
587© 2008, Japanese Society for Alternatives to Animal Experiments

10 years of experience with alternative pyrogen tests (monocyte activation tests)

Ingo Spreitzer, Bettina Löschner, Christian K. Schneider, Kay-Martin Hanschmann and Thomas Montag

Paul-Ehrlich-Institut, Federal Agency for Sera and Vaccines

Corresponding author: Dr. Ingo Spreitzer
Paul-Ehrlich-Institut, Section 1/3 Microbial Safety

Paul-Ehrlich-Strasse 51-59, D-63225 Langen, Germany
Phone: +(49)-6103-778027, Fax: +(49)-6103-771250, sprin@pei.de

Abstract
Pyrogens (fever inducing substances) in Pharmaceuticals may affect patients up to life-threatening 
consequences. The rabbit pyrogen test is the standard animal test in the Pharmacopeias since more than 50 
years. Various efforts were made during the last decade to develop alternative pyrogen tests. The common 
basis of these alternative test is the employment of human monocytes. The chosen sources of monocytes 
were: human whole blood, peripheral blood mononuclear cells or monocytic cell lines. In an Euopean 
validation study most of these tests succeeded. 

Nevertheless the practical application (commercialisation) of these tests would have posed problems: 
human whole blood and PBMC could not be delivered together with the test, venipuncture at the test site 
is problematic in terms of safety (blood borne pathogens), legal and ethical issuses. Additionally, there is 
a individual response of donors towards Non-Endotoxin pyrogens, which makes the use of single donors 
(including cell lines) questionable. 

The aim of our work was to develop a simple method for the cryoconservation of human whole blood (single 
donors / pooled donors) to obtain safe (tested for infection markers) and reliable monocytes which can be 
shipped and stored at -80°C (dry ice).
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Introduction
The Paul-Ehrlich-Institut (PEI; Federal Agency 

for Sera and Vaccines) is responsible for biologicals 
like vaccines, sera, blood products, allergens and 
tissue and medicinal products for gene / somatic cell 
/ and xenogenic cell therapy in Germany. The batch 
release of these products includes animal experiments 
(e.g.rabbit pyrogen test) depending on the given 
monograph in the European Pharmacopeia. The 
PEI has a strong focus on research, and is engaged 
in the replacement/reduction/refinement of animal 
experiments since several years. Since more than 
10 years the PEI is involved in the development and 
testing of alternative pyrogen tests ((Fischer et al., 
1998; Montag et al., 2007)). During this time the PEI 
joined two national and an european funded project 
concerning alternative pyrogen tests. Typically these 
tests are performed with human monocytes (Fig. 1), 
the readout(s) are typically fever inducing cytokines 
like IL-1ß, IL-6 and TNFα. The PEI has validated 
a whole blood assay in comparison with the rabbit 
pyrogen test on different human serum albumin 
(Spreitzer et al., 2002) and coagulation factor VIII-
products successfully. In the European study different 
alternative pyrogen tests were validated successfully 

(Hoffmann et al., 2005).
Despite these promising results the practical 

application (commercialisation) of these tests would 
have posed problems: human whole blood and 
PBMC could not be delivered together with the test, 
venipuncture at the test site is problematic in terms 
of safety (blood borne pathogens), legal and ethical 
issuses. Additionally, there is a individual response of 
donors towards Non-Endotoxin pyrogens (Carlin and 
Viitanen, 2005), which makes the use of single donors 
(including cell lines) questionable. 

In consequence we decided to develop a simple 
method for the cryoconservation of human whole 
blood (single donors / pooled donors) to obtain safe 
(tested for infection markers) and reliable monocytes 
which can be shipped and stored at -80°C (dry ice).

Materials and methods
Blood collection and freezing (PEI method -80°

C) was performed as described previously (Schindler 
et al., 2006). The blood was tested for infectious 
markers in accordance to the regulations in the 
german transfusion law. The international WHO-
Endotoxin Standard 94/580 and purifed Lipoteichoic 
acid from Bacillus subtilis served as stimuli. 
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Incubation and detection (ELISA) were performed as 
described recently (Montag et al., 2007).

Results
Pooling of heparinized whole blood of different 

donors (independent on the blood groups) causes no 
cytokine release during the incubation. The responses 
(IL-1ß; IL-6 and TNFα) of 10 different donors show 
individual differences in the donors reactivity towards 
Endotoxin and Lipoteichoic acid (Figs. 2 and 3).

The combined Multi-Cytokine assay (IL-1ß, IL-6 
and TNFα detected together, see (Montag et al., 
2007) shows a lower variability between the donors 
(Fig. 4).

For cyroblood produced and stored at -80°C we 
achieved good responses to stimulation with either 
LPS or LTA after storage times > 500 days (Fig. 5).

Discussion
The comparative studies performed at the PEI 

and the international validation studies indicate 
that alternative pyrogen tests (Monocyte activation 

tests) are a valid and realistic alternative to the 
rabbit pyrogen test. The Paul-Ehrlich-Institute 
and the ECA (European Compliance Academy) 
o rg a n i s e d a n i n t e r n a t i o n a l C o n f e r e n c e o n 
Alternative Pyrogen testing (23.-24. March 2006; 
http://www.pyrogenconference.org/daten/training/
AlternPyrogenTest.pdf) to start a public discussion 
between developers, industry, regulators and 
interested groups. 

Fig. 1. Alternative Pyrogen testing
The sample is incubated together with human monocytic cells 
under pyrogen-free conditions (Incubation). After 6-24h the 
released cytokines are detected by ELISA techniques (Detection).

Fig. 2. single vs. pooled fresh blood; IL-1ß
Blood of 10 donors (A-J) was incubated separately and 
pooled with different concentrations of WHO-Endotoxin 
Standard 94/580  (200, 100, 50, 25 pg/ml) and highly purified 
Lipoteichoic acid from B. subtilus (5 and 10µg/ml) for 18h. 
Pyrogen-free Saline served as diluent and negative control. 
The calculated mean of the 10 individual responses is shown 
additionally. Human IL-1ß was detected by common Sandwich-
ELISA at 450 nm.

Fig. 3. single vs. pooled fresh blood; IL-6
Blood of 10 donors (A-J) was incubated separately and pooled 
with different concentrations of WHO-Endotoxin Standard 
94/580 (200, 100, 50, 25 pg/ml) and highly purified Lipoteichoic 
acid from B. subtilus (5 and 10µg/ml) for 18h. Pyrogen-free 
Saline served as diluent and negative control. The calculated 
mean of the 10 individual responses is shown additionally. 
Human IL-6 was detected by common Sandwich-ELISA at 450 
nm.

Fig. 4. single vs. pooled fresh blood; Multi-Cytokine (IL-1ß, 
IL-6 and TNFα)
Blood of 10 donors (A-J) was incubated separately and 
pooled with different concentrations of WHO-Endotoxin 
Standard 94/580  (200, 100, 50, 25 pg/ml) and highly purified 
Lipoteichoic acid from B. subtilus (5 and 10µg/ml) for 18h. 
Pyrogen-free Saline served as diluent and negative control. 
The calculated mean of the 10 individual responses is shown 
additionally. The total sum of human IL-1ß, human IL-6 and 
human TNFα was detected by a Multi-Cytokine Sandwich-
ELISA at 450 nm.
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The European Centre for the Validat ion of 
Alternatives to Animal experiments (ECVAM; 
structure of the European Union) participated in the 
European validation study. Its scientific advisory 
committee (ESAC) stated on March 21th. 2006 
officially that the tested five alternative pyrogen 
tests are suitable for the detection of endotoxin (as 
endotoxin served as the only pyrogenic stimulus in 
the validation study; http://ecvam.jrc.it/ft_doc/ESACs
tatementpyrogenicity20060321.pdf). 

The data of the study were transferred to the 
Interagency Coordinat ing Committee on the 
Validation of Alternative Methods (ICCVAM; USA). 
ICCVAM endorsed the results, but the independent 
peer panel installed by ICCVAM disapproved in its 
peer review panel report (16.5.2007; http://iccvam.
niehs.nih.gov/docs/pyrogen/PrRevPanFinRpt.pdf). 
Public comments to this report were published on the 
Homepage of ICCVAM). (http://iccvam.niehs.nih.
gov/pubcomment/pyropanelrpt/pyropanelrpt_Cmts.
htm).

The validation studies have been crit icised 
especially for using only Endotoxin as a pyrogen. 
It has to be stated that at the time of the validations 
Endotoxin was the only available standardized 
pyrogenic material. Still there is no accepted 
international Non-Endotoxin standard. There is 
plenty of scientific data on the reactivity of human 
monocytes on highly purified LTA (lipoteichoic acid; 
(Hermann et al., 2001; Opitz et al., 2001)) and other 
Non-Endotoxin pyrogens. The quality and availability 
of standardised high-quality Non-Endotoxin pyrogens 
is still problematic.

It is remarkable that the Limulus-Amebocyte 
Assay (LAL; Bacterial Endotoxin test; only capable 
of detecting Endotoxin) was good enough to replace 
the rabbit pyrogen test for many products whereas the 

acceptance for alternative pyrogen tests is delayed 
because they are officially only validated for the 
detection of Endotoxin until now. 

Cryopreserved human whole blood has been 
validated successfully in an international study 
designed in relation to the European validation study 
on alternative pyrogen tests (Schindler et al., 2006)

In March 2006 the European Pharmacopeia decided 
to install an expert Group on Monocyte activation 
tests with the aim to design a general monograph on 
monocyte activation tests.

The improvements (pooling, cryoconservation) 
which were introduced during the last years make 
monocyte activation test much more feasible. Safe 
and reliable monocytes became available. Highly 
purified Lipotechoic acid of B. subtilis as Non-
Endotoxin could be detected with either single/pooled 
fresh or cryopreserved blood, indicating the abilities 
of monocyte activation tests beyond Endotoxin 
detection.

References
Carlin, G. and Viitanen, E. (2005) In vitro pyrogenicity of the 

diphtheria, tetanus and acellular pertussis components of a 
trivalent vaccine. Vaccine 23, 3709-3715.

Fischer, M., Hartzsch, K., Hartung, T., and Montag-Lessing, 
T. (1998) [First Results in the prevaluation of the 
human whole blood assay for pyrogens in biological 
pharmaceuticals]. ALTEX. 15, 10-13.

Hermann, C., Spreitzer, I., Schröder, N. W. J., Morath, S., 
Lehner, M. D., Fischer, W., Schütt, S., Schumann, R. R., 
and Hartung, T. (2001) Cytokine induction by purified 
lipoteichoic acids from various bacterial species - role of 
LBP, sCD14, CD14 and failure to induce interleukin 12 
and subsequent interferon g release. Eur. J. Immunol. 32, 
541-551.

Hoffmann, S., Peterbauer, A., Schindler, S., Fennrich, S., Poole, 
S., Mistry, Y., Montag-Lessing, T., Spreitzer, I., Loschner, 
B., van Aalderen, M., Bos, R., Gommer, M., Nibbeling, 
R., Werner-Felmayer, G., Loitzl, P., Jungi, T., Brcic, M., 
Brugger, P., Frey, E., Bowe, G., Casado, J., Coecke, S., 
de Lange, J., Mogster, B., Naess, L. M., Aaberge, I. S., 
Wendel, A., and Hartung, T. (2005) International validation 
of novel pyrogen tests based on human monocytoid cells. J. 
Immunol. Methods 298, 161-173.

Montag, T., Spreitzer, I., Loschner, B., Unkelbach, U., Flory, 
E., Sanzenbacher, R., Schwanig, M., and Schneider, C. 
K. (2007) Safety testing of cell-based medicinal products: 
opportunities for the monocyte activation test for pyrogens. 
ALTEX. 24, 81-89.

Opitz, B., Schroder, N. W., Spreitzer, I., Michelsen, K. S., 
Kirschning, C. J., Hallatschek, W., Zahringer, U., Hartung, 
T., Gobel, U. B., and Schumann, R. R. (2001) Toll-like 
receptor-2 mediates Treponema glycolipid and lipoteichoic 
acid-induced NF-kappaB translocation. J. Biol. Chem. 276, 
22041-22047.

Schindler, S., Spreitzer, I., Loschner, B., Hoffmann, S., 
Hennes, K., Halder, M., Brugger, P., Frey, E., Hartung, T., 
and Montag, T. (2006) International validation of pyrogen 
tests based on cryopreserved human primary blood cells. J. 
Immunol. Methods 316, 42-51.

Spreitzer, I., Fischer, M., Hartzsch, K., Luderitz-Puchel, 
U., and Montag, T. (2002) Comparative study of rabbit 
pyrogen test and human whole blood assay on human 
serum albumin. ALTEX. 19 Suppl 1, 73-75.

Fig. 5. Kryopools (cryopreserved at -80°C; PEI-method) of 
different age (35-497 days) were incubated with different 
concentrations of WHO-Endotoxin Standard 94/580  (200, 100, 
50, 25, 12.5 and 6.25 pg/ml) and highly purified Lipoteichoic 
acid from B. subtilus (5 µg/ml) for 18h. Pyrogen-free Saline 
served as diluent and negative control. Each value was 
measured in triplicates, the mean is displayed ± SD. The total 
sum of human IL-1ß and  IL-6 was detected by a Di-Cytokine 
Sandwich-ELISA at 450 nm.




