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Protection Against Bacillus anthracis Spore and Vegetative Cell Challenge by Vaccination with the U. S. Licensed  Human Anthrax Vaccine


B. E. Ivins, P. F. Fellows, M. K. Linscott, and A. M. Friedlander, USAMRIID, Fort Detrick, MD



The currently licensed U. S. human anthrax vaccine (Anthrax Vaccine Adsorbed, AVA) protects both rabbits and non-human primates against parenteral and aerosol challenge by spores of numerous strains of Bacillus anthracis. However, it has been unclear whether inoculation with the vaccine will protect against a challenge by vegetative, encapsulated cells of B. anthracis. In these studies we investigated the ability of 1) the Sterne spore veterinary anthrax vaccine, 2) AVA, or 3) B. anthracis protective antigen (PA) + aluminum hydroxide to protect New Zealand white rabbits from a subcutaneous challenge of either spores or encapsulated, vegetative cells of the B. anthracis Ames strain. At 0 and 4 weeks, groups of 8 rabbits (four males and four females) were inoculated intramuscularly with 0.5 ml (2.5 X 106 CFU) of Sterne spore veterinary vaccine, 0.5 ml of AVA, or 0.5 ml of PA (50 g) plus aluminum hydroxide as an adjuvant. Control animals received 0.5 ml saline. At 10 weeks the animals were challenged subcutaneously with approximately 2 X 105 spores or encapsulated vegetative cells (2 LD90). All animals that had been inoculated with any of the three vaccines survived challenge and demonstrated no bacteremia in blood drawn 2 days after challenge. All saline controls developed bacteremia and died 2 to 3 days after challenge. The data clearly demonstrate that vaccination against anthrax with either the live, Sterne spore veterinary vaccine or PA-based vaccines protects against parenteral challenge from encapsulated, vegetative cells as well as from spores.


INTRODUCTION


There are three primary types of Bacillus anthracis infections: 1) cutaneous, in which anthrax spores enter breaks in the skin; 2) gastrointestinal, in which spores in infected meat are ingested; and 3) inhalational, in which spores are breathed into the lower respiratory tract. The spore of B. anthracis is the infectious form of the microorganism, and it is resistant to heat, light, desiccation and chemical disinfection. The protective licensed human anthrax vaccine (Anthrax Vaccine Adsorbed, AVA) consists of aluminum hydroxide-adsorbed supernatant material, primarily protective antigen (PA), from fermentor cultures of the toxinogenic, non-encapsulated V770-NP1-R strain of B. anthracis. The licensed veterinary vaccine consists of a suspension of live spores from the toxinogenic, nonencapsulated B. anthracis Sterne strain. A new human anthrax vaccine candidate currently being tested at USAMRIID consists of recombinant B. anthracis protective antigen (PA) adsorbed onto aluminum hydroxide and suspended in phosphate-buffered saline (PBS). All efficacious anthrax vaccines must either contain PA (non-living anthrax vaccines) or produce PA (live anthrax vaccines), and in rabbits, antibody titers to PA appear to correlate with specific resistance to B. anthracis spore challenge (Dr. Louise Pitt, personal communication). Although efficacious anthrax vaccines protect against both parenteral and aerosol spore challenge, it is unclear whether they would protect against a challenge from virulent (encapsulated, toxinogenic) vegetative cells. A report in 1996 by Stepanov et al. (Journal of Biotechnology, 44:155-160), suggested that anthrax vaccines protected against challenge from spores but not vegetative cells. To be sure, protection against an aerosol spore challenge has been the primary concern of researchers, and infection with vegetative cells by the aerosol route seems highly unlikely. However, our concern that protection by vaccination might be limited to challenge by the spore form of the organism, led us to investigate whether we could protectively vaccinate animals against a challenge of virulent, encapsulated B. anthracis vegetative cells. 


MATERIALS AND METHODS


1. Animals – New Zealand white rabbits, 2.5 – 3.5 kg,  were used in groups of 8 (4 males and 4 females).


2. Immunizations – Rabbits were inoculated intramuscularly at 0 and 4 weeks with 0.5 ml of one of the following:


a. AVA human anthrax vaccine.


b. B. anthracis Sterne spore veterinary anthrax vaccine (2.5 X 106 spores).


c. PA (50 g) + aluminum hydroxide in PBS.


d. Saline.


3. Challenge with spores – At 10 weeks, rabbits were injected subcutaneously with 1.7 X 105  (approximately 2 LD90) spores of the virulent B. anthracis Ames strain.


4. Challenge with vegetative cells – At 10 weeks, rabbits were injected subcutaneously with 2.5 X 105 encapsulated, vegetative cells of the B. anthracis Ames strain.


5. Bacteremia – Two days after challenge with either spores or vegetative cells the animals were bled and 0.1-ml aliquots were plated onto Tryptic Soy Agar. 


6. Serology – One week before challenge, all animals were bled from the ear vein, and anti-PA ELISA titers were determined for the sera. 


Table 1. Survival after Challenge with Spores or Vegetative Cells1






Spore Challenge

Vegetative Cell Challenge



Immunization



Survivors/Total 

Survivors/Total




AVA human vaccine


8/8



8/8


Sterne spore vaccine


8/8



8/8


PA + aluminum hydroxide


8/8



8/8


PBS controls




0/8



0/8


1 All controls died 2 – 3 days after challenge with either spores or vegetative cells. None of the rabbits immunized with either AVA, Sterne spores or PA + aluminum hydroxide had a demonstrable bacteremia. 


Table 2. Pre-Challenge Anti-PA ELISA Titers (X 106)1

Immunization



Females

Males


Combined


AVA human vaccine

  23.9


    9.1


  14.8


Sterne spore vaccine

    5.4


    6.2


    5.8


PA + aluminum hydroxide

102.6


236.0


155.6


PBS2




NDT


NDT


NDT


1 Geometric mean anti-PA titers were determined on sera from blood  drawn one week before challenge. 


2 NDT = no detectable titer (<0.0001 X 106).


SUMMARY

1. Vaccination of New Zealand white rabbits with the human anthrax vaccine (AVA), the veterinary Sterne spore anthrax vaccine, or PA + aluminum hydroxide conferred complete protection against a subcutaneous challenge of either spores or vegetative cells of the B. anthracis Ames strain.


2. No immunized animal demonstrated a bacteremia two days after challenge.


3. Immunization with any of the three vaccines elicited high anti-PA titers in the animals.





