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Abstract 

Following the events of September 2001, the Life Sciences Division of the CEA was 
involved in a French national effort for the evaluation of the needs in terms of protection 
against bioterrorism. Through a collaborative effort with other public and academic 
institutions and agencies, over 27 biodefense research projects were launched in 2005. The 
aim was to respond to urgent needs for security against biological threats and to offer 
biological resources and techniques for the diagnostics and / or detection of chemical agents 
and exposure to ionizing rays. Detection, diagnostics, treatments, vaccines and 
decontamination are considered. 
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1     Introduction  

Following the events of September 2001, the Life Sciences Division of the CEA was involved in a 
French national effort for the evaluation of the needs in terms of protection against bioterrorism. 
Through a collaborative effort with other public and academic institutions and agencies, over 27 
biodefense research projects were launched during the year 2005. The aim was to respond to urgent 
needs for security against biological threats and to offer biological resources and techniques for the 
diagnostics and / or detection of chemical agents and exposure to ionizing rays. The program also 
included the search and design of therapeutic molecules, protective antibodies and vaccines. The 
collaborative organisms are the Pasteur Institute, the National Museum of Natural History, the 
Institute of Radioprotection and Nuclear Safety (IRSN), the level 4 laboratory of Inserm, the French 
Food Agency (AFSSA), the French Drug Agency (AFSSAPS) and universities.  
These research and development actions are part of an interministerial initiative for civil defense. 
Projects are selected and followed by CEA and DGA (the French Delegation for Armament), 
managed by CEA and evaluated by a scientific committee. 
Detection approaches are based both on "conventional" reagents and techniques (antibodies, nucleic 
acids...) and "unconventional" ones (neuronal receptors, promoters and reporter genes, cells and 
bacteria). Among developed formats are fluorescent immuno-chromatography, amplified surface 
plasmon resonance, continuous flow immuno-monitoring, PCR for the non specialist, nanoscale 
automated PCR, mass spectrometry, cell/receptor-based fluorescent assays and micro patch-clamp 
chips. 
Diagnostic approaches include the same formats as well as ELISpot assays, RNA expression profiling 
and cytogenetics. 
The search for treatments and toxin inhibitors is based on high throughput screening of chemical 
compound libraries using cell or enzymatic assays. In addition, structural studies are performed to 
gain access to the active sites and mechanisms of action of toxins in order to design inhibitors from 
this information. 
After four years, reagents (antigens, antibodies and PCR primers and probes, cells and bacteria), 
assay formats and devices (fluorescent immuno-chromatography, micro patch-clamp, surface 



plasmon resonance, nano-PCR, bacteria-based bio-detectors) are reaching sufficient maturity for 
transfer to the industry. This corresponds to a technological readiness level (TRL) of 4 or 5. 
Operational techniques and protocols can be delivered to surveillance laboratories for toxins, 
neurotoxic agents and radiation exposure detection (mass spectrometry for toxin detection, 
cell/receptor-based assays for neurotoxic agents, cytogenetics). Several toxin inhibitors or vaccine 
components have been identified but may require further intensive developments to become 
applicable to human use. 

2     Detection 

2.1     Antibody detections 

More than 200 monoclonal antibodies have been produced against a dozen toxins and several bacteria 
and virus, following the classical list of biothreat agents, starting from the top. A secure repository 
was made for stocking of these biological resources, including antibodies, corresponding hybridomas, 
antigens and DNA sequences encoding these antigens. Stocking procedures and protocols were 
design, including a designated software, as well as a master cell bank and a working cell bank. Each 
antibody and antigen is tested for the most suited storage conditions. 
Most antibody detection formats are based on sandwich detection [1]. They are then embarked in 
various types of assays.  
Immunochromatographic sticks are made, first using colloidal gold detection, but also using a CEA 
patented fluorescent detection principle. The fluorescent detection increases the sensitivity of the 
assay by a factor of 15 [2]. It is made by the linking of fluorescent liposomes to the secondary 
antibody of the sandwich. A small autonomous hand-held reader was made for quantitative reading of 
the sticks. The first industrial series of sticks are to be produced soon. 
Immunoassay sandwiches are also embarked on a 80 slot chip of a portable surface plasmonic 
resonance (SPR) imaging device [3]. The secondary antibody of the sandwich is labelled by a metal 
bead to amplify the SPR signal about 100 fold.  

2.2     Mass spectrometry  

Several mass spectrometry detection projects are developed. The antigen (toxin) to be detected in the 
biological or environmental samples is concentrated using antibody-coated beads. Then, the beads are 
transferred to a medium containing the substrate of the toxins enzymatic activity: an RNA mimicking 
the ribosome sarcin loop for ricin, a peptide mimicking the target SNARE protein for botulinum 
toxins. The transformed substrate is then detected by mass spectrometry coupled to liquid 
chromatography [4]. This approach offers high sensitivity, reaching detectable toxins concentration in 
the low pg/mL range.  
In parallel, the antibody-concentrated toxin can also be digested by proteolytic enzymes and the 
generated peptides specifically identified by mass spectrometry [5]. 
Methods for bacteria detection are also developed. These include mass spectrometry analysis of PCR-
amplified sequences and proteomic analysis from proteolytic digestion of complex mixes of bacteria. 

2.3     PCR detection 

Conventional and robust RT-qPCR primers and probes are designed and embarked in RT-qPCR 
machines [6,7]. One is a closed system developed by an industrial partner and destined to be used by 
non-biologist staff. The other is a nanoscale automated PCR device developed by the Direction of 
Technological Research at CEA.  
 



2.4     Neuroreceptor detection 

Detection of neurotoxic agents, either chemicals or proteins, may be done with antibodies. But this 
implies that the target compound is known and available in quantities for animal immunization. There 
are hundred of thousands of compounds, natural or synthetic, able to block or activate neuroreceptors 
or channel receptors involved for instance in muscle contraction. These compounds can be toxins 
from cyanobacteria, dynoflagella, or animals such as snake, scorpions, spiders, sea anemones, cone 
snails etc. Such compounds can be responsible for environmental threats as in toxic algae blooms in 
pounds, rivers, lakes and sea. They can be found accumulated in shellfish or fish and are a food safety 
issue. But they could be used also in malevolent actions. Animal toxins could be produced by 
genetically engineered bacteria or viruses. Their targets can be the nicotinic acetylcholine receptor, 
the sodium, potassium or calcium channels expressed on nerve cells. It is thus impossible to produce 
antibody assays against so many toxins. 
Several assays for neurotoxic agents have been designed [8,9]. Nerve cell lines expressing one or the 
other channel receptors are incubated with fluorescent probes sensitive to the membrane potential of 
the cell. Channel activating toxins are detected by the change in fluorescence of the cells. Channel 
blockers are detected by the incapacity of a known activating toxin to open the channel in the 
presence of the sample. In an analytical laboratory assay, cells are manipulated in 96-well plates and 
the assays red in a Flexstation apparatus. Freeze-thaw protocols have been optimized to decrease to 
about an hour the time for activation of the assay from frozen cells. 
A micro-patchclamp chip assay has been made for neurotoxic agent detection. The chip bears 9 holes, 
each able to accommodate a cell or a xenopus ovocyte expressing the desired neuroreceptor. The chip 
can monitor the electric activity of single channels on each cells trapped on the holes. Integration in a 
suitcase format is underway. 
A solution assay for channel receptor neurotoxins has also been designed.  

2.5     Biosensor for heavy metals and chemical agents 

Bacteria in collections or collected in polluted areas are selected for their resistance to a given toxic 
compound [10]. The promotor responsible for control of resistance gene expression is activated by the 
toxic compound. It is isolated and placed in front of a reporter gene producing a light emitter or a 
fluorescent protein. The reporter gene under control of the toxic-sensitive promoter is placed in 
bacteria. Bacteria are freeze-dried and can be kept stored at least for a year. Bacteria are activated 
within an hour if hydrated with a sample. Light emission or fluorescence can be monitored within 
minutes to 20 minutes depending on toxic concentration. A small hand-held reader is under 
construction.  

3     Diagnostics 

3.1     Biodosimetry 

A network of cytogenetic laboratories has been organized to increase 5 fold the capacity of the nation 
to manage and analyze blood samples from irradiated victims. Research laboratories acquired the 
reference technique of biodosimetry set by IRSN and intercomparison exercises are done regularly. 
The assay is based on metaphasic lymphocyte chromosome isolation and chromosomal abnormalities 
counting. Ongoing research concerns improving and automating chromosomal abnormalities 
detection and reading, as well as DNA breakage marker assays. 

3.2     RNA profiling of intoxications 

The pattern of gene expression in lymphocytes from mice intoxicated with one or another toxin was 
analyzed. Messenger RNAs of overexpressed genes were monitored using DNA chip technologies. 



The analyzes allowed to identify RNA expression signatures specific for one or the other toxin. Out 
of hundreds of activated genes, less than 20 could be identified as specifically induced. Interestingly, 
gene expression pattern could be detected for sub lethal doses of toxins. Ultimately, the diagnostic 
assay is a quantitative PCR assay for RNA expression of the target genes. 

3.3     Analysis of poxvirus infection or vaccination memory 

Diagnostics of poxvirus infections is clinical, serological and based on detection of viral genome by 
PCR. However, serology is not specific of poxvirus type and at a distance after the infection and 
recovery, PCR is negative. An ELISpot assay is designed to identify the presence of T lymphocytes in 
the patient’s blood specific for different poxviruses, including variola, vaccine and monkeypox. This 
may be usefull to identify vaccinated people and estimate efficacy of the remaining protection. Also, 
in the case of recent monkeypox outbreak, it was not possible to demonstrate infection for ome 
patients after the symptoms were gone. The assay is based on the analysis of CD4 T cell epitopes 
present in proteins of the different viruses [11]. Distinction is made between epitopes common to all 
three viruses and epitopes specific to one or the other virus. 

4     Treatments and vaccines 

4.1     Inhibitors for toxins 

High throughput screening assays were designed to identify inhibitors of bacterial toxins among 
libraries of synthetic or natural compounds, and natural extracts. These assays were based either on 
the catalytic activity of the toxins or their effects on cells. In the first case, identified inhibitors would 
target the catalytic domain of the toxin. In the second case, they could interfere with toxin activity at 
any step of the intoxication mechanism: binding to cell surface receptor, internalization, intracellular 
trafficking, translocation into the cytoplasm or catalytic activity. Most interestingly, they could 
interact either with the toxin or with a cellular target. In this case, although the risk of toxicity of the 
inhibitor for the cell exists, such inhibitors could be useful against a variety of similar toxins. So far, 
interesting leads have been found against ricin, botulinum toxin and large clostridial toxins.  

4.2     Anti-toxins and antiviral therapeutic antibodies 

Due to the very long, difficult and costly task of improving chemical inhibitors of toxins, the 
identification of therapeutic antibodies is also of value. Among the numerous antitoxin monoclonal 
antibodies developed for detection, several antibodies are selected for their neutralizing properties in 
vitro on cells and in vivo in mice. Depending on the toxin, one to three combined antibodies are 
chosen for their protective activity. These murine monoclonal antibodies are then chimerized with the 
constant regions of human IgG to reduce the risk of immunization and immune chock.  
In addition, antibodies against viruses are selected in a similar way and protection activity is 
monitored, first in rodents, then in monkeys.  
 

4.3     Vaccine studies 

Finally, vaccine studies are conducted at the Pasteur Institute as part of the French NRBC program. 
Current anti-plague vaccines under development are usually based on the use of recombinant antigens 
from Yersinia pestis, the causative agent of plague. Unfortunately, repeated injections are needed and 
it is relatively easy to engineer virulent strains of the bacteria devoid of these antigens, which 
questions the efficacy of the vaccine in all occasions. The physiopathology of Yersinia pestis and 
other related bacteria is studied in order to build attenuated strains for vaccination [12, 13]. A first 
vaccine model is able to protect mice against the disease after only one administration.  



Classical anthrax vaccines are usually based on the use of the protective antigen, which is a part of the 
toxic complex of the bacteria, devoid of toxicity when it is alone. The efficacy of such vaccines is 
questioned, especially in the case of pulmonary infection. Studies are conducted on the association of 
various anthrax components in order to obtain a vaccine with improved efficacy [14]. 

5     Conclusion 

After four years of R&D efforts, more than thirty-four research papers and five patents have been 
produced. Six projects are in the process of technology transfer or collaboration with industrial 
partners for the production of detection tools. High-tech detection methods are being transferred to 
surveillance laboratories. But on the other hand, the clinical development of therapeutics and vaccines 
is a real challenge due to the important costs related. European and international cooperation and 
coordination of efforts could provide the means to reach such goal.    
 

References 

[1] Volland, H., Lamourette, P., Nevers, M.C., Mazuet, C., Ezan, E., Neuburger, L.M., Popoff, M. and 
Créminon, C. A sensitive sandwich enzyme immunoassay for free or complexed Clostridium 
botulinum neurotoxin type A. J Immunol Methods, 2008, Vol.330, no. 1-2, pp.120-9. 

 
[2] Khreich, N., Lamourette, P., Boutal, H., Devilliers, K., Créminon, C. and Volland, H. Detection of 

Staphylococcus enterotoxin B using fluorescent immunoliposomes as label for 
immunochromatographic testing. Anal Biochem, 2008, Vol.377, no.2, pp.182-8 

[3] Mercey, E., Grosjean, L., Roget, A. and Livache, T. Surface plasmon resonance imaging on 
polypyrrole protein chips: application to streptavidin immobilization and immunodetection. Methods 
Mol Biol., 2007, Vol.385, pp.159-75 

[4] Becher, F., Duriez, E., Volland, H., Tabet, J.C. and Ezan, E. (2007) Detection of functional ricin by 
immunoaffinity and liquid chromatography-tandem mass spectrometry. Anal Chem. Vol.79, no. 2, 
pp.659-65 

[5] Duriez, E., Fenaille, F., Tabet, J.C., Lamourette, P., Hilaire, D., Becher, F. and Ezan, E. Detection of 
Ricin in Complex Samples by Immunocapture and Matrix-Assisted Laser Desorption/Ionization 
Time-of-Flight Mass Spectrometry. Journal of Proteome Research. 2008, Vol.7, no. 9, pp.4154-63. 

[6]  Beutin, L., Jahn, S. and Fach, P. Evaluation of the 'GeneDisc' real-time PCR system for detection of 
enterohaemorrhagic Escherichia coli (EHEC) O26, O103, O111, O145 and O157 strains according 
to their virulence markers and their O- and H-antigen-associated genes. J Appl Microbiol. 2009 In 
press 

[7] Fach, P., Micheau, P., Mazuet, C., Perelle, S. and Popoff, M.. Development of real-time PCR tests 
for detecting botulinum neurotoxins A, B, E, F producing Clostridium botulinum, Clostridium 
baratii and Clostridium butyricum. J. Appl. Microbiol. 2009 In press. 

[8] Aráoz, R., Herdman, M., Rippka, R., Ledreux, A., Molgó, J., Changeux JP, Tandeau de Marsac N. 
and Ho, N. A non-radioactive ligand-binding assay for detection of cyanobacterial anatoxins using 
Torpedo electrocyte membranes. Toxicon. 2008, Vol.52, no. 1, pp.163-74.  

[9] Sordel, T., Kermarec-Marcel, F., Garnier-Raveaud, S., Glade, N., Sauter-Starace, F., Pudda, C., 
Borella, M., Plissonnier, M., Chatelain, F., Bruckert, F. and Picollet-D'hahan, N. Influence of glass 
and polymer coatings on CHO cell morphology and adhesion. Biomaterials. 2007, Vol.28, no. 8, 
pp.1572-84. 

[10] Berne, C., Pignol, D., Lavergne, J. and Garcia, D. CYP201A2, a cytochrome P450 from 
Rhodopseudomonas palustris, plays a key role in the biodegradation of tributyl phosphat Appl 
Microbiol Biotechnol. 2007, Vol.77, no. 1, pp.135-44. 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Volland%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lamourette%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Nevers%20MC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Mazuet%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ezan%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Neuburger%20LM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Popoff%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Cr%C3%A9minon%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Khreich%20N%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lamourette%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Boutal%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Devilliers%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Cr%C3%A9minon%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Volland%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Mercey%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Grosjean%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Roget%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Livache%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Becher%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Duriez%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Volland%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tabet%20JC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ezan%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Beutin%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Jahn%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Fach%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ar%C3%A1oz%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Herdman%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Rippka%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ledreux%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Molg%C3%B3%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Changeux%20JP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tandeau%20de%20Marsac%20N%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Nghi%C3%AAm%20HO%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Sordel%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kermarec-Marcel%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Garnier-Raveaud%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Glade%20N%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Sauter-Starace%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Pudda%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Borella%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Plissonnier%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Chatelain%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Bruckert%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Picollet-D'hahan%20N%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Berne%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Pignol%20D%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lavergne%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Garcia%20D%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Garcia%20D%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus


[11] Sirven, P., Castelli, F.A., Probst, A., Szely, N. and Maillere, B. In vitro human CD4+ T cell response 
to the vaccinia protective antigens B5R and A33R. Mol Immunol. 2009 In press 

[12] Pouillot, F., Fayolle, C. and Carniel, E. Characterization of chromosomal regions conserved in 
Yersinia pseudotuberculosis and lost by Yersinia pestis. Infect Immun. 2008, Vol.76, no. 10, 
pp.4592-9 

[13] Blisnick, T., Ave, P., Huerre, M., Carniel, E. and Demeure, C.E. Oral vaccination against bubonic 
plague using a live avirulent Yersinia pseudotuberculosis strain. Infect Immun. 2008; Vol.76, no. 8, 
pp. 3808-16 

[14] Gauthier, Y.P., Tournier, J.N., Paucod, J.C., Corre, J.P., Mock, M., Goossens, P.L. and Vidal, D.R. 
Efficacy of a vaccine based on protective antigen and killed spores against experimental inhalational 
anthrax. Infect Immun. 2009, Vol.77, no. 3, pp.1197-207 

 
 

 

http://www.ncbi.nlm.nih.gov/pubmed/19193441?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/19193441?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/18678673?ordinalpos=4&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/18678673?ordinalpos=4&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Blisnick%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ave%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Huerre%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Carniel%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Demeure%20CE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Gauthier%20YP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tournier%20JN%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Paucod%20JC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Corre%20JP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Mock%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Goossens%20PL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Vidal%20DR%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus

	CEA's Actions Against Biological Threats within France's NRB
	1     Introduction
	2     Detection
	2.1     Antibody detections
	2.2     Mass spectrometry
	2.3     PCR detection
	2.4     Neuroreceptor detection
	2.5     Biosensor for heavy metals and chemical agents

	3     Diagnostics
	3.1     Biodosimetry
	3.2     RNA profiling of intoxications
	3.3     Analysis of poxvirus infection or vaccination memory

	4     Treatments and vaccines
	4.1     Inhibitors for toxins
	4.2     Anti-toxins and antiviral therapeutic antibodies
	4.3     Vaccine studies
	5     Conclusion

	References


