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Why am I here presenting to you today?

I have 36 years plus of endotoxin testing experience working at 

Charles River

I’ve collaborated with and lead training course for members of USP, 

Ph. Eur., IP, and other regulatory bodies

I’ve contributed to regulatory guidelines, technical sheets and 

whitepapers.

Directed workshops and training courses and presented 

internationally on BET topics for over 25 years
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USP <86>: BACTERIAL 

ENDOTOXINS TEST 

USING RECOMBINANT 

REAGENTS



USP <86> Overview
Important Chapter <86> Insights:

• Details methods for bacterial endotoxin testing using non-

animal-derived options like recombinant cascade reagent (rCR) 

• Expands testing techniques beyond what Chapter <85> covers 

for bacterial endotoxins 

• Outlines guidance for manufacturers looking to add these 

methods to their quality testing procedures 

• Does not replace or alter the option to use Limulus Amebocyte 

Lysate (LAL) for endotoxin testing; Chapter <86> serves as an 

addition to Chapter <85> 
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References:

• https://www.uspnf.com/notices/86-alternative-faq

• https://www.usp.org/sites/default/files/usp/document/press-

releases/gss_sa_004_f_chapter86_2023-08_final3.pdf

https://www.usp.org/sites/default/files/usp/document/press-releases/gss_sa_004_f_chapter86_2023-08_final3.pdf
https://www.usp.org/sites/default/files/usp/document/press-releases/gss_sa_004_f_chapter86_2023-08_final3.pdf
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USP 〈86〉: BACTERIAL ENDOTOXINS TEST USING RECOMBINANT REAGENTS

• The Bacterial Endotoxins Test (BET) described in this chapter contains additional techniques using nonanimal-derived reagents to the 

Bacterial Endotoxins Test 〈85〉. 

• This chapter is currently not an “applicable” chapter as described in General Notices, 3.10 Applicability of Standards.

• 3.10. Applicability of Standards

• Standards for an article recognized in the compendia (USP–NF) are expressed in the article's monograph, applicable general 

chapters, and General Notices. The identity, strength, quality, and purity of an article are determined by the official tests, 

procedures, and acceptance criteria, and other requirements incorporated in the monograph, in applicable general chapters, or in 

the General Notices.

• Unless specified in an individual monograph, the tests in this chapter are considered alternative tests and must meet the requirements 

in General Notices, 6.30 Alternative and Harmonized Methods and Procedures. 

• 6.30. Alternative and Harmonized Methods and Procedures

• An alternative method or procedure is defined as any method or procedure other than the compendial method or procedure for the 

article in question. The alternative method or procedure must be fully validated (see Validation of Compendial Procedures 〈1225〉) 
and must produce comparable results to the compendial method or procedure within allowable limits established on a case-by-case 

basis.

To be Official on 01-May-2025



BET and Recombinant Compendiality in USP 
What makes a method “fully” compendial

A SPECIFIC CHAPTER describing the 

method

USP <85> - Bacterial Endotoxin Testing

The chapter is described in each 

SPECIFIC MONOGRAPH as a defined 

method

• <1> Injections

• Water for Injection

• <1141> Biologics

• <1147> Gene therapy

• ...

EXAMPLE - Bacterial Endotoxin Testing 

Moving away from the method described in the 

monograph means that this new method will be 

considered alternative 

Note 
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METHOD described in chapter <86> is not 

included in any SPECIFIC MONOGRAPH 

as a defined method

• <1> Injections

• Water for Injections

• <1141> Biologics

• <1147> Gene therapy

• ...

BET and Recombinant Compendiality in USP 
What makes a method “fully” compendial

A SPECIFIC CHAPTER describing the 

method

USP <86> - Recombinant Bacterial 

Endotoxin Testing

EXAMPLE – Recombinant Bacterial Endotoxin Testing – NOVEMBER 2024 / MAY 2025 

Any specific monograph that mentions 

<85> must be updated to include chapter 

<86> to make recombinants fully 

compendial for that specific monograph
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USP 〈86〉: BACTERIAL ENDOTOXINS TEST USING RECOMBINANT REAGENTS

• It is the responsibility of the user to review the supplier's primary validation package and to verify that the recombinant reagent-based 

method is appropriate for use in testing specific products or materials. 

• This verification must include performing specific experiments to confirm that the method is suitable for its intended purpose under the 

conditions of use for the material, drug substance, and/or drug product. 

• The user should refer to Verification of Compendial Procedures 〈1226〉 and the Verification—Test for Interfering Factors. 

• Regulatory authorities may require supplemental data prior to acceptance, and users are encouraged to consult the relevant 

regulatory authority.

To be Official on 01-May-2025



USP 〈86〉: BACTERIAL ENDOTOXINS TEST 
USING RECOMBINANT REAGENTS
Recombinant Reagents

• This test uses a reagent containing the recombinant 

Factor C (rFC) protein or a recombinant cascade 

reagent (rCR) containing recombinant Factor C, 

recombinant Factor B, and recombinant proclotting 

enzyme.

• There are two detection techniques that can be 

employed in this test: 

• the endpoint fluorescence technique, based on 

the development of fluorescence after activation 

of a synthetic peptide-fluorophore complex; 

• or the chromogenic technique, based on the 

development of color after cleavage of a 

synthetic peptide-chromophore complex. 
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USP 〈86〉: BACTERIAL ENDOTOXINS TEST USING RECOMBINANT REAGENTS

• This technique is used to measure the fluorescence [relative fluorescence units (RFU)] emitted by a fluorescent substrate (reagent) 

after cleavage by endotoxin-activated Factor C. It is used as an endpoint fluorescence test.

• Instrument sensitivity must be adjusted in accordance with the recommendations of the test kit manufacturer to ensure the placement 

of the standard curve within the dynamic range of the instrument.

QUANTITATIVE TECHNIQUES - Fluorometric Technique

• This technique is a kinetic assay to measure the chromophore released from a suitable chromogenic peptide by the reaction of 

endotoxins with reagent.

• The kinetic-chromogenic assay is a method to measure either the time (onset time) needed to reach a predetermined absorbance of 

the reaction mixture or the rate of color development.

QUANTITATIVE TECHNIQUES - Chromogenic Technique
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Understanding Recombinant Reagents for Bacterial Endotoxin 
Testing for USP <86>

Recombinant reagents, are lab engineered alternatives to the traditional Limulus Amebocyte Lysate used in endotoxin testing. Unlike 

LAL, recombinant reagents are produced through synthetic biology, leveraging recombinant DNA technology to replicate the natural 

endotoxin response pathways. This synthetic process eliminates the need for animal-derived materials, supporting sustainability 

initiatives and ensuring reliable, consistent reagent performance.

Types of Recombinant Reagents:



Evaluating Recombinant Options

Key Considerations for Selecting a Recombinant Reagent Solution:

• Ease of Implementation: A solution should integrate smoothly 

into lab workflows to minimize disruptions during the transition.

• Ease of Use: A user-friendly setup simplifies testing, from 

sample preparation to interpreting results, allowing teams to 

focus on other critical tasks.

• Sensitivity and flexibility: Endotoxin testing requires various 

sensitivities for diverse sample types. 

• Vendor support: Selecting a provider with comprehensive 

support, including training, troubleshooting, and ongoing 

guidance, is essential for maintaining effective operations.
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Global 

Pharmacopoeias



Lab and compliance Impact

rFC – Recombinant Factor C
rCR – Recombinant Cascade 

Reagent
LAL

Compliance

Compendial harmonised 

(Ph. Eur. / USP / JP / IP)

- Compendial not harmonised 

(USP 2025)

- Alternative Ph. Eur. 

/ChP/JP/BP/KP/IP

- Compendial not harmonised 

(Ph. Eur. (WFI 2024) / (Ph. Eur. 

Propose rFC inclusion as Method 

G in 2.6.14. 2026) / USP 2025)

- Alternative ChP/JP/BP/KP/IP

Endotoxin Testing

LAL rFC rCR

Ph. Eur. Accepted Accepted* In Discussion

WHO Accepted Proposed* Proposed*

USP Accepted Accepted*† Accepted*†

Japan Accepted Alternative Alternative

India Accepted Proposed* Proposed*

China Accepted Alternative Alternative

S. Korea Accepted Alternative Alternative

Brazil Accepted Proposed* Alternative

Global Regulatory Agencies Not Aligned

*Propose inclusion of rFC as Method G in BET Chapter 2.6.14.
†Chapter <86> text published November 2024 for early adoption and becomes official 1st May 2025
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Validating rCR 

Endotoxin Testing
Vials & Cartidges

WFI & Products



Validating rCR Endotoxin Testing

USP Chapter <86> Guidance on Validation and Compliance

We surveyed our QC pharmaceutical customers to 

discover exactly what they were being challenged by in 

their endotoxin method validation process, and they 

responded: 

• Regulatory concerns: A lack of harmonized 

guidelines often causes delays in approval and 

implementation. 

• Resource demands: Manual, labour-intensive 

processes drain time and personnel, leading to high 

resource utilization and slowing the pace of 

progress. 

• Sustainability pressures: Growing environmental 

expectations add complexity, impacting efficiency 

and safety.
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Validating rCR Endotoxin Testing
USP Chapter <86> Guidance on Validation and Compliance

Laboratories face delays and frustration when adopting new testing 

methods. To streamline validation, a simple three-step process for 

alternate method validation can help:

• Product specific interference screening: Manufacturers must 

perform tests to detect any interference unique to their 

products, ensuring the recombinant reagent functions 

effectively.

• Recombinant primary validation: Vendor documentation 

includes protocols, results, and statistical analysis, 

demonstrating recombinant accuracy and reliability.

• Product specificity: Laboratories validate that the recombinant 

reagent accurately detects endotoxins across various matrices, 

confirming the method’s suitability.
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Performance Parameters to 

Validate a Recombinant 

BET Method

Alternative Method Validation



Trillium Validation – Disclaimer

1. These validation approaches are designed by Charles River using ICHQ2 document as a guideline.

2. It is strongly recommended that the customer performs a risk analysis to determine that the approaches described below are 

fulfilling potential customer extra requirements described in internal policies and that the validation approach suggested by 

Charles River is appropriate for the regulatory status of the sample.

3. Charles River cannot guarantee 100% approval of validation submissions by regulators. Some regulators may ask for 

complementary testing before approval.
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Performance parameters to 
validate for a BET method
ICH Q2 (R2) – Validation of analytical procedures: Text and 

methodology 

Analytical procedure performance characteristics to be demonstrated  for an 

Impurity (Product Attribute - Quantitative)

1. Specificity 

2. Suitability of calibration model

a. Range

b. Linearity

3. Quantitation Limit and/or Detection limit

4. Accuracy

5. Precision

a. Repeatability (intra-assay)

b. Intermediate precision (within-lab; days, analysts,...)
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+ Equivalency1 + Robustness



Performance parameters to validate for a BET method
Compendial vs. alternative method has impact to performance parameters to validate

Compedial 

methods

Alternative

methods

Performance Parameters

Accuracy Repeatability
Intermediate 

Precision

Specificity or 

MST
Range Linearity

Limit of 

Detection

Accuracy Repeatability
Intermediate 

Precision

Specificity or 

MST
Range Linearity

Limit of 

Detection

Standardized with previous data

(requires valid MST results)

Performed with the Specificity/MST
Performed by customer or reagent 

supplier

Performed with the Method Suitability Test (MST)



rCR Validation 

Approach 1



Performance Parameters assessed by Charles River

ACCURACY

PRECISION

REPEATABILITY

INTERMEDIATE 

PRECISION

ROBUSTNESS

EQUIVALENCY

Accuracy should be established across the reportable range of an analytical 

procedure and is typically demonstrated through comparison of the 

measured results with an expected value. 

Repeatability expresses the precision under the same operating conditions 

over a short interval of time. Repeatability is also termed intra-assay 

precision.

Intermediate precision expresses within-laboratories variations. Factors to be 

considered should include potential sources of variability, for example, 

different days, different analysts and different equipment.

Robustness of an analytical procedure is a measure of its capacity to remain 

unaffected by small but deliberate procedural variations with a given assay.

Equivalence was assessed by an external statistician using statistical 

analysis of the accuracy and precision of Trillium when compared to 

Endochrome-K.

P
e

rf
o

rm
e

d
 b

y
:

Available in Trillium Primary Validation Package

Charles River Trillium Primary validation package performed using LRW1 or WBET1 tested
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Performance Parameters assessed by the End-User

RANGE

LIMIT OF 

DETECTION

LINEARITY

SPECIFICITY

The range of an analytical procedure is the interval between the lowest and the 

highest reportable results in which the analytical procedure has a suitable level of 

precision, accuracy and response.

The limit of detection (LOD) is the lowest concentration of endotoxin in a sample 

that can be detected, but not necessarily quantitated.

Linearity is the ability of the method to elicit results that are directly, or by a well-

defined mathematical transformation, proportional to the concentration of endotoxin 

in samples within a given range.

Specificity is the ability to assess unequivocally the analyte in the presence of 

components that may be expected to be present, such as impurities, degradation 

products, and matrix components.

P
e

rf
o

rm
e

d
 b

y
:

E
N

D
-U

S
E

R

Parameters to be assessed on per product basis



Product Interference Screening – Plate Reader Example
How to find the Working Dilution

Product interference is considered to be overcome when spike recovery (SR) falls within the acceptable range (50 - 200%). 

In this example the 1:100 dilution is chosen due to its SR being closest to 100%, while still providing a reasonable safety 

margin. Although 1:50 also gave a valid result, it was not chosen due to its lower SR.

EXAMPLES

Interference screening dilutions and selected 

working dilution
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Product Interference Screening – Cartridge Example
How to find the Working Dilution

Product interference is considered to be overcome when 

spike recovery (SR) falls within the acceptable range (50 - 

200%). In this example the 1:100 dilution is chosen due to 

its SR being closest to 100%, while still providing a 

reasonable safety margin. Although 1:50 also gave a valid 

result, it was not chosen due to its lower SR.

In this example you need 6 cartridges to perform the screening

Spike recovery %

Dilution 1:1 1:10 1:20 1:50 1:100 1:252

SR 7% 22% 39% 68% 96% 111%
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EXAMPLE

1 2 3 4 5 6 7 8 9 10 11 12

A SC 5EU/mL SC 5EU/mL SMP1 SMP1 SMP2 SMP2 SMP3 SMP3

B SC 0.5EU/mL SC 0.5EU/mL SMP 1.1 1EU/mL SMP 1.1 1EU/mL SMP 2.1 1EU/mL SMP 2.1 1EU/mL SMP 3.1 1EU/mL SMP 3.1 1EU/mL

C SC 0.05EU/mL SC 0.05EU/mL

D SMP1 SMP1 SMP2 SMP2 SMP3 SMP3

E SMP 1.2 0.5EU/mL SMP 1.2 0.5EU/mL SMP 2.2 0.5EU/mL SMP 2.2 0.5EU/mL SMP 3.2 0.5EU/mL SMP 3.2 0.5EU/mL

F Neg Ctrl Neg Ctrl

G SMP1 SMP1 SMP2 SMP2 SMP3 SMP3

H SMP 1.3 0.25EU/mL SMP 1.3 0.25EU/mL SMP 2.3 0.25EU/mL SMP 2.3 0.25EU/mL SMP 3.3 0.25EU/mL SMP 3.3 0.25EU/mL

Plate 1

Product specificity (Method Suitability)
CR recommended Parameters to be assessed on per product basis - Plate template example

Range & Linearity Limit of Detection Specificity

Performed by the end-user or Outsource Service Offered by Charles River
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Product specificity (Method Suitability)
CR recommended Parameters to be assessed on per product basis – Cartridge example

Range

LOD

Specificity

Sample batch 1 Sample batch 2 Sample batch 3

Sample 

diluted at 

working 

dilution and 

spiked at  

0.2 EU/mL

Sample 

diluted at 

working 

dilution and 

spiked at  

0.2 EU/mL

Sample 

diluted at 

working 

dilution and 

spiked at  

0.2 EU/mL

Sample 

diluted at 

working 

dilution and 

spiked at 

0.1 EU/mL

Sample 

diluted at 

working 

dilution and 

spiked at  

0.1 EU/mL

Sample 

diluted at 

working 

dilution and 

spiked at 

0.1 EU/mL

Sample 

diluted at 

working 

dilution and 

spiked at 

0.05 EU/mL

Sample 

diluted at 

working 

dilution and 

spiked at 

0.05 EU/mL

Sample 

diluted at 

working 

dilution and 

spiked at 

0.05 EU/mL

Linearity

Range

Limit of Detection

Linearity
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Summary – Approach 1

Analytical procedure performance characteristics to be demonstrated  for an Impurity (Product Attribute - Quantitative)

ICH Q2 (R2) – Validation of analytical procedures: Text and methodology 

Performance parameter Performed by

Accuracy

Available in Charles River 

Trillium Primary Validation 

Package

Precision – Repeatability

Precision – Intermediate 

precision

Robustness

Equivalency

Specificity Parameters to be assessed 

for waters (e.g. WFI, PW,...)

Product Specificity (Method 

Suitability)

Range

Linearity

Detection Limit

END-USER
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rCR Validation 

Approach 2

In Addition to Approach 1



Performance Parameters assessed by Charles River

ACCURACY

PRECISION

REPEATABILITY

INTERMEDIATE 

PRECISION

ROBUSTNESS

EQUIVALENCY

Accuracy should be established across the reportable range of an analytical 

procedure and is typically demonstrated through comparison of the 

measured results with an expected value. 

Repeatability expresses the precision under the same operating conditions 

over a short interval of time. Repeatability is also termed intra-assay 

precision.

Intermediate precision expresses within-laboratories variations. Factors to be 

considered should include potential sources of variability, for example, 

different days, different analysts and different equipment.

Robustness of an analytical procedure is a measure of its capacity to remain 

unaffected by small but deliberate procedural variations with a given assay.

Equivalence was assessed by an external statistician using statistical 

analysis of the accuracy and precision of Trillium when compared to 

Endochrome-K.

P
e

rf
o

rm
e

d
 b

y
:

Available in Trillium validation package

Charles River Trillium Primary validation package performed using LRW1 or WBET1 tested

For final product validation, A&P from the primary validation package 

may not be appropriate as the product matrix will be different from the 

LRW or WBET used.
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Product specific validation – Accuracy/Precision
rCR product-specific method validation – Trillium Vials (Microplate reader)

1 2 3 4 5 6 7 8 9 10 11 12

A SC 5EU/mL SC 5EU/mL SMP1 SMP1 SMP1 SMP1 SMP1 SMP1

B SC 0.5EU/mL SC 0.5EU/mL SMP 1.1 1EU/mL SMP 1.1 1EU/mL SMP 1.1 1EU/mL SMP 1.1 1EU/mL SMP 1.1 1EU/mL SMP 1.1 1EU/mL

C SC 0.05EU/mL SC 0.05EU/mL

D SMP1 SMP1 SMP1 SMP1 SMP1 SMP1

E SMP 1.2 0.5EU/mL SMP 1.2 0.5EU/mL SMP 1.2 0.5EU/mL SMP 1.2 0.5EU/mL SMP 1.2 0.5EU/mL SMP 1.2 0.5EU/mL

F Neg Ctrl Neg Ctrl

G SMP1 SMP1 SMP1 SMP1 SMP1 SMP1

H SMP 1.3 0.25EU/mL SMP 1.3 0.25EU/mL SMP 1.3 0.25EU/mL SMP 1.3 0.25EU/mL SMP 1.3 0.25EU/mL SMP 1.3 0.25EU/mL

1 2 3 4 5 6 7 8 9 10 11 12

A SC 5EU/mL SC 5EU/mL SMP1 SMP1 SMP1 SMP1 SMP1 SMP1

B SC 0.5EU/mL SC 0.5EU/mL SMP 1.1 1EU/mL SMP 1.1 1EU/mL SMP 1.1 1EU/mL SMP 1.1 1EU/mL SMP 1.1 1EU/mL SMP 1.1 1EU/mL

C SC 0.05EU/mL SC 0.05EU/mL

D SMP1 SMP1 SMP1 SMP1 SMP1 SMP1

E SMP 1.2 0.5EU/mL SMP 1.2 0.5EU/mL SMP 1.2 0.5EU/mL SMP 1.2 0.5EU/mL SMP 1.2 0.5EU/mL SMP 1.2 0.5EU/mL

F Neg Ctrl Neg Ctrl

G SMP1 SMP1 SMP1 SMP1 SMP1 SMP1

H SMP 1.3 0.25EU/mL SMP 1.3 0.25EU/mL SMP 1.3 0.25EU/mL SMP 1.3 0.25EU/mL SMP 1.3 0.25EU/mL SMP 1.3 0.25EU/mL

1 2 3 4 5 6 7 8 9 10 11 12

A SC 5EU/mL SC 5EU/mL SMP1 SMP1 SMP1 SMP1 SMP1 SMP1

B SC 0.5EU/mL SC 0.5EU/mL SMP 1.1 1EU/mL SMP 1.1 1EU/mL SMP 1.1 1EU/mL SMP 1.1 1EU/mL SMP 1.1 1EU/mL SMP 1.1 1EU/mL

C SC 0.05EU/mL SC 0.05EU/mL

D SMP1 SMP1 SMP1 SMP1 SMP1 SMP1

E SMP 1.2 0.5EU/mL SMP 1.2 0.5EU/mL SMP 1.2 0.5EU/mL SMP 1.2 0.5EU/mL SMP 1.2 0.5EU/mL SMP 1.2 0.5EU/mL

F Neg Ctrl Neg Ctrl

G SMP1 SMP1 SMP1 SMP1 SMP1 SMP1

H SMP 1.3 0.25EU/mL SMP 1.3 0.25EU/mL SMP 1.3 0.25EU/mL SMP 1.3 0.25EU/mL SMP 1.3 0.25EU/mL SMP 1.3 0.25EU/mL

1 2 3 4 5 6 7 8 9 10 11 12

A SC 5EU/mL SC 5EU/mL SMP1 SMP1 SMP1 SMP1 SMP1 SMP1

B SC 0.5EU/mL SC 0.5EU/mL SMP 1.1 1EU/mL SMP 1.1 1EU/mL SMP 1.1 1EU/mL SMP 1.1 1EU/mL SMP 1.1 1EU/mL SMP 1.1 1EU/mL

C SC 0.05EU/mL SC 0.05EU/mL

D SMP1 SMP1 SMP1 SMP1 SMP1 SMP1

E SMP 1.2 0.5EU/mL SMP 1.2 0.5EU/mL SMP 1.2 0.5EU/mL SMP 1.2 0.5EU/mL SMP 1.2 0.5EU/mL SMP 1.2 0.5EU/mL

F Neg Ctrl Neg Ctrl

G SMP1 SMP1 SMP1 SMP1 SMP1 SMP1

H SMP 1.3 0.25EU/mL SMP 1.3 0.25EU/mL SMP 1.3 0.25EU/mL SMP 1.3 0.25EU/mL SMP 1.3 0.25EU/mL SMP 1.3 0.25EU/mL

Plate 3

Te
ch

n
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n

 1

Day 2

Plate 4

Te
ch

n
ic

ia
n

 2

Day 2

Plate 1

Te
ch

n
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ia
n

 1

Day 1

Plate 2

Te
ch

n
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n

 2

Day 1
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Product specific validation – Accuracy/Precision
rCR product-specific method validation – TRILLIUM CARTRIDGES 

EXAMPLE

EXAMPLE

Sample batch 1

Te
ch

n
ic

ia
n

 1

Day 1

Sample batch 1

Te
ch

n
ic

ia
n

 2

Day 1

Cartridges sensitivity 0,01EU/mL

Cartridges sensitivity 0,01EU/mL

Sample diluted at working dilution and 
spiked at 0,2EU/mL

Sample diluted at working dilution and 
spiked at 0,1EU/mL

Sample diluted at working dilution and 
spiked at 0,05EU/mL

Sample diluted at working dilution and 
spiked at 0,2EU/mL

Sample diluted at working dilution and 
spiked at 0,1EU/mL

Sample diluted at working dilution and 
spiked at 0,05EU/mL

Sample diluted at working dilution and 
spiked at 0,2EU/mL

Sample diluted at working dilution and 
spiked at 0,1EU/mL

Sample diluted at working dilution and 
spiked at 0,05EU/mL

Sample diluted at working dilution and 
spiked at 0,2EU/mL

Sample diluted at working dilution and 
spiked at 0,1EU/mL

Sample diluted at working dilution and 
spiked at 0,05EU/mL

Sample diluted at working dilution and 
spiked at 0,2EU/mL

Sample diluted at working dilution and 
spiked at 0,1EU/mL

Sample diluted at working dilution and 
spiked at 0,05EU/mL

Sample diluted at working dilution and 
spiked at 0,2EU/mL

Sample diluted at working dilution and 
spiked at 0,1EU/mL

Sample diluted at working dilution and 
spiked at 0,05EU/mL
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Product specific validation – Accuracy/Precision
rCR product-specific method validation – TRILLIUM CARTRIDGES 

EXAMPLE

EXAMPLE

Sample batch 1

Te
ch

n
ic

ia
n

 1

Day 2

Sample batch 1

Te
ch

n
ic

ia
n

 2

Day 2

Cartridges sensitivity 0,01EU/mL

Cartridges sensitivity 0,01EU/mL

Sample diluted at working dilution and 
spiked at 0,2EU/mL

Sample diluted at working dilution and 
spiked at 0,1EU/mL

Sample diluted at working dilution and 
spiked at 0,05EU/mL

Sample diluted at working dilution and 
spiked at 0,2EU/mL

Sample diluted at working dilution and 
spiked at 0,1EU/mL

Sample diluted at working dilution and 
spiked at 0,05EU/mL

Sample diluted at working dilution and 
spiked at 0,2EU/mL

Sample diluted at working dilution and 
spiked at 0,1EU/mL

Sample diluted at working dilution and 
spiked at 0,05EU/mL

Sample diluted at working dilution and 
spiked at 0,2EU/mL

Sample diluted at working dilution and 
spiked at 0,1EU/mL

Sample diluted at working dilution and 
spiked at 0,05EU/mL

Sample diluted at working dilution and 
spiked at 0,2EU/mL

Sample diluted at working dilution and 
spiked at 0,1EU/mL

Sample diluted at working dilution and 
spiked at 0,05EU/mL

Sample diluted at working dilution and 
spiked at 0,2EU/mL

Sample diluted at working dilution and 
spiked at 0,1EU/mL

Sample diluted at working dilution and 
spiked at 0,05EU/mL
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Summary – Approach 2

Analytical procedure performance characteristics to be demonstrated  for an Impurity (Product Attribute - Quantitative)

ICH Q2 (R2) – Validation of analytical procedures: Text and methodology 

Performance parameter Performed by

Accuracy Product Specific Validation (A&P)

Parameters to be assessed on per 

product basis

Precision – Repeatability

Precision – Intermediate 

precision

Robustness Available in Charles River Trillium 

Primary Validation Package
Equivalency

Specificity Product Specific Validation – 

Product specificity (method 

suitability)

Parameters to be assessed on per 

product basis

Range

Linearity

Detection Limit

END-USER

END-USER
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BET Validation Summary
LAB WORK IMPACT – Compendial validation versus Alternative validation

1- Interference Screening

2- Non-product specific 

validation

3- Product specific 

validation

Compendial method

(LAL and rFC(WFI - EU))

Alternative method

CR WFI approach

Alternative method

CR product approach

Undiluted not required

Dilution Required

-1 plate or

-5 to 10 cartridges

NOT required 
(reviewed and accepted by regulators 

when accepted as compendial)

Method suitability

1 endotoxin concentration

(mid-point of the std curve)

▪ 1 plate or

▪ 3 cartridges

Undiluted not required

Extra validation parameters 

required

▪ Accuracy

▪ Precision (2)

▪ Robustness

▪ Equivalency

INCLUDED IN TRILLIUM VAL PACK

Product specificity (method 

suitability)

3 endotoxin concentration

▪ 1 plate or

▪ 9 cartridges

Range/Linearity/LOD in COA or 

in ESV6 report

Dilution Required

-1 plate or

-5 to 10 cartridges

Extra validation parameters 

required

▪ Robustness

▪ Equivalency

INCLUDED IN TRILLIUM VAL PACK

Accuracy & Precision (2)

▪ 4 plates / 36 cartridges (2 days/2 

techs)

Product specificity (method suitability)

3 endotoxin concentration

▪ 1 plate or

▪ 9 cartridges

Range/Linearity/LOD in COA or in 

ESV6 report
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Key Takeaways

USP <86> becomes 
official 01 May 2025 
and offers additional 
options for BET, it does 
not replace USP <85>

Includes both rCR and 
rFC recombinant 
reagents

This chapter is currently 
not an “applicable” 
chapter as described in 
General Notices

1
Other Pharmacopoeias 
have differing positions

Harmonisation is a 
long-term goal but a 
long way off

Recombinant reagents 
still alternative method 
for most countries, 
including those with 
compendial chapters

2
Validation will be 
needed for many 
countries and products

Validation level will 
depend on risk 
acceptance and country 
of submission 

Validation should not 
be the breaking point; it 
is not that complex 
when a comprehensive  
primary validation 
package is available

3



Contact Us
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