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Hafnia alvei is considered an opportunistic pathogen of animal and humans, affecting a wide range of homeothermic and poikilothermic hosts with different body temperatures.

In this work, H. alvei strains isolated from different sources were studied with regard to their capacity to form biofilms under different environmental conditions. Strain, growth phase, temperature and culture media dependent changes of biofilm formation were semiquantitatively monitored using a microtiter plate method. Our study shows that all strains used could form biofilms in vitro, and that biofilm formation increases dramatically during growth at 25ºC but not at 37ºC, and decreases at both temperatures in presence of glucose. At 16ºC only one strain isolated from a lizard was able to form a dense biofilm showing that the ability to form biofilms in this species is regulated by environmental factors and is also strain specific.
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Introduction

Hafnia alvei is a Gram negative, rod-shaped, facultative anaerobic bacterium of the family Enterobacteriaceae that has been isolated from various mammals, fish and birds [START_REF] Gelev | Identification of the bacterium associated with haemorrhagic septicaemia in rainbow trout as Hafnia alvei[END_REF][START_REF] Sharma | Incidence of caprine pneumonia and associated bacterial species[END_REF][START_REF] Rodríguez | Hafnia alvei is an opportunistic pathogen causing mortality in brown trout, Salmo trutta L[END_REF]. The organism has also been detected in food and in food production units [START_REF] Gamage | Pulsed-field gel electrophoresis typing of Hafnia alvei isolated from chub-packed and retail ground beef[END_REF]Tornadijo et al., 1993;[START_REF] García-Fontán | Microbiological characteristics of "androlla", a spanish traditional pork sausage[END_REF][START_REF] Morales | Volatile compounds produced in cheese by Enterobacteriaceae strains of dairy origin[END_REF][START_REF] González-Rodríguez | Bacteriological quality of aquacultured freshwater fish portions in prepackaged trays stored at 3 degrees C[END_REF]. In humans this species causes a wide variety of infections, including pneumonia, bacteremia, and extraintestinal infections [START_REF] Klapholz | Hafnia alvei. Respiratory tract isolates in a community hospital over a three-year period and a literature review[END_REF][START_REF] Ramos | Extraintestinal infection due to Hafnia alvei[END_REF][START_REF] Casanova-Román | Late-onset neonatal sepsis due to Hafnia alvei[END_REF]. Its thermic ecological niche varies from cold, the temperatures found in the preservation food chains and fish aquatic environments (4-20ºC) to the body temperature of humans and birds (37ºC-42ºC). However, the properties determining its adaptation capacity to these different temperatures are still unknown. Previously, we described an outbreak in commercial laying hens in Spain [START_REF] Real | Septicemia associated with Hafnia alvei in laying hens[END_REF] and we were able to reproduce the same disease presentation in hens experimentally infected by either the intraperitoneal or oral route. A similar outbreak recently reported in Italy and challenges with the strain isolated was reproduced the disease in healthy pullets [START_REF] Proietti | Hafnia alvei infection in pullets in Italy[END_REF]. H. alvei has some characteristics closely related to the genus Escherichia, Salmonella and Shigella [START_REF] Janda | The Genus Hafnia: from soup to nuts[END_REF].

Septicemic lesions produced by Hafnia spp. in several animal species resemble those produced by Salmonella spp. [START_REF] Kelly | Patterns of hepatic necrosis[END_REF][START_REF] Ridell | Bacterial hepatitis[END_REF][START_REF] Real | Septicemia associated with Hafnia alvei in laying hens[END_REF].

Furthermore, some reports show that H. alvei may be misidentified for Salmonellae or other pathogens (Wang et al., 2006). Although some virulence factors have been identified in H. alvei, little is known about the factors that contribute to its pathogenesis within its host. According to Hall-Stoodley and co-workers (Hall-Stoodley L et al., 2004), biofilms can be defined in a narrower sense as "a structured community of Identifying these parameters should contribute to a better understanding of the correlation between adherence capabilities in vitro and in vivo, and the pathogenicity of this pathogen.

Materials and Methods

Bacterial strains

Eight Hafnia alvei strains were used. Strains 187-95, C-34 and 19-68 are animal isolates, and strains 7-67, 24-65, 1967-82, X-1 are human clinical isolates. These strains were identified with the MicroScan WalkAway system [START_REF] Rodriguez | Identification of Hafnia alvei with the MicroScan WalkAway system[END_REF] and with the standard reference procedures [START_REF] Smibert | Systematics: general characterization[END_REF]. Results were confirmed by use of the API 20E diagnostic system (Biomerieux, Spain) and lysis by phage ATCC 1672 [START_REF] Guinée | Diagnostic value of a Hafnia-specific bacteriophage[END_REF]). The strains were routinely cultured on Trypticase soy agar (TSA; Cultimed) at 25°C for 24 h and stored at -80°C with 15% glycerol. Test for the eae gene in H. alvei strains were all negative as described previously [START_REF] Padilla | Virulence factors and pathogenicity of Hafnia alvei for gilthead seabream, Sparus aurata L[END_REF].

Culture conditions and biofilm formation

Tryptic soy broth (TSB), Luria-Bertani (LB), LB diluted ½ (LB ½), LB supplemented with 0.25% and 0.5% of glucose, and brain heart infusion broth (BHIB) were employed in all experiments.

A c c e p t e d M a n u s c r i p t 5 Estimation of biofilm formation was performed by the method of O´Toole and Kolter (1998) with some modifications. Hafnia alvei strains were grown in TSA for 36 h at 25 ºC, and a suspension from two to three colonies was prepared in PBS (OD 600 of 0.05).

Twenty microlitres of H. alvei suspension was placed in each well containing 100l of culture medium. The microplates were incubated for 24h at 16ºC, 25ºC and 37ºC. After discarding the medium in the microtiter plate wells by inversion of the plate and tapping on absorbent paper, wells were rinsed three times with distilled water (each 200l/well) and the remaining adherent bacteria were stained for 12 min with 140l/well of crystal violet (0.7% [wt/vol] solution). Excess stain was removed by washings (x3) with distilled water (each 170l/well). Crystal violet was extracted by an ethanol-acetone solution (80:20 v/v) and the plates were incubated at room temperature in an orbital shaker for 1 min at 400 rpm (thermomixer comfort, Eppendorf) to release the dye into solution. Then, a sample of 100l was transferred to another 96-well flat botton plate and the amount of dye (proportional to the density of adherent cells) was quantified at 620 nm using a microplate reader. For each experiment, correction for background staining was made by subtracting the value for crystal violet bound to uninoculated controls. The biofilm assay was performed two times, with quadruplicates in each assay.

Influences of the temperature and culture media on biofilm formation were statistically analyzed by using one way ANOVA and Tukey's test. Statistical significance was set at two-tailed p < 0.001.

Motility assays

Bacterial cells grown for 24h on TSA plates served as inoculum for all motility experiments. (1) Swimming. Tryptone swim plates (1% tryptone, 0.5% NaCl, and 0.3% Agar) dried overnight at room temperature were point inoculated with bacteria using (2) Swarming. Tryptone swarm plates (1% tryptone, 0.5% NaCl, and 0.6% Agar) dried overnight at room temperature were inoculated using sterile toothpicks to the bottom of the petri dish; the sizes of the swarming zones were observed macroscopically (3). Twitching. Cells were stab inoculated in the swarming plates and after incubation, the polystyrene surface was examined by removing the agar, washing unattached cells with tap water, and staining the attached cells with crystal violet (0.7% [wt/vol] solution).

Test for surface hydrophobicity

The bacterial surface hydrophobicity was tested by the two-phase partition method described by [START_REF] Rosenberg | Adherence of bacteria to hydrocarbons: a simple method for measuring cell-surface hydrophobicity[END_REF]. Xylene was used as the hydrocarbon phase.

Bacteria grown in TSB were washed and suspended in phosphate-buffered saline. The concentration of the bacteria was adjusted to an OD 600 of 0.1. One milliliter of the suspension and 0.6 ml of xylene were mixed vigorously in a 2 ml tube with a vortex mixer for 30 s. After allowing 30 min for the separation of the aqueous and xylene phases, the aqueous phase was carefully removed and its OD 600 was recorded. The hydrophobicity was expressed as the percent reduction of the optical density of the aqueous phase after being mixed with xylene. All experiments were performed in triplicate and numerical data are presented as means with error bars representing standard deviations. The data were statistically analyzed by using one way ANOVA and Tukey's test. Statistical significance was set at two-tailed p < 0.001.
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Results

All H. alvei strains tested were able to form biofilms in the polystyrene surface of the microtiter plates. Homogeneity seems to be the most common characteristic at 37ºC in the animal isolates without notable differences between strains in each culture medium.

The amount of biofilm formed by animal strains grown in diluted LB (LB ½), in LB 1X, or in BHIB medium was higher than that of cells grown in LB supplemented with glucose (0.25 or 0.5%) at 37ºC (Figure 1a), but at 25ºC, only strain 19-68 were able to maintain this difference (Figure 1b). At 25ºC, there was a clear difference between the lizard and trout isolates with respect to the laying hen isolate (Fig. 1b). Surprisingly, at 16ºC, strain 19-68 was able to form a dense biofilm in comparison with the other animal or clinical strains (Fig. 1c). In this point, 25ºC was the most favourable temperature to form biofilms for all strains (p<0.001).

In the group of human isolates, strain X-1 and 4256-83 seem to form more dense biofilms in diluted, undiluted LB, and in TSB (strain X-1) than in the other media at the higher temperatures (37 and 25ºC, p<0.001) (Fig. 2a,b). Again, glucose added to the LB medium seems to reduce the capacity to form biofilms for most of the human strains.

To investigate whether motility was involved in biofilm formation, swimming and swarming motility were analyzed at different temperatures in all H. alvei strains used in this study. After 24h, only strain 1967-82 failed to swim when compared with other animal or human strains (Fig. 3); strain C-34 showed reduced motility at all temperatures in contrast with other strains (Fig. 3). This reduced motility seems not to affect the capacity the strain to form a dense biofilm under the temperature and culture media tested. Strain 1967-82 is also able to form biofilms despite being nonmotile.
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The three animal isolates used in this study (C-34, 187-95, and 19-68) lack any type of fimbriae whereas four of five human isolates (7-67, 1967-82, 24-65, and 4256-83) have type I and III fimbriae as we reported previously [START_REF] Padilla | Virulence factors and pathogenicity of Hafnia alvei for gilthead seabream, Sparus aurata L[END_REF]. The strain X-1 isolated from human enteritidis lacks also these structures. This human strain shows high biofilm formation at 37ºC in comparison with the other human isolates in three different culture media (Fig. 2a).

The surface hydrophobicity of the H. alvei strains are shown in Figure 4. The strains 187-95 and C-34 (isolated from animals) have a more hydrophilic surface character (P<0.001), whereas no significant differences were found in the surface hydrophobicity among the human isolates.

Discussion

Our results in this study suggest that higher nutrient conditions such as TSB and BHIB favors H. alvei biofilm formation. In lower nutrient conditions (LB1/2 or in LB1X without glucose), the addition of 0.25% of glucose seems to affect the capacity to form biofilms in most of strains tested at 25ºC and 37ºC. Further increase in glucose concentration (from 0.25% to 0.5%) did not significantly alter the number of adherent bacteria. Several authors have suggested that attachment and biofilm formation is modulated by glucose present in the culture media [START_REF] Dewanti | Influence of culture conditions on biofilm formation by Escherichia coli O157:H7[END_REF][START_REF] Pillai | Effects of glucosa on fsd-mediated biofilm formation in Enterococcus faecalis[END_REF][START_REF] Reisner | In vitro biofilm formation of commensal and pathogenic Escherichia coli strains: impact of environmental and genetic factors[END_REF]Stanley and Lazazzera, 2004;[START_REF] Domka | YliH (BssR) and YceP (BssS) regulate Escherichia coli K-12 biofilm formation by influencing cell signalling[END_REF]. In the present study, the addition of glucose to LB medium affects biofilm formation in 75% of the strains tested (6/8) at 37ºC and 25ºC, but did not affect biofilm formation at 16ºC. Swarming has been well characterized in species of Proteus, Vibrio, and Aeromonas [START_REF] Kirov | Bacteria that express lateral flagella enable dissection of the multifunctional roles of flagella in pathogenesis[END_REF] but little is known about this phenomenon in H. alvei where there are motile and non-motile strains [START_REF] Brenner | Introduction to the family Enterobacteriaceae[END_REF]. Although an extensive search has been conducted to discover adherence factors in several pathogenic bacteria, little is known abouth the identities of fimbrial proteins (proteinaceous surface structures). In our study, we did not find a clear relationship between motility, fimbriae and adherence.

Similarly, Janda and co-workers [START_REF] Janda | Phenotypic and genotypic properties of the genus Hafnia[END_REF] reported that two H. alvei strains are unable to adhere to Hep-2 cells in a recognisable pattern at 37ºC, but assays in other human or animal cell lines or at different temperatures are not described in the literature.

The hydrophobicity of many enteric pathogens can be correlated with their capacity to attach to human epithelial cells and subsequently cause disease [START_REF] Absolom | The role of bacterial hydrophobicity in infection: bacterial adhesion and phagocytic ingestion[END_REF] and this surface characteristic is often cited when interpreting bacterial adhesiveness because it has been observed that adhesiveness increases or decreases depending on the surface hydrophobicity (Van Loosdrecht et al., 1987). There was a clear difference between the laying hen and trout isolates with respect to human isolates, and it is possible that further in vitro or in vivo experiments show whether different bacterial surface properties (like hydrophobicity) between these strains may demonstrate different virulence properties.

It appears that isolates from diffenrent sources (animal, human, or environmental) may have differing abilities to form biofilms at different temperatures. Strain 19-68 that exhibited exceptional biofilm formation at low temperature, and was motile, fimbriae 

  in a self-produced polymeric matrix and adherent to an inert or living surface". Since cell surface components play a role on adherence and biofilm formation, we speculate that adherence properties in H. alvei may contribute to its pathogenicity. The goal of the present study was to analyse the capacity of H. alvei strains to form biofilms during the growth under different environmental conditions.

  A c c e p t e d M a n u s c r i p t 6 sterile toothpicks, incubated for 24h at 16, 25 and 37ºC, and flagellar motility assessed by the size of the circular zone.

  important in the initial approach and attachment to live or innert surfaces. Swarming motility depends on the increased flagellar expression induced on surfaces and it is envolved in colonization of surfaces and bacterial cell differentiation.

  the other animal isolates), would utilize additional, potentially novel factors for elevated biofilm production. A better understanding of the adherence properties in this and other H. alvei strains in vivo and in vitro will provide great insights into the diseases caused by this bacterium.
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 1 Figure 1. Biofilm formation by animal H. alvei isolates in polystyrene plates. Biofilm formation on polystyrene surface after 24 h was assessed by crystal violet staining. Each bar indicates the mean values with standard deviations. The biofilm assay was performed two times, with quadruplicates in each assay.

Figure 2 .

 2 Figure 2. Biofilm formation by human H. alvei isolates in polystyrene plates. Biofilm formation on polystyrene surface after 24 h was assessed by crystal violet staining. Each bar indicates the mean values with standard deviations. The biofilm assay was performed two times, with quadruplicates in each assay.

Figure 3 .

 3 Figure 3. Motility agar phenotype of Hafnia alvei strains.Swimming zones were observed 24h after inoculating 0.3% LB agar plates and incubation at different temperatures.

Figure 4 .

 4 Figure 4. Surface hydrophobicity of H. alvei strains. Surface hydrophobicity of H. alvei determined using the bacterial adherence to hydrocarbon-xylene test. Error bars represent the standard deviations of the mean of three independent experiments.
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