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PROTOCOL NUMBER: 


PROTOCOL TITLE: Selection between two recombinant PA preparations for development of a potency assay and a correlate of immunity in rabbits.


PRINCIPAL INVESTIGATOR\DIVISION: Stephen F. Little, Bacteriology Division.


CO-INVESTIGATORS\DIVISIONS: Bruce E. Ivins, Ph.D., Patricia Fellows, M.S., USAMRIID Bacteriology Division, Louise Pitt, Ph.D., USAMRIID Toxinology Division, COL Arthur Friedlander, M.D., Senior Military Science Advisor, USAMRIID.


I.  NON-TECHNICAL SYNOPSIS: The current human anthrax vaccine licensed in the U.S. (Anthrax Vaccine, Adsorbed, AVA), is prepared from cultures of the V770-NP1-R strain of Bacillus anthracis.  The major immunogen present in this vaccine is protective antigen (PA), a component of the lethal and edema exotoxins.  Vaccines prepared using only PA combined with various adjuvants have been shown to be effacious in protecting laboratory animals from infection with Bacillus anthracis.  A recombinant product (recombinant PA; rPA) will provide the best reagent for vaccine preparations based upon PA.  We propose here to assess the potency and efficacy of a rPA vaccine preparation combined with Rehydragel in rabbits challenged by the aerosol route with spores of the Ames strain of B. anthracis.  In addition, serum samples will be tested by ELISA and toxin neutralization assay (TNA) to monitor the immune response to immunization and correlate with survival.


II.  BACKGROUND:


A.  The current U.S. human anthrax vaccine, AVA (Anthrax Vaccine Adsorbed), consists of aluminum hydroxide-adsorbed, supernatant material, primarily PA, from fermentor cultures of a toxinogenic, nonencapsulated strain of B. anthracis, V770-NP1-R.  In humans, the regimen for immunization with AVA calls for a series of six doses within 18 months, followed by yearly boosters.  The primary immunogen in AVA has been shown to be PA, the common component of the two exotoxins.  Two drawbacks of the AVA vaccine is that the amount of PA in the vaccine varies from lot to lot and, at this time, it is difficult to quantitate how much PA is in each lot of vaccine.  Scientists at USAMRIID developed the (Sterne-1(pPA102)CR4 recombinant strain in which recombinant PA (rPA) is expressed in B. anthracis.  The MARP facility at NCI-FCRDC has purified rPA from (Sterne-1(pPA102)CR4 under GLP guidelines. Avant Immunotherapeutics, Inc., Needham, Mass., has expressed rPA in E. coli.  Studies are aimed toward comparing the recombinant proteins by testing their biological activity, measuring their physical characteristics, and determining their potency in rabbits challenged by the aerosol route.  The selected rPA vaccine will be tested for potency and the sera used in an in vitro assay used to develop a correlate of immunity in the rabbit.



The potency assay for AVA is performed by the injection of a single dose of each vaccine lot into guinea pigs which are challenged 2 weeks later with Vollum 1b by the intradermal route of injection.  Release criteria are based upon survival after parenteral challenge.  In a similar manner, we propose an exploratory procedure to develop a potency assay using rPA vaccine in rabbits.  The protective efficacy of a single dose of rPA vaccine has not been determined in rabbits.  A single injection of the rPA vaccine preparation will be administered to rabbits and survival will be determined against a lethal aerosol challenge.  Based upon the survival data of the potency assay, we will formulate a release criteria for rabbits injected with a single dose of rPA vaccine.  In this manner, we will be able to compare different rPA vaccine formulations by measuring differences in their survival rates or 50% protective dose.  We will also test the serum for antibodies to PA by ELISA and for the ability to neutralize lethal toxin cytotoxicity in vitro (toxin neutralization assay) to determine if a correlate can be established between the in vitro assay and survival.



We have shown that two injections of AVA provide complete protection of rabbits against a lethal challenge and that the ELISA data correlates with protection.  For the protection study (vaccine efficacy), we propose to inject rabbits with two doses of a rPA vaccine preparation, determine survival against a lethal aerosol challenge, and determine if a correlate of immunity can be measured using the ELISA and toxin neutralization assay.  The protective efficacy of two doses of rPA vaccine has not been determined in rabbits.


B. Literature Search: 


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


2. Date and Number of Search, and Years Covered by Search: Searches, including the DTIC search were completed on 23 August 1999.  Search number 3HI40I.  Years covered; 1966-1999.


3. Key Words of Search: anthrax, protective antigen (PA), vaccines, primates, and rabbits.


4. Results of Search: The work being planned in these experiments is not a duplication of effort (according to a review by the PI of the literature searched.)  The rabbit is an appropriate animal model, since it more closely resembles the nonhuman primate in anthrax vaccination studies than does the guinea pig.  A report of work performed at USAMRIID suggested that the quantitative IgG ELISA or toxin neutralization titer may serve as a surrogate marker for efficacy of the AVA vaccine in rabbits.


III.
OBJECTIVE\HYPOTHESIS: The first objective of this research is to determine in the rabbit aerosol challenge model the potency of two recombinant PA proteins when combined with Rehydragel adjuvant.  The hypothesis is that there will be no difference in the potency of the two recombinant PA proteins.  A second objective of the research is to determine the efficacy of the rPA vaccine and to evaluate the serological response to immunization by ELISA and toxin neutralization assay (TNA) to confirm the correlate of immunity in the rabbit.


IV.
MILITARY RELEVANCE: The potential use of B. anthracis as a biological threat agent has been recognized for many years.  Furthermore, anthrax is endemic in many regions of the world.  Military personnel in such areas also could be subjected to anthrax infection by natural mechanisms.  A vaccine based upon a recombinant product may provide more specific protection.


V.
MATERIALS AND METHODS:


A.  Experimental Design and General Procedures:


This animal protocol has three major objectives.  The first is to select a rPA expressed either by B. anthracis ((Sterne-1(pPA102)CR4 or E. coli based upon results of an in vivo potency assay.  Based upon the survival of the animals immunized with the rPA vaccines (differences in survival rate or 50% protective dose), we will select the rPA preparation that will be used in further studies.  The second major objective of this protocol is to use the rPA chosen in the first experiment as a vaccine to generate data to support a release criteria based upon survival data from a potency assay.  Survival data generated will be obtained by a single injection, in vivo potency assay.  The doses of vaccine selected will take into account the survival rate and the dose of vaccine that resulted in 50% survival from the first experiment.  Doses of vaccine will be selected to ensure that complete protection (>90%) and minimal protection (<10%) will be observed.  In addition, serum will be collected from the animals and tested for the presence of PA antibodies by ELISA and the ability to neutralize lethal toxin cytotoxicity in vitro.  The final objective will be to generate data from an vaccine efficacy study to support the use of an in vitro assay (ELISA or toxin neutralization assay) to predict survival of animals injected with two doses of the rPA vaccine against a lethal aerosol challenge.  This effort will support prior research suggesting that the anti-PA ELISA titer is a predictor of survival of rabbits that have been immunized with AVA.


Part 620 of Title 21 of the Code of Federal Regulations describes the requirements for the anthrax vaccine potency test, which is a guinea pig protection assay.  Every lot of AVA must be tested by the manufacturer for conformance to applicable product standards.  For experiments 2 through 4 (see below), we propose to determine the potency of a rPA vaccine in a rabbit aerosol protection model which we feel may be a better model than the guinea pig protection assay.  We thus hope to provide a means by which the quality of the rPA vaccine product can be determined.  In addition, we will attempt to correlate protection (potency) with an in vitro assay (ELISA or toxin neutralization).  For experiments 5 and 6, we want to determine the efficacy of the rPA vaccine and compare these results with those obtained using AVA which we previously conducted under our test conditions (aerosol rabbit model).  Efficacy studies are aimed at attaining maximum protection by the vaccine under study.  Two immunizations will provide near maximal antibody response.  We also want to examine if the ELISA (and maybe toxin neutralization assay) correlates with protection, as with the AVA rabbit study.  We then can determine if a correlation exists between the potency assay and efficacy study in the rabbit aerosol model.  Thus, these experiments are aimed at developing a potency assay (in vivo and/or in vitro) for a new rPA vaccine and determining the efficacy of the rPA vaccine in a rabbit aerosol model.


The variability of the aerosol route of challenge and the necessity to conduct the challenge of more than 50-60 rabbits over two days for each experiment necessitates the use of numbers of animals in the control groups that are similar to the test groups.  An attempt will be made to reduce the number of control animals per experiment.  After each experiment, the data will be analyzed by the Statistician.  When the Statistician informs us that the consistency of the control group data will allow us to reduce the number of animals in the control groups, the animals in the control groups will then be determined by the Statistician and adjusted accordingly.  The change will then be noted and the LACUC will be notified of the number of animals in the pain categories at the end of the study if the number is different than what was initially reported in the protocol.


Both male and female rabbits are requested in order to eliminate any bias effect of or differences between the sex on the immune response that might skew the results.  In prior studies with guinea pigs, there was a suggestion that females might be better protected against AVA.  In the recent human anti-AVA approved study, slight differences were noted in some responses between male and female.


Experiment #1: Comparison of the potency of rPA from B. anthracis (Sterne-1(pPA102)CR4 (prepared at the MARP facility at NCI-FCRF) or E. coli (prepared by Avant Immunotherapeutics).


New Zealand White rabbits, male and female, will be immunized with rPA isolated from either (Sterne-1(pPA102)CR4 or E. coli, at either 25 µg, 5 µg, 1 µg, 0.2 µg, or 0.08 µg protein combined with Rehydragel (0.5 mg aluminum per 0.5 ml dose) by the intramuscular (i.m.) route of injection at 0 week.  At 4 weeks, the rabbits will be challenged by aerosol with an inhaled dose of 800 LD50 heat-shocked spores from the Ames B. anthracis strain (approximately 8 X 107 spores).  Each group will consist of 10 rabbits, 5 male and 5 female.  A challenge control group of 10 rabbits will receive PBS.  Survival over a 21-day period will be noted.  Rabbits will be bled for serum at 0 (prebleed), 1, 2, 3, and 4 weeks (0, 7, 14, 21, and 28 days) post immunization.  No more than 2.5% of total blood volume (ca. 3 ml for a 2.5 kg rabbit) will be removed per animal within a 7 day period.  The animal’s hematocrit will be monitored and if it drops below the normal range value the volume of blood withdrawn will be decreased until the hematocrit returns to normal values.  The serum will be used to test for anti-PA IgG and IgM antibodies and measure TNA titers.  Only the most efficacious recombinant vaccine will be used in later experiments.  Three weeks after challenge (21 days post challenge) all survivors will be euthanized by injection of Euthasol.  Total number of rabbits: 110


Experiment #2:  Potency assay and determination of an in vitro correlate with survival in rabbits receiving only 1 immunization of rPA.


New Zealand White rabbits, male and female, will be immunized with rPA isolated from either B. anthracis (Sterne-1(pPA102)CR4 or E. coli as determined from Experiment #1.  If differences in survival rate or 50% protective dose are not evident, selection of the rPA product will be made arbitrarily, possibly based upon financial aspects of production or upon physical characterization of the rPA itself.  Rabbits will be immunized once with one of 5 dose levels of rPA as determined from Experiment #1 combined with Rehydragel (0.5 gm aluminum per 0.5 ml dose) by the i.m. route of injection at 0 weeks.  The doses of vaccine selected will take into account the survival rate and the dose of vaccine that resulted in 50% survival.  Doses of vaccine will be selected to ensure that complete protection (>90%) and minimal protection (<10%) will be observed.  At 4 weeks, the rabbits will be challenged by aerosol with an inhaled dose of 800 LD50 heat-shocked spores from the Ames B. anthracis strain (approximately 8 X 107 spores).  Each group will consist of 16 rabbits, 8 male and 8 female.  A challenge control group of 10 rabbits will receive PBS.  Survival over a 21-day period will be noted.  Rabbits will be bled for serum at 2 and 3 weeks.  No more than 7.5% of blood will be removed per week.  The serum will be used to test for anti-PA IgG and IgM antibodies and measure TNA titers.  On day 21, all survivors will be euthanized by injection of Euthasol.  Total number of rabbits: 90


Experiment #3:  Confirmation of Experiment #2 for verification of in vitro correlate measurements.  Total number of rabbits: 90


Experiment #4:  Reproducibility of in vitro correlate findings.


Experiments # 2 & #3 will be repeated using vaccine dose levels determined from Experiments #2 & #3 up to 10 times (possibly less) depending on the statistical evaluation of Experiments #2 & #3.  Four (4) dose levels will be tested in groups of 10 rabbits, 5 female and 5 male. Only one control group (PBS) of 10 rabbits will be tested per challenge.  The doses of vaccine selected will take into account the survival rate and the dose of vaccine that resulted in 50% survival from the previous experiments.  Doses of vaccine will be selected to ensure that complete protection (>90%) and minimal protection (<10%) will be observed.  Total number of rabbits: 500


Experiment #5:  rPA vaccine efficacy study and development of an in vitro correlate with two (2) doses of rPA vaccine.


Rabbits, male and female, will be immunized with rPA isolated from either (Sterne-1(pPA102)CR4 or E. coli, determined from Experiment #1, at either 10 µg, 2 µg, 0.4 µg, 0.08 µg, or 0.016 µg protein combined with Rehydragel (0.5 mg aluminum per 0.5 ml dose) by the i.m. route of injection at 0 week and 4 weeks.  At 10 weeks, the rabbits will be challenged by aerosol with an inhaled dose of 800 LD50 heat-shocked spores from the Ames B. anthracis strain (approximately 8 X 107 spores).  Each group will consist of 16 rabbits, 8 male and 8 female.  A challenge control group of 10 rabbits will receive PBS.  Survival over a 21-day period will be noted.  Rabbits will be bled for serum at 0 (prebleed), 2, 6, and 10 weeks.  No more than 7.5% of total blood volume will be removed per week.  The serum will be used to test for anti-PA IgG and IgM antibodies and measure TNA titers.  On day 21, all survivors will be euthanized by injection of Euthasol.  Total number of rabbits: 90


Experiment #6:  Confirmation of Experiment #5.  The doses of vaccine selected will take into account the survival rate and the dose of vaccine that resulted in 50% survival from the previous experiment.  Doses of vaccine will be selected to ensure that complete protection (>90%) and minimal protection (<10%) will be observed.  Total number of rabbits: 90.


Summary Table of Proposed Experiments


Experiment & Objective

Experimental Design

Number of Rabbits



#1: Potency assay to select rPA; B. anthracis or E. coli




5 vaccine dose levels;


10 per group

110



#2: Potency assay and determination of an in vitro correlate against a single dose of rPA




5 vaccine dose levels;


16 per group

90



#3: confirmation of #2

5 vaccine dose levels;


16 per group




90



#4: Reiterations for statistical evaluation

4 vaccine dose levels;


10 per group;


up to 10 reiterations




500



#5: rPA vaccine efficacy study and determination of an in vitro correlate using two dose rPA vaccine




5 vaccine dose levels;


16 per group

90



#6:Confirmation of #5

5 vaccine dose levels;


16 per group

90



B.  Laboratory Animals Required and Justification: 


1.  Non-animal Alternatives Considered: To date, there are no non-animal models for testing the potency of an anthrax vaccine.  Only in living, whole animals can the interaction of all the functioning components of the immune system be examined. Therefore it is necessary to perform these anthrax vaccine potency studies in an animal model in order to develop an in vitro correlate.


2.  Animal Model and Species Justification:   The rabbit was chosen because it is lower on the phylogenetic scale than nonhuman primates and is an appropriate model of the human disease.  The rabbit is sensitive to B. anthracis infection and, unlike mice or guinea pigs, can be completely protected by vaccination with only two doses of AVA against challenge from the Ames strain of B. anthracis. 


3.  Laboratory Animals:


a. Genus & Species: Rabbit; Oryctolagus cuniculus 


b. Strain/Stock: New Zealand White


c. Source/Vendor: Charles River Laboratory


d. Age: Approximately 3 to 4 months old 


e. Weight: 2.5 - 3.5 kg 


f. Sex: 50% male and 50% female in each group


g. Special Considerations: SPF rabbits 


h. Other: None


4.  Total Number of Animals Required: 970


a. Justification for the Number of Animals Required: The number of animals chosen for the experimental groups is based on statistical determinations of acceptable numbers of animals and the maximum number of animals that can be safely exposed to the aerosol generator for challenge.  (See Data Analysis section.) 


5.  Refinement, Reduction, Replacement: 


a.  Refinement:  Moribund animals will be euthanized to prevent unnecessary pain or distress.  These experimental results are part of an effort to replace in vivo vaccine efficacy tests with an in vitro correlate of immunity.


b.  Reduction:  A biostatistician has reviewed this protocol to ensure that the minimum number of animals will be used to meet the scientific objectives. (See Data Analysis.) 



c.  Replacement: The use of rabbits in anthrax vaccination studies reduces the number of nonhuman primates which would otherwise have to be used in these potency studies.  The rabbit is phylogenetically the lowest, well-characterized model to be completely protected by AVA against B. anthracis spore challenge 


C.  Technical Methods:  


1.  Pain:  The following numbers represent the numbers of animals expected to be in the no pain or pain categories as a result of anthrax spore challenge during the  studies.  


a. Pain category:  (USDA Form 18-13)


(1)  No Pain ____410__________  (42.3%) 


(2)  Alleviated Pain or Distress______________  (0%)


(3)  Unalleviated Pain or Distress ____560___  (57.7%)


Actual numbers in each category will be reported to the LACUC at the end of the study if they differ from these numbers. 


b.  Pain Alleviation: 


    (1)  Anesthesia/Analgesia/Tranquilization: Prior to euthanasia of survivors by administration of Euthasol, rabbits will be anesthetized using a 1:1 (v:v) mixture of ketamine (100 mg/ml) and xylazine (20 mg/ml) at a dose of 0.3 to 0.8 ml/kg body weight (SOP AC-11-12). The ketamine and xylazine mixture will be administered i.m. in a caudal thigh muscle (SOP AC-09-10). Anesthetic agents will be administered using a 22 to 25 gauge, 1/2 to 1 inch needle on a 1 to 5 cc syringe. Animals that become moribund following challenge will be anaesthetized as above with ketamine and xylazine prior to euthanasia.


 
    (2)  Paralytics: NA


c.  Alternatives to Painful Procedures: None. The animals being exposed to anthrax will potentially be in pain or distress due to the disease process.


    (1)  Sources Searched: Medline and Agricola.


    (2)  Date of Search (Years Covered by Search): Medline (1966-1999) and Agricola (1970-1999) searches completed on 23 August 1999.


    (3)  Key Words of Search: anthrax , vaccines, protective antigen, pain or alternatives or welfare or vitro or reduction, or, replacement.


    (4)  Results of Search  The PI determined that the search did not reveal any alternatives to the painful procedures.  There is no known in vitro replacement test (surrogate marker) yet for the human anthrax vaccine or a PA based vaccine against anthrax.


d.  Painful Procedure Justification: The rabbits will not be given tranquilizers or analgesics after challenge because they could modify the effectiveness of the rPA vaccine, the clinical expression of the disease, or they could cause CNS-related signs and symptoms.  For example, opiates are reported to be associated with histamine release, and they may cause CNS side effects.  Glucocorticoids have an effect on virtually every system in the body, including the CNS and immune systems.  At high doses they can alter the immune system and mask clinical signs of infection.  Non-steroidal anti-inflammatory drugs interfere with the inflammatory reaction and may also result in neurologic toxicity as an adverse effect.  Animals that become moribund will be euthanized.  If serum from surviving rabbits are requested by investigators of other Divisions, rabbits will be exsanguinated and the number will be included in the unalleviated pain and distress category on this protocol.  A USAMRIID Veterinary Medicine Division veterinarian has been consulted with respect to the procedures described above.  There will be a conscious effort by the investigators and animal care staff to provide as much additional consideration for the comfort and well-being of the animals as is consistent with the scientific integrity of the study.  



The number of animals in the pain category was determined arbitrarily.  For each experiment, the highest dose of vaccine tested will be selected to ensure at least 90% survival of challenged animals.  Subsequent doses of the vaccine will be selected to allow titration of the vaccine protective effect.  For each arbitrary dose of vaccine (see text for estimated doses of vaccine that will be tested) for each experiment, the following table estimates the number and percent of non-survivors.


Table 2.  Estimated number and percent of non-survivors for rabbits injected with various test vaccine doses


Vaccine dose

Survivors

Non-survivors

Percent


Non-survivors



1

9

1

10



2

7

3

30



3

5

5

50



4

3

7

70



5

1

9

90



2.  Prolonged Restraint: NA


3.  Surgery: NA


4.  Animal Manipulations:  


a.  Injections: For vaccination, animals will receive 0.5 ml of rPA+Rehydragel or PBS.  The rPA+Rehydragel and PBS will be given in 0.5-ml amounts i.m. in the left rear leg, with a 22 to 25-gauge, 1/2 to 1" needle and a 1 to 3-cc syringe. Rabbits will be anesthetized prior to bleeding if necessary and prior to euthanasia.  For anesthetization, rabbits will be injected with a 1:1 (v:v) mixture of ketamine (100 mg/ml) and xylazine (20 mg/ml) at a dose of 0.3 to 0.8 ml/kg body weight (SOP AC-11-12).  The ketamine and xylazine mixture will be administered i.m. in a caudal thigh muscle (SOP AC-09-10).  Anesthetic agents will be administered using a 22 to 25 gauge, 1/2 to 1 inch needle on a 1 to 5 cc syringe.  Rabbits surviving challenge will be anesthetized prior to euthanasia to reduce or eliminate pain, fear, and other significant stress before dying in both the animal that is being euthanized and by other animals in the same room.  Rabbits will be euthanized after anesthetization by administration of intravenous (i.v.) injection of a barbiturate overdose (Euthasol) administered through a 1", 23 g needle.  Animals that become moribund (exhibit respiratory distress and/or recumbency with minimal response to external stimuli) following challenge will be anaesthetized as above with ketamine and xylazine then euthanasized as described above (SOP AC-11-12).  Rabbits surviving challenge after 21 days will be anaesthetized prior to being euthanzsized as above.  The exception will be if Investigators from other divisions request blood from the animals that survive lethal challenge.  In these instances, the rabbits will be anaesthetized as above prior to exsanguination by cardiac bleeding.


b.  Biosamples: Prior to and at various time intervals after vaccination, animals will be restrained and no more than 2.5% of blood volume will be withdrawn during a 7 day period (ca. 3 ml per rabbit per week).  The blood drawn will not exceed the recommended amount according to The Biomedical Investigator Laboratory Animal Handbook.  Blood will be withdrawn from the ear vein or artery using a 22 to 25-g butterfly catheter attached to a 3-cc syringe (SOP AC-13-20).  Rabbits will be restrained either chemically or in a rabbit restrainer for only a brief period of time.  The rabbit will be appropriately acclimated to the rabbit restrainer prior to collection of blood. Sera will be obtained from these samples for ELISA determinations of anti-PA titers.  Approximately 1.0 to 3.0 ml of blood will be drawn with a 5-cc syringe and an 18 to 20 g needle from all animals after death from challenge.  This blood will be plated onto Tryptic soy agar to confirm B. anthracis infection.  Serum will be separated from the remainder of the blood and stored frozen for use in anti-PA ELISA titer determinations by USAMRIID Research Divisions (such as Bacteriology Division and Diagnostic Systems Division).  If blood is requested from Investigators from other divisions from rabbits surviving challenge, blood will be collected by a cardiac stick.


c.  Animal Identification: Animals will be identified by microchip (transponder) (SOP AC-05-01) injected subcutaneously and by individual cage cards (SOP AC-05-21). 


d.  Behavioral Studies: NA


e.  Other procedures: SOP TX 02-01-00 will be used for aerosol challenge of rabbits with B. anthracis spores.


f.  Shared Tissues: Blood and serum from the immunized surviving rabbits will be shared with other USAMRIID investigators upon request.


5.  Adjuvants: Aluminum hydroxide (Rehydragel) is the adjuvant in AVA.  It is an FDA-approved adjuvant for human use in vaccines.  One 0.5-ml dose contains 0.725 mg metallic aluminum.  The rPA vaccines will be combined with Rehydragel to contain 0.5 mg metallic aluminum per 0.5 ml dose.


6.  Study Endpoint: The endpoint of the studies will be death, either from the challenge, or by euthanasia performed after deep anaesthesia and Euthasol injection 21 days after challenge.  Moribund animals (experiencing respiratory distress or intractable recumbency) will be euthanized by administration of a barbiturate overdose (Euthasol). 


7.  Euthanasia: Those rabbits which survive 21 days post challenge will be deeply anesthetized as stated in  V.C.1.b.(1), and then euthanized by i.v. injection of Euthasol.  Moribund rabbits will be deeply anesthetized, then euthanized by an i.v. injection of Euthasol administered at a dose of approximately 125 to 150 mg sodium pentobarbitol per kg of body weight (SOP AC-11-02). 


D.  Veterinary Care: 


1.  Husbandry Considerations: Animals will be housed in Building 1425 or Building 1412 (specific rooms to be determined) until aerosol spore challenge.  After challenge in 1412, the animals will be housed under BL-3 containment in designated animal holding rooms in Building 1412.  Veterinary Medicine Division personnel will be in charge of their care.  Housing and care of the animals will meet AAALAC and International standards.  Persons caring for or using the animals will adhere to the "Guide for the Care and Use of Laboratory Animals," prepared by the Committee on Care and Use of Laboratory Animals of the Institute of Laboratory Animal Resources, National Research Council.  Adequate space, housing and personnel will be made available to ensure appropriate animal care and comfort in relationship to the large number of rabbits to be housed at one time on this study (100-200 rabbits).


     a.  Study Room: Animals in the studies will be housed in 1425 or 1412 (specific rooms to be determined) until aerosol challenge in Building 1412. After challenge, the rabbits will be housed in 1412 (specific rooms to be determined).  Veterinary Medicine Division animal caretakers will provide food and water and will maintain animal cages.




     b.  Special Husbandry Provisions: (See Explanation for Exceptions to the AWA, Guide, and/or Established Policies below.)


2.  Attending Veterinary Care: After challenge, illness or debilitation is expected in the control rabbits, and in some of the immunized rabbits.  If the rabbits exhibit signs of atypical illness or debilitation, Veterinary Medical Division personnel will be consulted and the appropriate care provided.  The animals will be observed daily by trained Veterinary Medicine personnel for general health, husbandry conditions, and humane treatment, as well as any adverse reaction to vaccination.  For the first 7 days after challenge, investigators on the protocol will observe the rabbits for illness or debilitation.


3.  Enrichment Strategy: NA


a. Dogs: 


b. Nonhuman Primates:  


E. Explanation for Exceptions to the AWA, Guide, and/or Established Policies:  Both the Guide for the Care and Use of Laboratory Animals and the AVMA Panel on Euthanasia state that other animals will not be present when euthanasia is performed due to the release of pheromones and vocalizations that may occur during the induction of unconsciousness.  Rabbits utilized in this protocol will be housed in an appropriate study room and infected with virulent B. anthracis, the etiologic agent of anthrax.  These rabbits cannot be removed from the room and euthanized without the risk of infecting other personnel in the suite.  The rabbits are housed in individual cages.  Animals well be handled only by persons wearing protective clothing as designated on the biohazard signs on the animal room doors.  Rabbits surviving challenge will be deeply anesthetized and euthanized by i.v. injection of Euthasol.  Rabbits that become moribund after challenge will be sedated with ketamine and xylazine and euthanized with Euthasol via i.v. injection.  Based on the stated safety concerns, it is necessary to euthanize rabbits in the same room where other rabbits are present.  The potential impact on the other rabbits in the room is greatly minimized by the deep anesthesia preceding euthanasia.  Also, while the animals are housed in biocontainment areas which do not allow routine cage changing as recommended by the NIH guide, cages and racks will be cleaned in place.  Cages will be removed from the biocontainment suite and replaced with clean cages when they can no longer be satisfactorily sanitized or when deemed necessary by the animal caretaker in consultation with the Chief, Department of Animal Husbandry. 


F.  Data Analysis:  Experiment #1 will be analyzed by logistic regression to test the assoociation of survival with log(dose) and to estimate the relative  potency of the two candidate rPA products as the ratio of equipotent doses.  The effect of gender and experimental replication will also be assessed in the same model. The relative potency with 95% confidence intervals will be estimated (if permitted by the data). Also, the LD50 and 95% confidence limits for each product will be estimated by probit analysis. In the event that no statistical differences can be detected using the survival endpoint, time of death will be analyzed by Kaplan-Meier procedures to test for differences.  If no statistical differences between products in survival are detected, or if the differences are not biologically significant, selection of the product for continued research will depend on assessment of physical or production characteristics of the products coupled with analysis of the antibody response by a repeated measures analysis of variance.  If significant statistical and biological differences in gender are detected,  the impact of using a single sex for the potency assay will be evaluated based on analysis of the sensitivity of each gender separately.


Experiment #2 will analyze the association of survival with anti-PA IgG and IgM antibodies and TNA titers by stepwise logistic regression to attempt selection of a candidate correlate of protection. The same analysis will be used for Experiment #3 separately, and pooling both Experiments #2 and #3 to test for reproducibility.  The statistical need to proceed to Experiment #4 will be assessed by the variability between Experiments #2 and #3.  Only the minimum number of repititions will be used to confirm the correlate of protection, or the lack of a correlate of protection, and it is possible that Experiment #4 may not be required at all, or in fewer iterations.  Estimates of the ED50 wil use the probit procedure with 95% confidence intervals.


Experiments # 5 and #6 will be analyzed in the same manner as #2 and #3.


The reproducilbilty of the controls will be assessed after at least two control series. If comparable results can be obtained with fewer controls (i.e. confirmation of the 100% challenge lethality), as agreed by the principals, then an adjustment will be made by amendment.


Sample size justification:  Based on studies of AVA, all controls are expected to succumb to the challenge. If this event is observed in the first two experiments, it may be possible to reduce the number of controls in further experiments.  The need for some animals to serve as sentinel controls to verify the lethality of the aerosol challenge, and thus proper interpretation of the data, requires that a minimum number of control animals be used, possibly as few as 3 animals could serve this purpose.  This evaluation will be made after the first two experiments.  Sample sizes of 10 per group to 20 per group have been used in previous experiments of AVA to test for correlates of protection. Using these sample sizes, the experiments were successful in establishing statistically significant correlates of protection for the AVA vaccine with a 2-shot regimen.  The magnitude of the effect of gender has not been previously estimated, but the effect of AVA lot-to-lot differences has been tested, and although not statistically significant, did approach significance (p=.087) for the quantitative anti-PA IgG endpoint with a 3-fold difference in ED50 and 2-fold difference in the TNA ED50.  These differences suggest that the sensitivity of the current experiment to detect differences between products  may be of these orders of magnitude.


G.  Recording Keeping: All records will be kept in a USAMRIID notebook in strict accordance with USAMRIID Regulation 70-2, Army Regulation 27-60 (paragraphs 4-7), and Army Command Policy 89-5. 


H.  Investigator & Technician Qualifications/Training:



Mr. Stephen F. Little has had 27 years of experience in biomedical research, including 18 years of research on anthrax.  Mr. Little has had research experience with mice, rats, guinea pigs, and rabbits.  Mr. Little will not be handling the animals.


 
Dr. Bruce Ivins, Ph.D., has had 28 years of experience in biomedical research, including 18 years of research on anthrax.  Dr. Ivins has had research experience with several animal species, including mice, rats, guinea pigs, hamster, and rabbits. Dr. Ivins will immunize the rabbits.


Dr. Louise Pitt, Ph.D., has 21 years of experience in biomedical research with most common laboratory animals including rabbit, guinea pig and nonhuman primate. This experience includes exposing animals to aerosols in various types of equipment. She has had 11 years of experience at USAMRIID, working with the aerosol facility and is familiar with the head and nose-only exposure systems used in this Institute. She has published and presented her work nationally and internationally. Dr. Pitt will ensure that qualified personnel will perform the aerosol challenge.  


Ms. Patricia Fellows, M.S., is certified by AALAS as a laboratory animal technician. She will help restrain rabbits during immunization and challenge, and she will be trained in appropriate methods for restraining rabbits prior to beginning any procedures.  Ms. Fellows has had 11 years of experinece in biomedical research on anthrax and 10 years of experience and training in procedures with animals.


Trained Veterinary Medicine Division personnel will bleed the rabbits, monitor the daily condition of the rabbits, and euthanize the rabbits.


The other investigators will not handle the living animals.


I.  Time Lines:


1.  Estimated Start Date: 20 December 1999


2.  Estimated Completion Date: 20 December 2000  


VI.  BIOHAZARD\SAFETY: Animals will be challenged by the aerosol route under conditions of BL-3 level biocontainment.  All procedures involving infectious B. anthracis strains will be accomplished by personnel immunized with AVA.  The agents used in this protocol will be virulent strains of B. anthracis. 


VII. EXTRAMURAL COLLABORATION:NA


VIII.  COORDINATION: (Print name clearly, date and sign)


A.  Veterinary Support (Veterinary Medicine Division)


___________________________________________________


B.  Aerobiology & Product Evaluation Support (Toxinology 
Division) ________________________________________


C.  Clinical Lab Support (Diagnostic Systems Division)


______________________NA____________________________


D.  Pathology Division Support:_______NA________________


E.  BDRP/ID STO Coordinator ____________________________


F. Safety Office _______________________________________


G. Other Support _______________________________________


Science & Technology Objective (STO) Title _IV.C_Advanced Research for Protection Against Anthrax


IX.  ASSURANCES:  As the Principal Investigator on this protocol, I acknowledge my responsibilities and provide assurances for the following:


A.  Animal Use:  The animals authorized for use in this protocol will be used only in the activities and in the manner described herein, unless a deviation is specifically approved by the LACUC.


B.  Duplication of Effort:  I have made a reasonable good faith effort to ensure that this protocol is not an unnecessary duplication of previous experiments.


C.  Statistical Assurance:  I assure that I have consulted with a qualified statistician to evaluate the statistical design or strategy of this proposal, and that the "minimum number of animals needed for scientific validity are used." 


D.  Biohazard\Safety:  I have taken into consideration and I have made the proper coordinations regarding all applicable rules and regulations concerning radiation protection, biosafety, recombinant issues, etc., in the preparation of this protocol.


E.  Training:  I verify that the personnel performing the animal procedures\manipulations described in this protocol are technically competent and have been properly trained to ensure that no unnecessary pain or distress will be caused to the animals as a result of the procedures\manipulations.


F.  Responsibility:  I acknowledge the inherent moral and administrative obligations associated with the performance of this animal use protocol, and I assure that all individuals associated with this project will demonstrate a concern for the health, comfort, welfare, and well-being of the research animals.  Additionally, I pledge to conduct this study in the spirit of the fourth "R" which the DOD has embraced, namely, "Responsibility" for implementing animal use alternatives where feasible, and conducting humane and lawful research.


             __________________________________


             (Principal Investigator Signature)


G.  Painful Procedures:  A signature for this assurance is required by the P.I. only if the research being conducted will cause more than slight or momentary pain or distress.


I am conducting biomedical experiments which may potentially cause more than momentary or slight pain or distress to animals that WILL NOT be relieved with the use of anesthetics, analgesics and/or tranquilizers.  I have considered alternatives to such procedures, however, using the methods and sources described in the protocol, I have determined that alternative procedures are not available to accomplish the objectives of this proposed experiment.


              _________________________________


              (Principal Investigator Signature)


H.  Scientific Review:  This proposed animal use protocol has received appropriate peer scientific review, and is consistent with good scientific research practice.


               _________________________________





               (Division Chief Signature)   


XI.  Enclosures:


     A.  Pain Assessment Guidelines



A. PAIN ASSESSMENT GUIDELINES



  COMMON CLINICAL SIGNS INDICATING PAIN, DISTRESS, OR DISCOMFORT IN EXPERIMENTAL ANIMALS


SYSTEM


SIGNS

Cardiovascular

Heart rate altered: pulse quality affected:  




Peripheral circulation decreased, blue and 




cold extremities (ears, paws


Respiratory

Abnormal breathing pattern, rate and depth 




altered, labored, panting, nasal discharge.


Digestive


Bodyweight loss or poor growth:  feces 





altered in volume, color or consistency 





(e.g., black with blue:  pale, lack of bile 





pigments, undigested food: diarrhea/


constipation):  vomiting, jaundice, 






salivation.


Nervous and

Twitching, fitting, tremors, convulsions, musculoskeletal

paralysis, pupils dilated, shivering, (locomotory)

hyperaesthesia, reflexes sluggish or absent:  






unsteady gait, lameness, muscle flaccidity, 






rigidity or weakness, protecting affected 




area such as "boarding" abdomen or 





reluctant to move a limb (e.g., arthritis).


Miscellaneous

Any abnormal swelling protrusion (hernia, 







rupture) or abnormal discharges from natural 






orifices; raised body temperature.  





Dehydration; sunken eyes, skin tents.  Urine 




specific gravity increase, decrease in 





volume.


From:  Morton, D.B. and P.H.M. Griffiths (1985) Guidelines on the recognition of pain, distress and discomfort in experimental animals and an hypothesis for assessment.  Vet. Rec. 116: 431-436.
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