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Research Plan


1. Title: Enhancement of Anthrax Vaccine Efficacy with Immunostimulatory Oligonucleotides.


2. Administrative data:


a. Principal Investigator: Bruce Ivins


b. Division: Bacteriology


c. Department: Pathogenesis and Immunology


d. Phone Number: 301/619-4927


e. Key Personnel: Patricia Fellows; Kristie Golden; Bruce Ivins


3. Background: For several years, research efforts at USAMRIID have focused on development of improved vaccines against anthrax. Recent efforts (USAMRIID Animal Protocol B99-04), however, have been devoted to the possibility of improving non-antigen-specific mechanisms of immunity to anthrax with immunostimulatory oligonucleotides. In the mouse model, we were able to demonstrate that oligonucleotides containing CpG sequences were able to provide some protection against experimental infection from virulent B. anthracis spores. Some studies have demonstrated that oligonucleotides containing CpG sequences can also augment the specific immune responses engendered by vaccination. The guinea pig is a better model than the mouse for studying responses to anthrax vaccines, in that guinea pigs can be partially or fully protected by immunization, whereas the mouse is only poorly protected at best. We propose here to continue the studies begun in B99-04 by examining the protective effect of CpG-containing oligonucleotides against anthrax spore challenge in guinea pigs. We propose studies that will determine if either specific, vaccine-induced protection or non-antigen-specific protection will be enhanced by the CpG-containing oligonucleotides. If the oligonucleotides demonstrate either specific or non-antigen-specific protection in the guinea pig, then an animal protocol will be written to test CpG oligonuleotides in a non-human primate model. 


4. Task Area Strategic Relevance:  (STO IV.C; PROG TB1; TASK 5C)  Although   there is an effective vaccine for humans against anthrax, there is as yet no reported method for prevention of the disease that is not antigen-specific or agent-specific. Klinman et al. (1) demonstrated that DNA oligonucleotides containing CpG sequences flanked by two 5’ purines and two 3’ pyrimidines stimulated protection in mice against challenge from such agents as Franciscella tularensis and Listeria monocytogenes. (The CpG oligonucleotides induced production of IL-6, IL-12 and interferon- We recently demonstrated in USAMRIID Animal Protocol B99-04 that such oligonucleotides (administered intraperitoneally) offered protection to mice against a parenteral (subcutaneous) virulent anthrax spore challenge. 


CpG oligonucleotides can also increase specific immunity, when administered along with a vaccine (2). Although an effective human vaccine against anthrax currently exists, it would be desirable to increase its immunogenicity in order to reach immune status earlier after vaccination, to engender immunity to larger spore challenge doses, and to retain immunity for a longer period of time. The co-administration of CpG oligonucleotides with the human anthrax vaccine in guinea pigs may demonstrate just such augmentation of specific immunity. We thus propose to conduct a study in guinea pigs which will determine if CpG oligonucleotides enhance either specific or non-antigen specific protection against an intramuscular anthrax spore challenge.  


5. Hypothesis Being Tested: The hypothesis, based on the results we obtained in B99-04, is that the CpG oligonucleotides will 1) enhance non-antigen-specific protection by delaying time to death or protecting some of the animals from death; 2) enhance the antibody response to B. anthracis protective antigen (PA) as determined by ELISA; and 3) enhance vaccine-induced specific protection to spore challenge. 


6. Objectives: The objective of this research is to determine whether CpG oligonucleotides enhance specific or non-antigen-specific resistance in guinea pigs to virulent B. anthracis spore challenge.


7. New Start or Continuation: This is a continuation of effort. (See animal protocols B99-04 and B99-07.)


8. Methods/Approach:



Hartley guinea pigs, will be in 6 groups (8 males and 8 females per group) as follows:



Group 1) These guinea pigs will receive intramuscularly (i.m.) in the right and left rear thighs 0.05 ml (100 g total) of non-CpG oligonucleotides 6 days before i.m. challenge in the right rear thigh with 100 LD50 of B. anthracis Ames spores. These animals will be the negative controls. 



Group 2) These guinea pigs will receive i.m. 100 g (administered as above) of CpG oligonucleotides 6 days before spore challenge.



Group 3) These guinea pigs will receive 100 g of CpG oligonucleotides 10 days before spore challenge.



Group 4) These guinea pigs will receive 0.25 ml of AVA human anthrax vaccine i.m. in both the right rear and left rear thighs at 0 and 4 weeks. At 10 weeks they will be challenged i.m. with anthrax spores as above. 



Group 5) These guinea pigs will receive i.m. in the right and left rear thighs (same site) at 0 and 4 weeks 0.25 ml of AVA and 0.05 ml (100 g) of CpG oligonucleotides. At 10 weeks, the animals will be challenged with anthrax spores as above.



Group 6) These guinea pigs will receive 0.25 ml of AVA i.m. in the right and left rear thighs at 0 and 4 weeks. Six days before challenge they will receive 100 g (as above) of CpG oligonucleotides. At 10 weeks the animals will be challenged with anthrax spores as above.



One week before challenge, all guinea pigs will be anaesthetized and bled by the intracardial route .



The amount of oligonucleotides to administer and the times and sites of oligonucleotide administration (6 days and 10 days before challenge) are based upon the suggestions of Dr. Klinman and the results of animal protocol B99-04.    


9. Extramural Collaborations: Dr. Dennis Klinman, CBER, U.S. Food and Drug Administration


10. Milestones/Deliverables: The milestones are as follows:


a. FY00 – Demonstrate whether or not CpG oligonucleotides enhance specific or non-antigen-specific protection to anthrax spore challenge in guinea pigs.


b. FY01 – Confirm the results and demonstrate that similar results are achieved with a new recombinant PA vaccine candidate.


c. FY02 – Transition to non-human primates if results in guinea pigs demonstrate a stimulatory effect on either specific or non-specific protection.


11. Personnel and Budget: See attached spreadsheet.


12. Regulatory: Does the plan involve any of the following: 


a. Animals – yes (guinea pigs)


b. Radioisotopes – no


c. Toxins/chemicals – no toxins; no toxic chemicals


d. BL-3 organisms – yes (B. anthracis)


e. BL-4 organisms – no


f. Human subjects – no


g. Recombinant DNA – no


13. Literature search: 




1. Literature Sources Searched: Medline, Agricola, DTIC, Biosis Previews, Federal Research in Progress.




2. Date and Number of Search and years covered by search: 2 JUN 99, BHN06F, 1966-1999




3. Key Words of Search: Anthrax, oligonucleotides, CpG, guinea pigs, Bacillus anthracis, vaccines.




4. Results of Search: The PI has determined that the work being planned in these experiments is not a duplication of any previous research efforts. There are no other reports of the use of CpG oligonucleotides to enhance host resistance (either specific or non-antigen-specific) to B. anthracis in guinea pigs.  
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