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Abstract 

302 samples were evaluated in the present study including 50 standard quality control 

samples, 62 repeatability samples and two separate batches of 90 and 100 samples of 

clinical isolates. Standard samples with registered ATCC or CCUG codes taken from 

international reference lab, used for performance test (quality control) of Vitek2 

compact analyzer. The results of performance test showed total 98% accuracy. Detailed 

performance test results showed 100% accuracy for Gram positive & Gram negative 

bacteria and 95% accuracy for NH group members. 

Comparison between results of different culture media showed that use of conventional 

culture media instead of commercial branded culture media for preparing bacterial 

suspensions, doesn’t affect the result’s accuracy level in Vitek2 analyzer.      

Repeatability and reproducibility study of 62 samples including standard & clinical 

isolates results,   showed 96.8% coalition in reproduced results by Vitek2 analyzer. 

The comparative results of 90 clinical samples via API 20E / API 20NE Microsystems 

and Vitek2 compact analyzer showed 77.8% “Complete coalition”  or coalition in the 

"genus" and "species" levels of isolated micro organisms, 10.0% “partial coalition” 

which means coalition in the "genus" level but difference in "species” of isolates, 6.7% 

“no coalition” or different results in the "genus" and "species" levels of isolated micro 

organisms and 5.5% “unidentified” micro organisms by one of the applied methods. 

Comparative results also showed that total acceptable results rose from 80% in API 

system to 90% in vitek2 analyzer for clinical samples in this study. 

Survey on a random selection of 100 samples of Vitek2 reports showed an average 

analyze time of 5.5 hrs (330 Min.), where the minimum and maximum   observed time 

were 2.75 hrs and 10.25 hrs  respectively. Findings in this survey also showed 94% 

excellent, very good and acceptable identification of bacterial strain, 4% low 

discrimination, 2% non reactive bio-pattern and unidentified organism. The abundance 

of different bacteria in the random collection was composed of 71% gram negative, 

24% gram positive and 5% NH group members. Escherichia coli (23.2% of total) were 

the popular bacteria in this collection. 

Keywords: Automation, Vitek2 analyzer, API Microsystems, Clinical Microbiology.  

 

 

 

 

 



iv 

Contents

1. Introduction ...................................................................................................................... 1 
1.1 Literature Review ......................................................................................................... 2 
1.2 API Microsystems ........................................................................................................ 4 

1.2.1 API 20E .............................................................................................................. 5 
1.2.2 API 20NE............................................................................................................ 5 

1.3 Vitek 2 .......................................................................................................................... 9 
1.3.1 Reagent Cards ................................................................................................... 10 

1.4 Aims of Study ............................................................................................................ 11 

2. Materials and Methods .................................................................................................. 13 
2.1 Clinical Samples ........................................................................................................ 13 

2.1.1 Sample Selection Mechanism ........................................................................... 14 
2.2 Applied Methods ........................................................................................................ 15 

2.2.1 Identification Process with Vitek2.................................................................... 15 
2.3.1.1       Importance of Pure Sample ............................................................................ 16 
2.3.1.2       Performance Test for Analyser Machine ....................................................... 17 
2.2.2 Identification Process with API Microsystems................................................. 17 

2.3 Results Categories ...................................................................................................... 21 

3. Performance Test of Auto Analyzer Machine ............................................................. 22 
3.1 Comparative Study of Culture Media ........................................................................ 22 

3.2 Results for Gram Negative Bacteria Samples ............................................................ 23 

3.3 Results for Gram Positive Bacteria Samples ............................................................. 23 
3.4 Results for NH group Samples ................................................................................... 24 
3.5 Overall Performance Test Result ............................................................................... 25 

3.6 Repeatability and Reproducibility of Results ............................................................ 25 

4. Clinical Samples Results ................................................................................................ 28 
4.1 Results of Urine Culture Samples .............................................................................. 29 
4.2 Results of Other Samples ........................................................................................... 30 
4.3 Results of Previous Study Samples ............................................................................ 31 

4.4 Overall Result in Different Categories. ...................................................................... 32 

5. Independent Statistical Survey ..................................................................................... 36 
5.1 Identification Time ..................................................................................................... 36 

5.2 Confidence Classes of Results ................................................................................... 37 

5.3 Distribution of Samples ............................................................................................. 37 

6. Discussion ........................................................................................................................ 38 
6.1 Comparative Results for Samples .............................................................................. 38 
6.2 Confidence Classes of Results ................................................................................... 41 
6.3 Comparison of the Results with Other Researchers ................................................... 43 

6.4 Cost Comparison ........................................................................................................ 44 
6.5 Limitations of Vitek2 ................................................................................................. 45 

7. Conclusions ..................................................................................................................... 47 

References ............................................................................................................................... 48 
Acknowledgement .................................................................................................................. 52 
Appendix 1  API Technical Hints  

Appendix 2  Test Substrates on GN Card                                                                    

Appendix 3  Organisms Identified by the GN Card 



1 

1. Introduction 

The history of conventional applied methods in microbiology laboratories begun by the great 

founders of microbiology. Frontier microbiologists applied intelligently methods like use of 

agar gel culture media in Petri dish for isolation of bacterial colonies, which have been un-

substitutable in microbiology till nowadays (Richard C et al, 1992 and Murray PR, 1999).  

Conventional culture techniques such as next flame sterile working condition, autoclave 

sterilization and isolation methods on agar gel plates have been changed not much during last 

century ( O’Hara C. M. et al , 2003 ). 

Considering pro and cons, conventional microbiology methods consume huge amount of 

materials and labour cost in order of getting results over few days. Sterilization of equipments 

and preparation of general & selective culture media also need expert stuff and a lot of time 

and quality concerns. Meanwhile, time is a vital concern in clinical microbiology if high 

expense in conventional methods could be neglected. Short time not only means to save the 

life of a patient but also its importance is clear in the case of dangerous epidemic diseases or 

bioterrorism.  

By mass production of culture media in disposal plates, some of primary microbiology 

process changed to industrial form. Miniaturized tube tests, designed in strip form, were 

introduced later for detailed identification of bacteria. These strips normally include 10-20 

different tests for screening identification of a special family of bacteria. Screening 

identification concept means that any probable mistake on primary steps of identification 

crashes the accuracy of the final result.  

 

 

Fig 01. Impermeable chamber (up) and API20 E strips after inoculation with bacteria, before incubation. 

 Microbiology lab, Södra Älvsborgs Sjukhus Borås. 
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Automation in lab began with chemical analyser machines in clinical chemistry.  It followed 

by introducing cell counter machines in haematology and other machines for different 

departments. But it took long time to introduce first auto analyser in microbiology lab and the 

first experiences did not satisfy microbiologist researchers.  Automation in clinical 

microbiology still is not popular. These machines don’t use in daily operation in microbiology 

laboratories like auto analysers in other laboratories. The main inhibitory reasons are the 

unreachable sterile working condition and the impurity of clinical samples. The conventional 

culture methods are needed to supply pure strain of bacteria before any further operation by 

automated or manual methods.  

1.1   Literature Review  

 

Form early 1970s which API20 E Microsystems introduced, these systems were studied and 

evaluated with conventional methods or other new methods and because of good results is 

accepted as a trustable standard by clinical microbiology laboratories. Results from database 

include probability of accuracy and possible extra tests. Thus there are two levels of 

“complete coalition” before and after extra tests in some reports. The structure and chemical 

reactions on this strip have not changed since the product was originally designed in 1970. As 

far as this results of the old studies could be compared with newer ones. 

One of first studies in this field reported by Washington et al. (1971) that showed 93% 

accuracy in identification of Entrobacteriaceae . Smith et al. (1972) reported an accuracy rate 

of 96.4% for results of 366 Enterobacteriaceae strains. In spite of general study in case of 

API20 E, evaluations on API20 NE application have been reported on single genus or a single 

species of bacteria. But there are few reports on several strains together. For example Lampe 

et al. (1984) reported 92% agreement in results of correct identification of Acinetobacter, 

Alcaligenes, Flavobacterium and Moraxella strains to genus level and of the other genera to 

species level. 

Later studies, which published after 1990, usually compared vitek2 with API 20E as 

acceptable known method. Following articles are samples of these comparisons.  

C.M. O’Hara et al. (1993) studied 252 samples with API, vitek2 and other methods vs. 

conventional methods. The results showed 77% complete coalition for API and 84.5% 

complete coalition for vitek2. After additional tests these levels increased to 95.6% for API 

and 92.8% for vitek2. They got two salmonella enteritidis among errors. 

The researcher, C.M. O’Hara et al. has reported another study 10 years later ( 2003).They 

studied 592 samples  via vitek2 GNB  and  vitek2 GNI+ cards and reported 85.9% accuracy 

before additional tests and 93% after additional tests.3.9% unidentified and 3.1% were 
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misidentified . In this study 4 samples of 15 misidentified samples were salmonella species 

also. They got no significant difference between two cards abilities. 

Ann Robinson et al. (1995) reported another study on 512 samples of gram negative bacilli 

which showed 98.6% accuracy with supplemental testing for API 20, where the supplemental 

testing was required to identify 23.2% of the results. In the same collection of bacteria vitek2 

showed 96.5% accuracy and supplemental testing was required to identify only 1% of the 

results. Of the Enterobacteriaceae API 20 correctly identified 90.3% and vitek2 identified 

92.4% without supplemental testing. 

Funke G. et al. (1998) studied 845 samples and reported 84.7%“complete coalition” before 

additional testing and 88.5% “complete coalition” after additional rapid tests. Of the 9.5% 

strains reported “partial coalition”, 0.8% misidentified and 1.2% unidentified organisms. 

The same researcher, Funke G. et al. has published another report (2004) of 655 samples. In  

this study 97.3% correctly identified to the species level (complete coalition) 2.1% gave low 

discrimination results requiring additional tests, 0.6% discordant results( misidentified) and 

not a single strain remained unidentified. About identification time they got nearly 92% of all 

isolates were correctly identified within 7 h of incubation. 

Jossart, M. F. et al. (1999) studied 502 samples and reported 85.7% complete coalition where 

they used ID 32E and ID 32GN systems as reference method. 

Ling, T. K. W. et al. (2001) evaluated 281 samples by use of identification tests with the 

VITEK 2 system and an API identification system. According the report 95% of strains was 

correctly identified to the species level (complete coalition), 2.1% strains were misidentified 

and 2.8% strains were not identified. They used API20 E as reference identification system. 

Ling, T. K. W. et al. (2003) were investigated total of 118 strains of gram negative bacilli 

from positive blood cultures which 82.2% strains were correctly identified to the species level 

(complete coalition), and 17.8% strains were not identified; by comparing the results with 

those of the reference method of API identification systems. No strain had been misidentified. 

Otto-Karg I. et al. (2009) were investigated 224 strains of gram negative rods from patients 

with cystic fibrosis. The Vitek 2 NGNC identified 94.1% of the nonfermenters correctly. 

2.25% were misidentified and 3.6% were determined with low discrimination, requiring 

additional tests which raised the correct identification rate to 97.8%. In this study they used 

also partial 16S rRNA gene sequencing as a reference method for identification of some 

samples. 

 Other microorganisms also have studied by vitek2 system. For example   Ligozzi M. et al. 

(2002) reported an evaluation of gram positive cocci. The identification comparison methods 

were the API Staph for staphylococci and the API 20 Strep for streptococci. The VITEK 2 

system correctly identified to the species level 99% of S. aureus, 96.5% of S. agalactiae, 

96.9% of S. pneumoniae, 92.7% of Enterococcus faecalis, 91.3% of Staphylococcus 
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haemolyticus, and 88% of Staphylococcus epidermidis but was least able to identify 

Enterococcus faecium (71.4% correct). 

Another example is the report of Garcia-Garrote et al. (2000) that evaluated total of 150 

clinical isolates of enterococci.  Report indicates that 87% of samples were correctly 

identified to the species level with the VITEK 2 system. 

 

1.2 API Microsystems 

 

API Microsystems is a group of commercial branded microbiology strip tests; manufactured 

and presented by BioMérieux
® 

in 1970. After long-time application API Microsystems are 

well-known and trustable test strips used for microbiology studies. They were studied and 

evaluated with other methods and because of good results claimed as a “gold standard” by 

some researchers (O'Hara C. M. 2005). 

 Two members of this group, API 20E
® 

and API 20NE
® 

are widely used for identification of 

gram negative bacilli in microbiology labs as a routine method. These Microsystems are 

developed during recent years and the API Microsystems range is very extensive nowadays. 

These series include also other sub groups for Gram positive cocci or anaerobic bacteria etc.   

To check out the results online, a huge data base is available on the net. API 20 E
® 

was the 

first identification system to be introduced, combining a strip of biochemical tests and a 

database. The range was expanded, in collaboration with loading reference labs around the 

world.  

 It could be claimed that manual operation for API Microsystems is more quick and easy than 

conventional tube tests but it needs the same long time for overnight culture in incubator (see 

appendix 1 and BioMérieux website). A bacterial suspension prepared with saline solution or 

a minimum culture media, fills in micro-tubes of strip. During incubation in 37°C API strip is 

covered by a plastic impermeable chamber to avoid evaporation (Fig.01) while there is a little 

of sterile water inside  the plastic  chamber. After 24 hrs (sometimes after 48 hours) results 

are ready to add some regents to special micro-tubes and final check out. 
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1.2.1  API 20E  

 

 Fig 02. API20 E strips, negative and positive results 

Picture is taken from API web’s Swedish page. 

 

API 20E
®
, is a test strip including 20 micro-tubes or capsules. These 20 micro tubes contain 

conventional biochemical tests material in dehydrated pH-based substrates form. The 

structure and chemical reactions on this strip have not changed since the product was 

originally designed in 1970. After inoculation with a bacterial suspension in saline, bacteria 

metabolize the substrates during overnight culture and develop different colour complexes 

with the other chemicals in the tube (Fig. 02 & 03). The reactions that occur in these test 

strips are usually identical to the conventional macro-methods. (Appendix 1 and other 

published instructions for API by BioMérieux, see also APIweb on the net) 

1.2.2 API 20NE 

 

  

Fig 03. API20 NE strips, negative and positive results 

Picture is taken from APIweb’s Swedish page. 
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The API 20 NE
® 

strips are designed for the identification of oxidase positive fermentative 

gram-negative bacilli and some non fermentative gram-negative bacilli included in the 

database. Oxidase test should be done for all of gram negative bacteria colonies selected for 

API 20E/NE test. The oxidase test performs on a small blotter paper piece contains hydrogen 

peroxide solution in a Petri dish. Purple blue color (see Fig.04) interpreted as positive result 

of oxidase test, conducts to choose of API 20 NE
® 

instead of API 20 E
®  

(Appendix 1 and 

other published instructions for API by BioMérieux).  

Conventional tests based on a color complex forming process and there is an oxido-reduction 

reaction in most of chemical procedure of these colorimetric tests. Thus presence of oxiadase 

enzyme in the reaction media could be make false results in these tests. Observation of 

turbidity of the bacterial growth over the assimilation tests (see the last 12 micro tubes in 

positive results of Fig.03) is helpful to avoid the false results. 

 

 

Fig 04. A typical positive result for oxidase test (Purple blue color on the blotter paper pieces) conducts to use API20 NE 

strip for unknown bacteria. Microbiology lab, Södra Älvsborgs Sjukhus Borås. 

 

API 20 NE
® 

has a similar construction and appearance with the API 20E
®
. The API 20NE

® 

composed of 20 mini tubes that contain 8 conventional substrates and some of these 

conventional tests are the same in API 20 E
® 

.   For inoculation into the first 8 capsules, 

bacterial suspension should be prepared as the aforesaid way with 0.85% NaCl.  The other 

group including 12 assimilation tests should fill with a suspension of bacteria in AUX 

medium (a minimal medium, see Fig. 05). 
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Fig 05.  API 20 NE strips with an AUX medium vial in the center of picture. 

Microbiology lab,Södra Älvsborgs Sjukhus Borås. 
 

 

 

Fig 06. API 20 NE strips after incubation and addition of some reagents are ready to read the results  

Microbiology lab,Södra Älvsborgs Sjukhus Borås. 

 

 Manual addition of some reagents after 24 hrs is needed also for some tests exists in API 

20NE
® 

as same as API 20 E
®
 (Fig.06). But the reading time of assimilation tests could be 

taken till one day longer (48 hrs). The seven-digit bio number calculating and result finding 
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from API online database is the same as for the API 20
 
E

®
 (Fig.07). This procedure will be 

discussed on the next chapter (Materials and methods) in section 2.3.2 Identification process 

with API Microsystems. 

 In spite of general study in case of API20 E, evaluations on API20 NE application have 

been reported on single genus or a single species of bacteria. But there are few reports on 

several strains together (Lampe, A. S. et al. 1984).  

 

 

Fig07.Two samples of API 20NE result chart. Microbiology lab,Södra Älvsborgs Sjukhus Borås.   
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1.3 Vitek 2 

Automation in clinical microbiology started much later than other clinical laboratories. 

Automation in clinical lab began in clinical chemistry with introducing chemical analyser 

machines based on "continuous flow analysis (CFA)". It was invented by Leonard Skeggs in 

1957, and commercialized by Technicon
®

 Corporation in 1960 decade (Coakly, William A., 

1981 and Galen Wood, 1990). Soon after, flow cytometry instruments were developed cell 

counter machines in haematology.  Coulters counter machine based on flow cytometry 

introduced by Beckman Coulter Inc. and Becton Dickinson (BD) in 1970 decade after 

technical development (Wolfgang Göhde, 1971 and Wallace H. Coulter 1953). Clinical serology 

and enzymes studies were joined to the automated departments. But it took more time to 

introduce first auto analyser in microbiology lab.   

Application of automated systems in clinical microbiology is different than other clinical 

laboratories. The main difference is the sterile working condition in microbiology and impure 

clinical bacterial samples which makes one day extra operation for isolation of pure isolated 

samples. Automated analyse machines still are not popular in daily operation in microbiology 

laboratories. Where other clinical laboratories are completely replaced automated systems 

instead of manual methods.  

Sterile working condition nowadays has been replaced by higher concentrations of bacteria in 

feeding samples. But pure colonies preparation which is needed for identification process in 

microbiology still is a problem that needs conventional overnight culture plates. Thus 

diagnosis process couldn’t be start directly after sampling. (David H. Pincus, 2005) 

The diagnosis process in the clinical laboratories starts with a chemical or substrate which 

exists in sufficient amount before sampling. But in clinical microbiology isolation and 

reproduction of recordable amount of the pure bacteria are needed before analyse process. 

Considering these culture and subculture process diagnosis process takes about 2 days. Till 

now technologic development wouldn’t be able to make this preparation interval shorter. But 

after preparation of pure bacterial colonies auto analyser machine could be used to reach a 

shorter diagnosis time. 

The BioMerieux
®
 introduced Vitek2, the new generation of Vitek

®
 microbiology analyzers 

and its associated ID-GN card in 1997. The Vitek2 system is developed on fluorescence-

based technology and designed for the identification of wide range of micro organisms 

including gram-negative & gram positive bacteria, Neisseriacea and yeasts in clinical or 

industrial samples. There are different marked cards containing 64 chambers for identification 

tests or antibiotic susceptibility testing (AST).In clinical microbiology Vitek
®
2 used as an 

auto analyzer system for the identification (ID) and antibiotic susceptibility testing (AST) of 

the bacteria in clinical samples.  
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Fig 08. Vitek2 Compact autoanalyzer 

Microbiology lab,Södra Älvsborgs Sjukhus Borås. 

 

The capacity of Vitek2 compact machine (Fig.08) is 30 cards, but feeding and loading of 

samples (cards) could be done independently. 

1.3.1 Reagent Cards 

 

There are 64 micro spaces in this series of the reagent cards that each micro chamber contains 

a special substrate for individual tests.  The chambers are limited between two clear walls on 

both sides of the card. This structure provides possibility of optical observation of contents 

inside chamber.  Observation takes place once every 15 minutes for each chamber, by an 

electronic sensor. The walls are permeable to oxygen and needed oxygen level inside of micro 

chambers, could be provided throw walls where the sealing is protected also. 

 

Different tests exists in different cards as expected; for instance acidification, alkalinization, 

enzyme hydrolysis, and growth in the presence of inhibitory substances (antibiotics) known as 

antibiotic susceptibility test (AST). For GN cards (Fig. 09), 47 biochemical tests, some 

assimilation tests and one negative control well (well No 1) are located in these micro spaces. 

The list of tests in GN cards used in this study is given in Appendix 2.   The GN card is based 

on established biochemical methods and developed substrates measuring carbon source 

utilization, enzymatic activities, and resistance. 
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Fig 09. . A sample of GN Cards used for Vitek auto analyzer machines. 

(The picture is taken from David H. Pincus’ online published article in Biomerioux website) 

 

Each card has a transfer tube used for inoculation and has bar code that contains information 

on product type, lot number and a unique identifier that can be matched to the sample during 

loading the card onto the system. The GN card is used for the automated identification of 135 

taxa of the most significant fermenting and non-fermenting Gram-negative bacilli. The list of 

claimed species is shown in Appendix3. 

A transmittance spectrophotometer is used to read of test reactions using different 

wavelengths. During incubation, each test reaction is read every 15 minutes to measure either 

turbidity of bacterial mass growth or colour products of substrate metabolism. 

 

1.4 Aims of Study  

Desired goals of the study were listed as the followings: 

1. To find out comparative accuracy of Vitek2 compact auto analyzer system vs. API 

20E
®
 / API 20NE

®
 Microsystems in identification of isolate bacteria in clinical 

microbiology lab. 

To get the first goal, a performance test was done for auto analyzer machine using 50 

standard identified bacteria from different categories .Repeatability of the results also 

studied in a collection of 62 standard & clinical isolated samples. Then comparative 

results of 90 clinical isolated bacteria were examined via both Vitek2
®
 and API Micro 

systems methods. 

2. Comparison of the results of  standard bacteria samples cultured on conventional 

culture media vs. the samples cultured on the commercial branded culture media that 

recommended by vendor company, BioMérieux
®
. 
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To get the second goal two samples of each standard identified bacterium were used in 

the quality control process. One of these samples was cultured on the conventional 

culture media and the other sample was cultured on the commercial branded culture 

media provided by the BioMérieux
®
. 

3. Average identification time for Vitek2 analyzer system / Distribution of clinical 

isolates results in vitek2 results.  

To get the third goal one hundred random samples of archived reports of Vitek2 auto 

analyzer were collected. These samples were quite different than those 90 clinical 

isolates and there was no interference between these two groups. The 90 group were 

only members of Enterobacteriaceae and had got result of both Vitek2 and API Micro 

systems methods whereas 100 samples were random collection of Vitek2 analyzer 

reports without API Micro systems method. 
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2. Materials and Methods  

In present study identification results by an auto analyser machine, compared with the parallel 

results of same samples by strip test method in the "genus" and "species" levels. Neither any 

of two methods nor routine tests results have been chose as reference method for 

identification. 

2.1 Clinical Samples 

Total 90 clinical isolate samples, including 20 taxa:   Escherichia (n =29), Klebsiella (n = 7), 

Acinetobacter (n = 7), Serratia (n = 6), Pasteurella (n = 5), Enterobacter (n = 5) and few 

other bacterial genuses; were studied by both of the Vitek2 compact analyzer and API 20E / 

API 20NE Microsystems. Both of these systems are presented by BioMérieux
 ®

 Company. 

The detailed list of bacteria, quantity and percentage of each group is mentioned in table 01. 

Table 01. List of bacteria present in clinical samples  

No Bacterial genus Qty % 

1 Escherichia  29 32.2 

2 Acinetobacter 7 7.8 

3 Klebsiella 7 7.8 

4 Serratia 6 6.8 

5 Enterobacter 5 5.5 

6 Pasteurella 5 5.5 

7 Chryseobacterium  4 4.5 

8 Stenotrophomonas 4 4.5 

9 Unidentified 4 4.5 

10 Pseudomonas  3 3.3 

11 Shigella  3 3.3 

12 Achromabacter 2 2.2 

13 Bordetella  2 2.2 

14 Proteus  2 2.2 

15 Yersina 2 2.2 

16 Burkholderia  1 1.1 

17 Pantoea  1 1.1 

18 Sphingomonas 1 1.1 

19 Wautersia  1 1.1 

20 vibrio 1 1.1 

  total 90 100 

 

Clinical isolates were collected from May 2007 till Jun 2008 in the Södra Älvsborgs 

Sjukhus, Borås Sweden. Pure isolated selected samples (suspected as Enterobacteriaceae) 

from different clinical sources used for comparative study by Vitek2 and API identification 

systems. 
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2.1.1 Sample Selection Mechanism 

 

Sample selection mechanism in this study was not random selection method.  All of samples 

were special selective samples of isolated bacteria. Thus distribution pattern of bacteria is 

different than normal distribution pattern at the same lab. Auto analyzer machine was 

installed in the location about three month before and this study could be considered as the 

commissioning study.  It means that all positive results of bacteria cultures did not processed 

by both Vitek2 and API Micro systems methods or even by Vitek2 compact auto analyzer. 

Among all of the daily isolated samples, those that conventional lab methods were not able to 

identify them properly or special samples from important clinical sources (for example 

positive blood cultures) were selected to further studies by Vitek2 compact analyzer and API 

20E / API 20NE Micro systems.Routine conventional tube tests include Indole hydrolyses 

test, H2S forming, Motility test, ONPG assimilation and Urease test. 

There is more explanation about the sample selection method under discussion on the 

limitations of vitek2 in section 6.5 of this article. 

 

Table 02. Annual statistic history of clinical samples in study location 

   General Bacteriology      culture       Urine total 

Year  Sec.2 Sec. 3 Total  Throat  Nasopharynx Blood Total     Sec. 1 

1997 8425 5158 749 14332 11813 10094 9898 31805 41670 87807 

1998 6097 3901 319 10317 12302 7607 7165 27074 31483 68874 

1999 6469 6680 462 13611 13364 7652 7888 28904 32095 74610 

2000 6332 6399 585 13316 10837 6346 8302 25485 31251 70052 

2001 6523 5752 636 12911 9433 5456 8985 23874 28829 65614 

2002 6574 3936 610 11093 6498 5132 9432 21062 26239 58394 

2003 6142 3996 577 10715 5572 4262 10132 19966 26467 57148 

2004 6281 4529 669 11479 4685 3948 9999 18632 26340 56451 

2005 6412 4399 615 11426 4486 3907 11502 19895 27130 58451 

2006 6726 4323 651 11700 4685 3592 11997 20274 27444 59418 

2007 6478 4712 720 11910 4777 4747 12506 22030 27414 61354 

total       132810       259001 326362 718173 

Average       12073.64       23545.55 29669.27 65288.45 

            

According the laboratory’s statistic records (Table 02) during year 2007 total taken samples in 

microbiology laboratory were 61354 samples whereas total samples tested by Vitek2 compact 

auto analyzer were about 300 samples.  There was no independent data about percentage of 

positive culture results. If it considered as 10% of all taken samples (according expert lab-

stuff’s assumption), assumed positive culture results were about 6000 samples. According to 

this assumption the percentages of samples which processed by Vitek2 were about 5% of total 

positive samples. This means that conventional methods were able to identify 95% of daily 
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positive results properly. Only in 5% of samples that there was a possible problem, 

misidentification or any importance of case; Vitek2 auto analyzer were used to find out a 

clear identification of bacteria. Thus selection method had an impressive effect on abundance 

of bacteria that should be considered in the analysis of the results.  

2.2 Applied Methods 

The process starts with primary rapid tests for identification of bacterial colony by direct 

examination, microscopic observation of slid smear with differential staining, rapid enzymatic 

tests like oxidase test etc. Rapid tests are followed by simultaneous transmission of desired 

colonies on a special suitable strip or on a selective culture media for every kind of isolated 

colonies individually.  

After isolation of bacterial colonies on the conventional culture media, isolates were 

identified by two different methods. One method was identification with Vitek2
®
 compact 

auto analyzer system manufactured by BioMérieux
®
. The results produced by the machine 

were analyzed using VT2-compactsoftware. 

The other method was identification by API20E
®
 & API20NE

®
 Microsystems (strip tests) 

manufactured and supported by BioMérieux
 ®

. Other classes of API 20 Microsystems are 

available for other groups of bacteria, but laboratories use different commercial systems for 

different bacteria. In the study’s location, other systems were applied for gram positive and 

NH group members’ proper identification.  So API Microsystems for gram positive bacteria 

and NH group were not accessible for comparison in this study.  

2.2.1  Identification Process with Vitek2    
 

A sterile plastic stick applicator used to take pure colonies from culture media and transfer a 

sufficient number of them to plastic test tubes. Test tubes contain about 3.0 ml of sterile saline 

to suspend the microorganism in. Concentration of bacterial suspension in saline (0.45%-

0.5%, pH 7) was checked by densitometer and was adjusted between the tolerances ranges 

before introducing the sample to the analyzer. Density means “turbidity in photometrical 

concept” here and it doesn’t use as a physical concept of gravity. After mixing by shaker in 

order to produce a homogenous suspension of bacteria, the turbidity of suspension was 

adjusted by adding proper amounts of saline or bacteria. The density (turbidity) of the 

suspension was checked by using a calibrated turbidity meter called the DensiChek.   

This range for Gram negative and Gram positive bacteria were between 0.50-0.63 McFarland 

where it was 3.0 McFarland for Neisseria. These high concentrations for feeding samples 

need to cultivation of pure desired colonies in primer culture media and it takes 24 hrs more 

time to get proper density of desired bacteria. In the case of NH cards which used for 

identification of Neisseria group density (turbidity) of the suspension was about 6 times more 

than gram negative or gram positive bacteria.It needed more micro organism picked from 
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culture media avoiding any contact with agar gel. This should be considered during result 

study of NH group in quality control section where quality of performance seems to decrease. 

Since this study focused on gram negative bacteria, clinical samples were analyzed by GN 

cards. To avoid misuse of cards in few special cases, NH cards used for identifying the same 

isolates simultaneously. In these cases only the acceptable result considered as the right card 

test result.  

Vitek2
®
 GN cards were set up according to instructions given by BioMérieux

®
. All reagents 

and equipment needed for processing supplied by Manufacturer Company. All isolates 

introduced to the computer before processing and inoculated cards were processed in the 

instrument within 30 min of inoculation.  

GN cards were loaded (inoculated) with bacterial suspensions using a vacuum chamber in 

machine. Test tubes containing the samples were placed into a cassette (a special test tube 

rack) and the identification card was placed in the neighboring place while inserting the 

transfer tube into the corresponding suspension tube. The cassette could accommodate up to 

10 test tubes. The filled cassette was placed into a vacuum chamber station inside the vitek2 

analyzer machine. The vacuum was applied then the air was recharged into the station, the 

bacterial suspension was forced through the transfer tube into micro-channels that filled all 

the test wells. 

 

Inoculated cards were passed by a mechanism, which cut off the transfer tube and sealed the 

card prior to loading into the circular incubator. The incubator could accommodate up to 30 

cards. All card types were incubated at 35.5 + 1.0ºC. Each card was removed from the 

incubator once every 15 minutes, transported to the optical system for reaction readings, and 

then returned to the incubator until the next read time. Data were collected at 15-minute 

intervals during the entire incubation period. 

2.3.1.1       Importance of Pure Sample 

 

Isolation of pure bacterial colonies in microbiology has a significant importance. It is the 

primary precondition for successful identification of microorganism. In automated systems it 

is even more important to get a huge amount of fresh and pure isolated samples. These 

bacteria are needed for making of high concentration of active exponential phase bacterial 

suspensions which prevents environmental contaminations.  Since sterile working condition 

couldn’t reach properly during inoculation of cards, old colonies of bacteria or low 

concentrations of inoculants could be corrupted by contaminations. 

Sometimes it takes more time to get proper density of desired bacterial colony otherwise low 

discrimination & misidentification of bacteria occurs during analyze process. For purity 

checking of the feeding samples, a subculture from applied suspension was done during 

inoculation of cards for every sample. The results of subcultures were helpful in the low 

discrimination cases reported by machine.  
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2.3.1.2       Performance Test for Analyser Machine 

 

50 standard samples of bacteria with known ATCC /CCUG codes were taken from 

International reference lab used for performance test of analyzer. These bacteria were chosen 

from the manufacturer (BioMérieux) list for performance test. The samples divided into two 

groups. One group was cultured on TSS or PVX media as recommended by the manufacture. 

The other group was cultured on conventional microbiology media normally used in the 

laboratory.  

The performance test (quality control process) for machine includes standard gram positive 

bacteria and NH group members as well as gram negative bacteria. But actually between 

clinical samples there were no auto analyser machine results for gram positive bacteria and 

NH members which could be compared with related API parallel results. 

A collection of archived results including 100 random samples analyzed as a reference to get 

some statistic data of the procedure. Since sample selection process in automated bacteriology 

systems was not a random sampling method, it is recommended to consider the effect of the 

special sampling process on the results in this study. 

2.2.2  Identification Process with API Microsystems 

 

API Microsystems include 15 identification systems covering practically all groups of 

bacteria from different species. API 20 E and API 20NE are widely used for identification 

gram negative bacilli in microbiology laboratories. Other types of API 20 Microsystems are 

available for other groups of bacteria, but laboratories use different systems for different 

bacteria. In the present study’s location, other commercial Microsystems were used for gram 

positive bacteria and NH group members’ proper identification. Thus API Microsystems for 

gram positive bacteria and for NH group members were not applicable for this study.  

The performance test (quality control process) for machine includes standard gram positive 

bacteria and NH group members as well as gram negative bacteria. But actually between 

clinical samples there were no auto analyser machine results for gram positive bacteria and 

NH members which could be compared with related API parallel results. 

 

A bacterial suspension prepared with saline solution comparing with a standard McFarland 

solution. This suspension used to fill micro tubes of strip.   After 24 hrs incubation in 37°C 

while strip supported by a plastic impermeable container with a little of sterile water inside it 

to avoid evaporation, results were ready to add some regents to special chambers and final 

check out. 
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Fig 10. API 20 E  strips ready to read the results  

Microbiology lab,Södra Älvsborgs Sjukhus Borås. 

 

 

 

Fig 11. A reference chart for API20 E to compare the results  

Microbiology lab, Södra Älvsborgs Sjukhus Borås. 
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During incubation time (24 till 48 hours) bacteria metabolize the substrates in culture media 

and develop turbidity or different colour complexes. Colour complexes could be developed 

directly with the other present chemicals in the tube or could be resulted after manually 

addition of special reagents. The results from manually reading were analyzed by “APIweb” 

database. 

A bionumber had to be found out according to the results by a heptagonal binary calculation 

method for every three tests (See Fig 12).  In this method the first test had a value of 1 for 

positive result, the second test in group had a value of 2 for positive result and the last test had 

a value of 4 for positive result. All negative results had 0 values. Sum of these values in group 

could be variable from 0 till 7.This bionumber applied for identification of microorganism 

from online database: https://apiweb.biomerieux.com/servlet/identify 

Probability of accuracy and extra tests (if any extra tests needed) were included in results 

from database.  

 

https://apiweb.biomerieux.com/servlet/identify
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Fig12. A sample of API 20 E result chart and an identification report taken from Biomerioux online database.  

 Microbiology lab, Södra Älvsborgs Sjukhus Borås.   
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2.3  Results Categories  

Researchers have used different ways to express the results in published papers in the similar 

studies. Robinson et al.(1995) used a four stage definition including “correct at the species 

level”, “correct at the genus level”, “no identification” and “misidentification”. O’Hara et 

al.(1993) used three terms “correct”, “error” and “No identification” comparing the results 

with the conventional biochemical tube tests as the reference. She changed her categorization 

in next studies. O’Hara et al.(2003) reported results were  divided as “correctly identified”, 

”unidentified” and “misidentified” and there was a subcategory of “low discrimination”. 

Funke et al.(1998)  used five categories “correctly identified”, “low discrimination resolved”, 

“low discrimination not resolved”, “misidentified” and “not identified” using “established 

methods” as reference. Jossart et al.(1999) expressed  four  groups of  “correct identification”, 

“low discrimination”, “misidentification” and “no identification”  where they used 32 E and 

32GN as reference method for identification of isolates. I. Otto-Karg et al. (2009) used a little 

different way. They separated the agreement branch from three other branches including “no 

identification”, “disagreement” and “acceptable”. The samples in these three branches were 

retested and identified by partial 16S rRNA gene sequencing as the reference method. Final 

categories in this study reported in four categories as “correct identification”, “a low level of 

discrimination”, “no identification” and “misidentification”. 

Here four categories are expressed as “complete coalition”, “partial coalition”, “no coalition” 

and “unidentified”. “Complete coalition” category that has shown in short form of (G+ / S+) 

in the tables 14-16 and fig.13 means that there is coalition between the results of two methods 

at the genus and species level. “Partial coalition” category showed by the short form of (G+ / 

S-) in the tables 14-16 and fig.13 means that there is coalition between the results of two 

methods at the genus level but difference at the species level. “No coalition” category showed 

by the short form of (G- / S-) in the tables 14-16 and fig.13, used for description of results of 

two methods that identified different genus & species for the same sample. “Unidentified” 

category in the tables 14-16 and fig.13 means that micro organism didn’t identified by one of 

the applied methods. This could be happen by the operator error or other anonymous reasons. 

There was no isolate sample that both of the applied methods in this study couldn’t identify it 

simultaneously.  
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3.  Performance Test of Auto Analyzer Machine  

 

 Performance test preformed as commissioning of analyzer machine in study’s location. 

Correct installation of hardware and software, by itself couldn’t be reason of correct 

performance of machine. The analyzer machine purchased and installed in lab few month 

before and performance test should be carried out to documentation of correct performance of 

it.  

Performance test procedure was carried following the instructions for clinical microbiology 

lab. To get a trustable statistic result 50 standard samples chose.  All of these bacteria were 

chosen from the recommended list for performance test. 50 standard samples of bacteria, with 

known ATCC (American Type Culture Collection) and/or CCUG (Culture Collection, 

University of Göteborg) codes used for performance test of analyzer. The collection which 

were taken from International reference lab, divided into three different groups including 16 

Gram negative samples, 14 gram positive samples and 20 Neisseria group members.  

3.1 Comparative Study of Culture Media 

In order of comparative study between commercial branded culture media TSS & PVX and 

conventional culture media, these 50 samples divided into two groups. One group of standard 

samples was cultured on TSS (Trypticase Soya agar + 5% Sheep blood) or chocolate PVX 

(chocolate Poly Vitex agar) media as recommended by Biomerieux®, the manufacture 

company of Vitek 2® analyzer. This group members were marked with (TSS) or (PVX) in the 

culture media column of the tables. The other group of samples was cultured on the 

conventional microbiology media normally used in the laboratory for each individual group of 

bacteria. This group were marked with (conv.) in the culture media column of the tables. TSS 

culture media used for Gram positive and Gram negative bacteria where PVX culture media 

used for NH (Neisseria & Heamophilus) group members. Here, conventional culture media 

(conv.) expresses wide spectra of different media like blood agar, 32E, chocolate agar etc 

used for different samples. 

All of these standard samples had taken from reference lab and was stored in cryotubes at        

-70°C till passage on culture media.  After warm up in room temperature and at least twice 

passages (subculture) on culture media, active exponential phase bacteria samples were ready 

to be processed and analyses by Vitek2 auto analyzer system. 

Standard reference samples tested in different batches and carried out on different dates to 

reduce any environmental, technical and operator error & effects. Most of tests for a definitive 

standard sample carried out several times for repeatable results studies. Thus the actual tests 

done for quality control were more than 50 individual tests. Detailed information about these 

samples and results of performance   test is shown in tables 03, 04 and 05.  
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3.2 Results for Gram Negative Bacteria Samples  

Table 03 shows 16 standard Gram negative bacteria samples used in this survey. All of these 

bacteria were chosen from BioMérieux Company’s bacteria list for GN-cards. Vitek GN cards 

(Article No. 21341) were used for detection of this group in analyzer machine.  

In this group, there were two samples of standard bacteria which reported as slashline 

samples. It was poreteus hauseri (vulgaris) which exactly defined by machine. Slashline 

doesn’t mean incorrect or unacceptable result but it was printed on machine reports as extra 

information on group classification. So it didn’t make any influence on the results. Results 

showed 100% accuracy for gram standard negative bacteria in both (TSS) and (conv.) groups. 

 

 

Table 03. Results for standard Gram Negative bacteria samples 

      Gram Negativs       

No ATCC  CCUG ID of Micro organism  Media Vitek Result Acc.%  

1 ATCC25922 
 

  Escherichia coli  TSS   Escherichia coli  98 

2 ATCC25922 
 

  Escherichia coli  conv.   Escherichia coli  95 

3 ATCC35218 

 

  Escherichia coli  TSS   Escherichia coli  99 

4 ATCC35218 
 

  Escherichia coli  conv.   Escherichia coli  99 

5 ATCC27853 
 

Pseudomonas aeruginosa TSS Pseudomonas aeruginosa 95 

6 ATCC27853 
 

Pseudomonas aeruginosa conv. Pseudomonas aeruginosa 91 

7 ATCC700603 
 

Klebsiella pneumoniae ssp pneumoniae TSS Klebsiella pneumoniae ssp pneumoniae 99 

8 ATCC700603 
 

Klebsiella pneumoniae ssp pneumoniae conv. Klebsiella pneumoniae ssp pneumoniae 99 

9 ATCC700324 
 

Kelebsiella oxytoca TSS Kelebsiella oxytoca 99 

10 ATCC700324 
 

Kelebsiella oxytoca conv. Kelebsiella oxytoca 99 

11 ATCC25931 32351 Shigella sonnei TSS Shigella sonnei 99 

12 ATCC25931 32351 Shigella sonnei conv. Shigella sonnei 93 

13 ATCC700324 
 

Kelebsiella oxytoca TSS Kelebsiella oxytoca 99 

14 ATCC700324 
 

Kelebsiella oxytoca conv. Kelebsiella oxytoca 99 

15 ATCC6380 6327 proteus hauseri( vulgaris) TSS Slashline (proteus vulgaris group) 99 

16 ATCC6380 6327 proteus hauseri( vulgaris) conv. Slashline (proteus vulgaris group) 99 

              

 

3.3 Results for Gram Positive Bacteria Samples 

Table 04 shows 14 standard Gram positive bacteria samples used in the survey. All of these 

bacteria were chosen from BioMérieux Company’s bacteria list for GP-cards. Vitek GP cards 

(Article No. 21342) were used for detection of this group in analyzer machine.  

 Results showed 100% accuracy for standard gram positive bacteria in both (TSS) and (conv.) 

culture media groups in this section. 
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Table 04. Results for standard Gram Positive bacteria samples 

      Gram Postives       

No ATCC  CCUG ID of Micro organism  Media Vitek Result Acc.%  

1 ATCC 29212 
 

Entrococcus  faecalis TSS Entrococcus  faecalis 99 

2 ATCC 29212   Entrococcus  faecalis conv. Entrococcus  faecalis 99 

3 
  

Staphylococcus aureus TSS Staphylococcus aureus 99 

4 
  

Staphylococcus aureus conv. Staphylococcus aureus 99 

5 ATCC 29213 15915 Staphylococcus aureus TSS Staphylococcus aureus 95 

6 ATCC 29213 15915 Staphylococcus aureus conv. Staphylococcus aureus 99 

7 ATCC 43079 23256 Streptococcus eqi ssp zooepidemicus TSS Streptococcus eqi sspzooepidemicus 99 

8 ATCC 43079 23256 Streptococcus eqi ssp zooepidemicus conv. Streptococcus eqi ssp zooepidemicus 99 

9 
 

21989 Staphylococcus epidermis TSS Staphylococcus epidermis 98 

10 
 

21989 Staphylococcus epidermis conv. Staphylococcus epidermis 99 

11 
 

9997 Entrococcus  faecalis TSS Entrococcus  faecalis 98 

12 
 

9997 Entrococcus  faecalis conv. Entrococcus  faecalis 99 

13 ATCC 43079 23256 Streptococcus eqi ssp zooepidemicus TSS Streptococcus eqi ssp zooepidemicus 99 

14 ATCC 43079 23256 Streptococcus eqi ssp zooepidemicus conv. Streptococcus eqi ssp zooepidemicus 99 

              
 

 

3.4 Results for NH group Samples 

Table 05 shows 20 standard bacteria samples from NH group members, used in this survey. 

All of these bacteria were chosen from BioMérieux Company’s bacteria list for NH-cards. 

Vitek NH cards (Article No. 21346) were used for detection of this group in analyzer 

machine.  

 In this group, Results are little different than other gropes. This could be due to the sensitivity 

of these bacteria which is appreciable also in higher suspension preparation or their special 

incubation atmospheric need. 

As table 05 shows there wasn’t any misidentification or unidentified sample in conventional 

culture media (conv.) samples. But there was an unidentified organism among samples which 

was cultured on recommended media (PVX). The sample was Haemophilus aphrophilus 

(ATCC 33389 / CCUG 3715). This sample identified as slashline on the conventional media. 

But as reminded before recognizing as slashline, doesn’t influence the accuracy of 

identification. It should be declared that most of samples in this group processed for several 

times and results in the table don’t indicate only one application for every row in the table. In  
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Table 05. Results for standard bacteria samples from NH group  

      Neisseria / Haemophilus (NH)       

No ATCC  CCUG ID of Micro organism  Media Vitek Result Acc.%  

1 ATCC33389 3715 Haemophilus aphrophilus conv. Slashline (Haemophilus aphrophilus) 
 2 ATCC9007 4851 Haemophilus influenzae conv. Haemophilus influenzae 99 

3 ATCC17960 13463 Oligella urethralis conv. Oligella urethralis 99 

4 ATCC23970 5853 Neisseria lactamica conv. Neisseria lactamica 99 

5 ATCC9007 4851 Haemophilus influenzae conv. Haemophilus influenzae 91 

6 
 

10041 Neisseria gonorrhoeae conv. Neisseria gonorrhoeae 99 

7 

 
493 Neisseria meningitidis conv. Neisseria meningitidis 95 

8 ATCC9007 4851 Haemophilus influenzae conv. Haemophilus influenzae 97 

9 ATCC23970 5853 Neisseria lactamica conv. Neisseria lactamica 97 

10 ATCC17960 13463 Oligella urethralis conv. Oligella urethralis 99 

11 

 
23946 Haemophilus influenzae conv. Haemophilus influenzae 97 

12 

 
23969 Haemophilus influenzae conv. Haemophilus influenzae 97 

13 

 
12836 Haemophilus parainfluenzae conv. Haemophilus parainfluenzae 98 

14 ATCC17960 13463 Oligella urethralis PVX Oligella urethralis 99 

15 ATCC23970 5853 Neisseria lactamica PVX Neisseria lactamica 96 

16 ATCC9007 4851 Haemophilus influenzae PVX Haemophilus influenzae 93 

17 

 
12836 Haemophilus parainfluenzae PVX Haemophilus parainfluenzae 91 

18 ATCC33389 3715 Haemophilus aphrophilus PVX Unidentified organism 

 19 

 
23946 Haemophilus influenzae PVX Haemophilus influenzae 96 

20 

 
23969 Haemophilus influenzae PVX Haemophilus influenzae 96 

              

 

the case of aforesaid Haemophilus aphrophilus test repeated twice and result was the same: 

unidentified organism. 100% accuracy could be claimed for bacteria cultured on conventional 

culture media. But in case of result for bacteria cultured on the PVX media, should be more 

careful. Overall Results showed 95% accuracy for NH grope members. 

3.5 Overall Performance Test Result   

Among 50 performed tests   there was only one unidentified organism and there were no 

misidentified bacteria. Conclusion of overall results showed 98% accuracy for performance 

test of auto analyzer machine. This result could be considered as a very good result.  

3.6 Repeatability and Reproducibility of Results  

Tables 06 and 07 respectively show 50 comparison test results for 15 standard samples and 12 

comparison test of 6 clinical isolated samples. The tests in table 07 were not planned to 

concern as repeatability tests but clinical investigations should be repeated for them. As a 

second analyze result (Repeatability) or the result of second sampling from the source 

(Reproducibility), they were added to the repeatability test calculations.  
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Table 06. Results of repeatability test samples from different standard groups 

No Date ATCC CCUG ID of Micro organism  Media Vitek Result Acc.% Comment

1 2008-01-17 ATCC23970 5853 Neisseria lactamica conv. Neisseria lactamica 99 bionumber:1236405400

2 2008-01-18 ATCC23970 5853 Neisseria lactamica TSS Low Discrimination

Neiss.el;ngata/Neiss.lactamica

bionumber:0632005400

3 2008-06-10 ATCC23970 5853 Neisseria lactamica conv. Neisseria lactamica 97 bionumber:1234405400

4 2008-06-12 ATCC23970 5853 Neisseria lactamica TSS Neisseria lactamica 88 bionumber:1232005400

5 2008-06-26 ATCC23970 5853 Neisseria lactamica PVX Neisseria lactamica 96 bionumber:1636405400

6 2007-11-28 ATCC33389 3715 Haemophilus aphrophilus conv. Slashline (Haemophilus aphrophilus) bionumber:2714635453

7 2007-11-28 ATCC33389 3715 Haemophilus aphrophilus TSS Low Discrimination

Haemo. parainfluenzae/ Haemo. segnis

bionumber:2600611052

8 2008-06-10 ATCC33389 3715 Haemophilus aphrophilus conv. Slashline (Haemophilus aphrophilus) bionumber:2715635453

9 2008-06-16 ATCC33389 3715 Haemophilus aphrophilus conv. Slashline (Haemophilus aphrophilus) bionumber:2714635453

10 2008-06-26 ATCC33389 3715 Haemophilus aphrophilus PVX Unidentified organism bionumber;2600615052

11 2008-06-27 ATCC33389 3715 Haemophilus aphrophilus PVX Unidentified organism bionumber;3600005042

12 2008-01-18 ATCC17960 13463 Oligella urethralis blood Oligella urethralis 99 bionumber:2631002520

13 2008-01-17 ATCC17960 13463 Oligella urethralis conv. Oligella urethralis 99 bionumber:2631002520

14 2008-06-10 ATCC17960 13463 Oligella urethralis conv. Oligella urethralis 99 bionumber:2631002520

15 2008-06-10 ATCC17960 13463 Oligella urethralis TSS Oligella urethralis 94 bionumber:2630002522

16 2008-06-12 ATCC17960 13463 Oligella urethralis TSS Oligella urethralis 99 bionumber:2631002522

17 2008-06-26 ATCC17960 13463 Oligella urethralis PVX Oligella urethralis 99 bionumber:2631002522

18 2008-05-29 493 Neisseria meningitidis conv. Neisseria meningitidis 95 bionumber:2237000000

19 2008-05-29

493

Neisseria meningitidis TSS Low Discrimination

King.den./Neiss.men.

bionumber:3637000000

20 2008-01-17 ATCC9007 4851 Haemophilus influenzae conv. Haemophilus influenzae 91 bionumber:5714440247

21 2008-06-10 ATCC9007 4851 Haemophilus influenzae conv. Haemophilus influenzae 97 bionumber:5715060647

22 2007-11-27 ATCC9007 4851 Haemophilus influenzae conv. Haemophilus influenzae 99 bionumber:5714040647

23 2008-06-26 ATCC9007 4851 Haemophilus influenzae PVX Haemophilus influenzae 93 bionumber:5714240647

24 2008-01-18 CCUG10041 Neisseria gonorrhoeae conv. Neisseria gonorrhoeae 99 bionumber;1237000000

25 2008-06-23 CCUG10041 Neisseria gonorrhoeae conv. Unidentified organism bionumber;0231040722

26 2008-06-25 CCUG10041 Neisseria gonorrhoeae conv. Neisseria cinerea 90 bionumber;0231040100

27 2008-06-27 CCUG10041 Neisseria gonorrhoeae PVX Low Discrimination

Neisseria cinerea

bionumber;0231040000

28 2008-06-26 23946 Haemophilus influenzae PVX Haemophilus influenzae 96 bionumber:1714042443

29 2008-06-10 23946 Haemophilus influenzae conv. Haemophilus influenzae 97 bionumber:1714042643

30 2008-06-26 23969 Haemophilus influenzae PVX Haemophilus influenzae 96 bionumber:5714040047

31 2008-06-10 23969 Haemophilus influenzae conv. Haemophilus influenzae 97 bionumber:5715040247

32 2008-06-10 12836 Haemophilus parainfluenzae conv. Haemophilus parainfluenzae 98 bionumber:0604633252

33 2008-06-26 12836 Haemophilus parainfluenzae PVX Haemophilus parainfluenzae 91 bionumber:5604003252

34 2008-06-12  QCsample 183 Haemophilus influenzae conv. Low Discrimination

Haemophilus influenzae

bionumber:0604060643

35 2008-06-13  QCsample 183 Haemophilus influenzae conv. Low Discrimination

Haemophilus influenzae

bionumber:0704060243

36 2008-06-12  QCsample 192 Haemophilus influenzae conv. Haemophilus influenzae 95 bionumber:5714040243

37 2008-06-13  QCsample 192 Haemophilus influenzae conv. Haemophilus influenzae 97 bionumber:5614040043

38 2008-01-18 ran9189 Neisseria TSS Neisseria sicca 97 bionumber:0631410000

39 2008-01-18 ran9189 Neisseria TSS(-co2) Low Discrimination

Neisseria sicca

bionumber:0633404000

40 2008-01-18 ran9189 Neisseria conv. Neisseria sicca 99 bionumber:0633410000

41 2007-11-27 ATCC 43079 23256 Streptococcus eqi ssp zooepidemicus TSS Streptococcus eqi sspzooepidemicus 99 bionumber:051450365757651

42 2007-11-27 ATCC 43079 23256 Streptococcus eqi ssp zooepidemicus conv. Streptococcus eqi ssp zooepidemicus 99 bionumber:071454745357651

43 2008-01-16 ATCC 43079 23256 Streptococcus eqi ssp zooepidemicus TSS Streptococcus eqi ssp zooepidemicus 99 bionumber:051450765717651

44 2008-01-16 ATCC 43079 23256 Streptococcus eqi ssp zooepidemicus conv. Streptococcus eqi ssp zooepidemicus 99 bionumber:051410745717651

45 2007-11-27 ATCC700324 Kelebsiella oxytoca TSS Kelebsiella oxytoca 99 bionumber:6705714676064011

46 2007-11-27 ATCC700324 Kelebsiella oxytoca conv. Kelebsiella oxytoca 99 bionumber:6705714676064010

47 2008-01-16 ATCC700324 Kelebsiella oxytoca TSS Kelebsiella oxytoca 99 bionumber:6705714676064011

48 2008-01-16 ATCC700324 Kelebsiella oxytoca conv. Kelebsiella oxytoca 99 bionumber:6705714676064011

49 2008-01-17 ATCC6380 6327 proteus hauseri( vulgaris) TSS Slashline (proteus vulgaris group) bionumber:0015204310240001

50 2008-01-16 ATCC6380 6327 proteus hauseri( vulgaris) conv. Slashline (proteus vulgaris group) bionumber:0015000210240211
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Table 07. Results of repeatability test for clinical samples  

No Date Main No ID No API  result     Accu.% Vitek 2 Instrumental result     Accu.% comment 

51 10-maj 22 77461 Past.sp doubtful Unidentified organism

52 27-jun 27 78120 past.multocida 

past. Stomatis(Gbg)

unacceptable 

profile

Unidentified organism API 20 NE(OX Pos)

53 19-jul 13 145070 Salmonella choleraesuis ssp   Escherichia coli 99 extra test has been asked  for API method 

54 01-jun 13 F-86594 Salmonella choleraesuis ssp N.A E.coli 92 API result has taken from lab nots

55 16-okt 38 127734b Enterobacter asburiae 96 Enterobacter asburiae 99

56 16-okt 39 127734a Enterobacter asburiae 95.7 Enterobacter asburiae 97

57 04-dec 63 80051 Chryseobacterium meningosepticum 99.9 Chryseobacterium indologenes 99 API 20 NE(OX Pos)

58 15-jan 66 80051 Chryseobacterium meningosepticum 99.9 Chryseobacterium indologenes 95 API 20 NE(OX Pos)

59 15-jan 69 74826-l Achromabacter xylosoxidans 99.9 Achromabacter xylosoxidans 99 API 20 NE(OX Pos)

60 15-jan 70 74826-s Achromabacter xylosoxidans 94.5 Achromabacter xylosoxidans 99 API 20 NE(OX Pos)

61 24-maj 12 F-86426 Pantoea. Spp N.A Slashline  

Yersinia

- API result has taken from lab nots

62 25-jun 14 F-87051 Pantoea. Spp N.A Slashline

Yersinia

- API result has taken from lab nots

 

 

In all of these 62 tests there was only one standard sample that showed irreproducible result 

and there was no unrepeatable result in identified samples. The aforesaid sample was 

“Neisseria gonorrhoeae” which is described as a sensitive bacterium. After 4 different tests 

(No 24-27 in table) of a standard strain (CCUG 10041) of “Neisseria gonorrhoeae”  only one 

result( first try/ conv. Culture media) was correct  till "genus" and "species" level, 2 results ( 

conv. & PVX media) were correct  till "genus" but different in "species" which  indicated 

“Neisseria cinerea”  and  one  was “unidentified organism”(conv. Media).  After freeze 

removing, the fresh sub-cultured sample showed correct identification till genus & species 

level. But samples which were taken from subculture that saved in refrigerator showed 

incorrect species (Neisseria cinerea) or unidentified organism result.  It could be claimed that 

few month refrigerator saving or too much sub-culturing is the reason of miss success in 

reproducibility of this case. 

There are few low discrimination reports in the table that all of them were for TSS culture 

media used for NH group members. TSS media is not suitable culture media for NH group 

members and these finding shows the impact of none-suitable culture media on bacteria. 

Meanwhile there is no negative impact in case of  Oligella urethralis which could be cultured 

on blood agar media in normal atmosphere  incubation too.  

The result of repeatability tests shows 100% accuracy ignoring Neisseria gonorrhoeae 

(CCUG 10041) from above list. But in this study only repeatability was concerned NOT 

accuracy so for conclusion maximum 2 unrepeatable results could be considered in all 62 

tests. This conclusion leads the study to the 96.8% accurate repeatability in results.  
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4. Clinical Samples Results 

Tables 08 till 10 shows the Results of clinical samples. 90 clinical samples are divided into 

three groups: 20 samples of urine culture division, 57 samples from other divisions and 13 

samples of previous studies. There is no signifying difference between the 20 first samples 

and other 57 samples except the biologic source. Meanwhile there is reference difference 

between 77 (20+57) first samples and 13 last samples. The API20 results for the last 13 

samples are extracted from laboratory’s notification and history. No report forms or 7 digit 

bio-numbers were accessible for the last 13 samples. This is shown in comments column of 

table 10.  For all other 77 samples report forms and bio-numbers were available and 

information could be taken from online database.  

 

 

Table 08. Results of clinical samples / urine culture 

      No ID No API  result     Accu.%  Vitek 2 Instrumental result     Accu.%  

1 141024 
Klebsiella pneumoniae ssp 
pneumoniae 97.6 Klebsiella pneumoniae ssp pneumoniae 99 

2 141732 Escherichia coli 1 99.5 Escherichia coli  99 

3 141860 Escherichia coli 1 99.5 Escherichia coli  99 

4 142657 Escherichia coli 1 98.1 Escherichia coli  95 

5 143231 Escherichia coli 1 99.9 Escherichia coli  95 

6 143210 
Acinetobacter 
baumannii/calcoaceticus 99.4 Acinetobacter baumannii 99 

7 143663 Enterobacter cloacae 94.9 Enterobacter cloacae 95 

8 143657 
Acinetobacter 
baumannii/calcoaceticus 94.8 Acinetobacter baumannii 99 

9 143864 Escherichia coli 1 99.8 Escherichia coli  96 

10 144733 Escherichia coli 1 99.8 Escherichia coli  98 

11 145240 Escherichia coli 1 98.3 Escherichia coli  96 

12 145215 
Escherichia coli 1 
Pantoea spp 3 

50.7 
40.7 Escherichia coli  99 

13 145070 
Salmonella choleraesuis ssp 
Escherichia coli 2 

74.9 
22.0  Escherichia coli  99 

14 145626 Escherichia coli 1   99.5 Escherichia coli  93 

15 145570 Escherichia coli 1   91.8 Escherichia coli  99 

16 145758 

Acinetobacter 
baumannii/calcoaceticus 
Shigella spp 

70.5 
28.3  Acinetobacter baumannii 98 

17 146615 

Rahnella aquatilis 
Pantoea spp 3 
Klebsiella pneumoniae ssp ozaenae 

36.1 
28.8 
21.5 Pantoea spp 90 

18 146794 

Raoultella terrigena 
Klebsiella pneumoniae ssp 
pneumoniae 
Enterobacter aerogenes 

68.9 
26.7  
  3.7  

Klebsiella pneumoniae ssp pneumoniae 99 

19 150778 Serratia marcescens  99.7 Serratia marcescens 95 

20 154244 
Klebsiella pneumoniae ssp 
pneumoniae 97.6 Klebsiella pneumoniae ssp pneumoniae 99 
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4.1 Results of Urine Culture Samples 

Table 08 shows results of urine culture department. As reminded before there is no important 

difference between the 20 first samples and others. This table only gives a separate result to 

compare urine culture results with other results.  

 Results in the table 08 shows 95% “complete coalition” (coalition till genus and specie level) 

for 19 samples  and 5% “no coalition” for one sample (sample No 13).  

Table 09. Results of clinical samples / other divisions 

      No ID No API  result     Accu.%  Vitek 2 Instrumental result     Accu.%  

21 77372 Serratia marcescens 82.5 Serratia marcescens 95 

22 77461 Past.sp 57.2 Unidentified organism 
 23 77935-a E.coli 99.7 E.coli 99 

24 77935-b Acinetobacter baumannii 99.9 Acinetobacter baumannii 99 

25 123290 Chryseobacterium indologenes 95.1 Chryseobacterium qleum 99 

26 78156 

Acinetobacter junii/johnsonii 
Acinetobacter baumannii/calcoaceticus 
Acinetobacter spp(Gbg) 

63 
26.2 

  Bordetella bronchiseptica 99 

27 78120 
Pasteurella multocida  
Pasteurella stomatis(Gbg) 96.0 Unidentified organism 

 

28 78188 
Pasteurella multocida 
Pasteurella canis(Gbg) 96 

NH   Low disc. Haem.  
GN   Unidentified 

 

29 78223 
Acinetobacter baumannii 
/calcoaceticus 98.5 Acinetob. lwoffi 98 

30 123812 
Enterobacter cloacae 
Enterobacter cloacae complex(Gbg) 89.7  Enterobacter cloacae 97 

31 123955 Proteus  mirabilis ? Proteus mirabilis 98 

32 78404 

Wautersia paucula 
Acinetobacter baumannii 
Acinetob. Junii (Gbg) 

83 
12.9 

Low Discrimination  
Acinetob. lwoffi 
ps. stutzeri 

 32+1 79070 Pasteurella multocida 96 Pasteurella multocida  98 

33 79076 Stenotrophomonas maltophilia 99 Stenotrophomonas maltophilia 99 

34 153632  Escherichia coli 1 99.5 Escherichia coli  99 

35 127720 
Pseudomonas aeruginosa 
Pseudomonas fluorescens/putida 

77.5 
 

 15.6 

Low Discrimination 
Pseudomonas aeruginosa 
Pseudomonas putida ? 

36 127786 Escherichia coli 1 99.9 Escherichia coli  99 

37 153592 Escherichia coli 1 97.9 Escherichia coli  99 

38 127734b Enterobacter asburiae 96 Enterobacter asburiae 99 

39 127734a Enterobacter asburiae 95.7 Enterobacter asburiae 97 

40 79724 

Pantoea spp 1 
Pasteurella pneumotropica 
Mannheimia haemolytica 

56.0 
31.3  Pasteurella multocida 95 

41 127790 Escherichia coli 1 99.8 Escherichia coli  96 

42 79858  Serratia marcescens 97.5 Serratia marcescens 95 

43 128090 

Low Discrimination 
Klebsiella pneumoniae ssp pneumoniae 
Raoultella terrigena 

48.1 
 35.5  

Klebsiella pneumoniae ssp 
pneumoniae 93 

44 74495 Pasteurella multocida 96.0 
TSS: Sphingomonas paucimobilis 
CH:   Sphingomonas paucimobilis 

97 
97 
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Table 09. Results of clinical samples / other divisions (continued). 

No ID No API  result     Accu.%  Vitek 2 Instrumental result     Accu.%  

45 154441 Hafnia alvei 1 97.6 Unidentified organism ? 

46 154476 Acinetobacter baumannii/calcoaceticus 98.7 Acinetobacter baumannii 99 

47 154213 Escherichia coli 1 99.5 Escherichia coli  96 

48 154343 Escherichia coli 1 99.6 Escherichia coli  95 

49 154244 Klebsiella pneumoniae ssp pneumoniae 97.6 
Klebsiella pneumoniae ssp 
pneumoniae 99 

50 128094 Escherichia coli 1 96.3 Escherichia coli  95 

51 154245 Stenotrophomonas maltophilia 99.7 Stenotrophomonas maltophilia 99 

52 154494 Enterobacter cloacae 89.7 Enterobacter cloacae 94 

53 154318 Escherichia coli 1 99.8 Escherichia coli  98 

54 128119 Serratia marcescens  97.5 Serratia marcescens 95 

55 90317 
Low Discrimination 
Shigella spp 68.8 

Slashline 
Shigella group 

 

56 90399 

 Escherichia coli 2 
Escherichia fergusonii 
Escherichia coli 1 

42.9 
38.9  
17.8  Escherichia fergusonii 99 

57 80003 
Serratia Liquefaciens 
Serratia marcescens 

64.9 
35 

Slashline 
Serratia Liquefaciens group 

 58 80022 Stenotrophomonas maltophilia 99.9 Stenotrophomonas maltophilia 99 

59 80001 Chryseobacterium indologenes 99.9 Chryseobacterium indologenes 99 

61 155481 Escherichia coli 1 99.5 Escherichia coli  95 

62 155529 Escherichia coli 1 97.9 Escherichia coli  99 

63 80051 Chryseobacterium meningosepticum 99.9 Chryseobacterium indologenes 99 

64 80091 Pseudomonas aeruginosa 99.9 Pseudomonas aeruginosa 98 

65 74826 Achromabacter xylosoxidans 99.9 Wautersia paucula 98 

66 80051 Chryseobacterium meningosepticum 99.9 Chryseobacterium indologenes 95 

67 80319 Pasteurella multocida 96.0 Pasteurella multocida 99 

68 9190 Pasteurella pneumotropica 96.9 Pasteurella pneumotropica 95 

69 74826-l Achromabacter xylosoxidans 99.9 Achromabacter xylosoxidans 99 

70 74826-s Achromabacter xylosoxidans 94.5 Achromabacter xylosoxidans 99 

71 80282 Proteus vulgaris group 99.9 slashline (Proteus vulgaris group) v.g 

72 9260 Serratia marcescens  97.5 Serratia marcescens 99 

73 48935 Shigella spp 82.5 slashline (Shigella group) - 

74 48940 non active profile(No growth \ reaction) 

 
Bordetella bronchiseptica  99 

75 144575   Escherichia coli  98.1 Escherichia coli  96 

76 16787 Pseudomonas stutzen 94.7 Pseudomonas aeruginosa 99 

77 9909 Pasteurella multocida 96 

Low Discrimination 
Pasteurella multocida 
Sphingomonas paucimobilis 

             
 

4.2 Results of Other Samples 

Table 09 shows results of 57 samples group that their biologic sampling source are different 

none urologic sources. The study was aimed to provide individual results for every 

microbiology section at first. Since the presences of the desired samples were not predicable, 

distribution of samples between sections were not equal. Thus statistic individual results 
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couldn’t be trustable at the same level. On the other hand analyzing of separate data for every 

section could be misguided.  

To avoid misguiding, all of other samples are represented together. Continuous numbering 

shows that all the 90 study samples are considered as one whole group. Overall results for 90 

samples (tables 11-14) are considered as the most trustable results in this study. 

 

4.3 Results of Previous Study Samples 

Three months before this study a limited group of samples (20 samples) checked with both 

vitek2 auto analyzer and API Microsystems by the lab personnel. Only few of their API 

reports (7 reports) were available which they are categorized together with second group (57 

samples). The last 13 samples’ API reports (from Göteborg) were not available but their 

histories were registered in lab notifications. 

Table 10 shows these samples results and as reminded before all of these 90 samples are 

considered as a one whole group in data analyzing.  

 

Table 10. Results of clinical samples / previous study’s results 

                  

No ID No API  result     Accu.%  Vitek 2 Instrumental result     Accu.%  

78 78076 Klebsiella pneumoniae(Gbg) N.A Klebsiella pneumoniae 99 

79 78394 Stenotrophomonas maltophilia N.A Stenotrophomonas maltophilia 99 

80 87698 Serratia odorifera N.A E.coli 93 

81 77312 E.coli N.A E.coli 95 

82 140220 Klebsiella oxytoca N.A Klebsiella pneumoniae 99 

83 121487 E.coli N.A E.coli 97 

84 F-86426 Pantoea spp N.A 
Slashline   
Yersinia - 

85 F-86594 Salmonella spp N.A E.coli 92 

86 F-87051 Pantoea spp N.A 
Slashline 
Yersinia - 

87 F-86973 E.coli N.A E.coli 95 

88 F-86996 Vibrio flovidalis N.A 

Low Discrimination 
Aeromonas spp. 
Vibrio vulnificus - 

89 EQ- 212 Burkholderia cepacia  N.A Burkholderia cepacia complex  N.A 

90 NE - 8368 Shigella spp N.A Slashline N.A 
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4.4 Overall Result in Different Categories  

Overall results for clinical samples are categorized in the tables 14-16 and Fig 13. Results 

described in four categories as “complete coalition”, “partial coalition”, “no coalition” and 

“unidentified”. “Complete coalition” category that is shown in short form of (G+ / S+) means 

that there is coalition between the results of two methods at the genus and species level. These 

results are not shown in a separate comparative table because they are not different for two 

applied methods. But other three categories are shown in separate comparative tables for 

every group. 

 Table 11 shows overall results for “Partial coalition” category. This category showed by the 

short form of (G+ / S-) means that there is coalition between the results of two methods at the 

genus level but difference at the species level.  

 

Table 11. Results of clinical samples / Partial coalition samples 

No ID No API  result     Accu.%  Vitek 2 Instrumental result     Accu.%  

      25 123290 Chryseobacterium indologenes 95.1 Chryseobacterium qleum 99 
29 
 

78223 
 

Acinetobacter baumannii 
/calcoaceticus 

98.5 
 

Acinetob. Lwoffi 
 98 

32 
 
 

78404 
 
 

Wautersia paucula 
Acinetobacter baumannii 
Acinetobacter Junii (Gbg) 

83 
12.9 

 

Low Discrimination  
Acinetobacter lwoffi 
Pasteurella stutzeri  

40 
 
 

79724 
 
 

Pantoea spp 1 
Pasteurella pneumotropica 
Mannheimia haemolytica 

56.0 
31.3  

 

Pasteurella multocida 
 
 

95 
 
 

63 80051 Chryseobacterium meningosepticum 99.9 Chryseobacterium indologenes 99 

66 80051 Chryseobacterium meningosepticum 99.9 Chryseobacterium indologenes 95 

76 
 
 

16787 
 
 

Pseudomonas stutzen 
 
 

94.7 
 
 

Pseudomonas aeruginosa 
 
 

99 
 
 

82 
 
 

140220 
 
 

Klebsiella oxytoca 
 
 

N.A 
 
 

Klebsiella pneumonia 
 
 

99 
 
 

88 
 
 

F-86996 
 
 

Vibrio flovidalis 
 
 

N.A 
 
 

Low Discrimination 
Aeromonas spp. 
Vibrio vulnificus - 
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 Table 12 shows overall results for “No coalition” category. This category showed by the 

short form of (G- / S-) used for description of results of two methods that identified different 

genus & species for the same sample. 

Table 12. Results of clinical samples / No coalition samples 

No ID No API  result     Accu.%  Vitek 2 Instrumental result     Accu.%  

13 145070 
Salmonella choleraesuis ssp 
Escherichia coli 2 

74.9 
22.0  Escherichia coli  99 

26 78156 

Acinetobacter junii/johnsonii 
Acinetobacter 
baumannii/calcoaceticus 
Acinetobacter spp(Gbg) 

63 
26.2 

  Bordetella bronchiseptica 99 

44 74495 Pasteurella multocida 96.0 
TSS: Sphingomonas paucimobilis 
CH:   Sphingomonas paucimobilis 

97 
97 

65 74826 Achromabacter xylosoxidans 99.9 Wautersia paucula 98 

80 87698 Serratia odorifera N.A E.coli 93 

84 F-86426 Pantoea spp N.A 
Slashline   
Yersinia - 

85 F-86594 Salmonella spp N.A E.coli 92 

86 F-87051 Pantoea spp N.A 
Slashline 
Yersinia - 

      

 

Table 13 shows overall results for “Unidentified” category. This category means that micro 

organism didn’t identified by one of the applied methods. There was no isolate sample that 

both of the applied methods in this study couldn’t identify it simultaneously. 

 

Table 13. Results of clinical samples / unidentified samples 

No ID No API  result     Accu.%  Vitek 2 Instrumental result     Accu.%  

22 77461 Pasteurella spp DOUBTFUL Unidentified organism 
 

27 78120 
Pasteurella multocida  
Pasteurella stomatis(Gbg) 96.0 Unidentified organism 

 
28 78188 

Pasteurella multocida 
Pasteurella canis(Gbg) 96 

NH   Low disc. Haem.  
GN   Unidentified 

 
45 154441 Hafnia alvei 1 97.6 Unidentified organism ? 

74 48940 non active profile(No growth \ reaction) Bordetella bronchiseptica  99 
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Table 14. Overall results for 90 samples  

Coalition in results Qty % 

Complete  coalition (G +/ S+) 70 77.8 

Partial  coalition (G +/ S -) 9 10.0 

No coalition (G - / S -) 6 6.7 

(Unidentified) 5 5.5 

Total 90 100 

 

Table 14 and Fig.13 show total overall percentage of results for different categories in this 

study. In calculation of results two samples of bacteria samples were shifted from “No 

coalition” category to “Complete coalition” category. The reason of this shift is discussed in 

section 6.1 comparative results for samples. 

 

Identification Results

(G +/ S+)

77.8%

(G +/ S -)

10%

(G - / S -)

6.7%

(Unidentified)

5.5%

 

Fig 13. Overall results for 90 samples 
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Abundance of different bacteria in clinical samples is shown in Fig.14 

 

 

Fig14. Abundance of bacteria in clinical samples 
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5. Independent Statistical Survey  

After few months daily sample loading on analyzer, an independent survey carried out in 

study location. A collection of archived daily results including 100 samples analyzed as a 

reference to get some statistic data of the procedure. Selection of report samples from all   

vitek2 reports was random. But since sample selection process for vitek2 system in first hand 

was not a random sampling method, the effect of the primary sampling should be considered 

on the results. 

5.1  Identification Time 

This survey was done on a group of clinical samples reported only by Vitek 2
®
   and there 

was no common sample with the 90 samples group.  The result shows an average analyze 

time of 5.5 hours (330 min.) for different bacteria. The minimum and maximum observed 

identification times are 2.75 hours and 10.25 hours respectively. 

The comparison of average 5.5 hours with minimum 24 hours identification time needed for 

API 20E   and 24- 48 hours for API 20NE  shows a dominate advantage for Vitek 2
®
 system 

where the time  is a vital factor in identification and treatment of infectious diseases includes 

most patients with sepsis. In case of species and cerebrospinal fluid (C.S.F) infections, correct 

identification & time is very important and valuable for physician.  

As showed in the Fig 15 diagram distribution of results was not well dispersed among all 

values, but general form of distribution seemed as random distribution module. The 

distribution module showed that 15 minutes interval time between optical readings of the 

results in analyzer is an acceptable interval time and shorter readout time doesn’t needed. 
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Fig 15. Distribution of analyze time for 100 random samples  

Microbiology lab,Södra Älvsborgs Sjukhus Borås. 
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5.2  Confidence Classes of Results 

Other findings in this survey also show  94% (including 2% slashline) excellent, very good, 

and acceptable identification of bacterial strain (probability of results are between 85-99%); 

4% low discrimination (probability of results are lower than 85%), 1% non reactive bio-

pattern  (the bacteria didn’t grow during analyze time) and 1% unidentified organism.  

 Results abundance %4%2%
1%

1%

92%

Acceptable results 

(prob. over 85%)

Slashline

Low  Discrimination

Unidentif ied organism

Non reactive

 

Fig16. Bacteria identification results for 100  random  samples  

Microbiology lab,Södra Älvsborgs Sjukhus Borås. 

5.3 Distribution of Samples  

The abundance of gram negative bacteria in this random collection was 71% where Gram 

positive bacteria are composed 24% and Neisseria 5% of results. Escherichia coli composed 

of 33% Gram negative bacteria or 23.2% of total results in this collection. 

Bacteria Abundance%

71%

24%

5%

Gram negative

Gram postive 

Neisseria

 

Fig 17. Bacteria abundance .results for 100  random  samples  

Microbiology lab,Södra Älvsborgs Sjukhus Borås. 
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6. Discussion  

Bacteria make up one of the major portions of biomass present on the Earth. Identification 

and clear classification of all members of this branch of life tree is developing same as other 

branches.  There are some specific properties in this branch which makes more problems.  

The needed time for reproduction of next generation through binary division is the shortest 

reproduction time among living organisms. Abundance of mutation is high and there are 

several ways of gene transfer among them. Gene transport (by plasmids or viruses), taking 

parts of dead bacteria’s gen from environment etc. are examples of fast and effective change 

causes in bacteria’s genome and properties.  Fast changes ability plus the effect of incorrect 

use of antibiotics and chemicals makes unknown or resistant strains of bacteria and more 

problems in exact identification of them in lab.  

Carl Woese and G. Fox (1977) applied the concept of molecular phylogeny using 16S  

subunit ribosomal RNA gene sequencing. This system organized the tree of life and is used 

today to classify all organisms. 16SS ribosomal RNA sequencing could be claimed as the 

reference method for bacteria species identification in research laboratories (Clarridge Jill 

E.2004). 

 Exact identification & classification of bacteria is a goal of academic research institutions but 

it is not a routine method in lab because of time, expense etc. Actually exact identification of 

bacteria is not desired for clinical microbiology samples in advance. Exact identification of 

pathogenic bacteria is important in epidemiologic studies and social health issues. Rapid 

isolation and antibiotic sustainability test (AST) to find the right antibiotic for treatment in 

addition to the identification of genus & specie (ID) are important points in clinical samples.  

It is not easy to judge between results of different methods of bacterial identification. A 

package containing more tests, logically gives more trustable results than other package with 

fewer tests.  In this induction the vitek2 cards with 64 tests are more accurate than API 20 

series with only 20 tests. Meanwhile to find accuracy of a new-applied method (vitek2 auto 

analyzer), the results could be compared with the results of API strip tests as a former 

acceptable reference in lab. 

API results that are taken from database include probability of accuracy and possible extra 

tests. But comparing of API results’ accuracy with new methods accuracy results could be 

misguided. This point is discussed in following sections. 

6.1 Comparative Results for Samples  

Tables 15 and 16 show comparative results based on API and vitek2 results respectively. 

These tables show the difference points and what the same samples results by the other 

method were. It make possible to find out if one system couldn’t succeed to diagnosis any 

genus or species.  
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Table 15. Parallel comparison of API results withVitek2 results 

  API                    Vitek 2     

No Microorganism Genus total G + / S + G +/ S - G - / S - Unidentified 

1 Achromabacter 3 2 0 1 Wautersia 0 

2 Acinetobacter 8 5 2 1 Bordetella 0 

3 Burkholderia c  1 1 0 0 0 

4 Chryseobacterium  4 1 3 0 0 

5 Enterobacter 5 5 0 0 0 

6 Escherichia  26 26 0 0 0 

7 Hafnia 1 0 0 0 1 Unidentified 

8 Klebsiella 7 6 1 0 0 

9 Pantoea  3 1 0 2 Yersina 0 

10 Pasteurella 9 4 1 1 Sphingomonas 3 Unidentified 

11 Proteus  2 2 0 0 0 

12 Pseudomonas  3 2 1 0 0 

13 Salmonella  2 0 0 2 Escherichia 0 

14 Serratia 7 6 0 1 Escherichia 0 

15 Shigella  3 3 0 0 0 

16 Stenotrophomonas 4 4 0 0 0 

17 Unidentified 1 0 0 1 Bordetella 0 

18 vibrio 1 0 1 0 0 

  Total 90 68 9 9 4 

  Complete Coalition (G +/ S+)  Coalition in the genus and species level    

  Partial Coalition (G +/ S -)   Coalition in the genus / difference in species    

  No Coalition (G - / S -)      Different results in the genus and species level   

 

 

At first glance tables seem the same but there are important differences between them.  Since 

this study is claimed as parallel comparison and none of two methods preferred as reference 

method, repeating of information should not be misunderstood. All the information which 

could be taken from one table couldn’t be taken from the other table. Thus it is recommended 

that if someone searches for a special subject, should search both of the tables. Actually 

repeating of information is very important in analyzing of data and understanding of 

difference in results. 

Table 15 shows that total 18 taxa were identified via API Microsystems where vitek2 

automated system identified 20 taxa of the same samples according table 16. This fact could 

be argued as an evidence of more developed level of identification in machine which can 

explain raise of confidence level in vitek2 system too. Comparison of tables 15 and 16 with 

total data  in table 01 shows that API Microsystems are not  enough for exact  identification of  

all species of Acinetobacter, Chryseobacterium , Pasteurella,  Pantoea and Bordetella. 

 

The importance of tables 15 and 16 in analyzing of data could be understood better by 

reviewing of three following examples.  As the first example Bordetella is considered. There 

is no Bordetella in table 15’s API column. Two Bordetella samples find by vitek2 analyzer, 

identified as Acinetobacter and unidentified organism by API.  
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Table 16. Parallel comparison of Vitek2 results with API results 

  Vitek 2     API     

No Microorganism Genus  total G + / S + G +/ S - G - / S - Unidentified 

1 Achromabacter 2 2 0 0 0 

2 Acinetobacter 7 5 2 0 0 

3 Bordetella  2 0 0 1 Acinetobacter 1 Unidentified 

4 Burkholderia   1 1 0 0 0 

5 Chryseobacterium  4 1 3 0 0 

6 Enterobacter 5 5 0 0 0 

7 Escherichia  29 26 0 
3 ( 2 Salmonella 

1 Serratia ) 
0 

8 Klebsiella 7 6 1 0 0 

9 Pantoea  1 1 0 0 0 

10 Pasteurella 5 4 1 0 0 

11 Proteus  2 2 0 0 0 

12 Pseudomonas  3 2 1 0 0 

13 Serratia 6 6 0 0 0 

14 Yersina 2 0 0 2 Pantoea 0 

15 Shigella  3 3 0 0 0 

16 Sphingomonas 1 0 0 1 Pasteurella 0 

17 Stenotrophomonas 4 4 0 0 0 

18 Unidentified 4 0 0 
( 3 Pasteurella 

1 Hafnia ) 
0 

19 Wautersia  1 0 0 1 Achromabacter 0 

20 vibrio 1 0 1 0 0 

  Total 90 68 9 12 1 

  Complete Coalition (G +/ S+)   Coalition in the genus and species level    

  Partial Coalition (G +/ S -)   Coalition in the genus / difference in species    

  No Coalition (G - / S -)     Different results in the genus and species level   

 

Second interesting example is Salmonella. Two organisms identified as Salmonella by API, 

were identified as Escherichia by vitek2 system. Sample No13 (Table 08) was a lactose 

negative bacterium which was identified as Salmonella choleraesuis ssp or Escherichia coli2 

with lower probability (22%) by API (See table 12). D-trehalose and 5 keto D Gluconate 

(5KG) extra tests were recommended to find exact result.  These two tests are included in 

vitek2 GN cards test list (Appendix 2) as   tests No 35 and 39. The results of both tests were 

positive for sample No13. That is reason of identification as Escherichia coli by vitek2 with 

99% of probability. 

 

Sample  No 85,(Table 10) developed positive result for D-trehalose test ( positive for 94% of 

E.coli strains, positive for 0% of Salmonella choleraesuis ssp) and negative result for  5 keto 

D Gluconate test (positive for only 24% of E.coli strains, positive for 100% of Salmonella 

choleraesuis ssp) but positive for lactose( L-lactate assimilation) test. Misidentification of 

lactose positive bacteria (sample No 85, Table 10) as Salmonella species in this cause is a 

common finding between this study and O’Hara’s reported studies (1993, 2003). 
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 It is good to remind that microbiologists believe that Salmonella and some subspecies of 

Escherichia could exchange genetic material in plasmid form through special pili (Brooks G. 

F. et al, 2007 and Levinson Warren, 2006). Thus to make an exact separation among bacteria 

could be difficult. Following above discussion these two samples shift from “No Coalition” 

group to “Complete Coalition” group so there are 70 samples in “Complete Coalition” 

category in table 14. 

 

About the third example Chryseobacterium, there is no difference on quantity of samples. But 

both of methods are agreed only on one of them in the genus and species level (Complete 

Coalition) and 3 other samples’ identification is different in species (Partial Coalition). 

 

As these three examples show there is huge useful information about bacteria and diagnosis 

systems in these two tables.  Every case in every row of these tables could be a long 

discussing subject on the microbiologic point of view or technical issues. These tables are not 

designed for judgment between systems or to find out the accurate result. The aim of 

comparative results tables is to find systems differences to improve them. Every specialist 

person (microbiologist, biomedicine engineer etc.) could extract his /her special interested 

information from these tables. Analyzer systems designers and biotechnologists should be 

more interested than clinical physicians to these comparative results.    

6.2 Confidence Classes of Results  

There are some differences in classification of confidence (probability) level of results in API 

and vitek2 systems. The classes’ names and probability range of results are similar but not the 

same. Meanwhile both of these classifications depend on probability of the result. Probability 

of the result(s) is reported in special box of vitek2’s report form or in case of API could be 

achieved directly from online database by application of 7 digit bio–number.  

Table 17. Distribution of clinical samples API-results in different classes  

No API Result Class Qty % 

1 UNACCEPTABLE  1 1 

2 UNINTERPRETABLE  1 1 

3 LOW DISCRIMINATION 7 9 

4 DOUBTFUL 7 9 

5 ACCEPTABLE 3 4 

6 GOOD 28 37 

7 VERY GOOD 21 27 

8 EXCELLENT 9 12 

    77 100 

  N,A 13   

  Total 90   
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The probability or result class shows how trustable is the result. The concept of probability is 

not defined exactly in website or any document. The definition is clearer about vitek2 results: 

Excellent class defines a result with probability more than 96%, very good class is between 

93-95%, good is between 89-92% and acceptable result class is between 85-88%.in all of 

these class machine choose  only one bacterium. If probability of result decreases fewer than 

85%, quantity of possible answer raises till 2 or 3 case which means low discrimination in 

results. Both or all three possible choices appear on the report form with respective 

probability percents. If quantity of possible choices would be more than 3 different genus 

result will considered as unidentified organism. Usually there are recommended tests to find 

out better or exact results when it is not enough clear. 

Table 17 and Fig.18 show the distributions of API  results in different class of probability. 

API Results Class

UNINTERPRET.

1%

UNACCEPTABLE 

1%

EXCELLENT

12%

LOW 

DISCRIMINATION

9%

DOUBTFUL

9%

ACCEPTABLE

4%

GOOD

37%

VERY GOOD

27%

 

Fig18. Distribution of clinical samples API results in different classes  

Table 18 and Fig.19 show the distributions of clinical results in different class of probability 

by vitek2. Similar names in tabels17 and 18 for result classes in API and vitek2 systems don’t 

mean similar probability of the results. 

Table 18. Distribution of clinical samples vitek2 results in different classes  

No Vitek2 Results Class Qty % 

1 Excellent 58 65 

2 Very good  20 23 

3 Good  2 2 

4 Low Discrimination  4 4 

5 Unidentified organism 4 4 

 6 N.A 2 2 

  Total 90  100 
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Comparing tables 17 and 18 shows that total acceptable and higher results from 80%(sum of 

acceptable, Good, Very good and Excellent categories)  in API system raises till 90%( sum of 

Excellent, Very good and  Good categories) in vitek2 results for 90 clinical samples in this 

study. The similar value of independent survey showed 94% acceptable and higher results 

(5.2 results classes). This is an appreciable raise of trustable results. 

 

Vitek2 Results Class

Very good 

23%

Excellent

65%

Low  

Discrimination 

5%

Good 

2%

Unidentified 

organism

5%
 

Fig19. Distribution of clinical samples vitek2 results in different classes  

 

6.3 Comparison of the Results with Other Researchers 

Comparison of the results between different researches always is discussable. If there was any 

standard of sampling method, results could be compared and distributions of the results could 

show a meaningful expression of local conditions of study. But there is no standard sampling 

method in clinical microbiology or CLSI standards. Every lab or researcher follows an 

individual method for sample collection. As review of literature showed some of studies have 

done on special selected groups or even on one selected genus of bacteria.  

It is supposed to appreciate ground concepts in comparison of these studies. For example 

comparison of result classes between clinical samples and independent survey samples  in this 

study shows 91% and 94% acceptable and higher class results respectively. Low 

discrimination in results of both clinical samples and independent survey are 4% where 

unidentified organisms presence is 5% and 2% in these two groups respectively.  These data 



44 

could be considered as good correlation in results.  Very good results in repeatability of 

answers in analyzer machine and high level of performance (quality control) test are two other 

concepts which show better figure of comparison with the results of other researchers. 

Anyways comparison of this study’s results with other researcher’s results shows acceptable 

and correlated results too. In some causes like misidentification of salmonella species or 

analyze time results are exactly same with other researchers’ reports. On the other hand there 

is a 10% rise in sum of acceptable results classes of vitek2 reports comparing with API 

results.  None of   researcher neither reported this raise nor compared parallel results in the 

way of this article before. 

 

6.4 Cost Comparison 

In cost comparison between API Microsystems and vitek2 automated system only the cost of 

differences were considered. The  total cost of analyse by API and vitek2 systems are higher 

because there are other common costs  like primary isolation or culture  costs which are 

almost same for both of systems. The common costs are neglected to make comparison easy. 

In cause of vitek2 there is a high fix capital cost (350,000 SEK, price in Sweden; 2008) for 

machine which should be depressed in 5 years considering plus 20% maintenance cost. But 

there is no fix capital cost for API Microsystems and all needed material is consumed during 

daily process. API Microsystems (25 SEK per test strip) seems even cheaper than vitek GN 

cards (30 SEK per card). But labour cost changes calculation. 

Average hand on time (considering only manual operation) for 30 samples in vitek2 auto 

analyser calculated 1.5hours (90 minutes) according daily observation in lab. It gives an 

average hand on time of 3 minutes for every test sample.  Average hand on time for API 

Microsystems are between 15-20 minutes per test considering all operations from preparation 

and filling of strips till post incubation manual operations and taking results from online 

database. The labour cost in study location was calculated by lab’s office exactly 3.36 SEK 

per minute. 

Considering 1.5 hours hand on time plus 5.5 hours average identification time (see chapter 5 

section 5.1 identification time) only 30 samples analyze are allowed in machine every day. By 

assumption of annually 50 working weeks, the total annual analyze could be reached up to 

7500 samples. Meanwhile annual fix capital costs are 84000 SEK with assumption of 20% 

maintenance cost and 5 years depression time for machine: 

30 samples/day*5 days/week*50 working weeks=7500 annual analyze by vitek2 machine 

(350,000SEK machine cost+ (350,000*20%) maintenance cost / 5years) = 84,000 SEK 
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Machine cost (84,000SEK/7500=11.20 SEK) plus labour cost (3min.*3.36SEK=10.08 SEK) 

plus material (card) cost (30 SEK) estimate a cost of 51.28 SEK per test for vitek analyzer. 

API Microsystems cost 25 SEK per test strip but average 15minuates labour cost 

(15min.*3.36SEK=50.4 SEK) makes it totally 75.4 SEK per test. API Microsystems still will 

cost more than vitek analyzer system if hand on time decreases to 10 minutes. It should be 

reminded that there are some needed reagents for API Microsystems that should be supplied 

independently and they are not included in API’s price. Also 15 minutes hand on time is a 

minimal time where actual hand on time for API 20NE could be reached more than 20 

minutes because of second observation after 48 hours. 

 

6.5 Limitations of Vitek2 

In spite of good accuracy and short identification time Vitek2 still depends on conventional 

microbiology techniques like isolation and it needs high concentration of pure isolate 

suspensions to process. The preparation of pure suspension of desired bacterial sample, needs 

about 48 hours time before processing of sample by analyser. The second 24 hours of this 

long time is the major limitation of using automated systems for all of arriving samples in 

microbiology labs. Meanwhile at the same time (second day) conventional tests could be run 

by only one isolated colony of desired bacteria. 

 Conventional tests which applied in microbiology labs worldwide, include Indole hydrolyses 

test, H2S forming, Motility test, ONPG assimilation and Urease test. There are some casual 

tests also. For example Catalase & oxidase test for Enterobacteriaceae , telorit media  for 

Enterococcus , Coagulase for Staphylococcus aureus etc. Most of these additional tests are 

rapid tests that applied in other methods as well.  A high percent of positive microbial growth 

results could be identified properly by these methods up till 48 hours after receiving a clinical 

sample. 

That is why automated method used for identification of bacterial samples that conventional 

methods can’t recognize them clearly. After first 24 hours culture on Petri dish and isolation 

of pure colonies, one isolated colony could be applied for inoculation of 5 common 

conventional biochemical tube tests. If conventional tests didn’t recognize the sample and it 

should be processed by Vitek2 automated method, perhaps another culture should be done to 

obtain enough microorganisms to make bacterial suspension.  

Sampling method also takes appreciable time. A main part of hand on time consumed to make 

proper bacterial suspensions. According to the quantity of daily samples in microbiology 

laboratories, it seems this automated system need to develop more in sampling methods if it 

will be used for identification of all incoming samples.  

The other limitation of Vitek2
 
auto analyser is the capacity of machine which is another 

reason for selective sample processing. There are two compact (30 samples) and ordinary (60 
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samples) models of Vitek2.If the daily samples statistic be considered, several machines are 

needed to achieve a capacity of a few hundreds of samples in study location.  

These limitations lead the lab to use automated system only for a selective group of the 

samples. The selective sampling method with narrow sampling field should be considered in 

analysis of results abundance. 
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7. Conclusions 

 

The choice of an automated system for the identification of bacteria involves different 

concerns. What is acceptable in terms of accuracy for one laboratory method or machine may 

not be acceptable for another based on their data base or specimen sources.  But verification 

and validation of a new method or systems should be studied and compared with former 

method or machine before the old one is replaced.   According to the findings   Vitek2 as an 

automated system provides very good and trustable accuracy and reproducible results as 

shown in repeated samples of same source. Actually developed methods use for identification 

of bacterial samples that conventional methods can’t recognize them properly.  

Use of conventional culture media instead of TSS or PVX branded culture media 

(Biomerieux) for preparing bacterial samples doesn’t influence the accuracy level in vitek2 

results. Parallel comparison tables show good advantages of automated system against manual 

API 20’s methods where the average confidence level (probability) of results rises about 10%. 

Vitek2 automated system has dominate advantages in identification time and cost in 

comparison with API Microsystems. Thus it could be concluded that vitek2 automated system 

is an economic and trustable system to replace API Microsystems in clinical lab. But 

considering pro and cons and its limitations this system still has not chosen for processing of 

all daily samples in lab. 

The main problem still exists in microbiologic automated systems. Even some aspects of 

conventional condition replaced but preparation of pure sample still takes 24 -48 hrs before 

sample processing in analyser. This long time for preparation of desired bacterial sample is 

the main limitation in application of automated systems in microbiology.  

If the amount of needed bacterial density in processing of samples could be reduced in 

automated systems probably they could use single colonies in the future. Automated systems 

in this condition would gain 24 hours time saving in diagnosis process which is a favorite 

advantage and sometimes a vital issue. Following the former goal, sampling method also 

could be developed to a faster process. Increasing of incubator capacity is very easy after 

achieving these two goals.    

With success against these three limitations automated systems could be replaced of manual 

conventional methods in clinical microbiology lab. Economic studies estimate a good future 

for automated systems in microbiology lab.  

Leak of issued standards is another outsider defect in clinical lab researches. It seems that 

CLSI (Clinical Lab Standard Institute) or other authorities should issue special standard 

methods for sampling and reporting   of microbiologic studies. 
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Appendix 1 

API TECHNICAL HINTS  

A1.1.API 20 E 

The tests on the API 20E are conventional biochemical tests, the substrates for which are 

dehydrated in microtubes. Upon inoculation with a bacterial suspension, the substrates are 

reconstituted and the reactions that occur are usually identical to those that using macro-

methods. Full methodology is given in the instructions provided with each kit, but in some 

instances this may need slight modification or amplification. 

INOCULM AND INOCULATION 

The normal inoculums for API 20E is a light suspension in sterile distilled water, pH6—7. 

Different pH values will alter the indicator and therefore the test results, rendering the strip 

difficult to interpret. Utilisation of other suspension media may alter the result obtained. 

However in some cases, the inoculums or suspension media must be modified to suit the 

growth conditions of certain bacteria. 

1. PASTEURELLA SPECIES  

Many of these bacteria have demanding nutritional requirements and may not grow in the 

strip in distilled water. For these organisms a 0.1% suspension of yeast extract in distilled 

water or a 5.0% suspension of serum in distilled water, is recommended for inoculums 

preparation. However, it must be remembered that yeast extract and serum contain nutrients 

that may be used as carbon and nitrogen sources by certain bacteria. Therefore, the 

interpretation of some tests e.g. citrate, should be performed with care, and the possibility of 

false positives borne in mind. 

2. HALOPHILIC SPECIES  

Certain bacteria, most notably certain vibrio species, are halophiles. In this instance a 

suspension of 0.85% sa1 should be used for inoculums preparation. This will not alter the 

results obtained, except for possibly a slight change in the sensitivity of the gelatine test. For 

certain vibrios; e.g. Vibrio parahaemolyticus, suspension of the up to 3.0% saline may be used 

if necessary. 

3. MUCOID ORGANISMS  

 Certain bacteria e.g. Klebsiella species and some E.coli, produce very mucoid colonies. The 

majority of one colony will be made of extracellular polysaccharide material, and standard 

inoculums will contain few actual bacterial cells. This will result in a reduced number of 

positive results being obtained. In this instance, inoculums of 5-10 colonies into the 5ml 

sterile distilled water used to inoculate the API 20E will overcome the problem. 
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A1.1.1.TEST INTERPRETATION 

ONPG 

This test indicates the presence of the enzyme Beta-galactosidase by the formation of yellow 

ortho-nitrophenol (ONP). The depth of colour is proportional to the amount of ONP 

produced, which in turn is proportional to the activity of enzyme present. This depends on the 

inoculums density and the speed of bacterial multiplication. In certain cases the reaction will 

be weak, but any degree of yellow colouration should be considered positive. 

CITRATE 

Sodium citrate is the sole carbon source in this test, and only certain bacteria can grow under 

these conditions. Citrate utilisation is indicated by a rise in pH and a consequent colour 

change from pale green to blue/green. This indicates citrate utilisation and is therefore 

positive. If necessary, the strip may be re-incubated for up to 48 hours, by which time a 

positive citrate test should be blue. 

HYDROGEN SULPHIDE 

The substrate is utilised by certain bacteria to produce hydrogen sulphide, which reacts with 

iron salts to produce a black precipitate. This can be of variable quantity, from a thin black 

Line around the base of the tube to a heavy black deposit. Any black precipitate is positive. In 

certain cases, a browning of the tube will be observed. This is caused by the deamination of 

peptones in the medium and is characteristic of Proteus and Providencia species. Unless a 

black precipitate is also present a brown colouration should be regarded as negative. 

TDA 

The substrate, Tryptophane is decomposed in the presence of Tryptophane deaminase to 

produce indole-pyruvic acid, which produces a dark brown colouration on the addition of 

ferric chloride. Certain bacteria will break down the tryptophane to produce indole, which 

reacts with ferric chloride to produce a golden-orange colouration, which may be confused 

with a true positive. A golden-orange TDA result is negative. 

GLUCOSE 

The glucose tube not only tests for the acidification of glucose, but also contains nitrates in 

the substrate to investigate nitrite and nitrogen production. The production of carbon dioxide 

as a result o glucose breakdown is not discernable in this tube. The presence of bubbles in the 

glucose tube indicates the production of nitrogen from the nitrates in the substrate. 

Certain Enterobacteriaceae, e.g. Proteus spp and some E.coli may be inhibited by the nitrates 

in the glucose tube, causing a false negative result to occur. This should be borne in mind 

when reading the results. 

ARABINOSE 

In common with other carbohydrate tests on the API 20E, a positive arabinose result is 

indicated by the production of a yellow colour. However, in the case of arabinose, a negative 

result may occasionally be more green than blue. Unless a definite yellow colouration is 

present, the arabinose result should be recorded as negative. 
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A1.1.2.Additional tests 

In some cases additional tests will be required to differentiate between closely related 

organisms. When strains appear noun reactive in API after 24 hours (see instruction manual 

for details), there are six additional tests that should be performed. Their results are then 

combined with those obtained from the strip, and a 9-digit profile is produced.  

The six tests are as follows; 

1&2: NITRATE REDUCTION TO NITRITE AND GASEOUS PRODUCTS (NO2, N2) 

These two reactions are considered as separate tests, full instructions being given in the 

instruction manual. 

A summary of the test interpretation is given below: 

a: Observe the glucose tube for bubbles 

b: Add the regents 

 

 

3: MOTILITY 

For this test a hanging drop, wet mount or motility medium may be used. For the hanging 

drop and wet mount methods, cultures more than 24 hours old should not be used. 

When using motility medium, the movement of some non-fermentative organisms may be 

retarded due to insufficient oxygen tension in the agar medium. If in doubt, confirm with a 

wet mount or hanging drop. 

4: GROWTH ON Mc CONKEY AGAR 

The medium must contain both bile salts and crystal violet. Other less selective media should 

not be substituted. 

5&6: FERMENTATION AND OXIDATION (OF-O, OF-F) 

Again these two reactions are considered as separate tests. Acid production is considered 

positive: growth only as negative. Therefore a distinct color change from green to yellow is 

considered positive Fermentative organisms will produce acid in both tubes and should be 

recorded OF-O+ : OF-F+ 
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A1.2.API 20 NE  

 

The API 20 NE system consists of eight miniaturized conventional biochemical tests, and 

twelve miniaturized assimilation tests. The conventional tests are reconstituted with a 

bacterial suspension in saline, and the assimilation tests using a minimal medium. Full 

instructions are provided with each pack, but the following technical hints may prove useful 

in some instances. 

USE OF API 20 NE 

The 20 NE strips are designed for the identification of those oxidase positive fermentative 

Gram-negative rods (e.g. Vibrio, Aeromonas) and non Fermentative Gram—negative rods 

included in the database. 

The database does not contain any members of the Enterobacteriaceae and incorrect 

identification may result if these bacteria are tested. Non-fermentative Gram-negative rods are 

a diverse group and certain rare or environmental species may be encountered that are not 

included in the database. Results should therefore be interpreted by a qualified microbiologist 

who should take into account this possibility, particularly when the source of the organism is 

unusual. 

INOCULUMS AND INOCULATION 

The recommended inoculum for 20 NE is a bacterial suspension in 0.85% NaCl of a density 

equal to a McFarland 0.5. It is important to achieve a suspension close to this density. Light 

inoculums may result in to sufficient growth, and heavy inoculums may result in background 

growth, especially relevant to the assimilation tests. 

When mixing the bacterial suspension in 20 NE medium, care must be taken not to introduce 

bubbles. These can interfere with the reading of the assimilation tests.   

When filling the assimilation tests, care should be taken not to over or under-fill the cupules. 

A concave or convex meniscus may interfere with the reading of the results after incubation. 

The ideal situation is to achieve a level meniscus when inoculating the tests, but in instances 

where this proves impossible a slightly convex meniscus is preferable to a concave one. 
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A1.2.1.TEST INTERPRETATION 

 

GLUCOSE FERMENTATION 

It is recommended that this test be read after 24 hours incubation. After 48 hours oxidation is 

possible due to the diffusion of oxygen in the incubation atmosphere through the mineral oil 

overlay, producing a positive color change. 

INDOLE 

The recommended reagent for the detection of indole production in 20N is JAMES reagent. 

Kovacs reagent is unsuitable for use with 20 NE as the solvent, iso-amyl alcohol, may be used 

as a carbon source by some of the organisms on the database. The use of JAMES reagent 

avoids the possibility of false positive assimilation tests if the strip is re-incubated. 

ESCULIN 

The bacterial breakdown of esculin to esculetin is demonstrated by the formation of a black 

precipitate. This is a positive result. Some organisms will, however, produce a brown 

coloration of the medium and this should be interpreted as negative. 

If in any doubt, esculin is a fluorescent molecule and a positive result can be verified by 

exposure to UV light e.g. Woods lamp. If the esculin has been hydrolyzed, no fluorescence 

should result. 

ASSIMILATION TESTS 

The assimilation tests in the API 20 NE are investigating the ability of t organism to utilize 

the substrate as the sole carbon source. Turbidity in the upper part of the capsule indicates a 

positive result. The reading of these tests is facilitated by ensuring an even meniscus when 

inoculating the strip, but occasionally difficulties in interpretation may be experienced. These 

may be overcome by standing back from the strip and tilting it gently to catch the light. The 

positive tests should then become obvious. 

 RE-INCUBATION 

Always remember, when re-incubating a 20 NE strip for further 24 hours, to cover the nitrate 

and TRP tests with mineral oil. This will prevent fumes from the added reagents interfering 

with the assimilation tests and causing erroneous results. 
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Appendix 2 - Test Substrates on GN Card 
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Appendix 3- Organisms Identified by the GN Card. 
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Appendix 3 - Organisms Identified by the GN Card. (continued). 
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