

[image: image1]
MALDI-TOF Mass Spectrometry Fingerprinting Performance Versus 16S rDNA Sequencing to Identify Bacterial Microflora From Seafood Products and Sea Water Samples
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We evaluated the performance of matrix-assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS) associated with the Bruker BioTyperTM V7.0.0 database for the identification of 713 bacterial strains isolated from seafood products and sea water samples (ANSES B3PA collection) under culture conditions that may have been significantly different from those used to create the reference spectrum vs. the 16S rDNA sequencing. We identified 78.8% of seafood isolates with 46.7% at the species level (Bruker score above 2) and 21.2% (Bruker score between 1.7 and 2) at the genus level by the two identification methods, except for 3.8% of isolates with a difference of identification between the two methods (Bruker score between 1.7 and 2). There were 41.9% isolates (Bruker score below 1.7) with the identification at the genus level. We identified 94.4% of seafood isolates with 16S rDNA sequencing. The MALDI-TOF allowed a better strain identification to the species level contrary to the 16s rDNA sequencing, which allowed an identification mainly to the genus level. MALDI-TOF MS in association with the Bruker database and 16S rDNA sequencing are powerful tools to identify a wide variety of bacteria from seafood but require further identification by biochemical, molecular technique or other conventional tests.
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INTRODUCTION

Seafood is an important source of protein and part of human’s diets (FAO, 2018). However, seafood products may contain spoilage bacteria such as Shewanella spp. (Dehaut et al., 2014), foodborne pathogenic microorganisms such as Salmonella spp., Listeria monocytogenes (Midelet-Bourdin et al., 2007; Bolivar et al., 2016), and Vibrio spp. (Bonnin-Jusserand et al., 2019) that cause a health risk to consumers. Spoilage bacteria quickly deteriorate seafood and make them unfit for consumption. Seafood were also associated with many disease outbreaks in different countries such as the United States (Iwamoto et al., 2010) and Europe (EFSA, 2019). Initial sources of bacterial contamination of seafood are related to microbiological quality of the water from the nursery area to the fishing zone and the environmental conditions. In fact, significant water contamination sources are sewage and agricultural pollutions. Then, other contamination sources of seafood are associated with the preparation, process, handling, packaging, and storage conditions, and they also may affect the microbiological quality of the seafood. Consequently, it is crucial to maintain high quality and safety of seafood products for consumer health, and for this, it is important to have reliable and fast methods to identify and characterize seafood microflora (spoilage and pathogenic bacteria).

In recent years, time-of-flight mass spectrometry analysis by matrix-assisted laser desorption ionization (MALDI-TOF MS) has established itself as a powerful tool for bacteria identification (Wieser et al., 2012). This technique analyzes the proteome of treated cells and emits a protein spectrum specific to the analyzed bacteria. The unknown bacteria is identified by comparing its protein spectrum with databases containing reference spectra of each known bacteria, mainly reference clinical strains and collection strains (ATCC, CIP,…) that do not reflect the strains under stressful environmental conditions. However, many databases are incomplete or contain bacterial reference spectra obtained under specific and stringent culture conditions. Indeed, variability in culture conditions, sample preparation, or strain origin can be problematic because the mass spectrum is influenced by all these factors.

Several studies have investigated the use of this MALDI-TOF MS method to identify the microflora present in different food products such as in seafood (Carrera et al., 2013). There are few studies to identify and classify the seafood spoilage and pathogenic bacteria (Böhme et al., 2011, 2013; Popović et al., 2017), and in these studies, the strains investigated were mainly reference strains and less than 50 strains were isolated from seafood. Databases of MALDI-TOF are rich in patterns of clinical isolates, reference strains but less in patterns of seafood and environmental isolates.

In this study, we evaluated the performance of MALDI-TOF MS associated with the Bruker BioTyper database for the identification of 713 bacterial strains isolated from seafood products and sea water samples vs. the 16S rDNA sequencing. Identification results generated according to each methodology used had been compared, taking into account genera and species.



MATERIALS AND METHODS


Bacterial Strains and Growth Conditions

A total of 713 mesophilic bacterial strains (isolated at 30°C or 37°C depending on the strain) from our ANSES B3PA laboratory collection were studied, including 601 strains isolated from different seafood products (332 from shrimp, 180 from scad, 89 from whiting) and 112 strains from sea water samples. All strains were stored in brain–heart infusion (BHI) medium (Biomerieux, Marcy-l’Étoile, France) supplemented with glycerol (20% v/v) at −80°C in cryotubes. Before each experiment, each strain was grown on Mueller Hinton agar (Bio-Rad, Marne-La-Coquette, France) for 24 h, either at 30°C or 37°C depending on the strain.



16S rDNA Gene Analysis

For the 16S rDNA analysis, we amplified the total 16S rDNA gene (1,504 pb) by PCR technique. A single colony from Mueller Hinton agar had been collected with sterile loop and added in 200 μl of nuclease-free water (Qiagen, Hilden, Germany). The suspension was incubated for 8 min at 100°C. The suspension was then centrifuged for 5 min at 13,000 × g. PCR was performed in a total volume of 50 μl containing 2.5 μl extracted genomic DNA (supernatant), 0.25 μl of Hot Start Taq DNA Polymerase (Qiagen), 5 μl of PCR buffer at 10×, 1 μl of deoxyribonucleotide at 10 mM (Eurobio, Les Ulis, France), 0.25 μl of forward primer ENV1 at 50 μM (5′-AGA GTT TGA TII TGG CTC AG-3′) (Eurobio) (Olofsson et al., 2007), 0.25 μl of reverse primer ENV2 at 50 μM (5′-CGG ITA CCT TGT TAC GAC TT-3′) (Eurobio), and 40.75 μl of nuclease-free water (Qiagen). PCR was performed in an iCycler thermocycler (Bio-Rad, Marnes La Coquette, France) under the following conditions: 15 min at 95°C followed by 35 cycles of 45 s at 94°C and 45 s at 48°C and 60 s at 72°C. PCR products were sequenced by the Genoscreen private company (Lille, France) using the amplification primers. Alignments of nucleic acid sequences were performed by using Bioedit software. Then, a homology search against the NCBI 16S ribosomal RNA sequences database was performed with the obtained DNA sequences using BLAST algorithm. The identification was considered reliable if the identification rate was greater than or equal to 97% for the genus and 99% for the species (Drancourt et al., 2000). If several species belonging to the same genus match, then the identification was restricted to the genus. If several genera were identified for the same strain, the identification was not determined. Accession numbers of the nucleotide sequence data were referred to Supplementary Table 1.



Matrix-Assisted Laser Desorption Ionization-Time of Flight Mass Spectrometry Analysis

All isolates were grown on Mueller Hinton agar according to the specific incubation procedures (30 or 37°C depending on the strain) and identified using a Microflex LT mass spectrometer (Bruker Daltonics, Germany), with MALDI BioTyper and FlexControl V3.0 software. Two different sample preparation procedures were used: (i) direct transfer (spotting) of the colony onto a target plate and (ii) formic acid overlay method that consists of depositing 1 μl of 70% formic acid on direct colony spotting. Three colonies per strain and per sample preparation were tested. For the direct spotting, a colony fraction was removed with 200-μl tips and homogeneously spread on a MALDI-TOF target well. Dried deposits were overlaid with 1 μl of 10 mg/ml of α-cyano-4-hydroxycinnamic acid (HCCA) matrix solution (Bruker Daltonics, Germany). The MALDI BioTyperTM system was calibrated with a Bruker Bacterial Test Standard (Escherichia coli DH5α), and the spectra for proteins with masses between 2,000 and 20,000 Da were obtained and matched with the Bruker V7.0.0 database, composed of 8,223 mass spectrometry profiles (MSPs). Analyses were done with a laser frequency of 60 Hz, an acceleration voltage of 20 kV, and extraction delay time of 120 ns. For the isolate identification, the confidence score thresholds were as follows: (1) with a score above 2, there was high confidence identification to genus and species levels; (2) with a score between 1.7 and 2, there was probable identification of genus level and no identification of species level; and (3) with a score below 1.7, there normally was not any reliability of identification (DeMarco and Burnham, 2014).




RESULTS

Seven hundred thirteen bacterial strains were analyzed by MALDI-TOF MS and blasted with the reference strains, mainly clinical isolates, available in the Bruker BioTyperTM V7.0.0 database. Among the 713 strains studied, 78.8% of isolates (562/713) were identified either at genus or species level (Tables 1, 2). For 46.8% of the strains (334/713), identifications were carried out with a Bruker score above 2, which means high confidence identification to the species level (Table 1). We identified 293 strains Gram + and 118 bacteria Gram-. However, for 10.8% of the isolates (77/713), we observed a high Bruker score between 2.091 and 2.403, but the identification was only to the genus level [Ochrobactrum sp. (one strain), Pseudomonas sp. (five strains), and Psychrobacter sp. (71 strains)]. No identification was determined for the strain of Ochrobactrum sp. and for three of five strains of Pseudomonas sp. by 16S rDNA sequencing. In contrast, the identifications were confirmed at the genus level for the two other strains of Pseudomonas sp. and 31 strains of Psychrobacter sp. and at the species level for the other 40 isolates of Psychrobacter celer by 16S rDNA sequencing. And for 21.2% of the isolates (151/713), the identification was probable of the genus level and no identification of the species level with a Bruker score between 1.7 and 2 (Table 2). We identified 95 isolates Gram+ and 56 isolates Gram–.


TABLE 1. Identification of isolates by 16S rDNA technique and by MALDI TOF method with Bruker score > 2.
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TABLE 2. Identification of isolates by 16S rDNA technique and by MALDI TOF method with Bruker between 1.7 and 2.

[image: Table 2]Concerning the 334 strains identified to the species level by MALDI-TOF MS (Bruker score above 2), the identification of 65.8% of the isolates (220/334) was confirmed at the genus level and 23.1% of the strains (77/334) at the species level by 16S rDNA sequencing. But for 11% of the 334 strains, no identification was determined by 16S rDNA sequencing. In the 24 bacterial genera identified, there were five major genera: Aerococcus, Bacillus, Enterococcus, Staphylococcus, and Stenotrophomonas, which matched 86.5% of the strains analyzed (289/334). For 13.5% of the isolates (45/334), 18 other genera were identified that were Arthrobacter, Brevundimonas, Cellulosimicrobium, Enterobacter, Escherichia, Exiguobacterium, Halomonas, Kocuria, Lactococcus, Lysinibacillus, Macrococcus, Microbacterium, Micrococcus, Ochrobactrum, Paenibacillus, Pseudochrobactrum, Pseudomonas, and Rothia. In fact, we showed a high probable species level for 29 strains of 11 different species (Bruker score between 2.353 and 2.510) and a probable species for 305 strains of 43 different species (Bruker score between 2.025 and 2.294). For 61.1% of the isolates (204/334), the main species were Aerococcus viridans, Bacillus cereus, Bacillus licheniformis, Bacillus pumilus, Staphylococcus warneri, Staphylococcus pasteuri, and Stenotrophomonas maltophilia, with 20–46 isolates per species. However, the identification of A. viridans, S. pasteuri, and S. warneri by MALDI-TOF MS was confirmed at the genus level (Aerococcus sp. and Staphylococcus sp.) by 16S rDNA sequencing. For the B. cereus species, 45.7% were confirmed at the genus level and 54.3% were not identified by 16S rDNA sequencing. For the two other species of Bacillus (B. licheniformis and B. pumilus), the identification at the species level was confirmed for 42.9 and 30% of the strains, respectively, and the other strains were confirmed at the genus level by 16S rDNA sequencing. For S. maltophilia species, the identification was confirmed at the species level for 60.7%, at the genus level for 25%, and no identification for 14.3% of the strains by 16S rDNA sequencing. For 151 strains with a Bruker score between 1.7 and 2, 63.6% (96/151) had been identified at the genus level, 34.4% (52/151) at the species level, and no identification for 2% of the strains (3/153) by 16S rDNA sequencing (Table 2). The two main bacterial genera were Psychrobacter sp. (50 strains) and Bacillus sp. (64 strains). For Psychrobacter sp., only the genus level had been determined by MALDI-TOF (Bruker score of 1.889) and was confirmed for 28% of the strains by 16S rDNA sequencing. Nevertheless, the other Psychrobacter sp. isolates (72%) have been identified at the Psychrobacter celer species. For the 12 other genera, 34 species were identified by MALDI-TOF spectroscopy. In these 34 identified species, three species (Exigobacterium aurantacum, Staphylococcus fleurettii, and Stenotrophomonas rhizophila) had no identification by 16S rDNA sequencing, and the identification of four species (Kocuria palustris, Staphylococcus equorum, S. maltophilia, and Virgibacillus halodenitrificans) was confirmed by both identification techniques used.

In the 713 strains analyzed by MALDI-TOF MS, 3.8% of isolates (27/713) had an identification at the species level with a Bruker score between 1.7 and 2, but these results had not been confirmed by 16S rDNA sequencing results (Table 3). In fact, the genus level was validated by the 16S rDNA reference strain sequences but not the species level. Based on species identification levels of the 16S rDNA sequencing results, four species had no reference spectrum in the Bruker BioTyperTM database. In contrast, the results of both identification techniques were identical at the Bacillus genus level for five strains but were different at the species level. In fact, the identified species were B. pumilus by 16S rDNA vs. Bacillus altitudinis by MALDI-TOF with a Bruker score of 1.888 (one strain), Bacillus nealsonii by 16S rDNA vs. Bacillus circulans by MALDI-TOF with a Bruker score of 1.713 (two strains), Bacillus Safensis by 16S rDNA vs. Bacillus pumilus by MALDI-TOF with a Bruker score of 1.725 (one strain) and Bacillus aquimaris by 16S rDNA vs. Bacillus vietnamensis by MALDI-TOF with a Bruker score of 1.865 (one strain). There had been a disagreement of species identification between the two techniques used, although the reference spectrum of these species B. pumilus, B. safensis, B. nealsonii, and B. aquimaris were in the Bruker BioTyperTM database. Finally, 17.4% (124/713 strains) obtained a Bruker score below 1.7 by MALDI-TOF MS, which normally does not allow any reliability of identification (Table 4). Two-sample preparation procedures have been applied to the 124 strains: direct transfer (spotting) and acid extraction. We observed that the best MALDI-TOF MS identification scores (the score nearest 1.7) were obtained with the direct transfer procedure and with the acid extraction procedure for 73 strains and 51 strains, respectively (data not shown). Among these 124 strains, the identification of 41.9% of isolates (52/124) was validated at the genus level by 16S rDNA sequencing (40 Gram+ and 12 Gram−). For three of these 52 strains, the identification had even been down to the species level by both identification techniques (Bacillus firmus, Bacillus vallismortis, and S. rhizophila). In contrast, for two genera (124 strains) and 10 species (50 strains) identified by 16S rDNA sequencing, the reference spectrum of these genera and species was not present in the Bruker database. These genera were Planococcus sp., and Salinicoccus sp., and the species were Bacillus oceanisediminis, Desemzia incerta, Exiguobacterium acetylicum, Exiguobacterium aestuarii, Exiguobacterium profundum, Microbacterium esteraromaticum, Psychrobacter alimentarius, Psychrobacter celer, Psychrobacter faecalis, and Shewanella indica. For 35 of 124 strains, the identification of the genus or species level by 16S rDNA sequencing was different from the results obtained by MALDI-TOF MS despite the presence of the reference spectrum for these genera and species in the Bruker database.


TABLE 3. Non-conformity of strain identification in 16S rDNA technique and MALDI-TOF method.
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TABLE 4. Identification of isolates by MALDI-TOF method with Bruker score < 1.7 and 16S rDNA technique.
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DISCUSSION

The aim of our study was to evaluate the ability of MALDI-TOF MS to identify 713 bacterial strains isolated from seafood products and sea water samples under culture conditions that may have been significantly different from those used to create the reference spectrum. It is important to know the microbial biodiversity present in seafood and fish because there could be pathogenic bacteria, which can infect humans or fishes and cause zoonotic or animal diseases. This is a capital step in order to prevent human foodborne illnesses or treat human or animals in aquaculture farms. Moreover, identification of pathogenic and spoilage bacteria in aquatic medium is the basis for further studies, such as epidemiological studies on antibiotic resistance, particularly in the antibiotic resistance genes spreading by horizontal gene transfer through bacterial flora. To our knowledge, this was the first study to identify a great number of seafood-isolated strains (713 isolates) with MALDI-TOF MS in association with the Bruker Biotyper V7.0.0 database vs. 16S rDNA sequencing. In fact, the studies of identification comparison between the conventional microbiological and/or molecular biological methods and the MALDI-TOF MS were mostly for clinically relevant bacteria and/or for the specific species or genera of bacteria (Bacillus, Pseudomonas, Vibrio…) (Popović et al., 2017). MALDI-TOF MS has been shown to be a competent tool for bacterial species differentiation due to the resulting highly specific spectrum, named fingerprints (Giebel et al., 2010). The Bruker BioTyperTM database was mainly composed of human pathogen spectra, and there are few other databases with specific spectra of food or environment isolates. For bacterial identification, the spectrum of a strain of interest is compared to a spectrum library. The problem is that these spectra are usually made under stringent conditions and on reference collection strains (human pathogen mainly causing infectious disease) that do not reflect the strains in their natural environment. The analysis of 16S rDNA sequences is a widely used method to identify bacterial species because it allows to compare 16S rDNA sequences to differentiate the bacteria at the genus/species level. However, the quality of the 16S DNA sequence databases used is an important factor. The sequences present in the databases serve as a reference for taxonomic assignment. The richness and precision of these databases are therefore a determining factor for good bacterial identification. Sometimes, there are several different 16S rDNA databases that have their advantages and disadvantages. In our study, we queried the NCBI 16S ribosomal RNA database as well as RDP database. We had compared the analysis results obtained with the RDP and the NCBI 16S rDNA databases. The RDP database gave equivalent or even less accurate identifications than the NCBI 16S rDNA database. By MALDI-TOF MS technique (Bruker score > 2 and between 1.7 and 2), we identified 58.2% isolates Gram + (415/713) to the species level, 24.4% isolates Gram− (174/713) to the genus level, and 6.6% isolates Gram– (47/713) to the species level. For the results of identification by 16S rDNA sequencing, we identified 39.6% isolates Gram+ (282/713) to the genus level and 10.2% (73/713) to the species level, 9.4% isolates Gram− (67/713) to the genus level, and 13.5% isolates Gram– (96/713) to the species level. No identification was observed for 6.2% of the strains. The identification at the species level was better for Gram + (58.2%) vs. Gram– (6.6%) isolates with MALDI-TOF technique, while it was lower by 16S rDNA sequencing (10.2% for Gram + and 13.5% for Gram−). The identification of more Gram + bacteria could be due to the bacterial biodiversity particularly of nature samples and/or the difficulty of growing viable culturable bacteria from natural habitats (Popovic, 2017). We showed that 57.8% of the strains from seafood were identified with a Bruker score higher than 2 and 21.2% were identified with a Bruker score between 1.7 and 2, which allowed identification to the species level as in the study of Böhme et al. (2013) that identified 76% to the species level (70 reference strains and 50 seafood isolates). We assigned six major genera, Aerococcus, Bacillus, Enterococcus, Psychrobacter, Staphylococcus, and Stenotrophomonas, and seven main species, A. viridans, B. cereus, B. licheniformis, B. pumilus, S. warneri, S. pasteuri, and S. maltophilia in our ANSES B3PA collection of seafood (shrimp, scad, whiting) and sea water isolates. A few studies identified seafood bacterial biodiversity. In fact, Böhme et al. (2010, 2011) have created a database with a collection of pathogenic and spoilage Gram+ and Gram− bacteria potentially present in seafood. They applied their method successfully to identify nine bacterial strains isolated from processed seafood, fish, and seafood (Bacillus, Carnobacterium, Pseudomonas, Serratia, Stenotrophomonas). As in our work, they identified Staphylococcus aureus, Bacillus subtilis, B. licheniformis, Bacillus megaterium, and Stenotrophomans maltophilia. For 141 of 159 isolates of the Psychrobacter genus present in our ANSES B3PA collection of seafood, no identification method was able to determine the species level. The species level was only indicated for 18 other Psychrobacter isolates by 16S rDNA method (Psychrobacter alimentarius, Psychrobacter celer, Psychrobacter faecalis), and Bruker scores were below 1.7 with several genera/species identifications. De Bruker BioTyperTM database was poor in spectra of this Psychrobacter genus vs. the 16S rDNA database. In recent years, several new Psychrobacter species were described based on their phenotypic and biochemical characteristics and from comparative 16S rDNA gene sequences within the genus Psychrobacter but not by MALDI-TOF MS.

However, in 15% (27/180 strains) of the cases, MALDI-TOF MS gives a misidentification of the species with Bruker scores close to 2. The MALDI-TOF MS identification spectrum therefore matched a reference spectrum of a close species for the majority of strains (23/27). The explanation was that reference spectra of bacterial species were not present in the Bruker BioTyperTM database, but the data in 16S rDNA sequence exist. For four others, the identification at the Bacillus genus level was identical but was divergent at the species level, while the spectra of these species were present in the MALDI-TOF BioTyperTM database. The similarity of the protein structures of the species made the discrepancy of differentiation of the quality peak difficult and made it difficult for MALDI-TOF MS to correctly identify the strains. This has been described for both anaerobic bacteria and other genera, such as Bacillus spp. (Takahashi et al., 2020), Streptococcus spp. (Fan et al., 2017), Mycobacterium spp. (Zingue et al., 2016), Enterococcus spp. (Lallemand et al., 2017), and yeast (Ling et al., 2014). Therefore, updating the existing information and perfecting the database of difficultly identified organisms are useful to improve the identification accuracy of MALDI-TOF MS (Li et al., 2019).

We also confirmed the unreliability of MALDI-TOF MS identifications at Bruker scores below 1.7. The primary recommended method for obtaining bacterial IDs from colonies is the cell smear (direct transfer) method. This smear method has shown its efficiency for the identification of numerous bacteria (Schröttner et al., 2014; Tsuchida et al., 2020); however, the probability of correctly identifying certain bacteria can still be quite limited (Tsuchida et al., 2020). If the mass spectrum obtained by the plate method is not sufficient, the acid extraction method can be applied to improve identification. In our study, we tried to improve the identification of 151 strains not identifiable by the MALDI-TOF with the direct transfer procedure. We showed that acid extraction would not improve the identification of these strains, which was surprising in view of the literature (Tsuchida et al., 2020). Among the 124 strains identified at Bruker scores below 1.7, only 41.9% were correctly identified at the genus level, and among these strains, only three strains were correctly identified at the species level by both techniques. Different observations were made previously by Schulthess et al. (2016), which showed that after ethanol-formic acid extraction and analysis of MALDI-TOF MS identifications with scores below the threshold of 1.7, 128 Gram− rods were identified at the genus level among 151 analyzed. Despite this low number of strains and low species diversity, studies by Böhme et al. (2010, 2011, 2013) showed the interest of building a reference spectrum database specific to each pathway/domain/industry.

In conclusion, we have shown that the MALDI-TOF MS in association with the Bruker BioTyperTM V7.0.0 database allowed a better strain identification to the species level contrary to the 16s rDNA sequencing, which allowed an identification mainly to the genus level. MALDI-TOF MS in association with the Bruker database and 16S rDNA sequencing are powerful tools to identify a wide variety of bacteria from seafood but require further identification by biochemical, molecular technique or other conventional tests. However, 16S DNA sequencing remains a powerful tool when combined with next-generation sequencing (NGS). Indeed, each strategy has its advantages. The MALDI-TOF allows good identification of the species but is limited to the identification of a strain previously isolated on culture medium, whereas the NGS based on 16S rDNA allows (despite a less precise identification) to free itself from the culture and to identify bacterial communities directly from a complex sample.
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MALDI-TOF identification with Bruker score between 1.7 and 2

16S rDNA identification (no. of identified isolates)

Genus Species No. of identified isolates Mean score

Aerococcus viridans 2 1.873 Aerococcus sp. (2)

Arthrobacter protophormiae 1 1.944 Arthrobacter sp. (1)

Arthrobacter uratoxydans 1 1.831 Arthrobacter sp. (1)

Bacillus altitudinis 1 1.840 Bacillus sp. (1)

Bacillus cereus 12 1.909 Bacillus sp. (12)

Bacillus firmus 7 1.844 Bacillus sp. (3), Bacillus firmus (4)
Bacillus flexus 1 1977 Bacillus flexus (1)

Bacillus licheniformis 4 1.829 Bacillus sp. (4)

Bacillus marisflavi 2 1.941 Bacillus marisflavi (2)

Bacillus megaterium 2 1.897 Bacillus sp. (2)

Bacillus mojavensis 3 1.754 Bacillus sp. (3)

Bacillus mycoides 1 1.923 Bacillus sp. (1)

Bacillus oshimensis 1 1.954 Bacillus sp. (1)

Bacillus pumilus 20 1.855 Bacillus sp. (19), Bacillus pumilus (1)
Bacillus subtilis 5 1.862 Bacillus sp. (5)

Bacillus thuringiensis 1 1.996 Bacillus sp. (1)

Bacillus vietnamensis 2 1.208 Bacillus sp. (2)

Bacillus weihenstephanensis 2 1.775 Bacillus sp. (2)

Exiguobacterium aurantiacum 1 1.825 ND (1)

Kocuria palustris 1 1.860 Kocuria palustris (1)
Lysinibacillus sphaericus 2 1.906 Lysinibacillus sp. (2)
Macrococcus caseolyticus 3 1.938 Macrococcus sp. (3)
Microbacterium liquefaciens 2 1.735 Microbacterium sp. (2)
Microbacterium maritypicum 3 1.733 Microbacterium sp. (3)
Microbacterium oxydans 3 1.720 Microbacterium sp. (3)
Pseudomonas asplenii 1 1.778 Pseudomonas sp. (1)
Pseudomonas frederiksbergensis 1 1.880 Pseudomonas sp. (1)
Pseudomonas gessardii I 1.840 Pseudomonas sp. (1)
Psychrobacter sp. 50 1.889 Psychrobacter sp. (14), Psychrobacter celer (36)
Staphylococcus equorum 3 1.818 Staphylococcus equorum (3)
Staphylococcus fleurettii 1 1977 ND (1)

Staphylococcus warneri 6 1.902 Staphylococcus sp. (6)
Stenotrophomonas maltophilia 2 1.885 Stenotrophomonas maltophilia (2)
Stenotrophomonas rhizophila 1 1.894 ND (1)

Virgibacillus halodenitrificans 2 1.828 Virgibacillus halodenitrificans (2)
Total 151

MALD-TOF, matrix-assisted laser desorption ionization-time of flight; ND, not determined.
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MALDI-TOF MS identification with Bruker score > 2

16S rDNA identification (no. of identified isolates)

Genus Species No. of identified isolates Mean score

Aerococcus viridans 26 2.213 Aerococcus sp. (26)

Arthrobacter woluwensis 1 2.364 Arthrobacter sp. (1)

Bacillus altitudinis 5 2.066 Bacillus sp. (5)

Bacillus cereus 46 2178 Bacillus sp. (21), ND (25)

Bacillus circulans 1 2.070 Bacillus circulans (1)

Bacillus galactosidilyticus 1 2.160 Bacillus sp. (1)

Bacillus horneckiae 2 2.280 Bacillus sp. (2)

Bacillus infantis 1 2.416 ND (1)

Bacillus licheniformis 21 2.209 Bacillus sp. (12), Bacillus licheniformis (9)

Bacillus marisflavi 3 2115 Bacillus marisflavi (3)

Bacillus megaterium 1 2.294 Bacillus sp. (1)

Bacillus mycoides 8 2.394 Bacillus sp. (8)

Bacillus oshimensis 1 2.088 Bacillus sp. (1)

Bacillus pumilus 20 2.099 Bacillus sp. (14), Bacillus pumilus (6)

Bacillus subtilis 10 2.106 Bacillus sp. (10)

Bacillus thuringiensis 1 2.099 Bacillus sp. (1)

Bacillus vietnamensis i 2.145 Bacillus sp. (2)

Brevundimonas diminuta 2 2.395 Brevundimonas sp. (1), Brevundimonas diminuta (1)
Cellulosimicrobium cellulans 1 2.148 Cellulosimicrobium sp. (1)

Enterobacter cloacae 2 2187 Enterobacter sp. (1), ND (1)

Enterococcus casseliflavus 3 2.282 ND (3)

Enterococcus faecalis 3 2.376 Enterococcus faecalis (3)

Enterococcus faecium 5 2.3563 Enterococcus sp. (1), Enterococcus faecium (4)
Enterococcus italicus 2 2.194 Enterococcus italicus (2)

Enterococcus thailandicus 5 2.258 Enterococcus thailandicus (5)

Escherichia hermannii 1 2.359 ND (1)

Exiguobacterium aurantiacum 2 2.264 Exiguobacterium aurantiacum (2)

Halomonas aquamarina 2 2.025 Halomonas sp. (2)

Kocuria palustris 1 2.226 ND (1)

Lactococcus garvieae 9 2.227 Lactococcus sp. (3), Lactococcus garvieae (6)
Lysinibacillus boronitolerans 1 2.443 ND (1)

Lysinibacillus sphaericus 1 2.158 Lysinibacillus sp. (1)

Macrococcus caseolyticus 4 2.133 Macrococcus sp. (6), Macrococcus caseolyticus (1)
Microbacterium arborescens 1 2.285 Microbacterium sp. (1)

Microbacterium maritypicum 1 2.040 Microbacterium sp. (1)

Microbacterium paraoxydans 4 21711 Microbacterium sp. (4)

Micrococcus luteus 2 2.251 Micrococcus sp. (2)

Ochrobactrum sp. | 2112 ND (1)

Ochrobactrum tritici 1 2.067 Ochrobactrum sp. (1)

Paenibacillus lactis 1 2.076 Paenibacillus sp. (1)

Pseudochrobactrum asaccharolyticum 1 2.280 Pseudochrobactrum sp. (1)

Pseudomonas libanensis 1 2.067 Pseudomonas sp. (1)

Pseudomonas sp. 5 2.403 Pseudomonas sp. (2), ND (3)

Pseudomonas rhodesiae 1 2.062 Pseudomonas sp. (1)

Pseudomonas stutzeri 1 2.180 Pseudomonas sp. (1)

Psychrobacter sp. 71 2.091 Psychrobacter sp. (31), Psychrobacter celer (40)
Rothia terrae 1 2.380 Rothia sp. (1)

Staphylococcus aureus 4 2.510 Staphylococcus sp. (3), Staphylococcus aureus (1)
Staphylococcus epidermidis 2176 Staphylococcus sp. (1), Staphylococcus epidermidis (4)
Staphylococcus equorum 2.160 Staphylococcus equorum (3)

Staphylococcus haemolyticus 10 2.131 Staphylococcus sp. (6), Staphylococcus haemolyticus (4)
Staphylococcus hominis i 2.422 Staphylococcus hominis (2)

Staphylococcus pasteuri 22 2.184 Staphylococcus sp. (22)

Staphylococcus sciuri 3 2112 Staphylococcus sciuri (3)

Staphylococcus warneri 41 2.183 Staphylococcus sp. (41)

Staphylococcus xylosus 4 2.069 Staphylococcus sp. (4)

Stenotrophomonas maltophilia 28 2.254 Stenotrophomonas sp. (7), Stenotrophomonas maltophilia (17), ND (4)
Total 411

MALDI-TOF MS, matrix-assisted laser desorption ionization-time of flight mass spectrometry; ND, not determined.
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Isolate identification by 16S rDNA Isolate identification by MALDI-TOF method with Bruker score < 1.7 Genius concordance

Genus Species No. of identified Presence in Genus and species (no. of identified isolates) Mean score
isolates Bruker database

Aerococcus sp. d Yes Escherichia coli (1) 1.400 01
Bacillus drentensis ] Yes Bacillus horneckiae (1) 1.650 1/1
Bacillus firmus 1 Yes Bacillus firmus (1) 1.590 11
Bacillus nealsonii 1 Yes Lactobacillus plantarum (1) 1.480 (074}
Bacillus oceanisediminis i No Bacillus firmus (1) 1.620 M
Bacillus sp. 16 Yes* Actinocorallia libanotica (1); Arthrobacter creatinolyticus (1); Bacillus 1.580 9/16

aquimaris (1); Bacillus cereus (1), Bacillus licheniformis (1); Bacillus
mojavensis (1); Bacillus subtilis (4); Bacillus thuringiensis (1); Candida
lambica (1); Lactobacillus curvatus (1); Lactobacillus gastricus (1);
Pichia occidentalis (1); Pseudomonas brenneri (1)

Bacillus vallismortis il Yes Bacillus vallismortis (1) 1.690 11

Brachybacterium paraconglomeratum i Yes Mycobacterium avium (1) 1.590 (074}

Desemzia incerta i No Lactobacillus versmoldensis (1) 1.450 01
(= Brevibacterium)

Exiguobacterium acetylicum 3 No Clostridium chauvoei (1); Clostridium tetani (1); Listeria grayi (1) 1.497 0/3

Exiguobacterium aestuarii 22 No Chryseobacterium joostei (1); Exiguobacterium aurantiacum (17); 1.601 17/22

Lactobacillus coryniformis (1); Pichia occidentalis (1); Staphylococcus
hominis (1); Aeromonas eucrenophila (1)

Exiguobacterium profundum 3 No Exiguobacterium aurantiacum (2); Lactobacillus saerimneri (1) 1.586 2/3
Exiguobacterium sp. 6 Yes Exiguobacterium aurantiacum (2); Filifactor villosus (1); Lactobacillus 1632 2/6
paracasei (1); Lactobacillus crispatus (1); Pseudomonas monteilii (1)
Halobacillus sp. 2 Yes* Mycobacterium marinum (2) 1:555 0/2
Halomonas sp. 3 Yes* Halomonas aquamarina (3) 1.580 3/3
Lysinibacillus sp. il Yes* Lysinibacillus fusiformis (1) 1.560 11
Macrococcus sp. 1 Yes Staphylococcus intermedius (1) 1.680 0/
Microbacterium esteraromaticum i No Staphylococcus lugdunensis (1) 1.380 (074
Microbacterium sp. 3 Yes Microbacterium liquefaciens (1); Microbacterium maritypicum (1); 1.660 3/3
Microbacterium oxydans (1)
Planococcus sp. 11 No Bacteroides fragilis (1); Campylobacter jejuni (1); Clostridium cadaveris 1.438 0/11
(2); Candida glabrata (1); Lactobacillus vini (1); Lactobacillus aviarius (1);
Staphylococcus felis (1); Streptomyces phaeochromogenes (1);
Sphingobacterium thalpophilum (1); Terrimonas ferruginea (1)
Pseudomonas sp. 2 Yes Clostridium lundense (1); Pseudomonas stutzeri (1) 1.580 1/2
Psychrobacter alimentarius il No Psychrobacter sp. (1) 1.690 1/1
Psychrobacter celer g No Clostridium novyi (1); Lactobacillus amylovorus (1), Psychrobacter sp. 1.633 4/7
(4); Staphylococcus pasteuri (1)
Psychrobacter faecalis 10 No Streptococcus pneumoniae (1); Enterococcus faecalis (1); Lactobacillus 1.465 0/10
kefiri (1); Arthrobacter arilaitensis (3); Staphylococcus haemolyticus (1);
Clostridium difficile (1); Neisseria meningitidis (1); Lactobacillus suebicus
(1)
Psychrobacter sp. 16 Yes Arthrobacter arilaitensis (8); Candida lambica (1); Enterococcus faecalis 1.494 2/16
(1); Neisseria meningitidis (1); Pseudomonas fragi (1); Psychrobacter
sp. (2); Streptococcus pneumoniae (2)
Salinicoccus sp. 1 No Staphylococcus capitis (1) 1.660 (074
Shewanella indica 1 No Exiguobacterium aurantiacum (1) 1.690 (074
Staphylococcus lentus 1 Yes Staphylococcus sciuri (1) 1.600 11
Stenotrophomonas rhizophila 1 Yes Stenotrophomonas rhizophila (1) 1.650 11
Vagococcus sp. 2 Yes Lactobacillus paraplantarum (1); Vagococcus fluvialis (1) 1.505 1/2
Vibrio alginolyticus 1 Yes Lodderomyces elongisporus (1) 1.500 (074
Virgibacillus sp. 1 Yes Pseudomonas chlororaphis (1) 1.570 (074}
Total 124

*Yes: Yes, but no Genius sp. MALDI-TOF, matrix-assisted laser desorption ionization-time of flight.
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Isolate identification by 16S rDNA Isolate identification by MALDI-TOF
identification with Bruker score between

1.7 and 2
Genus Species No. of identified isolates Presence of the identified Genus and species (no. of Mean score
species in Bruker database identified isolates)
Arthrobacter soli 1 No Arthrobacter protophormiae (1) 1.920
Bacillus pumilus 1 Yes Bacillus altitudinis (1) 1.888
Bacillus nealsonii 2 Yes Bacillus circulans (2) 1.713
Bacillus oceanisediminis 3 No Bacillus pumilus (1); Bacillus 1.833
firmus (2)
Bacillus safensis 1 Yes Bacillus pumilus (1) 1.725
Bacillus stratosphericus 2 No Bacillus pumilus (2) 1.866
Bacillus aquimaris 1 Yes Bacillus vietnamensis (1) 1.865
Exiguobacterium aestuarii 16 No Exiguobacterium aurantiacum 1.753
(16)
Total 27

MALDI-TOF, matrix-assisted laser desorption ionization-time of flight.





