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• 欧盟于2010年通过新的指令Directive 2010/63/EU，明示了保护科研目的用动物的立场

• EP 5.2.8章节《降低将动物海绵状脑病病原体通过人和兽药产品传播的风险》中也列明了“使用非
动物来源的材料更加值得倡导”
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2.6.32. Test for 
bacterial endotoxins 
using recombinant 
factor C

2.6.30. Monocyte-
activation test

2.6.14. Bacterial 
endotoxins

2.6.8. Pyrogens

• The conference aimed to show how the European Pharmacopoeia intends to remove the RPT from its texts 
by 2026, facilitate the use of MAT, and identify gaps in the suppression of RPT. 3Rs concept of Reduction, 
Replacement and Refinement of laboratory animal use. 

• If the presence of NEP can be excluded, BET (rFC or LAL) is sufficient. If the presence cannot be excluded, 
MAT is the appropriate method. This assessment can be achieved by using both MAT and BET methods for the 
products in scope. The future of pyrogenicity testing: Phasing out the rabbit pyrogen test.  A meeting report. 2023

EP: Supressed in accordance with the pyrogenicity strategy for removing the rabbit pyrogen test (RPT) from the 
Ph. Eur. Suppression of general chapter 2.6.8 Pyrogens from the Ph. Eur. on 1 January 2026 (Issue 12.1)”.

重组C因子的法规变化



5

• 已采用rFC的章节：

• Parenteral preparations

• Gene therapy medicinal products for human use

• 5.34. Additional information on gene therapy medicinal products for 
human use

• 2024年已逐步开始出现各论中对rFC的援引

• 4月1日11.4版本生效，制药用水已开始

• 0008.纯化水

• 0169.注射用水

• 2024年4月4日，发布Pharmeuropa 36.2 

• 5.32. Cell-based preparations for human use，细胞基制剂

• 5.36. mRNA vaccines for human use，人用mRNA疫苗

• 5.37. Recombinant viral vectored vaccines for human use，人用重组病毒载
体疫苗

• 5.39. mRNA substances for the production of mRNA vaccines for human 
use，生产用mRNA基质

• 5.40. DNA template for the preparation of mRNA substances，mRNA基质的
DNA模板

重组C因子的法规变化



FDA Guidance for Industry Pyrogen and Endotoxins Testing: Questions and Answers, 2012

5. May a firm use alternative assays to those in the USP for a compendial article?

• Yes, firms may use alternative methods and/or procedures if they provide advantages in terms of accuracy, 
sensitivity, precision, selectivity, or adaptability to automation or computerized data reduction, and in other special 
circumstances. Such alternative procedures and methods should be validated as described in the USP General 
Chapter <1225>, Validation of Compendial Procedures, and should be shown to achieve equivalent or better results. 
When a difference appears or in the event of a dispute, the final decision is made based upon the USP compendial 
gel clot method unless otherwise indicated in the monograph for the product being tested.

• Below are two examples of alternative assays.

• (1) Recombinant Horseshoe Crab Factor C Assay

• If a manufacturer chooses to use a recombinant factor C-based assay, then method validation should be in 
accordance with the requirements of USP Chapter <85>, Bacterial Endotoxins Test, as described in the section for 
Photometric Quantitative Techniques, and USP Chapter <1225>, Validation of Compendial Procedures. 

• (2) Monocyte Activation Type Pyrogen Test

• Product-specific validation is necessary to establish whether a particular test substance or material is appropriate for 
evaluation of the monocyte activation method. The validation should include, but is not limited to, interference testing, 
accurate detection of pyrogen in individual test samples, and, for devices, ability of test system to provide direct 
contact to the monocytes. 
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FDA PERSPECTIVE ON RECOMBINANT ENDOTOXIN DETECTION SYSTEMS, 2021
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EAEU Pharmacopoeia
To add a chapter on Test for Bacterial 
Endotoxins with Recombinant Factor 

C (rFC) based on Ph. Eur. 2.6.32
Compendial PROPOSED

British Pharmacopoeia
Added rFC to Appendix XIV C. Test 

for Bacterial Endotoxins

Compendial 2024

Farmakope Indonesia
<1381> Validasi Prosedur

Dalam Farmakope
Validation guidelines for 

Alternative methods

Alternative

Korean 
Pharmacopoeia

General Information Test 
No. 23 Endotoxin Testing 

Method Using 
Recombinant Factor C

Alternative 2023

Indian Pharmacopoeia
Guidelines on the BET

Introduction of Alternate Test Methods

Alternative PROPOSED

Japanese Pharmacopoeia
G4-4-180 Bacterial Endotoxins 

Test & Alternative Methods 
using Recombinant Protein-

reagents for Endotoxin Assay

Alternative 2021
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《中国药典》1143 细菌内毒素检查法

• 本法系利用鲎试剂来检测或量化由革
兰阴性菌产生的细菌内毒素，以判断
供试品中细菌内毒素的限量是否符合
规定的一种方法。
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Specificity in the recombinant factor C test for endotoxin By Kevin L 
Williams - bioMerieux
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《中国药典》9251 细菌内毒素检查法应用指导原则

《中国药典》凡例
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USP<1085> 

• ALTERNATE TEST METHODS

• The methods listed in 〈85〉 for the detection of bacterial endotoxins (gel-clot limits test, gel-clot assay, kinetic 
chromogenic, endpoint chromogenic, kinetic turbidimetric) are considered to be validated. However, a 
laboratory may choose to use an assay methodology that is not listed in 〈85〉. If such a choice is made, the 
alternate test for the detection of bacterial endotoxins must be fully validated to ensure that decisions made 
using the alternate methodology are equivalent to or better than decisions made using the validated USP 
methods and ultimately approved by the appropriate regulatory authority. Although endotoxin testing is not 
specifically cited, guidance on how to think about the validation of alternate methods can be found in 
Validation of Alternative Microbiological Methods 〈1223〉 and Validation of Compendial Procedures 〈1225〉.
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重组C因子的全球验证策略
Primary validation:

Product independent
Suitability testing:
Product specific+
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USP<1225>药典方法的验证
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PDA 2021 -rFC Validation - Simpler than you thought 

方法验证：

• 替代方法验证？药典方法确认？

• 验证参数（USP<1225>）?

• 不同类型内毒素的检测能力？

• 是否需要和LAL方法比对？

• 样品对检测结果的干扰？
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POC:
• rFC能够更好的克服beta-glucans引起的假阳性
• rFC未出现LER
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方法验证的风险评估：

• 评估了rFC方法的超过40个风险因子

• 绝大多数都是低风险，无需采取风险缓
解措施，极少数需要验证，如试剂开瓶
有效期、检测用试剂的信号增强或抑制

• 方法适用性试验、PPC、实验室的来料
检测（标准曲线可靠性）可以缓解这些
风险

重组C因子的全球验证策略



Product Independent验证
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数据来自于公开
的数据

缺乏具有统计学代表性数
据证明方法的一致性，且
一致性不能单独评估
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Product Independent验证
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Product Independent验证
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Product Specific验证 - MST

重组C因子的全球验证策略

2.6.32. Test for bacterial endotoxins using recombinant factor C
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