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Evolution of Bacterial Endotoxins Testing

Rabbit Pyrogen Test Bacterial Endotoxins Test:  LAL & TAL
Image courtesy of Jack Levin

Recombinant Bacterial Endotoxins Test
Image courtesy of Lynne Ding; Tim Cernak/Tesko Chaganti using Alphafold3 

from sequence in J. Genet. Eng. Biotechnol., 2023, 21, 44. 
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Horseshoe Crab Distribution

*2024-2025-iucn-ssc-horseshoe-crab-sg_publication_r2.pdf

Courtesy of ERDG and inaturalist.org
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Genus / Species Common Name IUCN Status

Limulus polyphemus American horseshoe crab Vulnerable

Carcinoscorpius rotundicauda Mangrove horseshoe crab Data Deficient*

Tachypleus gigas Indo-Pacific horseshoe crab Data Deficient*

Tachypleus tridentatus Tri-spine horseshoe crab Endangered
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Many Species Depend on Horseshoe Crabs

From Krisfalusi-Gannon et. al.
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Change Rationale

Quality
Supply 
Chain

Ethical Resources
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Recombinant Reagents are Biochemical Equivalents to LAL
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Mechanism of Action

Courtesy of Lonza PyroGene package insert

Courtesy of Lonza PyroGene package insert

Courtesy of Charles River / Endosafe® Trillium® package insert
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Recombinant 

Comparability
Recombinant reagents are equivalent or superior 

to LAL using 10,000 EU/vial international 
WHO Reference Standard and USP RSE 

candidate lot

Row Labels
Average of 
Result (EU/vial) %CV

BET 10771 14%

LAL 10771 14%

Charles River 10771 14%

rBET 10514 10%

rCR 11030 8%

ACC 11130 9%

Charles River 10942 8%

rFC 9988 10%

BMX 10091 5%

Lonza 9866 13%

Grand Total 10568 11%
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Timeline

HISTORY
1997: Patented

2003: Commercially Available

2006: Lilly Evaluation

THE START
2012-2013: 

• New Lilly China plant

• FDA Guideline

• USFWS lists Red Knot

• 2nd rFC supplier

THE LINE
2016: 

• Generated evaluation data

• Validated method

• Line in the sand

SUCCESS
2018: First product approval

2020: 

• Additional product approvals

• Ph.Eur. 2.6.32

• Tri-spine horseshoe crab 

declared endangered

FUTURE
• PDG Harmonization

• PSCI Principles

• Automation

• rCR applications
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Comparison Chart

Challenges

• Widespread use of Gel Clot LAL in 
developing countries

• Overcoming Technology Barriers

• Potential Supply Chain Impacts

• Compendial Harmonization

• Regulatory Pressure
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Opportunities

• Cease use of TAL

• Reduce LAL use

• Implement rBET

• Converge Compendial Methods → 
de facto Harmonization

• Regulatory Innovation and 
Consistency



Real World Impacts
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“Global Trade Data and Conservation Challenges for Asian Horseshoe Crabs” 

Akbar John, IUCN Horseshoe Crab SSC 2024 



• 10 products approved since 2018

• 30+ internal / external labs enabled

• 75 markets approved

• 300,000+ samples tested

• ~80% internal conversion

• Annual integrated report disclosures since 2019
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Outcomes



What is in your control 
to change?
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