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ABSTRACT 

Lactobacillus, a part of the commensal oral microflora, is frequently found in infected 

root canals but is not considered to be an endodontic pathogen. Lactobacilli have proven 

to be difficult to identify on species level with biochemical and gene sequencing 

methods. MALDI-TOF is a new identification method and to our knowledge it has not 

been used on lactobacilli from infected root canals. 

The aims of this study were to evaluate the prevalence of lactobacilli in infected root 

canals and to examine if MALDI-TOF is a suitable method for identifying lactobacilli 

species. In the retrospective study, we evaluated 449 microbial samples obtained from 

361 patients. In the prospective study, 100 consecutive microbial samples were 

collected from 93 patients with infected root canals. Twelve clinical isolates from eight 

patients were obtained and six selected reference strains were included in the study. 

MALDI-TOF, 16S rRNA gene sequencing and API 50 CHL identification methods 

were used to identify lactobacilli isolates and reference strains on species level.  

In conclusion, the prevalence of lactobacilli in infected root canals was 22% in our 

material. Molars were the most frequent tooth group infected with lactobacilli. For 

identification of the reference strains, MALDI-TOF performed slightly better than the 

other methods. The identification of clinical isolates was inconclusive. MALDI-TOF is 

an inexpensive, simple and rapid method for identification of lactobacilli and performs 

well in comparison with conventional methods. However, all of the three identification 

methods used in this study have limitations when differentiating between closely related 

lactobacilli species. 
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INTRODUCTION 

The oral cavity is a habitat for many kinds of microorganisms and more than 700 

bacterial species or phylotypes have been detected (Aas et al., 2005). It is known that 

bacteria are implicated in the development of oral diseases such as dental caries (Clarke, 

1924), marginal periodontitis (Löe, 1981) and apical periodontitis (Kakehashi et al., 

1965). Dental caries is one of the primary causes of endodontic infections, although 

cracks, fractures and trauma can also create a pathway for bacteria to invade the root 

canal system (Sundqvist and Figdor, 2003). The main purpose of the endodontic 

treatment is the complete eradication of infection caused by microorganisms within the 

root canal. The risk of treatment failure increases significantly if bacteria are still 

present during obturation (Sjögren et al., 1997). To improve the endodontic treatment, 

knowledge of the properties of invading bacteria are of great value.  

 

Bacteria in root canal infections include a limited group of species. The conditions in 

the root canal cause growth of anaerobic bacteria over time due to lack of oxygen and 

fermentable nutrients (Sundqvist, 1994). There are scarce reports about the prevalence 

of lactobacilli in infected root canals. However, earlier studies have shown that these 

bacteria are frequently found in infected root canals (Sundqvist and Carlsson, 1974; 

Chávez de Paz et al., 2004). The most common species found in infected root canals are 

Lactobacillus casei, L. salivarius, L. acidophilus, L. plantarum and L. fermentum 

(Sundqvist and Carlsson, 1974). 

 

Lactobacilli are rod-shaped, Gram-positive, none spore forming, microaerophilic, highly 

acidogenic and acid-tolerant bacteria. They are a part of the commensal oral microflora, 

but do not belong to the normal microflora of infected root canals. Lactobacilli are 

primarily associated with dental caries progression due to their ability to produce lactic 

acid which can decalcify enamel and dentine (Byun et al., 2004). The Lactobacillus 

genus consists of over 100 species (Felis and Dellaglio, 2007). Among those, 

approximately 26 are listed in the human oral microbiome database (HOMD). 

Lactobacilli amount to less than 1% of the cultivable oral microflora (Marsh and 

Martin, 2009).  

 



4 
 

Although various methods are available for identification, Lactobacillus has proven to 

be difficult to identify on species level due to genetic similarities within the genus (Pot 

et al., 1993; Naser et al., 2007). Biochemical methods, e.g. API 50 CHL, identify 

Lactobacillus based on specific species’ ability to ferment carbohydrates. It has been 

reported that API 50 CHL can lead to misidentification and inadequate results due to 

high phenotypic variability, closely related species and limited database profiles (Boyd 

et al., 2005).  

Since the late 1980’s, polymerase chain reaction (PCR) has been used for identification 

and classification of bacterial species. One of the most common genes to use is the 16S 

ribosomal RNA gene (16S rRNA), which occurs in all bacteria and contains species-

specific sequences (Woese, 1987). For identification of members of the Lactobacillus 

genus, other genes than the 16S rRNA gene can be used (Blaiotta et al., 2008).  

Recently, Matrix-assisted laser desorption/ionization time of flight mass spectrometry 

(MALDI-TOF MS) has been introduced as another technique for identification of 

bacteria. The method compares bacterial proteins, or whole cells, with an established 

database of reference with known specific bacterial profiles. MALDI-TOF is considered 

to be fast and provides deeper insight in the bacterial biology (Jackson, 2001). In a 

study, identification of different bacterial and yeast isolates were analyzed with 

MALDI-TOF and the rate of successful identification on species level was 93.2% 

(Bizzini et al., 2010). There are few studies on identification of Lactobacillus species 

using MALDI-TOF. One recent study performed on lactobacilli from deep carious 

lesions, concluded that MALDI-TOF is equivalent to or slightly better than species-

specific PCR. The rate of successful matching with the reference database was reported 

to be as high as 93% (Callaway et al., 2013).  

 

The aims of the present study are:  

1. To evaluate the prevalence of lactobacilli in samples taken from patients treated 

between 2010 and 2012 by dental students and specialists at the Specialist Clinic 

of Endodontics, School of Dentistry, Umeå, Sweden. 
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2. To investigate the outcome of identification of reference strains and clinical 

isolates of lactobacilli from patients with infected root canals using API 50 

CHL, 16S rRNA gene sequencing and MALDI-TOF.  

 

3. To investigate if MALDI-TOF is a suitable method for identification of 

Lactobacillus species isolated from infected root canals.  

 

MATERIALS AND METHODS 

 

Ethical considerations 

The Ethics Forum at the Department of Odontology, Umeå University, finds that 

appropriate ethical considerations have been integrated into this study.  

Data regarding the endodontic treatment were extracted from patient charts. Anamnestic 

information and medical history not related to the endodontic treatment have not been 

of interest and therefore not included in this study. Microbial samples are an essential 

part of the endodontic treatment at the Student Clinic. We consider that additional 

microbial sampling for this study would not further invade the privacy of the patients. 

Written instructions were given to the clinical teachers at the Student Clinic, regarding 

the need for verbal consent from patients prior to microbial sampling. 

All collected data and microbial samples are de-identified to ensure the personal 

integrity of the patients. The benefits of this study are to acquire more knowledge about 

MALDI-TOF and examine if it is a suitable method for identifying Lactobacillus 

species isolated from infected root canals. 

 

Literature search 

The PubMed database was used to search for relevant articles. The following MeSH-

terms were used; “Lactobacilli”, “Lactobacillus”, “MALDI-TOF”, “16S rRNA”, “API 

50 CHL”, “endodontic infection”, “infected root canals”, “molars”. Some articles were 

handed to us by our tutors. Additional articles were found when reviewing reference 

lists from other studies. 
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Study design  

The study consists of a retrospective and a prospective part.  

 

To evaluate the prevalence of lactobacilli in infected root canals a retrospective study 

was made. Over a period of three years (2010-2012), 478 microbial samples from 

infected root canals were extracted from 361 patients who have been referred and 

treated by specialists and students at the School of Dentistry, Umeå University, Sweden. 

Clinical data and results from bacteriological analysis of the microbial samples were 

collected from patient charts and laboratory data files. From these, 29 samples were 

excluded due to insufficient clinical data. A total of 378 teeth (109 incisors, 23 canines, 

70 premolars and 176 molars) were evaluated. The following parameters were 

documented to investigate the correlation with lactobacilli findings: age, gender, tooth 

group, crown status, clinical symptoms, history of symptoms and diagnosis. These were 

used in both the retrospective and the prospective part of the study. 

 

In the prospective part of the study, a total of 100 consecutive microbial samples (April 

2013-December 2013) from infected root canals were collected from 93 patients treated 

by students and specialists at the School of Dentistry, Umeå University, Sweden.  

 

Sampling procedure 

To ensure a strict aseptic technique, all teeth were isolated with rubber dam and the 

operation field was disinfected using 30% hydrogen peroxide and 5% iodine tincture 

prior to the microbial sampling (Möller, 1966). The dentinal walls of the root canals 

were filed and irrigated with sterile NaCl solution to obtain a fluid that was absorbed 

with paper points. The points were transferred to tubes containing Rogosa Selective 

Lactobacilli medium (RSL) (Merck, Darmstadt, Germany) adjusted to pH 5.2 by 

addition of acetic acid. After incubation at 37 ⁰C for 7 days at the Clinical Laboratory, 

Department of Odontology, Umeå University, the samples were taken from tubes with 

visible bacterial growth and cultivated on blood agar (Åberg et al., 2009) and RSL agar 

plates in an anaerobic environment. Based on colony morphology, 1-3 lactobacilli 

isolates were stored in a freezer. 
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Identification of lactobacilli isolates 

For identification of Lactobacillus isolates, API 50 CHL, 16S rRNA gene sequencing 

and MALDI-TOF identifications methods were used. Six selected reference strains from 

the CCUG (Culture Collection of University of Gothenburg) and 12 clinical isolates 

from eight patients (1-3 per patient) based on colony morphology were included in the 

study (Table 3). 

 

API 50 CHL  

This method for identification of Lactobacillus species is based on the fermentation 

pattern of 49 carbohydrates. The isolates and strains to be identified were cultivated on 

blood agar plates. Colonies were suspended in an API 50 CHL medium, which 

subsequently was added to the carbohydrate-containing tubes according to 

manufacturer’s instructions (bioMérieux, Inc., Marcy l’Etoile, France). After incubation 

at 37⁰C for 48-72 hours the fermentation patterns were monitored and the isolates were 

identified by usage of the API 50 CHL database, which contains a total of 18 

Lactobacillus species.  

 

16S rRNA gene sequencing 

For amplification of the 16S rRNA gene of the 18 strains/isolates, PureTaq Ready-To-

Go PCR kit (Sigma-Aldrich, St. Louise; MO, USA), the primers 9F (GAGTTTGA 

TYMTGGCTCAG) and 1549R (AAGGAGGTGWTCCARCC) were used (Bahrani-

Mougeot et al., 2008). The following PCR conditions were used: denaturation at 95⁰C 

for 45 sec, annealing at 60⁰C for 45 sec and elongation for 1.5 min. A total of 30 cycles 

were performed, followed by a final elongation for 10 min at 72⁰C (Bahrani-Mougeot et 

al., 2008). The PCR products were sent to Eurofins (MWG Operon, Ebersberg, 

Germany) for the sequencing procedure. The HOMD database (Human Oral 

Microbiome Database), containing 26 Lactobacillus species was used for identification 

of the sequences.  
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Matrix-assisted Laser Desorption/Ionization-Time of Flight (MALDI-TOF) 

In contrast to identification by 16S rRNA gene sequencing which is based on the 

species-specific diversity of DNA sequences, the MALDI-TOF technique relies on 

species-specific protein spectra generated when bacterial material is exposed to an UV 

laser beam (Alatoom et al., 2012). After cultivation, 18 Lactobacillus isolates/strains 

were sent to the Bacteriological Laboratory at Umeå University Hospital for MALDI-

TOF-based identification. After processing, the Lactobacillus isolates were identified 

using the Bruker Database (Bruker Daltonik GmbH, Bremen, Germany), which contains 

approximately 100 Lactobacillus species. 

 

RESULTS 

The results of the retrospective study are presented in Table 1. Out of 361 patients 

(51.5% female, 48.5% male, age range 10-88 years) with infected root canals, 53 

(14.7%) were lactobacilli-positive. A total of 449 microbial samples were extracted and 

evaluated. Bacterial growth was present in 256 (57%) samples and 193 (43%) samples 

did not show any evidence of bacterial growth. Out of the positive samples, lactobacilli 

were found in 57 samples (22.2%). A total of 378 teeth were included and bacterial 

growth was present in 223 teeth (65 incisors, 13 canines, 33 premolars, 112 molars).  

Out of 54 lactobacilli-positive teeth, six (11%) had one surface fillings, 19 (35%) had 

two surface fillings and 18 (33%) had three or more surfaces restored. Noteworthy is 

that molars were the most frequent tooth group infected with lactobacilli (67%). No 

correlations were found between diagnosis and presence of lactobacilli.  

 

In the prospective study, 100 microbial samples were consecutively collected from 93 

patients with infected root canals. Eight lactobacilli-positive samples were obtained 

from eight patients (Table 2). Based on colony morphology, six of the patients carried 

one Lactobacillus species, while one patient carried two and one patient was colonized 

by three different Lactobacillus species. In total, 12 Lactobacillus isolates were 

cultivated from eight lactobacilli-positive samples. The presence of lactobacilli in 

infected root canals was predominant in molars (62.5%). Out of eight teeth, five 

(62.5%) had three or more surfaces filled. No associations between diagnosis and 

occurrence of lactobacilli were found.  
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The identification results of the six reference strains and 12 clinical isolates by API 50 

CHL, 16S rRNA gene sequencing and MALDI-TOF are summarized in Table 3. As 

shown, the results of the identification were inconclusive. For the reference strains, the 

rate of correct identification was 33% for MALDI-TOF, 17% for 16S rRNA gene 

sequencing and 17% for API 50 CHL. MALDI-TOF correctly identified L. acidophilus. 

API 50 CHL and MALDI-TOF successfully identified L. rhamnosus. L. casei was 

correctly identified by 16S rRNA gene sequencing. The gene sequence database 

sometimes listed several alternative results. These results were within a 99-100% 

certainty interval according to the HOMD database.  

 

For the clinical isolates, all three methods never achieved the same identification results. 

One clinical isolate was identified as Streptococcus infantis by 16S rRNA gene 

sequencing. Three clinical isolates were concordantly identified as L. paracasei and one 

as L. rhamnosus by MALDI-TOF and 16S rRNA gene sequencing. The gene sequence 

database sometimes listed several alternative results. The results between API 50 CHL 

and the other two methods were discordant.  

 

DISCUSSION 

This study consists of a retrospective and a prospective part.  

 

According to our findings in the retrospective study, the prevalence of lactobacilli in 

infected root canals is 22% amongst positive samples (Table 1). This is consistent with 

a previous study on the subject that concluded a prevalence of 27% (Sundqvist and 

Carlsson, 1974). Other studies have reported findings of lactobacilli in 3%-38% of 

infected root canals (Möller, 1966; Chávez de Paz et al., 2004; Sundqvist, 1994). The 

differences in prevalence between the studies could be due to sampling techniques or 

different inclusion criteria such as prevalence amongst Gram-positive rods. 

A previous study speculated that the relatively high prevalence of lactobacilli is partially 

caused by transient contaminations because the occurrence of lactobacilli was only 3% 

in samples taken with a strict aseptic technique in accordance with Möller (1966) 

(Sundqvist and Carlsson, 1974). In the present study, the likelihood of contaminations is 
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high. Many clinicians reported possible causes of contamination in the patient charts, 

such as defect fillings, caries and fractures. 

Our study indicates that molars are the most frequent tooth group with lactobacilli-

infected root canals (Table 1). A possible explanation for the overrepresentation of 

molars might be that the posterior position of molars makes caries excavation, 

accomplishing a dry surface during restorations and using an aseptic technique more 

difficult. Furthermore, their posterior location, their fissures and pits make dental caries 

more likely to occur due to difficulty of maintaining a plaque-free surface (Demirci, 

2010). Molars are more prone to dental caries than other tooth groups (Demirci, 2010) 

and therefore there is a possibility that the risk of endodontic infections is higher in 

molars. In addition, molars have a higher prevalence of apical periodontitis as a result of 

the often complex root morphology (Nair et al., 2005). Our data also concludes that 

lactobacilli are more frequent in teeth with two surface fillings and larger restorations. 

Composite restorations in molars, class II restorations and large restorations have a 

higher risk of failure, mainly because of fractures (da Rosa Rodolpho et al., 2006). The 

findings in the prospective study, as summarized in Table 2, support the findings in the 

retrospective study. No correlation between symptoms nor diagnosis and presence of 

lactobacilli could be found.  

Our results in the prospective study show that identification of lactobacilli reference 

strains using MALDI-TOF is slightly more accurate than 16S rRNA gene sequencing 

and API 50 CHL. The gene sequence database sometimes listed several alternative 

results, indicating that the differentiation on species level is difficult. For the 12 clinical 

isolates, all three methods never obtained the same identification results. The rate of 

unanimous identification between the methods was low. However, in this study the 

limited amount of isolates could have influenced the outcome. Compared with the 

respective database for each method, the results reported a high certainty in general. 

This indicates that identification is difficult on species level. Previous studies on the 

subject have reached the same conclusions (Pot et al., 1993; Boyd et al., 2005; Naser et 

al., 2007).  
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The main reason for the overall difficulty of accurate identification of Lactobacillus 

using 16S rRNA gene sequencing is that the sequence diversity within the genus is 

limited. This indicates that it is difficult to identify species-specific sequences (Felis and 

Dellaglio, 2007). In this study, some of the clinical isolates that were not correctly 

identified belonged to the same phylogenetic group (Felis and Dellaglio, 2007). This 

was the case for the clinical isolate RSL 13, where API 50 CHL identified the strain as 

L. paracasei, 16S rRNA gene sequencing identified the strain as L. paracasei, L. casei 

and L. rhamnosus and MALDI-TOF identified the strain as L. rhamnosus. This was also 

the case for the reference strain L. casei that was identified by MALDI-TOF as L. 

paracasei. L. rhamnosus, L. casei and L. paracasei belong to the casei-group (Felis and 

Dellaglio, 2007) and might be difficult to distinguish. Thus, these identifications may be 

considered as concordant despite the ambiguous results. Isolate RSL 21A was identified 

as L. rhamnosus by API 50 CHL and as L. gasseri by MALDI-TOF. However, the 

isolate was identified as Streptococcus infantis by 16S rRNA gene sequencing. 

S.infantis is a member of the Streptococcus mitis-group and there is no relevant 

explanation for the discrepancy of identification outcome regarding isolate RSL 21A.  

According to one study performed on lactobacilli, MALDI-TOF and gene sequencing 

both provide satisfying identification results within the respective database but the 

amount of profiles might be a limitation (Callaway, 2013). A study on lactobacilli 

identified with API 50 CHL has also reported that lack of database profiles and 

similarities between species could prove to be complicating factors in the identification 

process (Boyd et al., 2005). Our data could be interpreted in such way as well. In 

concordance with other studies, our study concludes that it is difficult to accurately 

identify Lactobacillus species (Claesson et al., 2007; Dušková et al., 2012).
 

In conclusion, lactobacilli are moderately frequent in infected root canals. MALDI-TOF 

is an inexpensive, simple and rapid method for identifying lactobacilli and performs 

well in comparison with previously used methods such as 16S rRNA gene sequencing 

and API 50 CHL. However, MALDI-TOF and the other conventional methods have 

limitations when differentiating between closely related species. Further research is 

required to fully evaluate the potential of MALDI-TOF. 
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Table 1. Clinical data and prevalence of lactobacilli in infected root canals.   

Year 2010 2011 2012 Total (%) 

 

Total number of positive 

samples 

104 81 71 256 

Number of, (%) positive  

lactobacilli samples 

21 (20) 23 (28) 13 (18) 57 (22) 

Gender (%) 

Male  

Female  

Age (mean) 

Number of teeth 

  Incisors (%) 

  Canines (%) 

  Premolars (%) 

  Molars (%) 

 

10 

8 

50.8 

19 

3 

0 

5 

11 

 

12 

10 

44.7 

22 

1 

2 

1 

18 

 

6 

7 

59.5 

13 

1 

2 

3 

7 

 

28 (53) 

25 (47) 

50.3 

54 

5 (9) 

4 (7) 

9 (17) 

36 (67) 

Crown status (%) 

  1-2 surface fillingᵇ                                                                                                                                                           

  ≥3 surface filling  

  Full crown or bridge 

  abutment  

 

11 

7 

1 

 

 

13 

6 

2 

 

 

1 

5 

6 

 

 

25 (46) 

18 (33) 

9 (17) 

 

Clinical symptoms (%) 

History of symptomsᵃ (%) 

No symptoms (%) 

Diagnosis (%) 

  Chronic apical periodontitis  

  Acute apical periodontitis  

  Periapical abscess  

  Periapical abscess with fistula 

  Necrosis of pulp (without  

  apical destruction)   

  Previously root filledᶜ 

5 

2 

12 

 

9 

2 

4 

3 

1 

 

4 

3 

10 

9 

 

7 

2 

9 

2 

2 

 

7 

4 

0 

9 

 

5 

3 

2 

3 

0 

 

3 

12 (22) 

12 (22) 

30 (56) 

 

21 (39) 

7 (13) 

15 (28) 

8 (15) 

3 (5) 

 

14 (26) 

ᵃNo clinical symptoms at the time of examination 

ᵇOne surface filling (%): 6 (11), two surface filling (%): 19 (35)  

ᶜA previously root filled tooth can have any of the mentioned diagnoses 
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Table 2. Clinical data and prevalence of lactobacilli in infected root canals. 

Year 2013 

 

Total number of samples                                            

 

100 

Number of, (%) positive  

lactobacilli samples 

   8 (8) 

Gender (%) 

Male  

Female 

Age (mean) 

Number of teeth  

  Canines (%) 

  Premolars (%) 

  Molars (%) 

 

3 (37.5) 

5 (62.5) 

53.4 

 8  

  1 (12.5) 

2 (25) 

   5 (62.5) 

Crown status (%) 

  ≥3 surface filling 

  Full crown or bridge  

  abutment  

 

   5 (62.5) 

2 (25) 

 

Clinical symptoms (%) 

History of symptomsᵃ (%) 

No symptoms (%) 

Diagnosis (%) 

  Chronic apical periodontitis 

  Acute apical periodontitis 

  Periapical abscess 

    Periapical abscess with fistula       

  Previously root filledᵇ 

2 (25) 

3 (37.5) 

3 (37.5) 

 

5 (62.5) 

1 (12.5) 

1 (12.5) 

1 (12.5) 

1 (12.5) 

ᵃNo clinical symptoms at the time of examination 

ᵇA previously root filled tooth can have any of the mentioned diagnoses
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Table 3. Identification of reference strains and clinical isolates of Lactobacillus by API 50 CHL, 16S rRNA gene sequencing and MALDI-TOF. 

No Reference  

strains 

CCUG Clinical 

isolates  

API 50 CHL Profileᵃ Identities  

% 

16S rRNA (HOMD database) Identities 

%  

MALDI-TOF Scoreᶜ 

            

1   RSL 11 L. salivarius  2 95.3 L. acidophilus  100 L. paracasei 2.031 

2   RSL 13 L. paracasei 3 46.0 L. paracasei/L. casei/L. rhamnosus 100 L. rhamnosus 1.969 

3   RSL 19A L. plantarum 3 86.2 L. paracasei 100 L. paracasei 2.300 

4   RSL 19B L. brevis  3 99.9 L. buchneri   100 L. gasseri  2.374 

5   RSL 21A L. rhamnosus  1 93.1 S. infantis  100 L. gasseri  2.174 

6   RSL 21B L. brevis 5 *ᵇ L. buchneri/L. kisonensis/L. rapi 100 L. paracasei 2.193 

7   RSL 21C L. plantarum  1 99.9 L. fermentum 100 L. plantarum 2.311 

8   RSL 28 L. plantarum  2 97.4 L. rhamnosus/L.casei /L.paracasei 100 L. paracasei 2.204 

9   RSL 48 L. plantarum 2 74.4 L. rhamnosus/L.casei/L.paracasei 100 L. paracasei 2.298 

10   RSL 63 L. salivarius 1 99.9 L. salivarius  100 L. gasseri  2.102 

11   RSL 74 L. plantarum  4 64.6 L. casei/L. paracasei 100 L. gasseri  2.406 

12   RSL 97 L. plantarum  1 99.9 L. buchneri/L. kisonensis  100 L. paracasei 2.344 

13 L. acidophilus 12853  L. plantarum 4 97.5 L. buchneri/L. kisonensis/L.rapi  100 L. acidophilus 1.708 

14 L. reuteri 33624  L. plantarum 3 96.6 L. acidophilus/L.crispatus 99 L. plantarum 1.894 

15 L. rhamnosus 21452  L. rhamnosus 4 96.6 L. acidophilus/L. crispatus 99 L. rhamnosus 2.056 

16 L. salivarius ss s 47171  L. plantarum 4 89.3 L. rhamnosus/L. casei/L. paracasei 100 L. rhamnosus 1.803 

17 L. casei 31608  L. plantarum 2 99.4 L. rhamnosus/L. casei/L. paracasei 100 L. paracasei 2.296 

18 L. delbrueckii ss 34222  L. rhamnosus 5 *ᵇ L. pentosus/L. plantarum 100 L. plantarum 2.311 

ᵃ1 = Excellent identification, 2 = Very good identification, 3 = Good identification, 4 = Doubtful identification, 5 = Unacceptable profile 

ᵇ* No percentage specified by the API 50 CH database  
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ᶜ1.700-1.999 = probable genus identification, 2.000-2.299 = secure genus identification, probable species identification, 2.300-3.000 = highly probable species 

identification (MALDI Biotyper Database)  


