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        Abstract



        
          Objective:


          The aim of this study was to determine the capacity of matrix-assisted laser desorption ionization-time-of-flight mass spectrometry (MALDI-TOF MS) to identify 155 HACEK clinical isolates and other fastidious or infrequently isolated Gram-negative rods (e.g., Actinobacillus, Capnocytophaga, Pasteurella, Neisseria, Moraxella, Dysgonomonas, among others).

        


        
          Methods:


          All the isolates were identified by standard biochemical tests and MALDI-TOF MS. Two different extraction methods (direct transfer formic acid method on spot and ethanol formic acid extraction method) and different cut-offs for genus/specie level identification were used. MALDI-TOF MS identification was considered correct when the result obtained from the MS database agreed with the phenotypic identification result. When both the methods gave discordant results, the 16S rDNA gene sequencing was considered as the gold standard identification method.

        


        
          Results:


          Employing the score cut-offs suggested by the manufacturer, 93.55% and 69.03% isolates were correctly identified at the genus and species level, respectively. On the contrary , employing lower cut-off scores for identification, 98.06% and 92.09% isolates were properly identified at the genus and species level respectively and no significant differences between the results obtained with two extraction methods were observed .

        


        
          Conclusion:


          The accurate identification of 14 genera showed the reliability of MALDI-TOF MS as an optional methodology to the routine identification methods currently used in laboratories.
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      1. INTRODUCTION


      The identification of the HACEK group (Haemophilus, Aggregatibacter, Cardiobacterium, Eikenella, Kingella) and other fastidious Gram-negative rods (e.g., Actinobacillus, Capnocytophaga, Pasteurella, Neisseria, Moraxella, Dysgonomonas, among others) by conventional phenotypic methodology is difficult, mainly because of their slow growth and low reactivity in biochemical tests. Their specific growth requirements also make the biochemical identification of these isolates difficult.


      It is well known that conventional identification methods for the HACEK group and other fastidious Gram-negative rods are time-consuming, which contribute to the problems in their routine identification in the microbiology laboratory. In addition, identification using molecular methods requires trained staff. Because of these factors, we thought it would be valuable to assess the capacity of matrix-assisted laser desorption ionization-time of flight (MALDI-TOF) Mass Spectrometry (MS) for the identification of HACEK group members and other fastidious or infrequently isolated Gram-negative rods (e.g., Actinobacillus, Capnocytophaga, Pasteurella, Neisseria, Moraxella, Dysgonomonas, among others). In the past few years, this technology has been demonstrated to be very useful in clinical microbiology because it allows for the definitive identification of different bacterial species within a few minutes [1-6].

    


    
      2. OBJECTIVE


      The study aimed to evaluate the capacity of matrix-assisted laser desorption ionization-time-of-flight mass spectrometry (MALDI-TOF MS) to identify 155 HACEK clinical isolates and other fastidious or infrequently isolated Gram-negative rods (e.g., Actinobacillus, Capnocytophaga, Pasteurella, Neisseria, Moraxella, Dysgonomonas, among others).

    


    
      

      3. MATERIALS AND METHODS


      
        

        3.1. Bacterial Isolates


        A total of 155 clinical strains from a culture collection assembled from 2010-2015 at the university teaching hospital, Hospital de Clínicas “José de San Martín”, Universidad de Buenos Aires, Argentina, were used in this study. All of the isolates were recovered from significant clinical samples. Bacterial strains previously conserved at -70°C in stock medium (Brain Heart Infusion Broth(Difco) supplemented with 20% glycerol) were subcultured twice prior to testing on 5% sheep blood agar and were incubated for 24-48 h in a 5% CO2 atmosphere at 35°C.

      


      
        

        3.2. Phenotypic and Molecular Identification


        All of the isolates were previously identified by conventional biochemical tests [7, 8]. 16S rRNA gene sequencing was applied to solve any discrepancies between the identification obtained via conventional methodology and the identification obtained by matrix-assisted laser desorption ionization-time-of-flight mass spectrometry (MALDI-TOF MS). 16S rRNA gene sequencing was also applied for definitive species identification in cases in which phenotypic tests were not reliable. This represented a total of 70 isolates, (approximately 45% of the isolates), (e.g., for Capnocytophaga spp., Cardiobacterium hominis, Dysgonomonas spp., Moraxella spp., Neisseria spp., Sutonella indologenes, Kingella denitrificans, and Leptotrichia trevisani). PCR products of the 16S rRNA gene were obtained with Taq DNA polymerase based on the manufacturer's specifications (Promega) using the primers described by Weisburg et al. [9]. Both DNA strands of the PCR products were sequenced using an ABIPrism 3100 Bioanalyzer at the Macrogen Inc. sequencing facility in South Korea. The sequences were analyzed by BLAST and compared using the GenBank database.

      


      
        

        3.3. MALDI-TOF Mass Spectrometry


        The clinical strains were subcultured on Columbia agar with 5% sheep blood (Laboratorios Britania, Argentina) at 37°C with 5% CO2 for 24 to 48 h for MALDI-TOF MS evaluation.


        The study was performed using a Bruker Daltonics Microflex LT instrument with Biotyper software 3.1 (Bruker Daltonics, Bremen, Germany).

      


      
        

        3.4. Sample Preparation for MALDI-TOF MS


        Two extraction methods were used to prepare the bacteria for identification by MALDI-TOF MS: direct transfer formic acid method on spot and ethanol formic acid extraction method) as described by Schulthess B et al. [10]. MALDI-TOF MS analysis was conducted according to the specifications described in previous reports [10, 11].

      


      
        

        3.5. MALDI-TOF MS Data Interpretation


        We investigated percent identification using two different cut-offs for the genus-level identification results. The cutoffs proposed by the manufacturer were used to establish species-level identification (≥ 2.000), genus level identification (1.7 to 1.999), and unreliable results (<1.700). Also, based on previous reports [1, 4, 12] and on our own results [11, 13], lower cutoff scores were employed for identification: ≥ 1.5 for the genus level and ≥ 1.7 for the species-level; A score < 1.5 was considered as unreliable. Additionally, a 10% difference between the first two species having the best coincidences in the database was mandatory for species identification. If this condition was not fulfilled, the identification was considered correct only at the genus level [12]. MALDI-TOF identification was considered correct when the result obtained from the MS database was in agreement with identification results obtained by conventional biochemical tests.


        When both the methods gave discordant results, the 16S rDNA sequencing as the gold standard identification method was carried out. The MS results concordant with 16S rDNA sequencing identification were considered correct. MS results discordant with 16S rDNA identification were considered incorrect.

      


      
        

        3.6. Data Analysis


        The population parameters for both extraction methods were compared using the z test [14].

      

    


    
      

      4. RESULTS AND DISCUSSION


      Using the direct extraction formic acid method and lower cutoff scores for identification, 152 isolates (98.06%) were correctly identified to the genus level and 144 isolates (92.90%) were correctly identified to the species level by MALDI-TOF MS (Table 1). Using the ethanol-formic acid- acetonitrile extraction method, 148 isolates (95.48%) were correctly identified to the genus level and 145 isolates (93.55%) to the species level. A comparison of both the extraction methods showed no significant differences between the results at confidence levels of 95% and 99% (Table S1).


      As the genus level identification score decreased from ≥ 1.7 to ≥ 1.5, the correct genus-level identification percentage increased from 93.55% to 98.06%. The Cardiobacterium hominis and Neisseria canis isolates were correctly identified using the lower score. Decreasing the species-level score identification (≥ 2.0 to ≥ 1.7) also improved the identification to the species level from 69.03% to 92.90% for Aggregatibacter aphrophilus, Haemophilus parainfluenzae, Kingella denitrificans, Moraxella lacunata, Moraxella osloensis and Neisseria weaveri. However, one Dysgonomonas capnocytophagoides isolate was incorrectly identified as D. gadei using the lower score (Table 1).


      To our knowledge, this is the first work that evaluates the use of MALDI-TOF MS for the identification of HACEK group members in conjunction with other nutritionally demanding or infrequently isolated Gram-negative rods, such as Capnocytophaga, Dysgonomonas spp., Pasteurella spp., Leptotrichia trevisanii, Moraxella spp. and saprophytic species of Neisseria. Our work is notable because we included 14 genera and 32 species. Powell et al. [15], who studied 140 HACEK group clinical isolates (i.e., Aggregatibacter, Haemophilus, Eikenella and Kingella), reported the excellent efficiency of MALDI-TOF MS for the identification of these microorganisms. However, the misidentification of A. aphrophilus as Aggregatibacter segnis or as H. parainfluenzae was reported by these authors. Conversely, in our study, A. aphrophilus was rightly identified, but it should be noted that different equipment was used in our study; the results reported by Powell et al. were obtained using a bioMérieux Vitek MALDI-TOF MS (bioMérieux, Durham, NC), and the spectra were compared against the Vitek MS SARAMIS database for Research Use Only of (RUO) version 4.09 [15].


      
        Table 1 Agreement of MALDI-TOF MS with standard biochemical or molecular identification for HACEK and related genera using different identification cutoff scores.


        
          
            
              	Conventional or Molecular Identification Method

              	No. of Isolates

              	Genus IDa

              (Score ≥ 1.5)

              	Species ID

              (Score ≥ 1.7)

              	No. IDb

              (Score < 1.5)

              	Erroneous ID

              	Genus ID (Score ≥ 1.7)

              	Species ID (Score ≥ 2.0)

              	No. ID

              (Score < 1.7)
            

          

          
            
              	Actinobacillus ureae

              	5

              	5

              	5

              	–

              	–

              	5

              	5

              	–
            


            
              	Aggregatibacter actinomycetemcomitans

              	4

              	4

              	4

              	–

              	–

              	4

              	4

              	–
            


            
              	Aggregatibacter aphrophilus

              	10

              	10

              	9

              	–

              	–

              	9

              	6

              	1
            


            
              	Aggregatibacter segnis

              	2

              	2

              	2

              	–

              	–

              	2

              	2

              	–
            


            
              	Capnocytophaga gingivalis

              	2

              	2

              	2

              	–

              	–

              	2

              	1

              	–
            


            
              	Capnocytophaga granulosa

              	1

              	1

              	1

              	–

              	–

              	1

              	1

              	–
            


            
              	Capnocytophaga ochracea

              	4

              	4

              	4

              	–

              	–

              	4

              	4

              	–
            


            
              	Capnocytophaga sputigena

              	15

              	15

              	15

              	–

              	–

              	15

              	14

              	–
            


            
              	Cardiobacterium hominis

              	2

              	2

              	0

              	–

              	–

              	0

              	0

              	2
            


            
              	Dysgonomonas capnocytophagoides

              	1

              	–

              	–

              	–

              	1

              	1

              	0

              	–
            


            
              	Dysgonomonas gadei

              	1

              	–

              	–

              	1

              	–

              	–

              	–

              	1
            


            
              	Eikenella corrodens

              	16

              	16

              	15

              	–

              	–

              	15

              	14

              	1
            


            
              	Haemophilus influenzae

              	11

              	11

              	11

              	–

              	–

              	11

              	10

              	–
            


            
              	Haemophilus parahaemolyticus

              	1

              	1

              	1

              	–

              	–

              	1

              	1

              	–
            


            
              	Haemophilus parainfluenzae

              	12

              	12

              	12

              	–

              	–

              	12

              	9

              	–
            


            
              	Kingella denitrificans

              	13

              	13

              	13

              	–

              	–

              	1

              	–
            


            
              	Kingella kingae

              	4

              	4

              	4

              	–

              	–

              	4

              	4

              	–
            


            
              	Leptotrichia trevisanii

              	2

              	2

              	2

              	–

              	–

              	2

              	2

              	–
            


            
              	Mannheimia haemolytica

              	1

              	1

              	1

              	–

              	–

              	1

              	1

              	–
            


            
              	Moraxella lacunata

              	6

              	6

              	6

              	–

              	–

              	6

              	0

              	–
            


            
              	Moraxella nonliquefaciens

              	5

              	5

              	5

              	–

              	–

              	5

              	5

              	–
            


            
              	Moraxella osloensis

              	11

              	11

              	9

              	–

              	–

              	9

              	3

              	2
            


            
              	Neisseria bacilliformis

              	1

              	1

              	1

              	–

              	–

              	1

              	0

              	–
            


            
              	Neisseria elongata spp. glycolytica

              	1

              	–

              	–

              	1

              	–

              	–

              	–

              	1
            


            
              	Neisseria canis

              	2

              	2

              	0

              	–

              	–

              	–

              	–

              	2
            


            
              	Neisseria weaveri

              	1

              	1

              	1

              	–

              	–

              	1

              	0

              	–
            


            
              	Pasteurella canis

              	6

              	6

              	6

              	–

              	–

              	6

              	6

              	–
            


            
              	Pasteurella dagmatis

              	2

              	2

              	2

              	–

              	–

              	2

              	1

              	–
            


            
              	Pasteurella multocida

              	10

              	10

              	10

              	–

              	–

              	10

              	10

              	–
            


            
              	Pasteurella pneumotrophica

              	1

              	1

              	1

              	–

              	–

              	1

              	1

              	–
            


            
              	Pasteurella stomatis

              	1

              	1

              	1

              	–

              	–

              	1

              	1

              	–
            


            
              	Sutonella indologenes

              	1

              	1

              	1

              	–

              	–

              	1

              	1

              	–
            


            
              	Total n (%)

              	155

              	152 (98.06)

              	144 (92.90)

              	2 (1.29)

              	1 (0.64)

              	145(93.55)

              	107 (69.03)

              	10 (6.45)
            

          
        


        
          aID: identification; bNO ID: not reliable identification
        


        

      


      Couturier et al. [16] also assessed the identification of 103 HACEK isolates and 20 H. influenzae clinical isolates by MALDI TOF MS. According to our results, H. parainfluenzae, A. actinomycetemcomitans, E. corrodens, K. kingae, and H. influenzae were correctly identified, but various isolates of C. hominis gave lower scores. In addition, and contrary to our findings, the misidentification of A. aphrophilus as H. influenzae was noted by these authors.


      For the genus Capnocytophaga, MALDI-TOF MS identification reported in the literature has been limited only to the species C. canimorsus and C. cynodegmi [17, 18]. Our work demonstrated that MALDI- TOF MS accurately identified 100% of Capnocytophaga spp. isolates of human origin (i.e., C. sputigena, C. gingivalis, C. ochracea and C. granulosa) at the species level.


      The utility of MALDI-TOF to identify Pasteurella species has been noted by other authors [19, 20]. In particular, the identification of P. dagmatis is challenging in the microbiology laboratory because this species is wrongly identified as P. pneumotropica by the automated VITEK 2 system. In addition, 16S rRNA gene sequencing does not discriminate between P. dagmatis and P. stomatis, as the two species share more than 99% similarity. Zangenah et al. [19] evaluated four methods for the identification of species of Pasteurella: VITEK 2, VITEK MS (BioMerieux), and Bruker Biotyper MS (Bruker), along with the traditional biochemical tests. Their results indicated that while Vitek 2 system identified only 48.5% of the Pasteurella isolates, traditional biochemical tests accurately identified 94% of the isolates. Additionally, although both Bruker and Vitek MALDI-TOF MS identified 89% of isolates, the average time required for identification with conventional phenotypic tests was 20 hours, in contrast to 10 minutes required by MALDI-TOF MS. These findings clearly showed that MALDI-TOF MS is a valuable diagnostic tool in the clinical laboratory [19]. All of the different species of Pasteurella included in our study were accurately identified (Table 1).


      The identification of asaccharolytic and microscopic bacillary species of Neisseria and the differentiation of Moraxella spp. are very difficult. For Neisseria species of animal origin, while N. weaveri was accurately identified at the species level, N. canis was correctly identified only at the genus level by MALDI-TOF MS. However, it is known that the identification of these organisms should be polyphasic – more than one method should be required for reliable identification. In fact, the two N. canis isolates included in our study were previously identified using two methodologies: conventional phenotypic tests and 16S rRNA gene sequencing. This methodology did not discriminate between N. canis and N. animaloris since these species share more than 99% identity in 16S rRNA [21, 22], which indicated that more than one method is required for the correct identification. While Neisseria species of human source that show bacillary morphology on Gram stains, such as N. bacilliformis and N. elongata subsp. glycolytica, the former was accurately identified, an unreliable identification was obtained for N. elongata subsp. glycolytica. This discrepancy could be explained because the spectrum for this species was not included in MALDI Biotyper library version 3.0. As noted by other authors, N. bacilliformis and N. elongata can be reliably distinguished by their 16S rRNA gene sequences or cellular fatty acid profiles, but their discrimination may be complex using conventional biochemical tests [23]. Likewise, the particular characteristics of N. bacilliformis (bacillary morphology and inability to metabolize carbohydrates) may also lead to an erroneous identification as Moraxella spp, [23]. However, MALDI-TOF MS correctly identified both Moraxella lacunata, M. nonliquefaciens and 9 of 11 M. osloensis isolates to the species level, along with N. bacilliformis (Table 1).


      There are no publications in the literature that describe the capacity of MALDI-TOF MS to identify Dysgonomonas spp. We included D. gadei and D. capnocytophagoides in this work. Using the manufacturer’s proposed cutoff scores, only D. capnocytophagoides was correctly identified at the genus level, but it was incorrectly identified as D. gadei when the cutoff score decreased because D. capnocytophagoides was not included in the MALDI Biotyper library. However, an unreliable identification score (1.393) was obtained for D. gadei, regardless of the cutoff used.


      The only two Leptotrichia trevisanii isolates included in our study were properly identified at the species level with a score of more than 2.0, and their identification was confirmed by 16S rRNA gene sequencing. The correct identification of Leptotrichia spp. has been reported by other authors [24].

    


    
      CONCLUSION


      The results obtained in the present study showed that MALDI-TOF MS is a reliable tool for the identification of members of the HACEK group and other nutritionally demanding or infrequently isolated Gram-negative rods. Our results allowed us to conclude that the identification rate was not improved using the ethanol-formic acid extraction method instead of the direct transferformic acid technique. Moreover, we observed that decreasing the cutoff scores for species and genus-level identification enhanced the performance of MALDI-TOF MS. The percentage of unreliable or erroneous identifications could be lowered by expanding the MALDI-TOF MS database by incorporating spectra for new species and increasing the number of spectra for uncommon species.
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