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What will we focus on with 
this talk?

• Overview of traditional endotoxin detection methods that 
are used in today’s industries.

• What are rapid endotoxin detection methods and how do 
they work?

• How do rapid endotoxin detection methods impact the 
laboratory and the organization?

• How do we validate or qualify rapid endotoxin detection 
methods?



Traditional Endotoxin 
Detection Methods



GEL-CLOT ENDOTOXIN ASSAY
Traditional Method

• Oldest LAL method in use.

• Utilizes the natural formation of cross-linked 
coagulin gel, which naturally occurs in the blood of 
the horseshoe crab.

• Subjective and manual assay; relies on the analyst 
to:

• Remove each tube and invert 
approximately 180° in one smooth motion.

• Read and record gel formation.

Gel-Clot Endotoxin Assay:
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KINETIC TURBIDIMETRIC QUANTITATIVE ASSAY
Photometric Methods

• Light scattering & absorption caused by coagulin 
gel formation - measurable as a change in optical 
density.

• Quantitative assay allowing for tracking and 
trending of data for process monitoring and 
control.

• Allows for the laboratory to detect errors and 
recover appropriately.

Turbidimetric: Kinetic or Endpoint
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KINETIC CHROMOGENIC QUANTITATIVE ASSAY
Photometric Methods

• Yellow colour development caused by LAL 
enzymes cleaving chromophore substrate -
measurable as a change in optical density.

• Quantitative assay allowing for tracking and 
trending of data for process monitoring and 
control.

• Allows for the laboratory to detect errors and 
recover appropriately.

Chromogenic: Kinetic or Endpoint

EVERY STEP OF THE WAY6



Rapid Endotoxin Testing 
with Cartridge Technology



Evolution to Rapid BET
History of Cartridge Technology

• Foster Jordan sought to eliminate the technical flaws and 
weaknesses of early photometric BET methods by creating a 
new test platform upon which reagents are dried.

• Polystyrene cartridges contain pre-calibrated reagents that 
have known reaction times with RSE (Reference Standard 
Endotoxin) that are determined by a hand-held 
spectrophotometer.

• An archived standard curve is created from the known RSE 
values so that preparation of daily standard curves is 
unnecessary.
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Uniqueness of the LAL Cartridge
• Compendial Assay:

• Kinetic chromogenic assay; accepted by regulatory agencies as 
compendial.

• Real-time Results:

• Real-time results in approximately 15 minutes.

• Ease of use, cuts down on the time it takes the laboratory to train and 
qualify new and existing analysts.

• Eliminates:

• User Prepared Endotoxin standards, the main source of human error.

• Variability in PPC preparations.

• The use and qualification of multiple accessories.

Lower variability means a laboratories retest rate is reduced; yielding less 
time spent on investigating OOS results.
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WHAT ARE LAL CARTRIDGES?
Endotoxin Results in Approximately 15 Minutes
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What are endotoxin testing cartridges?

• FDA licensed in 2006.

• 1 sample/cartridge.

• Archived Standard curve.

• Duplicate Sample & Spiked wells.

• Kinetic Chromogenic Assay.

• 15 minute results.

• Provide Calibration that is Directly Tied to the Primary 
Endotoxin Standard (RSE): all other methods use 2ndary

Endotoxin Standards.



HOW DO CARTRIDGES WORK?
Endotoxin Results in Approximately 15 Minutes

Insert Cartridge:
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Pipette Sample:
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Start-Up Tips for Endotoxin 
Testing with Cartridges



Cartridge and Sample Temperature:

• All LAL reagents have been optimized to run at 37° C.  We 
recommend that your samples and cartridges are at room 
temperature when starting your assay.

• Cartridges should come to room temperature in approximately 
10-15 minutes if stored refrigerated at 2-8°C.

• Using cartridges or sample not at room temperature can cause 
issues with dissolution of the reagents and lead to invalid 
results.



Sample Preparation:
• Endosafe stresses that your lab use only materials known to be 

endotoxin free and non-interfering to the assay to prepare or 
dilute your sample:

• Keep in mind that many accessories that are labeled “Pyrogen 
Free”, may only be tested to levels of 0.25 EU/mL

• Accessories can include:

• Water

• Pipette Tips

• Pipettes

• Dilution Tubes.

• CRL can help identify the appropriate materials.



Sample Interference
• LAL is an enzymatic assay and is subject to interference 

from the sample:

• Turbidity

• Color

• Sample pH

• Protein Concentration

• chelating Compounds

• Detergents

• Utilize to dilution to over-come interference:

• Use as much dilution as acceptable for a robust assay.

• Understand and utilize Endotoxin Limits (EL) and 
Maximum Valid Dilutions (MVD)



Cartridge Testing Instruments 
and Practical Applications
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RAPID BET EVOLUTION: CARTRIDGE TECHNOLOGY
Platforms that address a variety of testing applications and that support laboratory 

operations in all industries. 
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Uses FDA-licensed 
Endosafe® Chromogenic 

LAL Reagents

Endosafe® nexgen-PTS™: 
Point-of-use detection 

system 

Endosafe® nexgen-MCS™: 
Multi cartridge lab based 

system

Endosafe® Nexus™: 
Automated system for high 

volume testing 



• Quantitative LAL test results in 15 minutes. 

• USP/EP BET-compliant. 

• Embedded operating system for true portability. 

• Designed for wireless capability for remote system access, data 
export and printing, and fleet management capabilities.

• Utilizes cartridge technology that detects between 0.005-10 
EU/mL.

• Proprietary Endosafe® nexgen-PTS™ endotoxin detection software 
ensures users are in full compliance with the requirements of the 
FDA’s 21 CFR Part 11 and data integrity requirements.

Endosafe® nexgen-PTS™



Endosafe® nexgen-MCS™

• Multi-cartridge, stackable bench top system.

• Test up to five samples simultaneously within 15 minutes.

• Samples run independently, allowing for random access, eliminating 
the need for batch sampling.

• Endotoxin measurement and assay acceptance criteria are calculated 
by EndoScan-V™, our 21 CFR Part 11 compliant software. 

• Utilizes FDA-Licensed cartridges that detects between 0.005-10 EU/mL.

• Functionality for Gram-ID, Beta-glucan, and I/E cartridges. 



Endosafe® Nexus™

• Fully automated robotic system designed specifically for testing in 
the central quality control laboratory: 

• Ties together LAL cartridge technology, full automation of liquid 
handling, and simple data management:

• Ultra efficient endotoxin testing; testing up to 60 samples per run 
with zero analyst hands-on time.

• Reduces bacterial endotoxin test variability; thereby reducing the 
amount of investigations a laboratory has to conduct.

• Improves lab efficiency and reduces the risk for data integrity 
violations; by integrating with LIMS.



Why Implement Rapid 
Endotoxin Testing Methods?



• Seamless and efficient validation and qualification of in-
process, end-of-process, product, and water samples.

• Laboratory efficiency allows for better allocation of highly 
trained and skilled analysts.

• More effective control over a firms risk for endotoxin OOS, 
leading to a reduction in the frequency of investigations.

• Strengthening of a firms stance on data integrity 
regulations and reducing their exposure to human error.

What benefits do organizations realize 
with rapid endotoxin methods?



REGULATORY REQUIREMENTS AND EXPECTATIONS
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Cartridge technology is NOT an alternative testing method
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How do I validate my product with 
rapid endotoxin technology?
• Step 1: Interference screen

• Conducted to find a compatible test concentration 
(this can be performed on Inhibition/Enhancement 
cartridges and/or FDA licensed cartridges). 

• Criteria = 50-200% Spike Recovery.

• Step 2:  Product validation

• Performed on (3) different Lots of product using the 
non- interfering concentration.  

• FDA licensed LAL cartridges used for product 
validation must be qualified. 

• Criteria = 50 to 200% spike recovery.



MODERNIZING THE LABORATORY FOR EFFICIENCY

EVERY STEP OF THE WAY

Focus can shift from endotoxin testing to more value added activities

Cartridge and automated/robotic endotoxin technologies allow laboratories to better utilize their highly 
trained and highly educated scientists and analysts by:

• Preventing burnout and increasing employee job satisfaction.

• Allowing scientists and analysts to focus on more value-added laboratory activities:

• Microbiology method validation activities.

• Cross-training on other laboratory assays and activities.

• Documentation and SOP revisions and writing.

• LEAN laboratory initiatives – 5S, FIFO, and Kanban.

• Continuous improvement activities for the laboratory.

• Other employee future development activities.
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EFFECTIVE AND EFFICIENT INVESTIGATION CONTROL

EVERY STEP OF THE WAY

Cartridge technology modernizes laboratory investigation control strategies

Most organizations that conduct business in regulated industries carry out investigations utilizing an organized 
approach (six sigma, method 1, DMAIC) that drives to root cause using evidence based analysis.  

These investigations typically involve a cross-functional team consisting of: 

• A Lead Investigator

• The QC Manager

• A QC Analyst/Scientist

• A QA Representative

• And a Manufacturing Management Representative

Cartridge and robotic systems make the investigation process more efficient by reducing laboratory retest rates to 
effectively reducing the amount of investigations performed by the firm’s investigation teams altogether.

27



How does the risk for human error 
impact data integrity compliance?
Human Error Leads to Data Integrity Compliance Gaps

The risk for human errors in all processes persist when:

• There is a high level of subjectivity in obtaining results (gel-
clot).

• Coupled with the natural human tendency to make 
mistakes/errors.

• The process involving many human 
manipulations/interaction to perform.
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Risk for Human Error Leads to Data Integrity Compliance Gaps

EVALUATE THE RISK FOR HUMAN ERROR

Subjective Processes:

Human recorded observations are prevalent forms of data recording and reporting in many pharmaceutical 
microbiology laboratories.  Many examples of this include but are not limited to:

• Traditional Bioburden Assay: counting colonies on plates and recording results is highly subjective and requires 
duplication of efforts for verification or results.

• Gel-Clot Endotoxin Assay: Gel-clot results are compiled by an analyst searching for a clot in a tube; this method is 
highly subjective and also requires duplication of efforts for verification or results.
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Cartridge Technology and Laboratory Automation

ERROR PROOF YOUR PROCESS WITH RAPID METHODS

Least Effective Most Effective



Realizing the Benefits of Rapid 
Endotoxin Testing



Cartridge Technology

• Utilizes a compendial endotoxin assay and reagents.

• Reduces variability by:

• All reagents are included in each cartridge in the 
correct amounts for testing.

• Standard curves are archived and not performed by 
the testing lab during an assay.

• All standard curves are prepared and compared back 
to the reference standard (RSE) used by industry.



A portable endotoxin testing platform that utilizes the 
advantages of cartridge technology:

• Compatible with operation in a clean room environment.

• Completely wireless operation, for portability and adapting to 
different testing requirements.

• No extra software required to obtain endotoxin result.

Endosafe® nexgen-PTS™



Endosafe® nexgen-MCS™

System that is capable of testing multiple samples at the same 
time:

• Meant for use in a laboratory or manufacturing environment.

• Functions in conjunction with the ESV software for data reporting.



Increasing lab efficiency with 
automation:
• Fully automated – analyst only needs to add bar-coded samples and 

cartridges to the deck, eliminating a firm’s risk for human error.

• Test up to 60 samples per run with minimal analyst hands on time.

• Shift & scan barcode reader adds sample information seamlessly.

• Robotic liquid handler prepares sample dilutions, pipettes sample into 
cartridges, and performs all tasks related to endotoxin testing using 
the cartridge system.

• Utilizes fully compliant nexus™ integrated software to:

• Report data into electronic data management systems for 
review.

• Increase control over process with real time data reporting.

• Ensures full compliance with data integrity laws and 
regulations.



Results 
Reported

Samples 
Tested

Start 
Automation

Deck 
Preparation

Sample 
Collection
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NEXUS™ PROCESS WORKFLOW

Assay is Started

Analyst enters the 

cartridge lot information 

into software and starts 

automation.  Shift and 

scan of samples begins 

and assay automation 

proceeds.

Collect Samples

Samples are 

collected by lab 

personnel and 

aliquoted into glass 

tubes. Glass tubes 

are bar-coded to 

include important 

information about 

samples.

Nexus Deck 

Loaded

The sample deck is 

prepared by loading 

pipette tips, 

cartridges, samples, 

and assay diluents 

(only for dilutions).

Robotic Endotoxin 

Testing

Automated cycle 

completes all testing 

including; inserting 

cartridges, adding 

sample, discarding 

spent cartridge, 

dilutions, and reporting 

results.

Results Ready for 

Review

Results are reported for 

review and ready for 

parsing into electronic 

laboratory information 

management systems.



Endosafe® Nexus™
Eliminates technician variability on sample preparation:

• Technician loads sample in robotic deck and starts system. 

• Reduces technician “hands on” time. 

• Reduces variability, investigations.

Customer need only to add bar coded samples to deck and press 
start:

• System will make dilutions, add samples to cartridge, and 
place cartridge in MCS.
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QUESTIONS? 

CONTACT INFORMATION

Email: matthew.paquette@crl.com

Phone: +1 978-821-4939


