the newly described DOBV 35 strains was found in A. agrarius mouse, i.e. not in the traditional host, A. flavicollis 36 mice, suggesting a spillover event. S segment sequences recovered previously from 37 HFRS cases (Markotic et al., 2002) were confirmed as DOBV sequences; one of which 
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[for a reviews, see [START_REF] Vapalahti | 457 Hantavirus infections in Europe (Review)[END_REF][START_REF] Schmaljohn | Hantaviruses: a global disease problem[END_REF]. Very little is 65 known about hantaviruses in Africa [Klempa et al., 2006[Klempa et al., , 2007] ] and nothing is 66 known about these viruses in Australia. [START_REF] Papa | Retrospective serologic and genetic 403 study of the distribution of hantaviruses in Greece[END_REF][START_REF] Avšic-Županc | 294 Hemorrhagic fever with renal syndrome in the Dolenjska region of Slovenia-A 10-295 year survey[END_REF]Markotic et al., 2002;Jakab et al., 2007]. The 72 natural host for SAAV is the striped field mouse (Apodemus agrarius); the virus 73 causes mild HFRS in the Baltics, Central Europe and the European part of Russia 74 [Lundkvist et al., 1998;[START_REF] Plyusnin | 419 Dobrava hantavirus in Russia[END_REF]Golovljova et al., 2000;Sibold et al., 75 2001;Klempa et al., 2004Klempa et al., , 2008]]. It should be noted that SAAV was considered 76 initially a genetic variant of DOBV carried by A. agrarius [START_REF] Plyusnin | Dobrava 415 hantavirus in Estonia: does the virus exist throughout Europe?[END_REF]77 Nemirov et al., 1999] and for a while there was a controversy in the taxonomy and 78 terminology of SAAV. The virus is now recognized as a distinct species [for the 79 latest taxonomy, see www.ictvonline.org] but, in some publications, it is still named 80 "DOBV-Aa".

81

PUUV is carried by bank voles (Myodes glareolus) and causes HFRS, usualy 82 mild, in Northern and Central Europe, the Baltics, European part of Russia and 83 Alpe-Adria [START_REF] Settergren | Clinical characteristics 429 of nephropathia epidemica in Sweden: prospective study of 74 cases[END_REF], Mustonen et al., 1994;Tkachenko et al., 1998; 84 Golovljova et al., 2000Golovljova et al., , 2007;;Heyman et al., 2001;Markotic et al., 2002;Cvetko et al., 85 2005;[START_REF] Avšic-Županc | 303 Puumala hantavirus in Slovenia: analyses of S and M segment sequences 304 recovered from patients and rodents[END_REF]Hoffmann et al., 2008].

86

The whole of Croatia except costal region and islands is endemic for HFRS.

87

Serological and genetic findings in HFRS patients provided evidence that PUUV and 88 Dobrava virus (DOBV) have been two major pathogenic hantaviruses circulating in 89 Croatia and causing hantavirus infections in humans [Markotic et al. 2002, Cvetko et 90 al., 2005]. Apathogenic Tula virus was detected in wild rodents in Croatia as well 91 [START_REF] Scharninghausen | 433 Genetic evidence for tula virus in Microtus arvalis and Microtus agrestis populations 434 in Croatia[END_REF]. Croatia borders Slovenia to the northwest and has an 92 extended border with Bosnia and Herzegovina, one of the largest HFRS regions in 93 Europe [Markotic et al., 1995;Hukic et al., 2009]. Nowhere else is the co-existence of [Markotic et al., 2002;Cvetko et al., 2007;Lundkvist et al., 1997;[START_REF] Avšic-Županc | 294 Hemorrhagic fever with renal syndrome in the Dolenjska region of Slovenia-A 10-295 year survey[END_REF].

96

During the HFRS outbreak in Croatia in 2002 when more than 400 patients were 97 serologically confirmed as HFRS positive, PUUV was shown to be dominant 98 pathogen [Miletic-Medved et al. 2002;Kuzman et al. 2003].

99

Phylogenetic analysis of wild-type (wt) PUUV strains from the 2002-outbreak 100 area showed that they clustered together with the strains from Slovenia and Austria 101 forming distinct Alpe-Adrian genetic lineage [START_REF] Cvetko | HFRS and Puumala virus in Croatia 308 during 2002 outbreak[END_REF]. Most recently,
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Hungarian PUUV strains were added to this lineage [START_REF] Plyusnina | Co-circulation of three pathogenic hantaviruses: Puumala, 423 Dobrava and Saaremaa hantaviruses in Hungary[END_REF]. PUUV in Croatia, both in rodents and in association with human HFRS cases 245 [Markotic et al., 2002[START_REF] Cvetko | HFRS and Puumala virus in Croatia 308 during 2002 outbreak[END_REF], the data of (phylo)genetic analyses 246 suggested co-circulation of three pathogenic hantaviruses in this country (the 247 evidence of apathogenic Tula virus was earlier recorded as well [Scharninghausen et 248 al., 2002]). Thus, in that respect, Croatia resembles neighbouring Slovenia and 249 Hungary and also Slovakia where different hantaviruses have been found within a 250 relatively small territory [START_REF] Avšic-Županc | Genetic analysis of wild-type Dobrava hantavirus in Slovenia: co-existence of 299 two distinct genetic lineages within the same natural focus[END_REF][START_REF] Avšic-Županc | 303 Puumala hantavirus in Slovenia: analyses of S and M segment sequences 304 recovered from patients and rodents[END_REF][START_REF] Plyusnina | Co-circulation of three pathogenic hantaviruses: Puumala, 423 Dobrava and Saaremaa hantaviruses in Hungary[END_REF] 251 [START_REF] Sibold | Short report: simultaneous occurrence of Dobrava, Puumala, 443 and Tula hantaviruses in Slovakia[END_REF][START_REF] Vapalahti | Isolation of Dobrava virus from A. flavicollis in Greece[END_REF]. So far, not a single SAAV genome sequence has been 
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  appeared particularly close to the prototype Slovenian DOBV isolate. Taken together 39 with earlier data on PUUV in Croatia, these results show a co-circulation of three 40 European hantavirus pathogens in this country. So far, not a single SAAV sequence 41 has been recovered from HFRS patients either in Croatia or neighbouring Slovenia 42 and Hungary nor in Slovakia suggesting a somewhat lower fequency of acute SAAV 43 infection in humans in this part of Europe than for example in the Baltics. Hantavirus genus in the family Bunyaviridae 50 [Nichol et al., 2005]. They are enveloped viruses with tri-segmented RNA genome of 51 negative polarity. Small (S), Medium (M) and Large (L) RNA segments encode, 52 respectively, nucleocapsid (N) protein, a precursor for two surface glycoproteins Gn 53 and Gc, and the RNA-dependent RNA polymerase (L protein). In some 54 hantaviruses, the S segment encodes also the nonstructural protein NSs. The 55 function(s) of this protein in the virus replication cycle remain to be determined but 56 there is an evidence that it can counteract an interferon response [Jääskeläinen et al., 57 2007]. In nature, hantaviruses are maintained in rodents or insectivores infected 58 persistently. When transmitted to humans, usually via aerosolized excreta, some 59 rodent-borne hantaviruses can cause disease. In Europe, Dobrava-Belgrade (DOBV), 60 Saaremaa (SAAV) and Puumala (PUUV) viruses cause hemorrhagic fever with renal 61 syndrome (HFRS) of varying severity. In Asia, the main causative agents of HFRS 62 are Hantaan and Seoul (SEOV) viruses. In the Americas, Sin Nombre, Andes and 63 related viruses are associated with hantavirus (cardio)pulmonary syndrome (HCPS)
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  PUUV and DOBV as obvious as in Croatia, Bosnia and Herzegovina and Slovenia

103Finnish

  The knowledge on DOBV and SAAV genetic variants in Croatia is still 104 restricted to partial S segment sequences recovered from three HFRS patients 105[Markotic et al., 2002]. To fill this gap, we attempted to recover and analyze DOBV 106 and SAAV sequences from carrier rodents, Apodenus mice, trapped during field 107 expeditions organized by the Faculty of Forestry, University of Zagreb and the 108 . Rodents were collected during two expeditions, in north-113 east Croatia in May 2003 and the south-west parts of Croatia in September, 2004 at 114 the following locations: Migalovci, Merolino, Loze, Nova Gradiška, Gratac/Mala 115 Kapela, and Delnice/Mala Kapela. Animals were trapped with snap traps, set in the 116 evening and checked early in the morning. Animals were placed in cooler box in the 117 field and kept subsequently in a refrigerator until dissected on the same day. Lung 118 tissue samples were taken from all animals and preserved in RNAlater reagent 119 (Ambion, Applied Biosystems, Carlsbad, CA, USA) for genetic analyses. Also blood 120 and serum samples were taken for further serological/epidemiological analyses by 121 pressing the heart on filter paper. 122 Screening of rodent samples. Lung tissue samples were screened first for 123 hantavirus nucleocapsid (N) protein antigen (N-Ag) by immuno(Western)blotting 124 (WB) as described earlier [Plyusnin et al., 1995]. In brief, approximately 100 mg of 125 tissue was placed into 400-500 µl of Laemmli sample buffer and homogenized by 126 sonication. Aliquots of 10 µl were separated by electrophoresis in 10% sodium 127 dodecyl sulphate-polyacrylamide gels and then immunoblotted with rabbit 128 polyclonal antibody raised against DOBV. Swine anti-rabbit antibodies conjugated 129 with the horse radish peroxidase (Dako, Glostrup, Denmark) were used as 130 secondary antibodies.

DOBV

  . In May, 2003, 362 rodents were trapped. Of those, 252 165 were Apodemus mice. In the field, 18 animals were classified preliminarily as A. 166 agrarius, 66 as A. flavicollis and 151 as A. sylvaticus. Of 245 small mammals trapped in 167 September 2004, 80 were classified as Apodemus mice. These included 75 yellow-168 necked mice (A. flavicollis) and five wood mice (A. sylvaticus). All 332 Apodemus mice 169 were subjected to the WB-screening for hantaviral N-Ag and 20 mice (6.3%) were 170 found either strongly positive or weak/suspected-positive. These mice, two A. 171 agrarius, six A. flavicollis, and 12 A. sylvaticus, were trapped at four localities: sequence identity to SAAV strains was substantially lower: 81-84%: 187 Consequently, the corresponding wild-type (wt) strains were designated as 188 was represented by a single sequence recovered from the 195 sample #12 of the May-2003 set. This sequence was more closely related to SAAV 196 sequences originated from Hungary, Slovakia, Central Russia and Estonia (identity 197 of 90-97%) than to DOBV sequences (81-84%). The corresponding wt strain was 198 designated as SAAV/Croatia_Migalovci/Aa12/2003, or SAAV/Croatia12 for short. 199 Phylogenetic analysis of the partial M segment sequences confirmed this 200 grouping (Fig. 1). All new Croatian DOBV strains clustered together with other 201 DOBV strains and shared with them a well-supported common ancestor. In 202 contrast, the new Croatian SAAV strain appeared monophyletic with other SAAV 203 strains. Within the SAAV cluster, the Croatian strain shared the most recent 204 common ancestor (TMRCA) with the Hungarian strain and, in turn, these two 205 shared a more anscient common ancestor with the Slovakian strain. Within the this study confirmed the circulation of DOBV in Croatia and also 241 presented the first evidence for the presence of SAAV in local A. agrarius mice. It 242 was clarified that the sequences described previously from Croatian human HFRS-243 cases belong to DOBV, not to SAAV. Taken together with the earlier reports on 244
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 12 Fig. 1. Phylogenetic tree of hantaviruses based on partial M segment sequences (nt