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In Europe, rabies in bats is caused by European Bat Lyssavirus (EBLV) type 1 (EBLV-1) or type 2 (EBLV-2) which form two distinct genotypes (gt 5 and 6) within the genus Lyssavirus of the family of Rhadoviridae. Spill-over infections of EBLV in humans have caused fatal rabies encephalitis and highlighted the relevance of this wildlife disease for public health. The vast majority of the 831 European bat rabies cases reported between 1977 and 2006 were identified as EBLV-1. Only few virus isolates originating from Switzerland, The Netherlands and the United Kingdom were characterized as EBLV-2. Here we report the first EBLV-2 case detected in Germany in a Daubenton's bat (Myotis daubentonii) in August 2007. The bat showed clinical signs of disorders of the central nervous system and subsequently tested positive for rabies. The virus was isolated and characterized as EBLV-2 based on its antigen pattern and by nucleotide sequencing. Phylogenetic analysis indicated an association to EBLV-2 isolates from Switzerland which correlates with the origin of the bat close to the Swiss border.

A c c e p t e d M a n u s c r i p t

Introduction

Lyssaviruses of the order Mononegavirales are the causative agent of rabies, a fatal encephalitic viral disease. Ten out of eleven (putative) lyssavirus genotypes have been isolated from bats. Only Mokola virus was never detected in this order of animals [START_REF] Anon | WHO Expert Consultation on Rabies[END_REF]. In Europe, bats have been found infected with European Bat Lyssavirus (EBLV) type 1 (EBLV-1) or type 2 (EBLV-2) which form two distinct genotypes (gt 5 and 6) within the genus Lyssavirus of the family of Rhadoviridae [START_REF] Bourhy | Molecular Diversity of the Lyssavirus Genus[END_REF][START_REF] Amengual | Evolution of European bat lyssaviruses[END_REF][START_REF] Davis | Phylogeography, Population Dynamics, and Molecular Evolution of European Bat Lyssaviruses[END_REF]. Recently, bats from the Caucasian area and Central Asia tested positive for lyssavirus genotypes described as West Caucasian Bat Lyssavirus (WCBL), Aravan (ARAV) and Khujand (KHUV) which are considered tentative members of the genus Lyssavirus [START_REF] Botvinkin | Novel lyssaviruses isolated from bats in Russia[END_REF], Kuzmin et al., 2003).

As a consequence, it seems possible that other lyssavirus genotypes circulate in parts of Europe. However, only single isolates of WCBL, ARV and KHUV have been obtained so far.

The relevance of bat rabies for public health in Europe is illustrated by the fact that both EBLV-1 and EBLV-2 have caused human cases, although the number is small [START_REF] Lumio | Human Rabies of Bat origin in Europe[END_REF][START_REF] Selimov | Rabies-related Yuli virus; identification with a panel of monoclonal antibodies[END_REF]Fooks et al., 2003a). Spill-over infections to other mammals have only been described for EBLV-1 [START_REF] Müller | Spill-over of European bat lyssavirus type 1 into a stone marten (Martes foina) in Germany[END_REF]Tjørnehøj et al., 2006).

The first case of bat rabies in Europe was found in Hamburg, Germany, in 1954. During subsequent years, bat rabies cases were reported only sporadically from different European countries and were seen as rare incidents. Intensified screening started in the second half of the 1980s, leading to a significant increase in tested bats and positive cases. Surveillance and Research at the Friedrich-Loeffler-Institute, Germany [START_REF] Müller | Epidemiology of bat rabies in Germany[END_REF]. The majority of positive bats originated from Denmark, followed by The Netherlands, Germany and Poland. These cases accounted for more than 90 percent of all positive bats recorded for this time period, whereas only sporadic cases were reported from other European countries [START_REF] Müller | Epidemiology of bat rabies in Germany[END_REF]. Interestingly, EBLV-2 was discovered only in 15 cases, mostly in Daubenton's bats (Myotis daubentonii) and pond bats (Myotis dasycneme), in only three countries, The Netherlands, Switzerland and the UK. So far, The Netherlands was the only country where both genotypes had been isolated from rabies-positive bats [START_REF] Davis | Phylogeography, Population Dynamics, and Molecular Evolution of European Bat Lyssaviruses[END_REF].

Here we describe the first detection of EBLV-2 in Germany after 50 years of rabies surveillance in bats.

Materials and methods

Case report

On 18 August 2007 a bat was found grounded and unable to fly at a lake shore near the town of Bad Buchau (WGS84 coordinates: O9°37'13", N48°4'46), Biberach district, Baden-Württemberg, Germany, in a nature conservation area. It was taken to a local bat sanctuary for rehabilitation where it started to show an unusual behaviour on day 2 of the hospitalization. Initially lethargic and inconspicuous, the animal developed agitation and, while awake, was restless and climbing furiously in its cage. It was impossible to feed the animal. During this stage, the bat also showed aggressive behaviour such as biting. The The animal was identified as a Daubenton's bat (Myotis daubentonii) on the basis of morphological criteria (Dietz and von Helversen, 2004). This result was confirmed by genetic identification using partial sequencing of the cytochrome B-gene as described elsewhere (Harris et al., 2007a). The bat was tested for rabies with a standard fluorescence antibody test (FAT) (Dean et al., 1996) using a polyclonal FITC-labelled anti-rabies conjugate (SIFIN, Berlin, Germany). Rabies was confirmed by the tissue culture inoculation test (RTCIT) using murine neuroblastoma cells as described (Webster and Casey, 1996). Furthermore, a discriminatory EBLV-1 and EBLV-2 specific RT-PCR was performed using the OneStep RT-PCR Kit (Qiagen, Hilden, Germany) to detect EBLVspecific RNA as described [START_REF] Müller | Spill-over of European bat lyssavirus type 1 into a stone marten (Martes foina) in Germany[END_REF]Vos et al., 2004). Total RNA was isolated directly from the brain homogenate using the RNeasy Kit (Qiagen, Hilden, Germany) and stored at -80°C prior to testing. Carryover contaminations were avoided by strictly following the precautions for PCR as described [START_REF] Kwok | Avoiding false positives with PCR[END_REF].

Virus was isolated from the animal and antigenic typing performed in cell culture with a panel of 10 anti-nucleocapsid monoclonal antibodies (mAb) using the method of [START_REF] Schneider | Antigenic Variants of Rabies Virus[END_REF].

Sequencing and phylogenetic analysis

A modified semi-nested RT-PCR using pan lyssavirus primers for the nucleoprotein (N) gene was used to generate PCR fragments for subsequent sequencing (Heaton et al., 1997). PCR-products were run on ethidium bromide-stained polyacrylamide gels and A c c e p t e d M a n u s c r i p t 6 visualized under UV light as 606 bp long fragments. The amplicon corresponding to the N-terminal region of the nucleoprotein gene was sequenced with a set of IRD-800-labelled primers JW 12 (5' -ATGTAACACC(C/T)CTACAATTG-3') and JW10 DLE2 (5'-GTCATCAAAGTGTG(A/G)TGCTC-3') using the DYEnamic cycle sequencing kit, (GE Healthcare, Amersham, UK) on a LICOR 4200 sequencing machine (MWG Biotech AG, Ebersberg, Germany). Sequence analysis was performed with the Lasergene 6 package (DNAstar Inc., Madison, USA). Phylogenetic analyses of the first 400 bp of the N-gene were conducted using MEGA version 3.1 [START_REF] Kumar | MEGA3: Integrated software for Molecular Evolutionary Genetics Analysis and sequence alignment[END_REF]. Other lyssavirus sequences, including classical rabies virus (RABV), EBLV-1 and EBLV-2 were taken from GenBank for comparison (Table 1).

Results

Brain smears of the Daubenton's bat were clearly positive by FAT showing distinct rabies specific fluorescence (Fig. 1). The diagnosis was confirmed by virus isolation in murine neuroblastoma cell culture using RTCIT and by the discriminatory RT-PCR for EBLV-1 and EBLV-2. Evidence for the presence of EBLV-2 specific genetic material in the brain material was obtained by an RT-PCR in which a 217 bp fragment of the gene encoding the nucleoprotein-phosphoprotein (N-P) junction was amplified (Fig. 2). Samples for all other organ tissues (heart, lung, kidney, bladder, pectoral muscle, spleen, liver, thyroid gland) and the salivary gland tested negative by RT-PCR (data not shown).

Antigenic typing of the isolate was performed with a panel of 10 anti-nucleocapsid mAbs in cell-culture and clearly identified the virus as EBLV-2 based on positive reactions of mAbs W239.17, MSA6.3, LBV7.36 and S62.1.2.

A c c e p t e d M a n u s c r i p t 7 Further genetic characterization using sequence analysis confirmed the result of the antigenic typing. When aligned with the first 400 bp of the corresponding sequence published for an EBLV-2 isolate from Switzerland, an identity of 97.2 % was found. In contrast, comparison with the sequences of representatives of other genotypes from Europe showed identities of only 73.0 % (SAD B19, vaccine virus strain, gt 1; [START_REF] Conzelmann | Molecular Cloning and Complete Nucleotide Sequence of the Attenuatend Rabies Virus SAD B19[END_REF], 72.7 % (fox variant from Germany; Johnson et al., 2003a) and 72.2 % (EBLV-1 isolate from Germany; [START_REF] Marston | Comparative analysis of the full genome sequence of European bat lyssavirus type 1 and type 2 with other lyssaviruses and evidence for a conserved 14 transcription termination and polyadenylation motif in the G-L 3' non-translated region[END_REF] (Fig. 3).

Phylogenetic analysis of the corresponding fragment encompassing the N-terminal coding sequence of the nucleoprotein gene of the Daubenton's bat isolate with representative EBLV-2 isolates from Europe (Table 1) revealed that the isolate is a member of genotype 6. The German EBLV-2 isolate showed the closest relationship to Swiss and UK EBLV-2 isolates, whereas the isolate from the fatal human case of a Swiss bat handler in Finland and isolates from The Netherlands were rather distantly related. In this phylogenetic tree, the Dutch isolates formed a more separate cluster (Fig. 4).

Three other bats (Pipistrellus pipistrellus, Nyctalus noctula, Myotis nattererii) that were kept in the same bat sanctuary in Southern Germany but had no direct contact to the infected Daubenton's bat were subsequently tested for rabies in the FLI. The animals died or were euthanized in a time period associated with the rabies-positive case (16-24 August 2007). These bats tested negative for rabies.

Discussion

So far, EBLV-2 in bats has been reported only from Switzerland, The Netherlands and the United Kingdom. In addition, The Netherlands was the only country where both EBLV-1 and EBLV-2 have been found [START_REF] Davis | Phylogeography, Population Dynamics, and Molecular Evolution of European Bat Lyssaviruses[END_REF] This report confirms the A c c e p t e d M a n u s c r i p t 8 presence of EBLV-2 in Germany for the first time after 50 years of rabies surveillance in bats. During this period, more than 200 cases of rabies in bats were reported and more than 110 EBLV isolates were characterised by the German National Reference Laboratory for rabies as EBLV-1. A previous study reported an EBLV-2 case from Lüneburg, Germany, in 1986 in a Myotis daubentonii bat (Johnson et al., 2003b). However, this finding is not supported by our data, as samples taken from this bat that tested positive in a regional veterinary laboratory could not be confirmed as rabies-positive at the National Reference Laboratory. An EBLV-2 sequence published in GenBank (AY212117) with the additional information that the origin of the sample is Germany is dubious. In fact, virus isolates have been shared among rabies laboratories in the past without proper documentation of the epidemiologically relevant information accompanying the samples, thus causing data with incorrect details concerning the geographic origin of isolates.

Due to the close vicinity of The Netherlands and Switzerland to Germany, failure to detect EBLV-2 in Germany has been subject of discussion and speculation in the past.

Interestingly, the geographic origin of the EBLV-2 positive bat reported here close to the Swiss border, the sequence identity and the findings of the phylogenetic analysis (Fig. 3, 4) may suggest an association of the German EBVL-2 case to the occurrence of EBLV-2 infections in bats from Switzerland. Seasonal movements of Daubenton's bats between summer and winter roosts, often within a distance of 100-150 km, have been recorded [START_REF] Hutterer | Bat migrations in Europe: a review of banding data and literature[END_REF].

The differences in the numbers of reported EBLV-1 versus EBLV-2 cases might at least in part be explained by the presumed main reservoir species for these two genotypes.

While EBLV-1 has a specific association with the Serotine bat (Eptesicus serotinus), EBLV-2 virus is more commonly associated with the species of Myotis bats (M. The fact, that no viral RNA was found in organs other than brain, particularly not even in salivary glands, is elusive. Other case studies on viral distribution of EBLV-2 in daubenton's bats indicate that virus is distributed in many different organs in infected animals (Johnson et al., 2003b[START_REF] Johnson | European bat lyssavirus type 2 RNA in Myotis daubentonii[END_REF], Harris et al., 2007b). In contrast, experimental studies showed that it may not always be possible to detect bat lyssavirus RNA (ABLV) in organs other than brain of infected bats [START_REF] Mccoll | Pathogenesis studies with Australian bat lyssavirus in grey-headed flying foxes (Pteropus poliocephalus)[END_REF] or other mammal species infected with EBLVs (Vos et al., 2004[START_REF] Brookes | Susceptibility of sheep to European bat lyssavirus type-1 and -2 infection: a clinical pathogenesis study[END_REF]. Data from

The Netherlands also show that the corresponding salivary glands of bats tested EBLV-1 positive by RT-PCR during routine diagnosis were only tested positive in 22 out of 30 cases [START_REF] Takumi | Public health risk analysis of European bat lyssavirus infection in The Netherlands[END_REF]. We speculate that the observed findings are the result of the time point of testing, comprising a stage during the infection where EBLV-2 virus is propagating within the brain but has not yet started to disseminate into other organs, or that the virus concentration had not reached the detection threshold of the methods used.

The person who handled the Daubenton's bat from which EBLV was isolated, had just completed the full pre-exposure vaccination some weeks before the incident. One of the other two people who were in contact to the infected bat but were not bitten received a booster vaccination whereas the other person refused post-exposure prophylaxis. So far, two known human rabies cases have been caused by EBLV-2 [START_REF] Lumio | Human Rabies of Bat origin in Europe[END_REF]Fooks et al., 2003a), stressing the need for education and preventive measures. To estimate the public health risk due to exposure to EBLV-2, further research is needed that focuses on the reservoir species of the virus. Targeted passive surveillance for bat lyssaviruses should be established in all European countries including Germany [START_REF] Anon | Passive and active surveillance of bat lyssavirus infections[END_REF]. 

  2006, a total of 831 cases of bat rabies, most of them typed as EBLV-1, were detected in Europe and reported to the WHO Collaborating Centre for Rabies

  by a veterinarian on 21 August 2007 and sent to the regional veterinary laboratory in Aulendorf for rabies testing.
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 3 Figure 3: Distribution of reported EBLV cases in Germany (1954-2007).
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 4 Figure4: Phylogenetic tree of EBLV-2 sequences based on a 400 bp fragment of the Nterminal region of the N-gene with EBLV-1 (RV9 GER) as an outgroup using the Neighbour-Joining method as included MEGA 3.0[START_REF] Kumar | MEGA3: Integrated software for Molecular Evolutionary Genetics Analysis and sequence alignment[END_REF]. Bootstrap values are indicated.
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 5 Figure5: Sequences of the N-terminal 400 bp fragment of the nucleoprotein gene of EBLV-1, EBLV-2 and rabies virus (RABV). The fragment corresponds to positions 71-470 of the EBLV-2 genome (EF157977,[START_REF] Marston | Comparative analysis of the full genome sequence of European bat lyssavirus type 1 and type 2 with other lyssaviruses and evidence for a conserved 14 transcription termination and polyadenylation motif in the G-L 3' non-translated region[END_REF].
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A c c e p t e d M a n u s c r i p t 9 daubentonii and M. dascyneme) (Fooks et al., 2003b). Although Daubenton's bats are frequently found across Germany and represent one of the most abundant bat species, only few samples have been submitted for rabies diagnosis. Between 1997 and 2007 out of more than 1800 bats tested only 45 animals were Daubenton's bats and only one was identified as M. dasycneme. None of them tested positive for rabies (Müller et al, unpublished). In the UK, active surveillance data suggest that approximately 2% of the M. daubentonii population is antibody positive and during passive surveillance (n = 113) six Daubenton's bats tested positive for EBLV-2 (Harris et al., 2007b). In contrast, in The Netherlands, where EBLV-2 was also found in the past, surveillance has not detected any new cases of EBLV-2 since 1997. All bats found EBLV-2 positive in the Netherlands were identified as M. dasycneme, whereas the remaining isolates originate from Daubenton's bats or humans. Interestingly, the isolates from M. dasycneme group as a separate phylogenetic sublineage. However, based on the limited data available, it remains elusive whether this reflects bat species specific strains in EBLV-2 as described for North-American bat RABV variants (Nadin- [START_REF] Nadin-Davis | Antigenic and genetic divergence of rabies viruses from bat species indigenous to Canada[END_REF] or a correspondence to the geographic origin.

In Germany, the bat species was unfortunately not determined for the majority of samples that tested positive for EBLV [START_REF] Müller | Epidemiology of bat rabies in Germany[END_REF] highlighting the urgent need for speciation either by morphological criteria or by genetic testing. Knowledge on the distribution of EBLV-1 and 2 among different bat species will greatly improve our understanding of the epidemiology of the infections. It has also been speculated that the adaptation of EBLV to their main reservoir species might reduce their virulence for the preferred hosts and therefore lead to relatively few lethal cases [START_REF] Davis | Phylogeography, Population Dynamics, and Molecular Evolution of European Bat Lyssaviruses[END_REF]Vos et al., 2007). If the small numbers of tested animals is taken into account, one can speculate that EBLV-2 may have a much wider distribution in Germany and perhaps also in other regions of Europe than the limited number of EBLV-2 cases might suggest.