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• Viridans Group Streptococci (VGS)

– A heterogeneous group of gram positive cocci

– Human normal flora[1]

• Oral cavity, respiratory and gastrointestinal tracts

– Cause sever diseases [2,3]

• Most common in immunocompromised hosts

• Septicaemia, endocarditis  
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• Identification of VGS

– Subdivided into six major groups

• S. anginosus, S. bovis, S. mitis, S. mutans, S. salivarius, S. sanguinis[1,2]

– Accurate identification of species within the VGS group

• Assessing the clinical significance of the organism 

• Facilitating appropriate antimicrobial therapy

Constant Taxonomic Changes
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• Current Identification Methods

– Phenotypic methods

• API Strep, Vitek 2: 30-80% accuracy[1]

– Matrix-Assisted Laser Desorption Ionization-Time of Flight (MALDI-TOF)

• Having problems in distinguishing species within the S. mitis group 

– Single gene sequencing 

• 16S rRNA gene, rpoA, rpoB, rnpB, rodA, sodA and gdh[2,3]

– Gold Standard

• Multilocus Sequence Analysis (MLSA):  expensive and laborious

– New targeted single gene

• DNA Gyrase subunit B (gyrB) gene[4]
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• To investigate the performance of two MALDI-TOF MS systems in 
the identification of species within the VGS group

– Bruker Biotyper (Daltonics, German) 

– Vitek MS (bioMérieux, France)

– Gold standard: sequencing of the 16S rRNA and gyrB genes

OBJECTIVE
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• Bacterial Strains and Cultures
– Clinically significant VGS isolates from Peking Union Medical College Hospital 

(PUMCH) (2013-2014)

METHODS
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Reference 
Identification

No.
of 

isolate
s

No. of isolates from different sample sources

A B BLF CSS CS CSF DF IS LNB MU OBF OS PE PDF PS PF Se Sp T TA VS

Mitis group 107 3 8 2 1 1 4 1 0 0 0 0 1 0 0 1 3 1 71 1 9 0

S.mitis 11 1 3 0 0 0 0 0 0 0 0 0 1 0 0 0 3 1 0 1 1 0

S.oralis 2 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S.pseudopneumoniae 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 1 0
S.pneumoniae 85 2 5 2 0 1 4 0 0 0 0 0 0 0 0 1 0 0 63 0 7 0

Anginosus group 52 5 7 4 0 0 0 4 2 1 9 1 2 2 0 1 0 0 10 0 2 2

S.anginosus 29 4 5 1 0 0 0 1 1 0 9 0 2 1 0 0 0 0 4 0 0 1

S.constellatus 19 1 2 3 0 0 0 2 0 1 0 1 0 0 0 0 0 0 6 0 2 1

S.intermedius 4 0 0 0 0 0 0 1 1 0 0 0 0 1 0 1 0 0 0 0 0 0

Sanguinis group 12 0 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

S.sanguinis 8 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

S.gordonii 4 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Salivarius group 2 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0

S.salivarius 2 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0

Bovis group 8 0 3 0 0 0 0 1 0 0 0 0 0 0 3 0 0 0 0 0 0 1

S.lutetiensis 2 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0

S.gallolyticus 6 0 3 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1

Overall 181 8 29 6 1 1 4 6 2 1 9 1 3 2 4 2 3 1 81 3 11 3

• Sputum: 81
• Blood: 29
• Tracheal aspirates: 

11
• Midstream urine: 

9
• Other sterile/non-

sterile sites: 51
• Total: 181



• Initial Identification

– Conventional methods (positive Gram stain, coccus morphology in chains, 
alpha-hemolysis and a negative catalase test)

– Vitek 2 compact system

– Optochin and bile solubility tests: differentiate pneumococci from non-
pneumococci

METHODS
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• Gene Sequencing-based Identification
– 16S rRNA gene: universal primers 27F and 1492R[1]

– GyrB gene: gyrB7F and gyrB5R[2]

– Send to Ruibiotech (Beijing, China) for sequencing

• Cut-off Value

– BLASTn: www.ncbi.nlm.nih.gov/blast

– 16S rRNA gene: 99% sequence similarity

– GyrB gene

• Nucleotide: 96% sequence similarity[3]

• Amino acid: signature amino acid 

METHODS
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• Phylogenetic Analyses
– 16S rRNA gene: nucleotides 86 to 1336 

– GyrB gene: nucleotides 1113 to 1512 (corresponding to amino acids 371 to 503)

• MALDI-TOF Analysis

– Bruker Biotyper:  confidence score ≥1.7

– Vitek MS : confidence value of 99.9% 

• In Vitro Diagnosis (IVD) 

• Research Use Only (RUO) modes

– Sample preparation: direct transfer method 

METHODS
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• Gene Sequencing-based Identification

RESULTS
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Figure 1. Phylogenetic analyses using 16S rRNA and gyrB fragment sequences. 



• Gene Sequencing-based Identification

RESULTS
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Figure 1. Phylogenetic analyses using 16S rRNA and gyrB fragment sequences. 



• MALDI-TOF Analysis

RESULTS
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Table 1. Performance of the Bruker Biotyper system for the identification of 181 VGS.

Reference Identification No. (%) of isolates

No. (%) of isolates with Bruker Biotyper MS results of:

Correct identification                                             
to species level

(single result)

Correct identification
to groups level

(multiple results)

Misidentification
(single/multiple

results)
No identification

Mitis group 107 86 (80.4%) 0 (0) 21 (19.6%) 0 (0)

S. mitis 11 0 (0) 0 (0) 11 (100%) 0 (0)

S. oralis 2 0 (0) 0 (0) 2 (100%) 0 (0)

S. pseudopneumoniae 9 1 (11.1%) 0 (0) 8 (88.9%) 0 (0)

S. pneumoniae 85 85 (100%) 0 (0) 0 (0) 0 (0)

Anginosus group 52 52 (100%) 0 (0) 0 (0) 0 (0)

S. anginosus 29 29 (100%) 0 (0) 0 (0) 0 (0)

S. constellatus 19 19 (100%) 0 (0) 0 (0) 0 (0)

S. intermedius 4 4 (100%) 0 (0) 0 (0) 0 (0)

Sanguinis group 12 12 (100%) 0 (0) 0 (0) 0 (0)

S. sanguinis 8 8 (100%) 0 (0) 0 (0) 0 (0)

S. gordonii 4 4 (100%) 0 (0) 0 (0) 0 (0)

Salivarius group 2 2 (100%) 0 (0) 0 (0) 0 (0)

S. salivarius 2 2 (100%) 0 (0) 0 (0) 0 (0)

Bovis group 8 8 (100%) 0 (0) 0 (0) 0 (0)

S. lutetiensis 2 2 (100%) 0 (0) 0 (0) 0 (0)

S. gallolyticus 6 6 (100%) 0 (0) 0 (0) 0 (0)

Overall 181 160 (88.4%) 0 (0)) 21 (11.6%) 0 (0)



• MALDI-TOF Analysis

RESULTS

13

Table 1. Performance of the Bruker Biotyper system for the identification of 181 VGS.

Reference Identification No. (%) of isolates

No. (%) of isolates with Bruker Biotyper MS results of:

Correct identification                                               
to species level

(single result)

Correct identification
to groups level

(multiple results)

Misidentification
(single/multiple

results)
No identification

Mitis group 107 86 (80.4%) 0 (0) 21 (19.6%) 0 (0)

S. mitis 11 0 (0) 0 (0) 11 (100%) 0 (0)

S. oralis 2 0 (0) 0 (0) 2 (100%) 0 (0)

S. pseudopneumoniae 9 1 (11.1%) 0 (0) 8 (88.9%) 0 (0)

S. pneumoniae 85 85 (100%) 0 (0) 0 (0) 0 (0)

Anginosus group 52 52 (100%) 0 (0) 0 (0) 0 (0)

S. anginosus 29 29 (100%) 0 (0) 0 (0) 0 (0)

S. constellatus 19 19 (100%) 0 (0) 0 (0) 0 (0)

S. intermedius 4 4 (100%) 0 (0) 0 (0) 0 (0)

Sanguinis group 12 12 (100%) 0 (0) 0 (0) 0 (0)

S. sanguinis 8 8 (100%) 0 (0) 0 (0) 0 (0)

S. gordonii 4 4 (100%) 0 (0) 0 (0) 0 (0)

Salivarius group 2 2 (100%) 0 (0) 0 (0) 0 (0)

S. salivarius 2 2 (100%) 0 (0) 0 (0) 0 (0)

Bovis group 8 8 (100%) 0 (0) 0 (0) 0 (0)

S. lutetiensis 2 2 (100%) 0 (0) 0 (0) 0 (0)

S. gallolyticus 6 6 (100%) 0 (0) 0 (0) 0 (0)

Overall 181 160 (88.4%) 0 (0)) 21 (11.6%) 0 (0)



• MALDI-TOF Analysis

RESULTS
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Table 2. Performance of the Vitek MS IVD system for the identification of 181 VGS.

Reference Identification No.  (%) of isolates

No. (%) of isolates with Vitek MS IVD results of:

Correct identification                                        
to species level
(single result)

Correct identification
to Groups level

(multiple results)

Misidentification
(single/multiple

results)
No identification

Mitis group 107 106 (99.1%) 1 (0.9%) 0 (0) 0 (0)

S. mitis/S. oralis 13 13 (100%) 0 (0) 0 (0) 0 (0)

S. pseudopneumoniae 9 8 (88.9%) 1 (11.1%) 0 (0) 0 (0)

S. pneumoniae 85 85 (100%) 0 (0) 0 (0) 0 (0)

Anginosus group 52 52 (100%) 0 (0) 0 (0) 0 (0)

S. anginosus 29 29 (100%) 0 (0) 0 (0) 0 (0)

S. constellatus 19 19 (100%) 0 (0) 0 (0) 0 (0)

S. intermedius 4 4 (100%) 0 (0) 0 (0) 0 (0)

Sanguinis group 12 12 (100%) 0 (0) 0 (0) 0 (0)

S. sanguinis 8 8 (100%) 0 (0) 0 (0) 0 (0)

S. gordonii 4 4 (100%) 0 (0) 0 (0) 0 (0)

Salivarius group 2 2 (100%) 0 (0) 0 (0) 0 (0)

S. salivarius 2 2 (100%) 0 (0) 0 (0) 0 (0)

Bovis group 8 7 (87.5%) 0 (0) 0 (0) 1 (16.7%)

S. lutetiensis 2 2 (100%) 0 (0) 0 (0) 0 (0)

S. gallolyticus 6 5 (83.3%) 0 (0) 0 (0) 1 (16.7%)

Overall 181 179 (98.9%) 1 (0.55%) 0 (0) 1 (0.55%)



• MALDI-TOF Analysis

RESULTS
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Table 3. Performance of the Vitek MS RUO system for the identification of 181 VGS.

Reference Identification No.  (%) of isolates

No. (%) of isolates with Vitek MS RUO results of:

Correct identification                           
to species level

(single result)

Correct identification
to group level

(multiple results)

Correct identification
to genus level

(single/multiple results)

Misidentification
(single/multiple

results)
No identification

Mitis group 107 17 (15.9%) 74 (69.2%) 9 (8.4%) 3 (2.8%) 4 (3.7%)

S. mitis 11 0 (0) 8 (72.7%) 1 (9.1%) 2 (18.2%) 0 (0)

S. oralis 2 0 (0) 1 (50%) 0 (0) 0 (0) 1 (50%)

S. pseudopneumoniae 9 0 (0) 6 (66.7%) 2 (22.2%) 1 (11.1%) 0 (0)

S. pneumoniae 85 17 (20%) 59 (69.4%) 6 (7.1%) 0 (0) 3 (3.5%)

Anginosus group 52 38 (73.1%) 0 (0) 0 (0) 13 (25%) 1 (1.9%)

S. anginosus 29 29 (100%) 0 (0) 0 (0) 0 (0) 0 (0)

S. constellatus 19 5 (26.3%) 0 (0) 0 (0) 13 (68.4%) 1 (5.3%)

S. intermedius 4 4 (100%) 0 (0) 0 (0) 0 (0) 0 (0)

Sanguinis group 12 11 (91.7%) 0 (0) 0 (0) 0 (0) 1 (8.3%)

S. sanguinis 8 7 (87.5%) 0 (0) 0 (0) 0 (0) 1 (12.5%)

S. gordonii 4 4 (100%) 0 (0) 0 (0) 0 (0) 0 (0)

Salivarius group 2 2 (100%) 0 (0) 0 (0) 0 (0) 0 (0)

S. salivarius 2 2 (100%) 0 (0) 0 (0) 0 (0) 0 (0)

Bovis group 8 2 (25%) 2 (25%) 4 (50%) 0 (0) 0 (0)

S. lutetiensis 2 0 (0) 2 (100%) 0 (0) 0 (0) 0 (0)

S. gallolyticus 6 2 (33.3%) 0 (0) 4 (66.7%) 0 (0) 0 (0)

Overall 181 70 (38.7%) 76 (42.0%) 13 (7.2%) 16 (8.8%) 6 (3.3%)



• Three MALDI-TOF Systems Comparisons

RESULTS
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Table 4. Identification performance comparison of three MALDI-TOF MS systems for each group of VGS.

Species

No.  

(%)  

of 

isola

tes

Bruker Biotyper MS system Vitek MS IVD system Vitek MS RUO system

Se (%) Sp (%) PPV (%) NPV (%) Se (%) Sp (%) PPV (%) NPV (%) Se (%) Sp (%) PPV (%) NPV (%)

Mitis group 107
80.4         

(71.6-87.4)

71.6            

(60.0-81.5)

80.4        

(71.6-87.4)

71.6         

(60.0-81.5)

98.1          

(93.4-99.8)

98.7       

(92.7-100)

99.1         

(94.9-100)

97.3         

(90.7-99.7)

15.0          

(8.8-23.1)

33.8          

(23.2-45.7)

24.6         

(14.8-36.9)

21.6         

(14.6-30.2)

Anginosus group 52
100         

(93.2-100)

100         

(97.2-100)

100           

(93.2-100)

100          

(97.2-100)

100        

(93.2-100)

100         

(97.2-100)

100        

(93.2-100)

100         

(97.2-100)

93.1        

(59.0-84.4)

89.9        

(83.4-94.5)

74.5         

(60.4-85.7)

89.2        

(82.6-94.0)

Sanguinis group 12
100        

(73.5-100)

100         

(97.8-100)

100         

(73.5-100)

100         

(97.8-100)

100      

(73.5-100)

100        

(97.8-100)

100      

(73.5-100)

100        

(97.8-100)

91.7        

(61.5-99.8)

100         

(97.8-100)

100          

(71.5-100)

99.4        

(96.8-100)

Salivarius group 2
100        

(15.8-100)

100         

(98.0-100)

100         

(15.8-100)

100         

(98.0-100)

100        

(15.8-100)

100          

(98.0-100)

100        

(15.8-100)

100          

(98.0-100)

100      

(15.8-100)

100         

(98.0-100)

100      

(15.8-100)

100      

(98.0-100)

Bovis group 8
100           

(63.1-100)

100         

(97.9-100)

100          

(63.1-100)

100           

(97.9-100)

87.5         

(47.4-99.7)

100           

(97.9-100)

100        

(59.0-100)

99.4         

(96.8-100)

25.0          

(3.2-65.1)

100        

(97.9-100)

100           

(15.8-100)

96.7         

(92.9-98.8)



• Three MALDI-TOF Systems Comparisons
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Table 4. Identification performance comparison of three MALDI-TOF MS systems for each group of VGS.

Species

No.  

(%)  

of 

isola

tes

Bruker Biotyper MS system Vitek MS IVD system Vitek MS RUO system

Se (%) Sp (%) PPV (%) NPV (%) Se (%) Sp (%) PPV (%) NPV (%) Se (%) Sp (%) PPV (%) NPV (%)

Mitis group 107
80.4         

(71.6-87.4)

71.6            

(60.0-81.5)

80.4        

(71.6-87.4)

71.6         

(60.0-81.5)

98.1          

(93.4-99.8)

98.7       

(92.7-100)

99.1         

(94.9-100)

97.3         

(90.7-99.7)

15.0          

(8.8-23.1)

33.8          

(23.2-45.7)

24.6         

(14.8-36.9)

21.6         

(14.6-30.2)

Anginosus group 52
100         

(93.2-100)

100         

(97.2-100)

100           

(93.2-100)

100          

(97.2-100)

100        

(93.2-100)

100         

(97.2-100)

100        

(93.2-100)

100         

(97.2-100)

93.1        

(59.0-84.4)

89.9        

(83.4-94.5)

74.5         

(60.4-85.7)

89.2        

(82.6-94.0)

Sanguinis group 12
100        

(73.5-100)

100         

(97.8-100)

100         

(73.5-100)

100         

(97.8-100)

100      

(73.5-100)

100        

(97.8-100)

100      

(73.5-100)

100        

(97.8-100)

91.7        

(61.5-99.8)

100         

(97.8-100)

100          

(71.5-100)

99.4        

(96.8-100)

Salivarius group 2
100        

(15.8-100)

100         

(98.0-100)

100         

(15.8-100)

100         

(98.0-100)

100        

(15.8-100)

100          

(98.0-100)

100        

(15.8-100)

100          

(98.0-100)

100      

(15.8-100)

100         

(98.0-100)

100      

(15.8-100)

100      

(98.0-100)

Bovis group 8
100           

(63.1-100)

100         

(97.9-100)

100          

(63.1-100)

100           

(97.9-100)

87.5         

(47.4-99.7)

100           

(97.9-100)

100        

(59.0-100)

99.4         

(96.8-100)

25.0          

(3.2-65.1)

100        

(97.9-100)

100           

(15.8-100)

96.7         

(92.9-98.8)
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Table 4. Identification performance comparison of three MALDI-TOF MS systems for each group of VGS.

Species

No.  

(%)  

of 

isola

tes

Bruker Biotyper MS system Vitek MS IVD system Vitek MS RUO system

Se (%) Sp (%) PPV (%) NPV (%) Se (%) Sp (%) PPV (%) NPV (%) Se (%) Sp (%) PPV (%) NPV (%)

Mitis group 107
80.4         

(71.6-87.4)

71.6            

(60.0-81.5)

80.4        

(71.6-87.4)

71.6         

(60.0-81.5)

98.1          

(93.4-99.8)

98.7       

(92.7-100)

99.1         

(94.9-100)

97.3         

(90.7-99.7)

15.0          

(8.8-23.1)

33.8          

(23.2-45.7)

24.6         

(14.8-36.9)

21.6         

(14.6-30.2)

Anginosus group 52
100         

(93.2-100)

100         

(97.2-100)

100           

(93.2-100)

100          

(97.2-100)

100        

(93.2-100)

100         

(97.2-100)

100        

(93.2-100)

100         

(97.2-100)

93.1        

(59.0-84.4)

89.9        

(83.4-94.5)

74.5         

(60.4-85.7)

89.2        

(82.6-94.0)

Sanguinis group 12
100        

(73.5-100)

100         

(97.8-100)

100         

(73.5-100)

100         

(97.8-100)

100      

(73.5-100)

100        

(97.8-100)

100      

(73.5-100)

100        

(97.8-100)

91.7        

(61.5-99.8)

100         

(97.8-100)

100          

(71.5-100)

99.4        

(96.8-100)

Salivarius group 2
100        

(15.8-100)

100         

(98.0-100)

100         

(15.8-100)

100         

(98.0-100)

100        

(15.8-100)

100          

(98.0-100)

100        

(15.8-100)

100          

(98.0-100)

100      

(15.8-100)

100         

(98.0-100)

100      

(15.8-100)

100      

(98.0-100)

Bovis group 8
100           

(63.1-100)

100         

(97.9-100)

100          

(63.1-100)

100           

(97.9-100)

87.5         

(47.4-99.7)

100           

(97.9-100)

100        

(59.0-100)

99.4         

(96.8-100)

25.0          

(3.2-65.1)

100        

(97.9-100)

100           

(15.8-100)

96.7         

(92.9-98.8)
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Table 4. Identification performance comparison of three MALDI-TOF MS systems for each group of VGS.

Species

No.  

(%)  

of 

isola

tes

Bruker Biotyper MS system Vitek MS IVD system Vitek MS RUO system

Se (%) Sp (%) PPV (%) NPV (%) Se (%) Sp (%) PPV (%) NPV (%) Se (%) Sp (%) PPV (%) NPV (%)

Mitis group 107
80.4         

(71.6-87.4)

71.6            

(60.0-81.5)

80.4        

(71.6-87.4)

71.6         

(60.0-81.5)

98.1          

(93.4-99.8)

98.7       

(92.7-100)

99.1         

(94.9-100)

97.3         

(90.7-99.7)

15.0          

(8.8-23.1)

33.8          

(23.2-45.7)

24.6         

(14.8-36.9)

21.6         

(14.6-30.2)

Anginosus group 52
100         

(93.2-100)

100         

(97.2-100)

100           

(93.2-100)

100          

(97.2-100)

100        

(93.2-100)

100         

(97.2-100)

100        

(93.2-100)

100         

(97.2-100)

93.1        

(59.0-84.4)

89.9        

(83.4-94.5)

74.5         

(60.4-85.7)

89.2        

(82.6-94.0)

Sanguinis group 12
100        

(73.5-100)

100         

(97.8-100)

100         

(73.5-100)

100         

(97.8-100)

100      

(73.5-100)

100        

(97.8-100)

100      

(73.5-100)

100        

(97.8-100)

91.7        

(61.5-99.8)

100         

(97.8-100)

100          

(71.5-100)

99.4        

(96.8-100)

Salivarius group 2
100        

(15.8-100)

100         

(98.0-100)

100         

(15.8-100)

100         

(98.0-100)

100        

(15.8-100)

100          

(98.0-100)

100        

(15.8-100)

100          

(98.0-100)

100      

(15.8-100)

100         

(98.0-100)

100      

(15.8-100)

100      
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• Previous Studies

– Only 3 studies have compared the performance of Bruker Biotyper
versus Vitek MS for VGS identification

– Limited number of blood culture isolates

– Unreliable gold standard
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• Present Study

– A larger number of VGS species 

– A wider sample type base

– Vitek MS IVD system versus Bruker Biotyper: 98.9% versus 88.4%

• Vitek MS IVD system: Bin-weighting algorithms

• Bruker Biotyper: A single reference strain to generate multiple spectra

– Misidentifications: 21 non-pneumococcal isolates           S. Pneumoniae

• In agreement with previous studies[1-2]

– Firstly evaluated the performance of Vitek MS RUO system

• Unsatisfying results

• Covering rare VGS species not included in the Vitek MS IVD system

DISCUSSION
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Figure 2. An identification testing algorithm for VGS based on the Bruker Biotyper MS system/Vitek MS 
system and selective molecular identification.



• Study Limitations

– Possible selection bias 

• Isolates collected from a single center

– Imbalance in group/species distribution 

• Poorly representation of  some groups and species

• Bovis and Salivarius groups

– Not performing protein extraction step

DISCUSSION
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• Both the Bruker Biotyper and the Vitek MS IVD systems can provide 
a good alternative to phenotypic methods for VGS identification

• Further improvements in the data bases are needed to increase the 
identification accuracy

• Gene-based sequencing remains the best way to correctly identify 
VGS species

• The proposed integrated algorithm is a practical approach in VGS 
identification at this stage.

SUMMARY
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