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OBJECTIVE

This chapter describes the VITEK 2 automated microbiology system and its 
application in the identification of microorganisms. 

PRINCIPLES

The VITEK 2 is an automated microbiology system utilizing growth-based 
technology. The system is available in three formats (VITEK 2 compact, 
VITEK 2, and VITEK 2 XL) that differ in increasing levels of capacity and 
automation. Figure 1 shows the VITEK 2 compact system. All three systems 
accommodate the same colorimetric reagent cards that are incubated and 
interpreted automatically.
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Figure 1. VITEK 2 Compact Instrument and Workstation.

VITEK 2 Compact

This format focuses on the industrial microbiology-testing environment while 
also having application for low to middle volume clinical laboratories. Features 
specifically developed for industrial microbiology include 21 CFR Part 11 
compliance (for electronic records and signatures) and a colorimetric reagent 
card (BCL) used to identify the spore-forming Gram-positive bacilli (i.e., Bacillus 
and related genera). The other colorimetric reagent cards (GN, GP, YST) apply 
to all system formats for both industrial and clinical laboratories.

VITEK 2 and VITEK 2 XL

These formats are more focused on the clinical microbiology laboratory 
and provide increased levels of automation and capacity for higher volume 
laboratories. They also provide an option of automatic pipetting and dilution 
for antimicrobial susceptibility testing.

Reagent Cards

The reagent cards have 64 wells that can each contain an individual test 
substrate. Substrates measure various metabolic activities such as acidification, 
alkalinization, enzyme hydrolysis, and growth in the presence of inhibitory 
substances. An optically clear film present on both sides of the card allows for 
the appropriate level of oxygen transmission while maintaining a sealed vessel 
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that prevents contact with the organism-substrate admixtures. Each card has a 
pre-inserted transfer tube used for inoculation (described below). Cards have 
bar codes that contain information on product type, lot number, expiration 
date, and a unique identifier that can be linked to the sample either before or 
after loading the card onto the system. Figure 2 shows the GN card.

Figure 2. VITEK 2 GN Colorimetric Identification Card.

 There are currently four reagent cards available for the identification of 
different organism classes as follows:

 1. GN - Gram-negative fermenting and non-fermenting bacilli
 2. GP - Gram-positive cocci and non-spore-forming bacilli
 3. YST - yeasts and yeast-like organisms
 4. BCL - Gram-positive spore-forming bacilli

 Product-specific details for each of the identification cards are shown below.

Culture Requirements

The on-line product information contains a culture requirements table that lists 
parameters for appropriate culture and inoculum preparation. These parameters 
include acceptable culture media, culture age, incubation conditions, and 
inoculum turbidity.
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Suspension Preparation

A sterile swab or applicator stick is used to transfer a sufficient number of 
colonies of a pure culture and to suspend the microorganism in 3.0 mL of sterile 
saline (aqueous 0.45% to 0.50% NaCl, pH 4.5 to 7.0) in a 12 x 75 mm clear plastic 
(polystyrene) test tube. The turbidity is adjusted accordingly (see Table 1) and 
measured using a turbidity meter called the DensiChekTM.

Table 1:  Suspension Turbidities Used for Card Inoculation.

Inoculation

Identification cards are inoculated with microorganism suspensions using 
an integrated vacuum apparatus. A test tube containing the microorganism 
suspension is placed into a special rack (cassette) and the identification card 
is placed in the neighboring slot while inserting the transfer tube into the 
corresponding suspension tube. The cassette can accommodate up to 10 tests 
(VITEK 2 Compact; see Figure 3) or up to 15 tests (VITEK 2 and VITEK 2 XL; 
see Figure 4). The filled cassette is placed either manually (VITEK 2 compact) or 
transported automatically (VITEK 2 and VITEK 2 XL) into a vacuum chamber 
station. After the vacuum is applied and air is re-introduced into the station, the 
organism suspension is forced through the transfer tube into micro-channels 
that fill all the test wells.

Card Sealing and Incubation

Inoculated cards are passed by a mechanism, which cuts off the transfer tube 
and seals the card prior to loading into the carousel incubator. The carousel 
incubator can accommodate up to 30 or up to 60 cards. All card types are 
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incubated on-line at 35.5 + 1.0ºC. Each card is removed from the carousel 
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 are 
collected at 15-minute intervals during the entire incubation period.

Figure 3. VITEK 2 Compact Cassette Loaded with 10 Cards and Sus-
pension Tubes and Bar Code Scanner for Data Entry.

Figure 4. VITEK 2 Cassette Loaded with Cards and Suspension Tubes 
Being Loaded Into the Automatic Transport System. 
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Optical System

A transmittance optical system allows interpretation of test reactions using 
different wavelengths in the visible spectrum. During incubation, each test 
reaction is read every 15 minutes to measure either turbidity or colored products 
of substrate metabolism. In addition, a special algorithm is used to eliminate 
false readings due to small bubbles that may be present.

Test Reactions

Calculations are performed on raw data and compared to thresholds to 
determine reactions for each test. On the VITEK 2 Compact, test reaction results 
appear as “+”,” –“, “(–)” or “(+)”. Reactions that appear in parentheses are 
indicative of weak reactions that are too close to the test threshold. With the 
VITEK 2 or VITEK 2 XL, these weak reactions appear as “?”.

Database Development

The databases of the VITEK 2 identification products are constructed with large 
strain sets of well-characterized microorganisms tested under various culture 
conditions. These strains are derived from a variety of clinical and industrial 
sources as well as from public (e.g., ATCC) and university culture collections. 

Analytical Techniques

Test data from an unknown organism are compared to the respective database 
to determine a quantitative value for proximity to each of the database taxa. 
Each of the composite values is compared to the others to determine if the data 
are sufficiently unique or close to one or more of the other database taxa. If a 
unique identification pattern is not recognized, a list of possible organisms is 
given, or the strain is determined to be outside the scope of the database. 

Identification Levels

An unknown biopattern is compared to the database of reactions for each taxon, 
and a numerical probability calculation is performed. Various qualitative levels 
of identification are assigned based on the numerical probability calculation. 
The different levels and associated information are shown in Table 2.
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Mixed Taxa Identifications

This occurs when the biopattern is representative of a collective taxon and 
generates a genus-level, group-level, or slashline identification. In rare cases, 
species-level identification can be a mixed taxon comprised of two subspecies. 
Supplemental tests may be used to delineate representative species or subspecies 
of these collective taxa.

Supplemental Testing

In the case of low discrimination identifications, two or three choices are listed 
in the order of their probability calculations. However, all taxa appearing 
in a low discrimination identification are viable choices and should only 
be ruled out after additional testing and/or observation. The lab report 
contains recommended supplemental tests that allow for differentiation of 
choices in low discrimination identifications. If the supplemental tests listed 
are insufficient to complete the identification, then standard microbiology 
references should be consulted.

Table 2. Identification Levels.
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Non-Reactive Biopattern

When a biopattern is calculated for an unknown organism that is either 
completely negative or consists of both negative tests and tests with reactions 
that lie too close to the test thresholds, the identification result will be “Non-
reactive biopattern.” If one encounters a non-reactive biopattern, a note will 
appear that states: “Organism with low reactivity biopattern – please check 
viability.” The species that can potentially trigger this note are shown in  
separate tables for each of the respective products described below.

APPLICATIONS

GN Card

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 Table 3. Of the 135 taxa, 12 are grouped taxa in 
either genus (3), group (6), or slashline (3) designations. When representative 
taxa of these collective designations are included, the total number of taxa 
claimed by GN is over 160. As with low discrimination identifications, grouped 
taxa can be separated into their component taxa by supplemental testing 
and/or observation. A list of the grouped taxa is shown in Table 4. There are 
informational notes that appear with certain taxa and these are shown in Table 
5. When no reactivity is encountered, one is referred to a list of species that may 
be associated with a non-reactive biopattern (see Table 6).
 The GN card is based on established biochemical methods and newly 
developed substrates measuring carbon source utilization, enzymatic activities, 
and resistance (ASM 1998, Atlas 1993, Brenner et al. 1993, Chang et al. 2002, 
Coenye et al. 2001a, Coenye et al. 2001b, De Baere et al. 2001, Freney et al. 2000, 
Gavini et al. 1989, Holt et al. 1994, Krieg and Holt 1984, Murray et al. 1999, 
Richard and Kiredjian 1992, Smith et al. 1991, Vandamme et al. 1999). There are 
47 biochemical tests and one negative control well.  Final identification results 
are available in approximately 10 hours or less. The list of test substrates is 
shown in Table 7.
 In a recent multi-site study, the performance of the VITEK 2 GN was 
evaluated using 562 isolates of both commonly and rarely observed species of 
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Gram-negative bacilli, including 153 non-fermentative strains. The reference 
identification was determined with api® 20 E and api 20 NE identification kits. 
Overall, the VITEK 2 GN correctly identified 96.8% of the isolates, including 
6.4% low discrimination with the correct species listed. Misidentifications 
occurred at 3.0% and no identifications occurred at 0.2%.

GP Card

The GP card is used for the automated identification of 115 taxa of the most 
significant non-spore-forming Gram-positive bacteria (primarily cocci). The list 
of claimed species is shown in Table 8. Of the 115 taxa, seven are grouped taxa 
in either slashline (4) or species (3) designations. When representative species 
or subspecies of these collective designations are included, the total number 
of taxa claimed by GP is over 120. As with low discrimination identifications, 
grouped taxa can be separated into their component taxa by supplemental 
testing and/or observation. A list of the grouped taxa is shown in Table 9. There 
are informational notes that appear with certain taxa and these are shown in 
Table 10. When no reactivity is encountered, one is referred to a list of species 
that may be associated with a non-reactive biopattern (see Table 11).
 The GP identification card is based on established biochemical methods 

and newly developed substrates (Atlas 1993, Barros et al. 2001, Bille et al. 1992, 
Collins et al. 1984a, Collins et al. 1984b, Collins and Lawson 2000, Collins et 
al. 2001, Coykendall 1989, Devriese et al. 1988, Farrow et al. 1989, Freney et al. 
2000, Holt et al. 1994, Kilpper-Bälz and Schleifer 1987, Krieg and Holt 1984, 
Murray et al. 1999, Poyart et al. 2002, Schlegel et al. 2000, Viera et al. 1998, 
Whiley et al. 1999). There are 43 biochemical tests measuring carbon source 
utilization, enzymatic activities and resistance. Final identification results are 
available in approximately eight hours or less. The list of test substrates is 
shown in Table 12. 
 In a recent multi-site study, the performance of the VITEK 2 GP was 
evaluated using 457 isolates of both commonly and rarely observed species 
of Gram-positive cocci. The reference identification was determined with api 
STAPH and api 20 STREP identification kits. Overall, the VITEK 2 GP correctly 
identified 96.5% of the isolates, including 2.2% low discrimination with the 
correct species listed. Misidentifications occurred at 3.3% and no identifications 
occurred at 0.2%.
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Table 3. Organisms Identified by the GN Card.

������������������
���������������������
���������������
���������������
������������������������
�������������������
�������������������
��������������������
������������������
��������������������
�������������������
���������������������
������������������
����������������������
������������������������
������������������������
���������������������
�������������������������
��������������������
����������������������
������������������������
����������������������
����������������
���������������������
����������������������
���������������������
��������������������
�������������������
������������
������������������
����������������������������������
�������������������������������������
������������������������������������������
������������������
���������������������
������������������������
������������������������
���������������������������������
��������������������������������
�������������������
������������
�����������������
��������������������������������������
�������������������������
��������������������
�����������������������

����������������������
��������������������������������������������
��������������������������������������������
�����������������������
��������������������������
�������������������
���������������������
��������������������
�������������������������������������
���������������������
����������������
�����������������
����������������������������������
�������������������������
�������������������
����������������������������������
�������������������
�����������������
��������������������������
���������������������
�������������������
�������������������������
����������������������������
������������������������������
�������������������������
����������������������
����������������������������
��������������������������������
����������������������
�������������������
����������������������
����������������������
���������������������
���������������
�������������
���������������������
�������������������
���������������������
���������������������
�������������������������
�����������������������
������������������������
����������������������
�����������������������
�����������������������
�������������������



www.pda.org/bookstore

Microbial Identification Using the bioMérieux VITEK® . . .           11

Table 3. Organisms Identified by the GN Card (continued).
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Table 4. GN Grouped Taxa.
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Table 5. Notes Associated with Certain GN Taxa.

Table 6. Species that May Be Non-reactive on the GN Card.
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Table 7. Test Substrates on GN Card.
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Table 8. Organisms Identified by the GP Card.
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Table 8. Organisms Identified by the GP Card (continued).

Table 9. GP Grouped Taxa.
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Table 10.  Notes Associated with Certain GP Taxa.

Table 11. Species That May Be Non-Reactive on the GP Card.
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Table 12. Test Substrates on GP Card.
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YST Card

The YST card is used for the automated identification of 49 taxa of the most 
significant yeasts and yeast-like organisms. The list of claimed species is 
shown in Table 13. Of the 49 taxa, three are grouped taxa in either slashline 
(2) or genus (1) designations. When representative species of these collective 
designations are included, the total number of taxa claimed by YST is 54. As 
with low discrimination identifications, grouped taxa can be separated into 
their component taxa by supplemental testing and/or observation. A list of the 
grouped taxa is shown in Table 14. When no reactivity is encountered, one is 
referred to a list of species that may be associated with a non-reactive biopattern 
(see Table 15).
 The YST identification card is based on established biochemical methods 

and newly developed substrates (Atlas 1993, Barnett et al. 2000, Kreger-van Rij 
1984, Larone 1995, Lodder 1971, McGinnis 1980, Murray et al. 1999). There are 
46 biochemical tests measuring carbon source utilization, enzymatic activities 
and resistance. Final identification results are available in approximately 18 
hours. The list of test substrates is shown in Table 16. 
 In a recent multi-site study, the performance of the VITEK 2 YST was 
evaluated using 623 isolates of both commonly and rarely observed species of 
yeast and yeast-like organisms. The reference identification was determined 
with api 20C AUX identification kits. Overall, the VITEK 2 YST correctly 
identified 98.9% of the isolates, including 11.7% low discrimination with the 
correct species listed. Misidentifications occurred at 0.6% and no identifications 
occurred at 0.5%.
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Table 13. Organisms Identified by the YST Card.

����������������
����������������
������������������
�������������������
��������������������
��������������
��������������������
����������������
����������������������
������������������
������������������
�������������
����������������������������������������
������������������
������������������
�����������������
�������������������
��������������������
�������������������
�������������������
��������������
������������
�����������������
������������������
��������������

�������������������
��������������������
����������������������
�����������������������
��������������������
��������������������������
��������������������
��������������������
��������������
���������������
�����������������
������������������������
���������������
����������������������
�����������������
���������������������������������
������������������
������������������������
���������������������������
����������������������
�������������������
������������������
���������������������
������������������������



www.pda.org/bookstore

Microbial Identification Using the bioMérieux VITEK® . . .           21

Table 14. YST Grouped Taxa.

Table 15. Species That May Be Non-Reactive on the YST Card.
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Table 16. Test Substrates on YST Card.
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BCL Card

The BCL card is used for the automated identification of 38 taxa of the most 
significant aerobic endospore-forming species of the family Bacillaceae. The 
list of claimed species is shown in Table 17. Of the 38 taxa, four are grouped 
taxa in slashline designations. When representative species of these slashlines 
are included, the total number of taxa claimed by BCL is 42. As with low 
discrimination identifications, grouped taxa can be separated into their 
component taxa by supplemental testing and/or observation. A list of the 
slashline taxa is shown in Table 18. There are informational notes that appear 
with certain taxa and these are shown in Table 19. When no reactivity is 
encountered, one is referred to a list of species that may be associated with a 
non-reactive biopattern (see Table 20).
 The BCL identification card is based on established biochemical methods 
and newly developed substrates (Atlas 1993, Claus and Berkeley 1986, Gordon 
et al. 1973, Logan and Berkeley 1981, Logan and Berkeley 1984, Logan et al. 
1985, Logan et al. 2002, Logan and Turnbull 2003). There are 46 biochemical 
tests measuring carbon source utilization, enzymatic activities, inhibition, and 
resistance. Final identification results are available in approximately 14 hours. 
The list of test substrates is shown in Table 21. 
 The database performance of the VITEK 2 BCL was evaluated using 1436 
isolates of both commonly and rarely observed species of Gram-positive 
aerobic spore-forming bacilli. The reference identification was determined with 
the api 50CHB identification kit and other conventional test methods. Overall, 
the VITEK 2 BCL correctly identified 96.1% of the isolates, including 9.3% low 
discrimination with the correct species listed. Misidentifications occurred at 
2.6% and no identifications occurred at 1.3%.
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Table 17. Organisms Identified by the BCL Card.

Table 18. BCL Slashline Taxa.
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Table 19. Notes Associated with Certain BCL Taxa.

Table 20. Species That May Be Non-Reactive on the BCL Card.
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Table 21.Test Substrates on BCL Card.
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VALIDATION PROCEDURE

Quality control organisms and their expected results are listed for each product 
and are tested according to the procedures outlined in the on-line product 
information. Frequency of testing is dependent on local regulations.

POTENTIAL NEW APPLICATIONS

A new application to be released soon is the NH card, used to identify species of 
Neisseria, Haemophilus, and other fastidious genera including Campylobacter.

CONCLUSION

The VITEK 2 is an automated microbial identification system that provides 
highly accurate and reproducible results as shown in multiple independent 
studies. With its colorimetric reagent cards, and associated hardware and 
software advances, the VITEK 2 offers a state-of-the-art technology platform 
for phenotypic identification methods.
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