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ABSTRACT 

Background: Rapid and precise microbial identification is essential for timely patient management and control of 

infection. Conventional microbiological procedures are time-consuming, laborious, and require expertise. Recent 

coalition of MALDI-TOF in the microbiology workflow has yielded excellent results so far. Here we have assessed 

this quick proteomic based technique for clinical bacterial isolates identification. 

Material and Methods: All fresh bacterial isolates were selected for VITEK MS (bioMérieux, France) analysis, the 

bacteria were identified by using MALDI-TOF System (IVD 3.2) software. For same isolates, API (bioMérieux, 

France) was set as per kit instructions and conventional/biochemical tests were performed according to ASM 

Guidelines. 

Results: Among 200 isolates 99% were accurately identified by the VITEK MS system to the species level, one of two 

isolates was mis-identified (Shigella as E. coli) while the other was identified later by re-spotting. On testing these 

samples in parallel by APIs, 91.50% were correctly identified, while 8.50% (17 samples) showed discrepant results. 

These were re-analyzed by VITEK-2 (bioMérieux, France) semi-automated system which showed the same results as 

those of VITEK MS. Our findings revealed diagnostic accuracy of VITEK MS in comparison with APIs in terms of 

time, cost and patient management. 

Conclusion: For bacterial identification MALDI-TOF MS is an expeditious, authentic and comparatively inexpensive 

system. Our results emphasize that it is speedy technique which can replace the traditional identification methods for 

most of bacterial strains on their routine isolation. This ingenious approach complies with advanced patient 

management and therapeutic intervention. 

Key Words: MALDI-TOF MS, bacterial identification, VITEK-2, Analytical profile index (API), Clinical microbial 
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BACKGROUND 

Due to substantial increase in drug resistance, prompt 

bacterial identification is imperative for the initiation 

of antimicrobial treatment and infection prevention.1 

Conventional identification methods are laborious, and 

have a long turnaround time as these involve 

observational procedures like growth on appropriate 

medias, colony appearance, Gram stain results, 

microscopy, and biochemical reactions. However 

molecular methods are not commendable for extensive 

routine identification. Accurate and quick microbial 

identification provides exact knowledge about the 

infectious cause. Un-identified organisms could also be 

identified using DNA sequencing by reference 

laboratories. Currently semi-automated biochemical 

test programs like VITEK-2 (bioMérieux, France) are 

commonly used in analytical microbiology laboratories 

alongside regular culture methods for day-to-day 

microbial isolation thus decreasing mean processing 

time up to a few hours. Although, cost of the reagents 

is a limiting factor in the laboratory setting of a 

developing country, like Pakistan.2,3 

            Genomics and proteomics are among various 

methods used to study bacterial macromolecules 

(genome, protein, polysaccharides, phospholipids). A 

genomic method gives us extensive information about 

bacterial genome while proteomics helps us to 

recognize multiple bacterial proteins.4 VITEK MS 

Matrix-Assisted Laser Desorption Ionization-Time of 

Flight Mass Spectrometry uses proteomics, to study 

bacterial protein content and provides detailed 

information about the cell and helps in identifying 

microorganism including mycobacterium, viruses, 
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parasites, molds and yeast. This instrument along with 

antimicrobial susceptibility testing results could prove 

helpful in early patient management, monitoring and 

epidemiological surveillance.5 

MALDI-TOF MS instrument was officially launched 

for diagnostic use in clinical microbiology department 

in Chughtai Laboratory, Lahore in January 2021. The 

aim of our study is to assess the performance and 

diagnostic accuracy of the VITEK MS (bioMérieux, 

France) on clinical microbiology aerobic and anaerobic 

isolates by processing 200 samples during a 6-months 

period (February -July 2022). 

 

MATERIAL AND METHODS  

After approval from institutional review board (Letter 

No CIP/IRB/1101) this cross-sectional study was 

conducted over a six-month period February 2022 to 

July 2022 at the Chughtai Laboratory Lahore, Pakistan. 

Approximately 200 samples were processed using non-

probability convenience sampling technique 

(aerobic/anaerobic), clinical isolates were recovered 

from different clinical samples including blood, urine, 

CSF, wound, and sputum. 

Before subjecting isolates to MALDI-TOF MS, they 

were initially isolated on selective/non-selective media 

as 5% Blood agar plate (BAP), Chocolate agar 

(CHOC), and MacConkey agar (MAC) for aerobes and 

Sheep blood agar (SBA) for anaerobes. Respective 

plates were incubated aerobically for 18-24 hours and 

48-72 hours for anaerobes under 35C incubation shown 

in Figure-I. 

All isolates were identified with 

conventional/biochemical tests as per ASM 

guidelines. The APIs or Analytic Profile Index 

classifies bacteria on the basis of biochemical 

reactions, allowing rapid identification of known 

bacteria (Figure-II). Results of APIs were compared 

with VITEK MS. Any discrepancies when occurred 

were subsequently resolved by semi-automated 

biochemical test platform, VITEK-2. 

Clinical isolates identification done by VITEK-MS 

system utilizing direct single deposit from bacterial 

colonies in absence of prior extraction according to 

manufacturer’s guidelines as shown in Figure-III. 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure -I:  Workflow chart for conventional identification of isolates. 
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Figure-II: API System for identification of clinical bacterial isolates. 

 

 
 

Figure-III: VITEK MS (bioMérieux, France) system. 

 

RESULTS 

200 isolates were analyzed by the VITEK MS (IVD 

3.2, >15000 bacterial spp. in database) during six 

months study period and in parallel by the 

conventional/biochemical tests, APIs. Among all the 

bacterial isolates (Enterobacterales, Non-fermentor, 

Gram-negative rods, Staphylococci, Streptococci, 
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Enterococcus and other GPCs, Anaerobes) 198/200 

(99%) were correctly identified by the VITEK MS 

system with confidence value 99.9% as shown in 

Table-I. On account of remaining two isolates, one was 

misidentified (Shigella as E.coli) while another was 

unidentified first due to insufficient quantity of colony 

while spot preparation however identified later by re-

spotting which emphasizes the fact that improper spot 

can result in poor identification. 

APIs with regular biochemical tests were also 

performed simultaneously on the same 200 isolates 

along with controls which showed correct 

identification for 183/200 (91.50%) isolates. While 

analyzing the results of VITEK MS and conventional 

system, 17 samples (8.50%) showed discrepant result. 

The discrepant results were analyzed by VITEK-2 

Semi automation and the obtained results found in 

agreement with VITEK MS results as shown in 

Table-II. Semi-automated VITEK 2 system was used 

to cope discrepancies and to provide correct 

identification up to specie/subspecies level. 

Comparison of APIs and VITEK MS identification is 

shown in Figure-IV. 

 
 

 

Table-I: Identification comparison between VITEK MS and API systems.   
Correct identification Misidentification No identification 

Clinical bacterial isolate Number of 

isolates 

VITEK MS API VITEK MS API VITEK MS API 

Enterobacterales 

Citrobacter amalonaticus 1 1 1         

Citrobacter freundii 1 1 1         

Enterobacter aerogenes 1 1 1         

Enterobacter cloacae 6 6 6         

Enterobacter fergusoni 1 1         1 

Enterobacter hormaechei 3 3         3 

Escherichia coli 36 36 36         

Klebsiella pneumoniae 18 18 18         

Morganella morganii 5 5 5         

Pantoea dispersa 1 1         1 

Proteus mirabilis 2 2 2         

Proteus vulgaris 1   1     1   

Providencia rettgeri 2 2 2         

Providencia stuarti 1 1 1         

Salmonella enterica* 11 11 11         

Serratia marcescens 19 19 19         

Shigella sonnei 1  1 1    

Non-fermenters 

Acinetobacter baumannii 13 13 13         

Acinetobacter calcoaceticus 1 1 1         

Acinetobacter haemolyticus 1 1 1         

Acinetobacter junii 1 1 1         

Acinetobacter pitti 2 2         2 

Achromobacter denitrificans 1 1         1 

Aeromonas jandaei 1 1         1 

Aeromonas punctata 1 1         1 

Aeromonas sobria 1 1 1         

Burkholderia cenocepacia 1 1         1 

Burkholderia cepacia 1 1 1         

Burkholderia contaminans 6 6         6 

Chryseobacterium indologenes 1 1 1         

Pseudomonas aeruginosa 8 8 8         

Pseudomonas mendocina 2 2 2         

Pseudomonas putida 1 1 1         

Pseudomonas stutzeri 4 4 4         

Rhizobium radiobacter 1 1 1         

Stenotrophomonas maltophilia 13 13 13         

Staphylococci 

Staphylococcus aureus  8 8 8         
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Staphylococcus capitis 1 1 1         

Staphylococcus cohnii 1 1 1         

Staphylococcus haemolyticus 3 3 3         

Staphylococcus hominis 1 1 1         

Staphylococcus saprophyticus 1 1 1         

Staphylococcus sciuri 1 1 1         

Streptococci 

Streptococcus agalactiae 2 2 2         

Streptococcus anginosus 1 1 1         

Streptococcus dysgalactiae 1 1 1         

Streptococcus mitis 2 2 2         

Streptococcus pneumoniae 2 2 2         

Streptococcus pyogenes 1 1 1         

Enterococcus & other GPC 

Enterococcus faecalis 1 1 1         

Micrococcus luteus 2 2 2         

Anaerobe 

Bacteroides thetaiotaomicron 1 1 1         

HACEK 

H. influenzae 1 1 1         

 

Table-II: Conformation of discrepant results by VITEK-2 semi-automated system. 

API result VITEK-MS result VITEK-2 result Total (n=17) 

Enterobacter spp. Enterobacter fergusoni Enterobacter fergusoni 1 

Enterobacter spp. Enterobacter hormaechei Enterobacter cloacae complex* 3 

Pantoea spp. Pantoea dispersa Pantoea spp.* 1 

Acinetobacter spp. Acinetobacter pitti Acinetobacter baumannii complex* 2 

Achromobacter spp. Achromobacter denitrificans Achromobacter denitrificans 1 

Aeromonas spp. Aeromonas jandaei Aeromonas jandaei 1 

Aeromonas spp. Aeromonas punctata Aeromonas punctata 1 

Burkholderia spp. Burkholderia cenocepacia Burkholderia cenocepacia 1 

Burkholderia spp. Burkholderia contaminans Burkholderia contaminans 6 

Shigella sonnei Escherichia coli Shigella sonnei 1 

 

Table-III: Time dynamics for VITEK-MS. 

Workflow Time (seconds) 

Slide spot preparation 20 

Drying 120 

Matrix application 10 

Drying 120 

Loading into system 60 

Result time 40 

Total time 370 (6minutes,10seconds) 

 

 
Figure-IV: Comparison of API and VITEK-MS 

identification percentage. 

DISCUSSION  

MALDI-TOF MS, is a rapid and sensitive technique 

for identifying clinical microbiological isolates. This 

study proposes bacterial identification comparison 

between VITEK MS and APIs, performed at Chughtai 

Laboratory Lahore, Pakistan. The VITEK MS 

(bioMérieux, France) is an advance automated 

system, without need for intensive background 

training for its operator. 

In our study on comparing the identification of clinical 

samples, VITEK MS correctly identified 99%, while 

APIs up to 91.50%, whereas 8.50% results were 
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discordant. Some of the bacterial species such as 

Citrobacter amalonaticus, Acinetobacter junni, 

Rhizobacterium radiobacter, Acinetobacter 

calcoaceticus and Micrococcus, identified by APIs, 

were only possible with the help of certain additional 

tests. The results of APIs were the same as that of 

MALDI-TOF in terms of genus identification. 

However, APIs could not speciate the isolates to the 

level of accuracy of MALDI-TOF. Although accuracy 

of VITEK MS was 99%, but in case of certain bacteria, 

such as Salmonella spp. further serological testing is 

warranted. Literature review has revealed that MALDI-

TOF is a safe and accurate method of bacterial 

identification with markedly reduced biowaste 

production. In comparison to the current study 

previous studies have documented non-clinical isolates 

.6-10,12-14 Furthermore, additional benefit of using 

MALDI-TOF is that it’s a safe option to identify 

hazardous pathogens (Brucella spp, Bacillus anthracis, 

Francisella tularensis) due to shorter handling time, 

absence of aerosol generating steps.15,16 

In present study primary focus was centered on clinical 

bacterial isolates identification. In comparison with 

MALDI-TOF, API is a conventional method but it has 

the advantage of identifying salmonella enterica 

subspecies enterica serotypes without need for an 

additional serogrouping, however it requires 24-48 

hours for analysis, and late identification results in 

delay of both empiric and targeted treatment. This 

means that rapid, reliable, cost-effective procedures are 

important prerequisites of a clinical microbiology.11 In 

our study VITEK MS has analyzed the samples within 

few minutes (6min 10 seconds). The time dynamics for 

MALDI-TOF were calculated and shown in the Table-

III. In addition to this reduced running cost, technical 

expertise, provision of the authentic results gives an 

edge to the VITEK MS over other identification 

procedures. However, there are certain precautionary 

measures which include careful application, avoiding 

spillage of matrix between spots and avoiding marking 

on slide.6,11 

There were a few limitations of this study. Firstly, the 

current study was single centered, further validation 

with a similar study containing large number of 

samples(multicentric) should be done. Secondly, 

discrepant results could have been more precisely 

confirmed by 16s rRNA sequencing. 

CONCLUSION 

Addition of the VITEK MS to our laboratory facilitates 

turnaround time and adds in diagnostic efficiency for 

bacterial identification. It was observed that rapid 

bacterial identification can affect patient’s 

management. Number of database entries are crucially 

important for reliable identification of microorganisms 

thus continuous update of database software is 

mandatory for excellent performance. MALDI-TOF is 

a game changer. It seems to play a vital role in future 

clinical microbiological laboratories in Pakistan. More 

research is required to achieve efficient identification 

directly from samples like blood, CSF, Pus and urine 

cultures along with antibiotic susceptibilities. 
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