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In the rapidly evolving landscape of clinical and industrial microbiology, the ability to accurately identify bacterial
species is paramount. Among the most venerable and reliable tools in the microbiologist's arsenal is the Analytical
Profile Index (API) system, specifically the API 20E. Developed by bioMérieux, the API 20E is a standardized
identification system for Enterobacteriaceaeand other non-fastidious, Gram-negative rods. By utilizing 21
miniaturized biochemical tests, this system has redefined manual microbial identification, providing a robust bridge
between traditional tube-based biochemistry and modern automated platforms.

The Evolution of Microbial Identification: Contextualizing the API 20E

Before the advent of miniaturized systems, bacterial identification required dozens of individual test tubes, large
volumes of media, and significant incubator space. This traditional approach was not only resource-intensive but
also prone to human error during preparation and inoculation. The introduction of the API strip in the 1970s
revolutionized this workflow by condensing these tests into a single plastic strip containing dehydrated substrates.
Today, the APl 20E remains a gold standard, particularly in laboratories where throughput does not yet justify the
high capital expenditure of fully automated systems like the VITEK® 2, or as a confirmatory tool for atypical results.

The Science of Miniaturized Biochemistry

The core mechanic of the API 20E is based on the principle of biochemical phenotyping. Bacteria produce
specific enzymes as part of their metabolic processes. By exposing a standardized bacterial suspension to a

variety of substrates, we can observe specific chemical reactions—such as pH changes, gas production, or the
formation of colored end-products. These reactions serve as a metabolic "fingerprint." The API 20E strip consists of
20 microtubes (called cupules) containing dehydrated substrates. Upon inoculation with a bacterial suspension,
the substrates are rehydrated, and the metabolic activity of the bacteria begins to alter the chemical environment of
each cupule.

Technical Architecture of the API 20E Strip

To understand the depth of the API 20E system, one must analyze the specific biochemical tests included in the
strip. Each cupule is designed to detect a specific enzyme or metabolic pathway. The following breakdown
categorizes these tests into their functional groups:

1. Enzymatic and Decarboxylation Tests

¢ ONPG (beta-galactosidase): Detects the presence of the enzyme beta-galactosidase, which breaks down
lactose. A positive result is indicated by a yellow color.

e ADH, LDC, and ODC (Decarboxylases): These tests measure the ability of the bacteria to decarboxylate the
amino acids Arginine, Lysine, and Ornithine, respectively. These reactions increase the pH, shifting the indicator
from yellow to red/orange or purple.

e CIT (Citrate Utilization): Determines if the organism can use citrate as its sole carbon source. A positive result
turns the medium from green to blue.



2. Degradation and Metabolic By-products

e H2S (Hydrogen Sulfide Production): Detects the production of H2S from thiosulfate. A black precipitate
(ferrous sulfide) indicates a positive result.

¢ URE (Urease): Tests for the enzyme urease, which releases ammonia from urea, raising the pH and turning
the medium pink or red.

* TDA (Tryptophan Deaminase): Following the addition of ferric chloride, a positive result (brown-red) indicates
the deamination of tryptophan.

< IND (Indole Production): After adding Kovac's reagent, a red ring indicates that the bacteria can produce
indole from tryptophan.

* VP (Voges-Proskauer): Detects acetoin production. The addition of V1 and V2 reagents results in a pink/red
color for positive cases.

3. Carbohydrate Fermentation/Oxidation Profiles

The remaining ten cupules (GLU to ARA) test the organism's ability to ferment various sugars. Fermentation leads
to acid production, which lowers the pH and changes the indicator from blue/green to yellow.

¢ GLU: Glucose

* MAN: Mannitol

¢ INO: Inositol

¢ SOR: Sorbitol

¢ RHA: Rhamnose
e SAC: Sucrose
 MEL: Melibiose
* AMY: Amygdalin
¢ ARA: Arabinose

Step-by-Step Laboratory Procedure

Achieving accuracy with the APl 20E requires strict adherence to aseptic techniques and standardized protocols.
The following is the established workflow for the 18-24 hour identification process.

Phase 1: Inoculum Preparation

A pure culture of the isolate is essential. Typically, a single, well-isolated colony from an agar plate (e.g.,

MacConkey or Blood Agar) is suspended in 5 mL of sterile saline (0.85% NaCl). The turbidity must be adjusted to
match the 0.5 McFarland standard. Using a suspension that is too dilute or too concentrated will lead to false
negatives or positives, respectively.

Phase 2: Inoculation of the Strip

The API strip is placed in an incubation box with a honeycombed base filled with water to create a humid
atmosphere. The bacterial suspension is transferred into the microtubes using a sterile pipette.

« Fill the tube and cupule: For tests like CIT, VP, and GEL, both the tube and the upper cupule are filled.

* Fill only the tube: For most other tests, only the lower tube is filled, leaving the cupule empty.

« Anaerobic Conditions: For the ADH, LDC, ODC, H2S, and URE tests, the cupule must be overlayed with
sterile mineral oil to create an anaerobic environment necessary for these specific reactions.

Phase 3: Incubation and Reading

The strip is incubated at 36°C (+ 2°C) for 18 to 24 hours. After incubation, the results are recorded. Some tests
(TDA, IND, VP) require the addition of specific reagents before they can be read. Once all 20 tests (and usually the



oxidase test performed separately) are recorded as positive (+) or negative (-), the results are converted into a
numerical profile.

The Analytical Profile Index: Data Interpretation and Mathematics

One of the most innovative aspects of the API system is the conversion of biochemical results into a digital code.
This allows for objective identification through the APlweb ™ database or the physical API Index book.

The Triplet Coding System

The 21 tests are divided into groups of three. For each group, a value is assigned to a positive result:



Test Position in Triplet Value if Positive Value if Negative

First Test 1 0
Second Test 2 0
Third Test 4 0

By summing the values within each triplet, a single digit (O through 7) is produced. With seven triplets (including the
oxidase test), a 7-digit numerical profile is generated. For example, a profile of 5244552 might correspond to
Escherichia coli. This code is then entered into the software, which provides the species identification along with a
percentage of certainty and a T-index (typicality index).

Comparative Analysis: API 20E vs. Other Identification Systems

In a clinical diagnostic environment, choosing the right platform involves balancing speed, cost, and accuracy. The
following table compares the API 20E with related bioMérieux products and automated alternatives.

Comparison Matrix of Identification Methods



Feature

Target Organisms

Incubation Time

Manual Labor

Data Management

Standardization

API 20E

Enterobacteriaceae /
Gram-

18-24 Hours

High (Inoculation &
Reading)

APlweb™ Software

High

API 20A

Anaerobic Bacteria

24 Hours

High

APlweb™ Software

High

ID32 E

Enterobacteriaceae
(Rapid)

4-24 Hours

Moderate

Integrated Software

High

VITEK® 2
(Automated)

Broad Spectrum

5-10 Hours

Low (Automated)

LIS Integration

Very High

Technical Challenges and Troubleshooting

Despite its standardization, several factors can influence the validity of an API 20E test. Laboratory managers must
implement strict Quality Control (QC) to mitigate these risks.

1. Inoculum Issues

If the inoculum is taken from a selective medium like Eosin Methylene Blue (EMB) agar, carryover of inhibitory dyes
might interfere with the biochemical reactions. It is always recommended to subculture the isolate onto a non-
selective medium like Tryptic Soy Agar (TSA) before performing the API test.

2. Temperature and Humidity Fluctuations

The biochemical reactions are highly sensitive to temperature. If the incubator temperature drops below 34°C,
enzymatic rates decrease, leading to false negatives in decarboxylase and fermentation tests. Conversely, if the
humidity in the incubation tray is not maintained (i.e., not adding water to the honeycombed tray), the small
volumes of media in the microtubes can evaporate, leading to false-positive results due to increased solute
concentration.

3. Reagent Quality Control

Reagents such as James Reagent (for IND) and Ferric Chloride (for TDA) are light-sensitive and have a limited
shelf life. A common failure mode involves using oxidized alpha-naphthol in the VP test, which prevents the
development of the pink color even in the presence of acetoin. Regular QC testing using known strains (e.g., E. coli
ATCC 25922 for positive GLU and IND) is essential.

The Role of API 20E in Modern Biomanufacturing and Pharmacology

Beyond clinical diagnostics, the APl 20E plays a critical role in Environmental Monitoring (EM)within
pharmaceutical cleanrooms and biomanufacturing facilities. Regulatory bodies (FDA, EMA) require the
identification of all microbial isolates found in Grade A and B environments. The APl 20E provides a cost-effective
way to fulfill these requirements for Gram-negative contaminants that might be introduced via water systems or raw
materials.

Integration with Digital Infrastructure

The modern laboratory does not exist in a vacuum. The 7-digit codes generated by the API 20E are now processed



through the APlweb ™platform, a robust digital knowledge base. This cloud-based tool contains the profiles of
thousands of bacterial strains, accounting for natural phenotypic variations within a species. This digital integration
ensures that even if a technician is working manually, they have access to the same level of data-driven precision
as an automated lab.

Future Implications and Synthesis

The API 20E system represents a perfect synergy between classical biochemistry and systematic data analysis.
While technologies like MALDI-TOF MS(Matrix-Assisted Laser  Desorption/lonization  Time-of-Flight  Mass
Spectrometry) offer near-instantaneous identification, the APl 20E remains indispensable. It serves as a vital
pedagogical tool for training microbiologists, a reliable backup for high-tech failures, and a primary identification
method for resource-limited settings.

As we move toward even more integrated diagnostic workflows, the principles pioneered by the APl system—
standardization, miniaturization, and numerical coding—continue to inform the development of next-generation
molecular diagnostics. For the senior technical professional, mastering the API 20E is not just about following a
protocol; it is about understanding the metabolic intricacies of the microbial world and ensuring the highest
standards of analytical accuracy in the pursuit of public health and industrial safety.
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