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Abstract 

Introduction: Bacterial species identification is vital for taking decision of antimicrobial therapy. Bacteria can be quickly identified through a system database, 

which is particularly significant for critically ill patients. This becomes particularly important in cases where antimicrobial susceptibility varies significantly 

between Enterococcus faecium and Enterococcus faecalis. According to the literature, Enterococcus faecium is intrinsically resistant to ampicillin and 

frequently exhibits a high rate of vancomycin resistance, which is quite rare in Enterococcus faecalis.  

Aims & Objective: This study aims to compare the performance of two commercial systems, VITEK2 and MALDI-TOF (Matrix-assisted laser desorption-

ionization time-of-flight mass spectrometry), in identifying Enterococcus species when compared against Whole Genome Sequencing, which is considered 

the gold standard. 

Study Type: A cross-sectional comparative Diagnostic accuracy study. 

Materials and Methods: Blood cultures were processed using the BacT/Alert system. Aerobic-positive cultures showing only one bacterial type were 

subjected to direct identification. 44 Enterococcus spp. isolated and identified by a biochemical-based system, VITEK2 and a proteomics-based system, 

MALDI-TOF. All the isolates were subjected to Whole Genome Sequencing for species identification, using the Illumina NovaSeq instrument. 

Results: Among 44 Enterococcus spp. identified by VITEK2, 31 were identified as Enterococcus faecium and 13 were identified as Enterococcus faecalis. 

All Enterococcus were showing concordance report when it comes to identification at the Genus level, by both systems including VITEK2 and MALDI-TOF. 

And at the species level 84% of Enterococcus faecium were showing concordance with MALDI-TOF. And 92.3% Enterococcus faecalis were showing 

concordance with MALDI-TOF. 

Conclusion: Quick and precise identification methods in the laboratory are required to enable the identification of bacterial species. In the current study, we 

associated the relative precision of VITEK2 and MALDI-TOF, using Enterococci isolates from clinical specimens, and compared the results, considering 

WGS as a gold standard method. Our results evidently exhibited that VITEK2 is a dependable tool for identifying Enterococcus spp. with superior inequivalent 

power with acceptable discrepancies. 
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1. Introduction 

Enterococcus spp. are major culprits behind bloodstream 

infections in debilitated patients in the ICUs, especially 

among those with weakened immune systems, including 

organ transplant recipients, individuals undergoing 

chemotherapy or dialysis, the elderly, and those suffering 

from neutropenia. 

Over the years, Enterococci have evolved from gut 

commensal flora to the most difficult to treat pathogen. 

Treatment of BSI due to Enterococci is a challenge to 
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clinicians. Enterococcus faecium and Enterococcus faecalis 

are the furthermost frequent pathogens isolated from 

critically ill patients in ICUs. 

Treatment of Enterococci is difficult due to the intrinsic 

resistance mechanism & tolerance to antibiotics. The clinical 

studies regarding the treatment of Enterococci are scarce and 

indicate that the treatment of Enterococcal infections is 

species-specific.1,2 

VITEK2 is a popular tool in clinical microbiology 

laboratories, helping to identify bacteria by examining their 

phenotypic traits like culture characteristics, morphology of 

colonies, gram staining results, and several biochemical 

characteristics.3 

While this method tends to be pretty accurate, it often 

takes about one to two days to get results. Traditional 

techniques can still slow down the diagnosis process, since 

they usually need several subcultures to pinpoint the species 

accurately. Additional understanding of phenotypic features 

is often subjective, necessitating substantial training & 

experience for precise identification. MALDI-TOF MS 

accomplished identification of bacteria rapidly, 

inexpensively, and with additional specificity.4-8 

Sequencing methods may be executed for this, but they 

frequently result in extended turnaround times and add 

substantial expense. THE MALDI-TOF MS platform uses an 

investigative method, in which particles are ionized, divided 

as per their mass-to-charge ratio, & this measurement is 

defined by the period it takes for the particles to travel to a 

sensor that detects it at the terminal part of a time-of-flight 

tube. That subsequent spectrum, per mass-to-charge values 

plotted on axis X & intensity on axis Y, is compared to a 

database of spectra from already identified bacteria.9-11 

Excluding species that are not included in the database 

& innately identical to each other.9 

Owing to the minute amount of biomass desired, 

identification tests can generally be executed from the main 

culture plate, as long as a well-isolated colony is available. 

Sample preparation is quite simple, and analysis of more than 

40 samples is possible in about an hour.12 

Additionally, prior information about an organism being 

tested is not essential, so less experienced microbiologists can 

also perform the testing. This contributes to a lessening of 

time in the identification of bacteria.13 

Every commercially accessible platform has an 

exclusive customary bacterial profile in its databases. The 

VITEK2 is FDA approved for the detection & identification 

of 332 bacteria.14 

The MALDI-TOF is FDA approved for the detection & 

identification of 294 bacteria.15,16 

In count of having diverse databases, VITEK2 & 

MALDI-TOF platforms correspondingly vary in the 

techniques & they match the spectrum of unknown bacteria 

to known bacteria.17,18 

In this study, we compared the identification result of 

Enterococcus spp. by the VITEK2 with the biomarker-based 

system MALDI-TOF, with reference to the Whole genome 

sequencing method, considering it as a gold standard. 

2. Materials and Methods 

This cross-sectional comparative Diagnostic accuracy study 

was conducted at the Department of Microbiology, PIMSR, 

Gujarat from April 2023 to December 2024. All the blood 

culture bottles collected from patients suspected of 

bacteraemia are loaded into BacT/Alert (bioMe´rieux). This 

system continuously monitors bacterial growth and incubates 

blood culture bottles.  

2.1. Inclusion and exclusion criteria 

Aerobic positive blood culture bottles with microscopy 

showing a single type bacterium were included for 

identification by VITEK 2. Only first isolate per blood 

sample is included. Samples other than blood culture or blood 

culture exhibiting bacteria other than Enterococci were 

excluded. Repeated blood samples from one patient were 

excluded. 

 
Figure 1: Flow diagram of sample collection 

2.2. Methodology 

The identification of blood isolates Enterococcus spp. was 

executed by the VITEK2 system (Biomérieux, Marcy l' 

Etoile, France) & MALDI-TOF MS (Bruker Daltonics, 
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Bremen, Germany). The processing of the blood specimens 

was done following standard operating procedures. The 

sample size was calculated to be 44 by prevalence of 3%, 

margin of error 5% and confidence interval 95%, by using 

statistical software open-EPI. 

2.3. Identification protocol 

2.3.1. VITEK2 analysis 

Enterococcus spp. was identified using the Gram-positive ID 

card and the AST card for antibiotic susceptibility testing on 

VITEK 2. The anticipated identification is possibly more than 

90%. All the isolates were plated on Nutrient agar before the 

identification by MALDI TOF MS, and the same remained 

useful for DNA extraction for WGS. 

2.3.2. MALDI-TOF MS analysis 

Freshly isolated Enterococci were tapped on target plates of 

MALDI-TOF & then covered with 1 µl matrix solution of α-

cyano-4-hydroxycinnamic acid (10 mg/mL).19 

This target plate was evaluated by the Bruker Autoflex 

Max system. Bacterial ID was performed using the Bruker 

MALDI Biotyper software of version number 4.1.100. 

2.3.3. Whole genome sequencing analysis 

DNA extraction: the manual method was performed using the 

cetyltrimethylammonium bromide (CTAB).20 

Extracted quality of DNA was tested by gel 

electrophoresis method, and after validation, that DNA was 

utilized to make libraries as per the Illumina Nextera XT kit 

protocol.  

The prepared libraries are then sequenced on the 

Illumina NovaSeq machine.  

2.4. Data analysis 

The resulting data from the machine was incorporated into 

different Bioinformatics software. Enterococcal 

identification was done using PubMLST software.21 

In this study, WGS was utilized as a reference (gold 

standard) method for comparing bacterial ID data analysed 

via VITEK2 and MALDI-TOF MS.  

3. Results 

This cross-sectional comparative Diagnostic accuracy study 

included 44 Enterococcus spp. isolated from the blood of 

patients admitted to ICUs during April 2023 to December 

2024.  

Table 1 represents a comparison analysis of 

Enterococcal species identification using VITEK2 and 

MALDI-TOF.  

From which 44 Enterococcus were further identified by 

WGS. 

The results indicate that VITEK 2 & MALDI-TOF, both 

systems, accurately identified all 44 isolates at the genus 

level.  

 Table 2 and 3 represent a comparison analysis of 

Enterococcal species identification using VITEK2 against 

WGS and MALDI-TOF against WGS, respectively. 

Table 1: Concordance rate in Species identification of 

Enterococcus between VITEK2 against MALDI-TOF. 

ID by VITEK2 

(44) 

ID by MALDI-

TOF (44) 

Concordance 

rate N/N (%) 

Enterococcus 

faecium (31) 

Enterococcus 

faecium (26) 

26/31 (84%) 

Enterococcus 

faecalis (13) 

Enterococcus 

faecalis (12) 

12/13 (92.3%) 

Note: N= number 

 

Table 2: Concordance rate in Species identification of 

Enterococcus between VITEK2 against WGS. 

ID by VITEK2 

(44) 

ID by WGS (44) Concordance 

rate N/N (%) 

Enterococcus 

faecium (31) 

Enterococcus 

faecium (30) 

30/31 (96.7%) 

Enterococcus 

faecalis (13) 

Enterococcus 

faecalis (12) 

12/13 (92.3%) 

Note: N= number 

 

Table 3: Concordance rate in Species identification of 

Enterococcus between MALDI-TOF against WGS. 

ID by MALDI-

TOF (44) 

ID by WGS 

(44) 

Concordance 

rate N/N (%) 

Enterococcus 

faecium (31) 

Enterococcus 

faecium (31) 

31/31 (100%) 

Enterococcus 

faecalis (13) 

Enterococcus 

faecalis (08) 

08/13 (61.5%) 

Note: N= number 

4. Discussion 

Enterococcal Bloodstream Infection is a significant cause of 

mortality and morbidity in hospitalized patients.  

Correct identification up to species level of infective 

agent is of vital importance as the CLSI guidelines and 

breakpoint of antimicrobial agents is based on species of 

bacteria. Patients’ outcomes can be improved by fast 

identification of causative bacteria, as instigation of 

antimicrobial therapy on time is vital for patients’ prognosis, 

and it is related to higher survival rates and decreased 

healthcare costs.22,23 

VITEK2 is the most widely used automated system for 

conducting ID and AST, in microbiology and diagnostic 

laboratories. MALDI-TOF is available only at certain 

laboratories in our country. So, that was the reason, we 

wanted to see, is VITEK2 system sufficient enough for 
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Identification system and AST for diagnosis up to species 

level, so we conducted this study. 

In this study, we aimed to compare the ID results of 

biomarker-based MALDI-TOF and VITEK2 in the 

identification of Enterococcus spp. 

Then we find out that, VITEK2 matches result more with 

WGS, indicating that it is robust identification system up to 

species level then MALDI-TOF. 

MALDI-TOF is more efficient and faster method for 

direct identification of isolates from the specimen. It also 

useful for many non-culturable bacteria, Mycobacterium 

tuberculosis, Nontuberculous mycobacteria (NTM), and 

fungi. 

Efficient turnaround time in the identification of this 

bacterium delivers a timely response to the clinician, intended 

for focused treatment.24,25  

A decrease in TAT for Enterococci identification 

benefits clinicians to treat patients quicker, and this leads to 

a decrease in the overall mortality ratio, the span of patient 

stays in the hospital, & the healthcare expenses related to 

patient care.26 

Automation in commercial platforms, identifying 

bacteria with clinical significance, is at present useful in 

microbiology laboratories.27  

VITEK2 is an automated platform regularly utilized in 

clinical microbiology laboratories, with the competence of 

carrying out antimicrobial susceptibility tests.28 

The VITEK2 is a biochemical reaction-based 

identification system.  ID-GPC cards were 64-well card 

intended to recognize gram-positive cocci. It operates by 43 

tests, fluorescent & inhibitory tests, including 17 enzymatic 

tests. The identification method depends on inspecting the 

united reactions produced across every well & further 

quantified by colorimetric recognition procedures.29 

The rapidity of MALDI-TOF MS in identifying bacteria 

supports quickly guiding treatment decisions, which is 

particularly grave when the infecting bacteria are 

unanticipated. For example, one case pronounced by von 

Rotz et al. in which a father and son duo were admitted to an 

ICU with sepsis and gastroenteritis-like symptoms, later a 

camping trip & unexpected bacteria were identified quickly 

by MALDI-TOF & based on that, treatment was started and 

their life was saved.30 

Though there are exceptions, like failure to discriminate 

among related species, which can be because of inherent 

resemblance.31 

In inherently alike bacteria, it is customary to report to 

the genus level. In cases where differentiation to the species 

level is clinically compulsory, supplementary tests must be 

executed. In the future, proteomic-based methods like 

MALDI-TOF may improve the discriminatory power & 

make it feasible to recognize bacteria at the strain or serotype 

level.32  

Modifications in the bacterial genomes, including 

genetic mutation deletion, and the gaining of novel genes via 

horizontal transfer,33 can alter the bacterial proteome. This 

may affect the accuracy of MALDI-TOF MS identification, 

potentially leading to late or incorrect identification of 

bacterial species. 

One more reason of similar species may be incorrectly 

identified is a dearth of an adequate spectrum of bacteria in 

the database. In such a scenario, it is likely to acquire mis-

identification at the species-level or no identification at all. 

For example, one study found that a misidentification was 

common among fungi named Trichophyton species.34 

Mistakes in bacterial identification are reason of severe 

consequences & become responsible for erroneous therapy 

due to imprecise antimicrobial susceptibility reports.  

A former study done by Moon et al. in which MALDI-

TOF correctly identified 100% of the Enterococci at the 

genus level.35 Alike to these studies, our results presented that 

VITEK2 & MALDI-TOF MS correctly identified all 

Enterococcus spp. at the Genus level, whereas at the species 

level, VITEK2 identified 95.45% correctly, while MALDI-

TOF MS identified 91%, when subjected to identification by 

the gold standard method, WGS.  

Both systems identified Enterococci with a good 

discrimination between E. faecalis and E. faecium, but 

VITEK2 is more precise in correctly differentiating 

Enterococcus at the species level.36 

In one previous study, Fang et al. showed that MALDI-

TOF MS is more efficient than VITEK2 in identifying 

Enterococcus species.37 While our study results indicate that 

VITEK2 is a better platform for the identification of genus 

Enterococcus, as well as species differentiation. 

Another comparison study done by F. Febbraro et al. 

concluded that bacteria responsible for bacteremia, correctly 

identified at the 91.4% genus and species level, by MALDI-

TOF when compared with VITEK2.38 Our study showed 

agreement with results, in which VITEK2 has good 

identification rate for Enterococcus spp. 

A similar comparative study report published by Garza-

González E et al. concluded that when different methods are 

used for identification, like MALDI-TOF, VITEK2, and 

WGS, misidentification is seen among species of 

Enterococci.39  

Our study shows agreement with this result as VITEK2 

shows a concordance rate of 96.7% in the identification of 

Enterococcus faecium, while 92.3% in the identification of 
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Enterococcus faecalis, when compared against WGS. And 

MALDI-TOF shows agreement with this result as well. It 

shows a concordance rate of 100% in identification of 

Enterococcus faecium, while 61.5% in identification of 

Enterococcus faecalis, when compared against WGS. 

There is scarcity of literature on Enterococcus spp. 

identification by VITEK2, MALDI-TOF and WGS. And this 

study is from very few of the literatures that gives data on 

Enterococcus spp. identification, done by all these methods. 

With the use of different identification methods, 

Enterococcus spp. identification is inconclusive, and for 

confirmation, when the WGS method is used, which is the 

gold standard, but consumes time, and can delay therapeutics. 

WGS is considered as gold standard for identification of 

bacteria, therefore, ID results of MALDI-TOF and VITEK2 

are compared with % differences in species ID are 

considered.  

WGS data was considered conclusive for species 

identification, as sequence assembly and bioinformatic 

analysis, performed using PubMLST software, yielded a 

unique species match with a confidence score and coverage 

depth above a predefined threshold. Any isolates that 

produced ambiguous results were excluded from the final 

analysis. For the purpose of this study, all 44 isolates 

subjected to WGS analysis provided a single, definitive 

species identification, hence there was no need to handle 

discordant WGS results. 

While some cases where misidentifications do not pose 

a clinical risk, in other instances, like Enterococci, there can 

be a significant clinical impact. It is problematic given that 

they have different levels of resistance among different 

species to different antibiotics.40 

Our study also in an agreement with one such 

comparison study between VITEK2 and MALDI-TOF with 

WGS is done by Marathe and Shaikh et al.41 where VITEK2 

in correctly identifying bacteria at species level.  

Alternatively, using backup methods such as sequencing 

can be as effective as long as the issue is known. This is one 

of the scarce studies done using WGS to compare the 

identification of clinical bacterial isolates of Enterococci spp. 

from ICU patients. CLSI and EUCAST guidelines are used 

to decide the MICs and breakpoints. The estimate of intrinsic 

resistance and break-points is grounded on precise 

identification of bacteria. 

While MALDI-TOF offers the advantage of a rapid 

turnaround time, our findings demonstrate that VITEK2 is a 

more precise and reliable platform for species-level 

identification of Enterococcus faecium and Enterococcus 

faecalis when compared to the gold standard WGS method. 

These results are particularly relevant given the significant 

clinical implications of accurate species identification for 

appropriate antimicrobial treatment. Future studies with 

larger, more diverse isolate collections and formal statistical 

analyses are needed to confirm these findings. 

5. Conclusion 

Our results indicate that VITEK2 system is robust & 

sufficient for identification of Enterococcus spp. (faecalis & 

faecium), when compared with the gold standard method of 

Whole Genome Sequencing. Enterococcus faecium and 

faecalis were major Enterococcus species isolated from 

clinical specimens of BSI. 

Identification of other spp. of Enterococci needed to be 

studied. Though MALDI-TOF is proven method of species 

identification, especially from direct specimens and other 

organisms like NTM, TB and Fungi etc.  

6. Ethical Approval  

Parul University Institutional Ethics Committee for Human 

Research (PU-IECHR). Approval number: 

PUIECHR/PIMSR/00/081734/5913.  

No direct experimentation was done on Humans or 

Animals. 

7. Funding of Source 

None. 

8. Conflict of Interest 

None. 

9. Acknowledgement  

We are thankful to Dr. Nitesh Jaiswal, Associate Professor in 

TATA Manipal Medical College, Jamshedpur for their 

immense support and Mr. Anis Shaiekh, Statistician in the 

Department of Community Medicine at Zydus Medical 

College and Hospital, Dahod and the Gujarat Biotechnology 

Research Centre (GBRC) in Gandhinagar for their valuable 

help and support. 

References 

1. Azoulay E, Schellongowski P, Darmon M, Bauer PR, Benoit D, 

Depuydt P, et al. The Intensive Care Medicine research agenda on 

critically ill oncology and hematology patients. Intensive Care Med. 

2017;43(9):1366–82. https://doi.org/10.1007/s00134-017-4884-z. 

2. Mercuro NJ, Gill CM, Kenney RM, Alangaden GJ, Davis SL. 

Treatment and outcomes of Enterococcus faecium bloodstream 

infections in solid organ transplant recipients. Transpl Infect Dis. 

2020;22(2):e13251. https://doi.org/10.1111/tid.13251.  

3. Carroll KC, Weinstein MP. Manual and automated systems for 

detection and identification of microorganisms. In: Murray PR, 

Baron EJ, Jorgensen JH, et al., editors. Manual of clinical 

microbiology. 9th ed. Washington, DC: American Society for 

Microbiology Press; 2007:192–217. 

4. Neville SA, Lecordier A, Ziochos H, Chater MJ, Gosbell IB, Maley 

MW, et al. Utility of matrix-assisted laser desorption ionization-time 

of flight mass spectrometry following introduction for routine 

laboratory bacterial identification. J Clin Microbiol. 

2011;49(8):2980–4. https://doi.org/10.1128/JCM.00431-11.  



481 Sangani et al. / IP International Journal of Medical Microbiology and Tropical Diseases 2025;11(4):476-482 

5. Seng P, Drancourt M, Gouriet F, La Scola B, Fournier PE, Rolain 

JM, Raoult D. Ongoing revolution in bacteriology: routine 

identification of bacteria by matrix-assisted laser desorption 

ionization time-of-flight mass spectrometry. Clin Infect Dis. 

2009;49(4):543–51. https://doi.org/10.1086/600885.  

6. Tan KE, Ellis BC, Lee R, Stamper PD, Zhang SX, Carroll KC. 

Prospective evaluation of a matrix-assisted laser desorption 

ionization-time of flight mass spectrometry system in a hospital 

clinical microbiology laboratory for identification of bacteria and 

yeasts: a bench-by-bench study for assessing the impact on time to 

identification and cost-effectiveness. J Clin Microbiol. 

2012;50(10):3301–8. https://doi.org/10.1128/JCM.01405-12.  

7. Tran A, Alby K, Kerr A, Jones M, Gilligan PH. Cost Savings 

Realized by Implementation of Routine Microbiological 

Identification by Matrix-Assisted Laser Desorption Ionization-Time 

of Flight Mass Spectrometry. J Clin Microbiol. 2015;53(8):2473-9. 

https://doi.org/10.1128/JCM.00833-15. 

8. van Veen SQ, Claas EC, Kuijper EJ. High-throughput identification 

of bacteria and yeast by matrix-assisted laser desorption ionization-

time of flight mass spectrometry in conventional medical 

microbiology laboratories. J Clin Microbiol. 2010;48(3):900–7. 

https://doi.org/10.1128/JCM.02071-09.  

9. Clark AE, Kaleta EJ, Arora A,  Wolk DM. Matrix-assisted laser 

desorption ionization-time of flight mass spectrometry: A 

fundamental shift in the routine practice of clinical microbiology. 

Clin Microbiol Rev. 2013;26(3):547–603. 

https://doi.org/10.1128/CMR.00072-12. 

10. Patel R. MALDI-TOF MS for the diagnosis of infectious diseases. 

Clin Chem. 2015;61(1):100–11. 

https://doi.org/10.1373/clinchem.2014.221770. 

11. Croxatto A, Prod'hom G, Greub G. Applications of MALDI-TOF 

mass spectrometry in clinical diagnostic microbiology. FEMS 

Microbiol Rev. 2012;36(2):380–407. https://doi.org/10.1111/j.1574-

6976.2011.00298.x. 

12. Manji R, Bythrow M, Branda JA, Burnham CA, Ferraro MJ, Garner 

OB, et al. Multi-center evaluation of the VITEK® MS system for 

mass spectrometric identification of non-Enterobacteriaceae Gram-

negative bacilli. Eur J Clin Microbiol Infect Dis. 2014;33(3):337–

46. https://doi.org/10.1007/s10096-013-1961-2.  

13. Ge MC, Kuo AJ, Liu KL, Wen YH, Chia JH, Chang PY, et al. 

Routine identification of microorganisms by matrix-assisted laser 

desorption ionization time-of-flight mass spectrometry: Success 

rate, economic analysis, and clinical outcome. J Microbiol Immunol 

Infect. 2017;50(5):662–8.  

https://doi.org/10.1016/j.jmii.2016.06.002.  

14.  bioMérieux Inc. VITEK MS 510(k) Premarket Notification 

(K181412). 2018. 

https://www.accessdata.fda.gov/scrIpts/cdrh/cfdocs/cfPMN/pmn.cf

m?ID=K181412 

15. Bruker Daltonik GmbH. MALDI Biotyper CA (MBT-CA) System, 

MBT Smart CA System 510(k) Premarket Notification (K163536). 

2017. 

https://www.accessdata.fda.gov/cdrh_docs/pdf16/K163536.pdf 

16. Bruker Daltonik GmbH. MALDI Biotyper CA System De Novo 

Premarket Notification (DEN170081). 2017. 

https://www.accessdata.fda.gov/cdrh_docs/pdf17/DEN170081.pdf 

17. Rychert J, Burnham CA, Bythrow M, Garner OB, Ginocchio CC, 

Jennemann R, et al. Multicenter evaluation of the Vitek MS matrix-

assisted laser desorption ionization-time of flight mass spectrometry 

system for identification of Gram-positive aerobic bacteria. J Clin 

Microbiol. 2013;51(7):2225–31.  

https://doi.org/10.1128/JCM.00682-13.  

18. Sauer S, Freiwald A, Maier T, Kube M, Reinhardt R, Kostrzewa M, 

et al. Classification and identification of bacteria by mass 

spectrometry and computational analysis. PLoS One. 

2008;3(7):e2843. https://doi.org/10.1371/journal.pone.0002843.  

19. Wang W, Xi H, Huang M, Wang J, Fan M, Chen Y, et al. 

Performance of mass spectrometric identification of bacteria and 

yeasts routinely isolated in a clinical microbiology laboratory using 

MALDI-TOF MS. J Thorac Dis. 2014;6(5):524–33. 

https://doi.org/10.3978/j.issn.2072-1439.2014.02.17. 

20. Bogožalec Košir A, Lužnik D, Tomič V, Milavec M. Evaluation of 

DNA Extraction Methods for Reliable Quantification 

of Acinetobacter baumannii, Klebsiella pneumoniae, 

and Pseudomonas aeruginosa. Biosensors (Basel). 2023;13(4):463. 

https://doi.org/10.3390/bios13040463. 

21. Jolley KA, Bray JE, Maiden MCJ. Open-access bacterial population 

genomics: BIGSdb software, the PubMLST.org website and their 

applications. Wellcome Open Res. 2018;3:124.  

https://doi.org/10.12688/wellcomeopenres.14826.1. 

22. Bearman GM, Wenzel RP. Bacteremias: a leading cause of death. 

Arch Med Res. 2005;36(6):646–59.  

https://doi.org/10.1016/j.arcmed.2005.02.005. 

23. Mayr FB, Yende S, Angus DC. Epidemiology of severe sepsis. 

Virulence. 2014;5(1):4–11. https://doi.org/10.4161/viru.27372. 

24. Schubert S, Kostrzewa M. MALDI-TOF MS in the Microbiology 

Laboratory: Current Trends. Curr Issues Mol Biol. 2017;23:17-20. 

https://doi.org/10.21775/cimb.023.017.  

25. Niwa T, Yonetamari J, Hayama N, Fujibayashi A, Ito-Takeichi S, 

Suzuki K, et al. Clinical impact of matrix-assisted laser desorption 

ionization-time of flight mass spectrometry combined with 

antimicrobial stewardship interventions in patients with 

bloodstream infections in a Japanese tertiary hospital. Int J Clin 

Pract. 2019;73(5):e13332. https://doi.org/10.1111/ijcp.13332.  

26. Seng P, Drancourt M, Gouriet F, La Scola B, Fournier PE, Rolain 

JM, et al. Ongoing revolution in bacteriology: routine identification 

of bacteria by matrix-assisted laser desorption ionization time-of-

flight mass spectrometry. Clin Infect Dis. 2009;49(4):543-51. 

https://doi.org/10.1086/600885. 

27. Murray PR. Manual of clinical microbiology. 10th ed. Washington, 

DC: ASM Press; 2011. 

28. Bobenchik AM, Deak E, Hindler JA, Charlton CL, Humphries RM. 

Performance of Vitek 2 for Antimicrobial Susceptibility Testing of 

Acinetobacter baumannii, Pseudomonas aeruginosa, and 

Stenotrophomonas maltophilia with Vitek 2 (2009 FDA) and CLSI 

M100S 26th Edition Breakpoints. J Clin Microbiol. 

2017;55(2):450–6. https://doi.org/10.1128/JCM.01859-16. 

29. Nimer NA, Al-Saa’da RJ, Abuelaish O. Accuracy of the VITEK® 2 

system for a rapid and direct identification and susceptibility testing 

of Gram-negative rods and Gram-positive cocci in blood samples. 

East Mediterr Health J. 2016;22(3):193–200. 

https://doi.org/10.26719/2016.22.3.193. 

30. von Rotz M, Dierig A, Heininger U, Chrobak C, Baettig V, Egli A. 

Case report: when two and ½ men go camping BMC Infect Dis. 

2017;17(1):102. https://doi.org/10.1186/s12879-017-2213-3. 

31. Pupo GM, Lan R, Reeves PR. Multiple independent origins of 

Shigella clones of Escherichia coli and convergent evolution of 

many of their characteristics. Proc Natl Acad Sci U S A. 

2000;97(19):10567–72. https://doi.org/10.1073/pnas.180094797. 

32. Karlsson R, Gonzales-Siles L, Boulund F, Svensson-Stadler L, 

Skovbjerg S, Karlsson A, et al. Proteotyping: Proteomic 

characterization, classification and identification of 

microorganisms-A prospectus. Syst Appl Microbiol. 

2015;38(4):246–57. https://doi.org/10.1016/j.syapm.2015.03.006.  

33. Clark CM, Costa MS, Sanchez LM, Murphy BT. Coupling MALDI-

TOF mass spectrometry protein and specialized metabolite analyses 

to rapidly discriminate bacterial function. Proc Natl Acad Sci U S A. 

2018;115(19):4981–6. 

34. Rychert J, Slechta ES, Barker AP, Miranda E, Babady NE, Tang YW, 

et al. Multicenter Evaluation of the Vitek MS v3.0 System for the 

Identification of Filamentous Fungi. J Clin Microbiol. 

2018;56(2):e01353-17. https://doi.org/10.1128/JCM.01353-17.  

35. Moon HW, Lee SH, Chung HS, Lee M, Lee K. Performance of the 

Vitek MS matrix-assisted laser desorption ionization time-of-flight 

mass spectrometry system for identification of Gram-positive cocci 

routinely isolated in clinical microbiology laboratories. J Med 

Microbiol. 2013;62(Pt 9):1301–6.  

https://doi.org/10.1099/jmm.0.062950-0.  

https://pubmed.ncbi.nlm.nih.gov/?term=Wolk+DM&cauthor_id=23824373


Sangani et al. / IP International Journal of Medical Microbiology and Tropical Diseases 2025;11(4):476-482 482 

36. Kassim A, Pflüger V, Premji Z, Daubenberger C, Revathi G. 

Comparison of biomarker based Matrix Assisted Laser Desorption 

Ionization-Time of Flight Mass Spectrometry (MALDI-TOF MS) 

and conventional methods in the identification of clinically relevant 

bacteria and yeast. BMC Microbiol. 2017;17(1):128.  

https://doi.org/10.1186/s12866-017-1037-z.  

37. Fang H, Ohlsson AK, Ullberg M, Ozenci V. Evaluation of species-

specific PCR, Bruker MS, VITEK MS and the VITEK 2 system for 

the identification of clinical Enterococcus isolates. Eur J Clin 

Microbiol Infect Dis. 2012;31(11):3073–7.  

https://doi.org/10.1007/s10096-012-1667-x.  

38. Febbraro F, Rodio DM, Puggioni G, Antonelli G, Pietropaolo V, 

Trancassini M. MALDI-TOF MS versus VITEK2: comparison of 

systems for the identification of microorganisms responsible for 

bacteremia. Curr Microbiol. 2016;73(6):843–50.  

https://doi.org/10.1007/s00284-016-1121-x 

39. Garza-González E, Bocanegra-Ibarias P, Dinh A, Morfín-Otero R, 

Camacho-Ortiz A, Rojas-Larios F, et al. Species identification of 

Enterococcus spp: Whole genome sequencing compared to three 

biochemical test-based systems and two Matrix-Assisted Laser 

Desorption/Ionization Time-of-Flight Mass Spectrometry (MALDI-

TOF MS) systems. J Clin Lab Anal. 2020;34(8):e23348.  

https://doi.org/10.1002/jcla.23348.  

40. Body BA, Beard MA, Slechta ES, Hanson KE, Barker AP, Babady 

NE, et al. Evaluation of the Vitek MS v3.0 Matrix-Assisted Laser 

Desorption Ionization-Time of Flight Mass Spectrometry System 

for Identification of Mycobacterium and Nocardia Species. J Clin 

Microbiol. 2018;56(6):e00237–18.  

https://doi.org/10.1128/JCM.00237-18.  

41. Marathe AP, Shaikh AMH, Prajapati BT, Sangani S. Species 

identification of lactose non-fermenting isolates from ventilator-

associated pneumonia using VITEK 2 and matrix-assisted laser 

desorption ionization time-of-flight mass spectrometry: A 

comparative study with next-generation sequencing. J Appl Biol 

Biotech. 2025;13(5):146–50.  

https://doi.org/10.7324/jabb.2025.239671 

 

 

Cite this article: Sangani S, Marathe AP, Prajapati BT, Shaikh AMH. 

Concordance of Enterococcus species identification by two different 

identification systems VITEK2 and MALDI-TOF, compared with 

WGS (gold standard). IP Int J Med Microbiol Trop Dis. 

2025;11(4):476-482. 

 

https://doi.org/10.1007/s00284-016-1121-x
https://doi.org/10.7324/JABB.2025.239671

