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Pyrogen (bacterial and fungal contamination) testing still 

consumes about 400.000 rabbits per year

Limulus assay is restricted to Gram-negative 

endotoxin, disturbed by many substances 

and does not reflect human pyrogen potency

Gold standard rabbit test

Limulus: 90% of pyrogen 
testing today

Problem solved?



G-CSF
Neupogen (Amgen)

Anti-infectious and anti-inflammatory

From bench to bedside: 

in vitro: macrophages, neutrophils

in vivo: Salmonella, S. aureus, L. monocytogenes, sepsis  

volunteer studies: ex vivo whole blood assay

clinical trials: sepsis prophylaxis, HIV, borreliosis 

neutrophil

monocyte

My primary interest in 1992 - 1999



Contribution to whole blood assays

• In vitro and ex vivo 

immunopharmacology

• Pyrogen testing

• Cryopreserved blood

• Lymphokine release

• Animal blood

• Immunotoxicity



1995 Whole blood pyrogen test

2003 and 2004 Validated

2006 Validity statement

2009 Accepted Eur. Pharmacopoeia 

and with limitations by ICCVAM / FDA

PyroDetect (Biotest, now Merck-

Millipore)



Novel Pyrogen tests
based on the human fever reaction

Endogenous

Pyrogen

1. Whole Blood (1995)

2. Leukocytes (1981, 1989)

3. Cell lines (1991, 1996, 1999)

4. Cryopreserved blood cells (1996)

Exogenous

Pyrogen

Fever ELISA



WC2 Utrecht 1996
DZF award 
for blood 
pyrogen test



Invented 1995
Validated 2006
Accepted FDA 2009, European Pharmacopoeia 2010, 
USP 2017, ISO 2018

Since then: 
• increase of rabbit pyrogen tests by 10,000 animals 

in Europe… to 170,000
• Less then 1% of pyrogen testing

Validation and accpetance is not enough – we need 
implementation !!!

ALTEX 2015, 32:79-100



I have any 
conflict of 
interest you can 
imagine… 
including 
receiving 
royalties from 
Merck-Millipore 
for the 
commercial kit 
of whole blood 
pyrogen testing

…but my last patent 
expires  2017  2020



First independent evaluation (1997) 

LPS response of 19 blood donors recruited by

the blood bank of the University of Heidelberg

0 10 100 pg LPS /ml sample

IL
-1

Weigand et al., 1998



Comparison of different donors

Different absolute but similar relative response of donors
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Relative response of donors

Differences caused mainly by different monocyte counts
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Hoffmann et al. (2005). International validation of 
novel pyrogen tests based on human 
monocytoid cells. 

J Immunol Methods, 298: 161-73

Collaborative study

• EU FP5 project

• 2000-2003

• 10 partners

• 6 in vitro tests

• Validated by ESAC 2006
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The rabbit test as „reference“

The temperature reaction of a sensitive strain (n = 171)
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• limit temperature increase

in Europe: 0.55°C

5 EU/10 ml = 0.5 EU/ml

defined as threshold

• 13 drugs with five

contaminations each

(0, 0.25, 0.5, 1 EU/ml)

challenging original study design

(58% specific, 88% sensitive for rabbit)

+
-



Comparison of approaches
advantage disadvantage

Cell lines No donor
High variability 

Laborious

PBMC Most sensitive
Handling artefacts

Infection risk

Whole blood

Cell suspension

Physiological

Strongly buffered

Infection risk

Cryo-blood
Standardisation

Availability 
(DMSO present)



MAT in contrast to BET 

LAL reflects in vivo potency of 

different LPS 

Fennrich et al., Dev. Biol. Stand. 1999, 101:131-139



sens: 
67%
spec: 1
00%

sens: 
83%
spec: 
33%



Masking of endotoxin in LAL

Presented by Dr. Wolfgang Mutter,

Hyglos, Bernsried, Germany,

at VAAM expert group

„Qualitätssicherung & Diagnostik“

at 20th of September 2013 

in Villingen-Schwenningen, Germany 

BSA/Citrate Tween/Citrate

Tween/BSA

/Citrate





Comparison rabbit test and MAT for human serum albumin
Spreitzer et al., ALTEX 2002

29 different batches of albumin were tested pure and spiked with 5  or 10 IU/ml

Rabbit pyrogen test

(n = 261)

WB-IL-1

Spike Positive

[>2,5°C]

Repeti-

tion

[> 

1,15°C]

Negative

[< 

1,15°C]

Positive Negative

None - - 29 - 29

5 EU 5 23 1 29 -

10 EU 10 21 8 29 -



1. Both endotoxin-spiked and non-endotoxin spiked samples should be included. Non-
endotoxin standards should be characterized prior to their use in any study, if possible.
2. … Good Laboratory Practice.
3. … products that have intrinsic pro-inflammatory properties …
4. Optimally, a study that includes 3-way parallel testing, with the in vitro assays being 
compared to the RPT and the BET, should be conducted to allow for a comprehensive 
evaluation of the relevance and comparative performance of these test methods. These 
studies may be conducted with historical RPT data provided that the same substances (i.e., 
same lot) are tested in each method. Based on ethical and scientific rationale, any in vivo 
testing should be limited to those studies that will fill existing data gaps.
5. Test substances that better represent all categories of sample types (e.g., 
pharmaceuticals, biologicals, and medical devices) intended for testing by the methods 
should be included.

ICCVAM Recommendations: Future Studies
May 2008

Estimated costs $5-25 million



Nature Protocols 2009, 4:1709-1721

https://ecvam-dbalm.jrc.ec.europa.eu/methods-and-protocols/
biological-endpoint/mediator-release:-cytokines/key/em_938

2017 USP

2018 ISO



Bacterial pyrogens

Gram-negative

bacterial

cell wall

LPS 

(Lipopoly-

saccharide)

Medline publ.

~ 50 000

Gram-positive

bacterial

cell wall

LTA

(Lipoteichoic 

acid)
Medline publ.

~ 1 000



Patient safety: non-endotoxin pyrogens

New expression systems in gene technology
(Gram-positive bacteria, insect and fungal cells)

Medical devices

Cellular therapies

Environmental pyrogens

New challenges



ALTEX 2013, 30:169-208 

Submitted to FDA / ICCVAM Dec 2012

Never discussed



Examples for medical devices



15-well steel block

STATIC CONTACT



15-well steel block

control A B C D ABCD
pooled
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Contamination of steel
by manual handling

Biomaterials 2007, 28:1367–1375



Elimination of pyrogenic residuals on titanium

plates contaminated by manual handling
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J Biomed Mater Res 2007, 80A:276–282 



Medical devices, 
nanomedicines & 
cell therapies

Preparation for
validation

Optimiza-
tion MAT
for 
pyrogens

Bacteria & 
pyrogens



Endotoxin determination on PTFE filters
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Monitoring Air Quality

Nature Protocols 2009, 4:1709-1721



Air-born pyrogens as risk factor 

for asthma and COPD

- Human relevant test system

- Easy field sampling

- Measurement on filter

- Patent

- Childhood asthma, COPD (with F. 

Mariani-Rivera, K. Vysyaraju, P. 

Breysse, N. Hansel)

PALL-monitor with PTFE (teflon) membrane

Whole human blood and murine alveolar 

macrophages respond similar to fungal spores



US: 30 million blood transfusions /a

None tested for pyrogens

About 1.000 fatalities /a

Retrieval of live bacteria

Endotoxin retrieval in 

erythrocyte and platelet 

concentrates



FDA study pre-selected



Lessons learned

• alternative methods can outperform 

animal tests

• Mechanism-based & human cells

• importance of commercialization

• 15 years from development to 

acceptance

• Importance International 

harmonization

• lack of enforcement of 

implementation

• enabling technology

• importance of public-private 

partnership



It takes a village…

Success has many 
fathers, failure is an 
orphan…

More than 60 people 
critically involved


