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Both the protective antigen (PA) and the poly(y-p-glutamic acid)
capsule (ypPGA) are essential for the virulence of Bacillus anthracis.
A critical level of vaccine-induced IgG anti-PA confers immunity to
anthrax, but there is no information about the protective action of
IgG anti-ypPGA. Because the number of spores presented by
bioterrorists might be greater than encountered in nature, we
sought to induce capsular antibodies to expand the immunity
conferred by available anthrax vaccines. The nonimmunogenic
ypPGA or corresponding synthetic peptides were bound to BSA,
recombinant B. anthracis PA (rPA), or recombinant Pseudomonas
aeruginosa exotoxin A (rEPA). To identify the optimal construct,
conjugates of B. anthracis ypPGA, Bacillus pumilus ypLPGA, and
peptides of varying lengths (5-, 10-, or 20-mers), of the b or L
configuration with active groups at the N or C termini, were bound
at 5-32 mol per protein. The conjugates were characterized by
physico-chemical and immunological assays, including GLC-MS and
matrix-assisted laser desorption ionization time-of-flight spec-
trometry, and immunogenicity in 5- to 6-week-old mice. IgG anti-
yDPGA and antiprotein were measured by ELISA. The highest levels
of IgG anti-ypPGA were elicited by decamers of ypPGA at 10-20
mol per protein bound to the N- or C-terminal end. High IgG
anti-ypPGA levels were elicited by two injections of 2.5 pug of
ypPGA per mouse, whereas three injections were needed to
achieve high levels of protein antibodies. rPA was the most
effective carrier. Anti-ypPGA induced opsonophagocytic killing of
B. anthracis tox—, cap+. ypPGA conjugates may enhance the
protection conferred by PA alone. ypDPGA-rPA conjugates induced
both anti-PA and anti-ypPGA.

Anthrax probably caused the “festering boils” of the people
and cattle of Egypt described in the sixth plague of the Old
Testament. After the discovery of Bacillus anthracis by Robert
Koch in 1880 (1), Pasteur (2) developed a vaccine for sheep
composed of chemically treated attenuated strains. Routine use
of a noncapsulated strain has virtually eliminated anthrax among
domesticated animals (3). In the only controlled study of an
anthrax vaccine in humans, culture-supernatant from a cap—
nonproteolytic strain that produced protective antigen (PA),
conferred 92% efficacy among woolsorters (4). The Centers for
Disease Control monitored the anthrax vaccine adsorbed (AVA)
in industrial settings between 1962 and 1974: none of 34 cases
occurred in fully vaccinated individuals. A similar vaccine is used
in the U.K. (5). This and other evidence indicate that serum IgG
anti-PA confers immunity to cutaneous and inhalational anthrax
in humans (6, 7).

The structure and expression of the essential virulence factors
of B. anthracis are controlled by two plasmids. pX01 encodes
anthrax toxin (AT) composed of the PA (binding subunit of AT),
and two enzymes known as lethal factor and edema factor (8, 9).
Administration of AT to primates mimics the symptoms of
anthrax (9). pX02 encodes the poly(y-D-glutamic acid) (yDPGA)
capsule of B. anthracis (10, 11). Other bacilli produce poly(~y-
glutamic acid) (yPGA) but only B. anthracis synthesizes it
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entirely in the D conformation (12). ypPGA is a surface struc-
ture (13), inhibits in vitro phagocytosis and, when injected, is a
poor immunogen even as a bacterial component (14-18); the
protective effect of anti-yDPGA has not been reported. The
capsule shields the vegetative form of B. anthracis from agglu-
tination by monoclonal antibodies to its cell wall polysaccharide
(19). Systemic infection with B. anthracis induces yDPGA anti-
bodies (20). Antibodies to D-amino acid polymers may be
induced in animals by injection of yDPGA methylated BSA
complexes along with Freund’s adjuvant, i.v. injections of a
formalin-treated capsulated B. anthracis, or by peptidyl proteins
(16, 21). We report the synthesis and evaluation of conjugates
that induce yDPGA antibodies under conditions suitable for
clinical use.

Experimental Procedures

Bacterial Strains. Bacillus pumilus strain Sh18 and B. anthracis
strain A34, a pX01—, pX0?" variant derived from the Ames
strain by repeated passage at 43°C, have been described (10, 22).

Analytic. Amino acid analyses were done by GLC-MS after
hydrolysis with 6 M HCI, 150°C, 1 h, derivatization to heptaflu-
orobutyryl R-(—)isobutyl esters, and assayed with a Hewlett—
Packard apparatus (model HP 6890) with a HP-5 0.32 X 30 mm
glass capillary column, temperature programming at 8°C per
min, from 125°C to 250°C in the electron ionization (106 eV)
mode (24). Under these conditions, we could separate D-
glutamic acid from the L-enantiomer. The amount of each was
calculated based on the ratio of D-glutamic acid relative to
L-glutamic acid residues in the protein (Fig. 1). The number of
peptide chains in L-peptide conjugates was calculated by the
increase of total L-glutamic acid relative to aspartic acid. Protein
concentration was measured by the method of Lowry (25), free
€ amino groups were measured by Fields’ assay (26), thiolation
was measured by release of 2-pyridylthio groups (4343) (27), and
hydrazide was measured as reported (28). SDS/PAGE used 14%
gels according to the manufacturer’s instructions. Double im-
munodiffusion was performed in 1.0% agarose gel in PBS.

Matrix-Assisted Laser Desorption lonization-Time-of-Flight (MALDI-
TOF). Mass spectra were obtained with a PerSeptive BioSystems
Voyager Elite DE-STR MALDI-TOF instrument (Applied Bio-
systems) operated in the linear mode, 25-kV accelerating volt-
age, and a 300-nsec ion extraction delay time. Samples for
analysis were prepared by a “sandwich” of matrix and analyte.
First, 1 ul of matrix (saturated solution of sinnapinic acid made

Abbreviations: PA, protective antigen; MALDI-TOF, matrix-assisted laser desorption
ionization-time-of-flight; ypPGA, poly(y-p-glutamyl) capsule from Bacillus anthracis; rEPA,
recombinant Pseudomonas aeruginosa exoprotein A; rPA, recombinant Bacillus anthracis
PA; AVA, anthrax vaccine adsorbed; rPA-SH, 3-thiopropionyl-e-Lys-NH2-rPA; GM, geometric
mean.
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Fig. 1.
yDPGA chains incorporated into the conjugate.

in 1:1 CH3CN and 0.1% trifluroacetic acid) was dried on the
sample stage. Second, 1 ul of sample and an additional 1 ul of
matrix were applied. After the “sandwich” was dried, the sample
was placed in the mass spectrometer.

Antigens. BSA (Sigma) was dialyzed against pyrogen-free water,
sterile-filtered, and freeze-dried. Recombinant PA (rPA) from
B. anthracis and recombinant exoprotein A (rEPA) from Pseudo-
monas aeruginosa were prepared and characterized (29, 30).

YPGA was extracted from the culture supernatant of B.
anthracis or B. pumilus by cetavlon precipitation, acidification to
pH 1.5, precipitation with ethanol, and passage through a 2.5 X
100-cm Sepharose CL-4B column in 0.2 M NaCl (23). Their
compositions were confirmed by 'H-NMR and *C-NMR, and
their enantiomeric conformations were compared by GLC-MS
spectroscopy.

Three types of yPGA peptides (AnaSpec, San Jose, CA) were
synthesized by the method of Merrifield with 5, 10, or 20
residues. Their purity and authenticity were verified by GLC-
MS, liquid chromatography MS, and MALDI-TOF. The pep-
tides were bound to the protein at the C or the N termini (-C
indicates that the C terminus is free, and N- indicates that the
amino terminus is free).

e Type I, NBrAc-Glys-yDPGA,-COOH(Br-Glys-yDPGA,-C);
NBrAc-Gly;-yLPGA,-COOH(Br-Gly;-yLPGA,-C).

« Type II, NAc-L-Cys-Glys-y-D-PGA,-COOH(Cys-Glys-yDPGA,-
C); NAc-L-Cys-Glys-y-L-PGA,-COOH(Cys-Glys-yLPGA,-C).

« Type III, NAc-yDPGA,-Glys-L-Cys-CONH,(N-yDPGA,-Glys-
Cys); NAc-yLPGA,-Glys-L-Cys-CONH,(N-yLPGA ,-Glys-Cys).

Conjugations to rPA are described. BSA and rEPA were used
in a similar manner. All reactions were conducted in a pH stat
under argon.

Conjugation of rPA with B. anthracis ypPGA and with B. pumilus
yDLPGA. rPA was derivatized with adipic acid dihydrazide with
modifications (28). The pH was maintained at 7.0, and 0.1 M
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide-HCl (EDAC)
was used. The product, "PA-AH, contained 2.0-4.7% hydrazide.
vPGA was bound to rPA-AH or rTEPA-AH with 0.01 M EDAC,
the reaction mixture was passed through a 1 X 90-cm Sephacryl
S-1000 column in 0.2 M NaCl, and fractions reacting with
anti-PA and anti-yDPGA by an identity line were pooled.
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GLC-MS analysis of rPA-Cys-Glys-ydDPGA1o-C conjugate. Under the described conditions, L-Glu can be separated from p-Glu to calculate the number of

Conjugation of Type-l Peptide with rPA via Thioether Bond. Step 1.
Step 1 consisted of derivatization of rPA with N-hydroxysuccin-
imide ester of 3-(2-pyridyl dithio)-propionic acid (SPDP). To
rPA (30 mg) in 1.5 ml of buffer A’ (PBS/3% glycerol/0.005 M
EDTA, pH 7.6) , SPDP (10 mg) in 50 ul of dimethyl sulfoxide
was added in 10-ul aliquots and reacted for 1 h at pH 7.6. The
product, 2-pyridyldithio-propionyl-rPA (PDP-rPA), was passed
through a 1 X 48-cm Sephadex G-50 column in buffer A
(PBS/0.05% glycerol/0.005 M EDTA, pH 7.6), and protein-
containing fractions were pooled and assayed for thiolation,
antigenicity, and molecular mass (27).

Step 2. Step 2 consisted of conjugation of PDP-protein with type-I
peptide. PDP-protein (24 mg) in 2 ml of buffer A was treated
with 50 mM dithiotreitol for 30 min at room temperature and
passed through a 1 X 48-cm Sephadex G-50 column in buffer A.
Fractions containing the 3-thiopropionyl-e-Lys-NH,-rPA (rPA-
SH) were collected and concentrated to 1.5 ml, and glycerol was
added to a final concentration of 3%. Br-Glys;-y-DPGA,-C, 10
mg in 1 ml of buffer A, was adjusted to pH 7.6 with 1 M NaOH,
and rPA-SH was added, incubated for 1 h at room temperature
(31), transferred to a vial, capped, and tumbled overnight at
room temperature. Bromoacetamide, 0.5 mg in 50 ul of buffer
A, was added to block unreacted thiols. After 30 min, the
reaction mixture was passed through a 1 X 90-cm Sephacryl
S-200 column in buffer B (0.01 M phosphate /0.2 M NaCl/0.05%
glycerol, pH 7.2). Fractions containing protein-PGA were polled
and assayed for peptide and protein concentration, antigenicity,
and molecular mass.

Products. BSA contains 60, rPA contains 58, and rEPA contains
15 mol of Lys per mol of protein, respectively. Under the above
conditions, 28 of 60 e-Lys-NH, of BSA, 50-55 of 58 of rPA and
15 of 15 of rEPA were derivatized with N-hydroxysuccinimide
ester of 3-(2-pyridyl dithio)-propionic acid with retention of their
antigenicity. Conjugation of BSA-SH, rPA-SH and rEPA-SH
with type-I peptides yielded: BSA-SH/Gly;-yDPGA,-C; BSA-
SH/Glys-yLPGA,-C; rEPA-SH/Glys;-yDPGA,-C; rPA-SH/
Glys-yDPGA,-C.

Conjugation with Type-Il and -lll Peptides. Step 1. Derivatization of
protein with succinimidyl 3-(bromoacetamido) propionate
(SBAP). rPA (30 mg) in 1.5 ml of buffer A" was adjusted to pH
7.2. SBAP, 11 mg in 50 ul dimethyl sulfoxide, was added in 10
wl aliquots (31). After 60 min, the reaction mixture was passed
through a 1 X 90-cm Sepharose CL-6B column in buffer B.
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Fractions containing bromoacetamidopropionyl-e-Lys-NH-rPA
(Br-rPA) were collected and assayed for protein, free -NH,,
antigenicity, and molecular mass.

Step 2. Step 2 involved conjugation of Br-protein with type-II and
-III peptides. Type-1I or -III peptides (5-15 mg in 1 ml buffer A)
were adjusted to pH 7.6 with 1 M NaOH and Br-protein (25 mg)
in 1.5 ml buffer A’ was added. After 1 h, the reaction mixture
transferred to a vial, capped, and tumbled overnight at room
temperature. 2-Mercaptoethanol (1 ul) was added to quench the
remaining bromoacetyl groups in Br-protein. After 30 min, the
reaction mixture was passed through a 1 X 90-cm Sepharose
CL-6B column in buffer B. Fractions containing protein-PGA
were polled and assayed for peptide and protein concentration,
antigenicity, and molecular mass.

Products. Under these conditions, 50-55 of 58 and 15 of 15
residues of e-Lys-NH, of rPA and rEPA, respectively, were
modified with succinimidyl 3-(bromoacetamido) propionate.
Conjugation of Br-rPA and Br-rEPA with type-II peptides
yielded four conjugates:

rPA/S-Cys-Glys-yDPGA,-C.
rPA/S-Cys-Glys;-yLPGA,-C.
rEPA/S-Cys-Glys-yDPGA,-C.
rEPA/S-Cys-Glys-yLPGA,-C.

Conjugation of Br-rPA and Br-rEPA and with type-III peptides
yielded four conjugates:

e N-yDPGA,-Gly;-Cys-S/rPA.
* N-yLPGA,-Glys-Cys-S/rPA.
* N-yDPGA,-Glys-Cys-S/rEPA.
* N-yLPGA,-Glys-Cys-S/rEPA.

All eight conjugates precipitated with an identity reaction with
their protein and yPGA antisera by immunodiffusion. Repre-
sentative analysis by MALDI-TOF is shown in Fig. 2.

Immunization. Five- to six-week-old female National Institutes of
Health Swiss—Webster mice were immunized s.c. three times at
2-week intervals with 2.5 ug of PGA as a conjugate in 0.1 ml of
PBS, and groups of 10 mice were exsanguinated 7 days after the
second or third injections (28). Controls received PBS.

Antibodies. Serum IgG antibodies were measured by ELISA (32).
Nunc Maxisorb plates were coated with yDPGA, 20 ng/ml PBS,
or 4 ug of rPA per ml of PBS (determined by checkerboard
titration). Plates were blocked with 0.5% BSA (or with 0.5%
HSA for assay of BSA conjugates) in PBS for 2 h at room
temperature. A MRX Dynatech reader was used. Antibody
levels were calculated relative to standard sera: for yDPGA, a
hyperimmune murine serum prepared by multiple i.p. injections
of formalin-treated B. anthracis strain A34 and assigned a value
of 100 ELISA units; for PA, a mAb containing 4.7 mg of Ab per
ml (33). Results were computed with an ELISA data processing
program provided by the Biostatistics and Information Manage-
ment Branch, Centers for Disease Control (34). IgG levels are
expressed as geometric mean (GM).

Opsonophagocytosis. Spores of B. anthracis strain A34 were
maintained at 5 X 108 spores per ml in 1% phenol. The human
cell line HL-60 (CCL240, American Type Culture Collection)
was expanded and differentiated by dimethyl formamide into
449% myelocytes and metamyelocytes and 53% band and poly-
morphonuclear leukocytes (PMN). PMN were at an effector/
target cell ratio of 400:1. PMN were centrifuged and resus-
pended in opsonophagocytosis buffer (Hanks’ buffer with Ca?*
Mg2", and 0.1% gelatin; Life Technologies, Grand Island, NY)
to 2 X 107. Spores were cultivated at 5 X 107 per ml for 3 h, 20%
COg, and diluted to 5 X 10* per ml. Sera were diluted 2-fold with
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Fig. 2. MALDI-TOF spectra. (A) rPA. (B) Br-rPA. (C and D) rPA-Cys-Glys-

yDPGA10-C conjugate containing an average of 11 yDPGA chains (C) or 16
yDPGA chains per rPA (D).

0.05 ml in opsonophagocytosis buffer in 24-well tissue culture
plates (Falcon) and 0.02 ml containing ~10° bacteria added to
each well. The plates were incubated at 37°C, 5% CO, for 15 min.
A 0.01-ml aliquot of colostrum-deprived baby calf serum (used
as a complement) and 0.02 ml of HL-60 suspension containing
4 X 10° cells was added to each well and incubated at 37°C for
45 min, 5% CO,, with mixing at 220 rpm in a Minitron incubator
shaker (Infors AG, Bottmingen, Switzerland). A 0.01-ml aliquot
from each well was added to tryptic soy agar (Difco) at 50°C, and
colony-forming units were determined the next morning. Op-
sonophagocytosis was defined by =50% killing compared with
the growth in control wells (35).

Statistics. ELISA values are expressed as the GM. An unpaired
t test was used to compare GMs in different groups of mice.

Results

Characterization of yPGA Conjugates. The PGA /protein ratio was
assessed by MALDI-TOF spectrometry that provided molecular
mass of the conjugates and by GLC-MS that provided the
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Table 1. Composition and serum GM IgG anti-ypPGA and anti-carrier protein (ELISA) elicited by conjugates in

mice of BSA, rEPA, and rPA

Anti-ypPGA* Anti-protein®

Mol ypPGA per Protein/ypPGA Second Third Second Third
Conjugate mol protein (wt/wt) injection injection injection injection
ypPGA-B. anthracis NA NA 0.3 4.4 NA NA
rEPA-AH/ypPGA-B. anthracis NA 1:0.29 695 2,312 ND ND
rPA-AH ypPGA-B. anthracis NA 1:4.42 1,325 3,108 ND ND
BSA-SH/Glys-ypPGA-C* 7 1:0.14 134 1,984 ND ND
BSA-SH/Gly3-ypPGA+o-C 18 1:0.35 1,882 1,821 ND ND
BSA-SH/Glys-ypPGA10-C 25 1:0.49 2,063 2,780 ND ND
BSA-SH/Glys-yLPGA;o-C 7 1:0.14 261 618 ND ND
rEPA/Cys-Glys-ydbPGA0-C 7 1:0.14 479 4,470 ND ND
rEPA-SH/Gly3-ypPGAs-C 17 1:0.17 502 1,168 ND ND
rEPA-SH/Glys-ypPGA10-C 9 1:0.18 931 3,193 ND ND
rEPA-SH/Gly3-ypPGA0-C 5 1:0.19 749 2,710 ND ND
rPA/Cys-Glys-ypPGAs-C 32 1:0.26 2,454 4,560 0.06 8.5
rPA/Cys-Glyz-ypPGA;o-C 16 1:0.26 9,091 11,268 1.30 59.3
rPA/Cys-Glys-ypPGA-C 14 1:0.44 742 3,142 0.01 45
rPA/Cys-Glys-ypPGAs-N 22 1:0.18 3,149 3,460 3.70 95.0
rPA/Cys-Glys-ypPGAo-N 21 1:0.33 5,489 7,516 0.10 2.2
rPA/Cys-Glys-ypPGA-N 8 1:0.25 2,630 5,461 0.05 4.9
rPA-SH/Glys-ypPGAs-C 15 1:0.12 1,813 3,607 0.27 19.7
rPA-SH/Glys-ypPGA10-C 11 1:0.18 10,460 9,907 0.50 102.0
rPA-SH/Glys-ypPGA+0-C 14 1:0.22 4,378 7,206 0.34 66.3
rPA-SH/Glys-ypPGA,o-C 4 1:0.13 2,655 4,069 0.90 32.2
rPA-SH/Glys-ypPGA,-C 8 1:0.25 9,672 7,320 0.22 189.0
rPA/Cys-Glys-yLPGA20-N 22 1:0.70 24 79 0.14 3.0
rPA/Cys-Glys-yLPGA,-C 24 1:0.76 155 437 0.31 7.8

NA, not applicable; ND, not done.

*yDPGA from B. anthracis, strain A34, 2.5 ug as a conjugate used for injection, antibodies by ELISA expressed as EU.

TAntibodies by ELISA expressed as ug Ab/ml.

*C or N refers to the free amino acid on the yPGA bound to the protein.

amount of bound PGA (Fig. 1 and 2). The two methods
corroborated each other.

Serum IgG Anti-ypPGA. Native yDPGA from the capsule of B.
anthracis elicited trace levels of antibodies after the third injec-
tion. All of the conjugates, in contrast, elicited IgG anti-yDPGA
after two injections (Table 1). Conjugates of B. anthracis yDPGA
and of B. pumilus yD(60%)L(40%)PGA elicited IgG anti-
yDPGA of intermediate levels after two injections with a booster
after the third. Precipitates were formed during the synthesis of
both conjugates resulting in low yields.

IgG anti-yDPGA levels induced by the different conjugates

overlapped. The highest levels were achieved with peptide
decamers, 16 mol per protein for rPA/Cys-Glys;-yDPGAo-C,
11 and 14 mol per protein for rPA-SH/Glys-yDPGA;y-C. rPA
was a more effective carrier than rEPA or BSA. With the
exception of rPA-SH/Glys-yDPGA,(-C, with 11 chains per
protein, all conjugates elicited a rise (mostly nonsignificant)
after the third injection. Conjugates prepared with L peptides
bound at either the C or N terminus induced low levels of IgG
anti-yDPGA.

Table 2 shows the dose-response of two yDPGA conjugates
with rPA or rEPA as the carrier; both peptides had 20 residues
and similar numbers of chains per protein. Again, rPA was a

Table 2. Dose/immunogenicity relation of conjugates prepared with 20-mers of ypPGA bound

to rPA or recombinant rEPA
Mol ypPGA per

Protein/ypPGA

Dose per mouse, Anti-ypPGA

Conjugate mol protein (wt/wt) ng ypPGA third injection
rPA-SH/Glys-ypPGA,o-C 8 1:0.25 2.5 9,152
5 7,070
10 3,487
20 4,901
rEPA-SH/Glys3-ydPGA,o-C 6 1:0.23 2.5 1,956
5 2,393
10 2,639
20 2,834

Five- to six-week-old National Institutes of Health Swiss-Webster mice (n = 10) injected s.c. with 0.1 ml of the
conjugates every 2 weeks apart and exsanguinated 7 days after the third injection. IgG anti-ypPGA was measured
by ELISA, and the results are expressed as the GM (9,152 vs. 3,487, P = 0.003; 9,152 vs. 4,901, P = 0.04; 9,152 vs.

1,956, P < 0.0001; 7,070 vs. 2,393, P < 0.0001).
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Table 3. Opsonophagocytic activity and IgG anti-ypPGA (ELISA)
elicited by BSA-SH/Glyz-ypPGA0-C

Reciprocal opsonophagocytic

Sera IgG anti-ypPGA titer
1196G 407 Not detected
1195C 1,147 640
1197B 3,975 2,560
1190H 3,330 2,560
1194D 3,278 2,560
1193B 3,178 2,560
1194G 3,277 2,560
1191 5,191 5,120

Correlation coefficient between ELISA and reciprocal opsonophagocytic
titer is 0.7, P = 0.03.

more effective carrier than rEPA. The lowest dose (2.5 ug) of
rPA-SH/Glys-yDPGA-C elicited the highest level of IgG anti-
yDPGA (9,152 ELISA units), the levels declined ~1/2 at the
20-ug dose. rTEPA-SH/Glys-yDPGA-C, in contrast, elicited sim-
ilar levels at all dosages.

Serum IgG Anti-Carrier Protein. With a few exceptions, both the
length and number of yDPGA chains per protein were related to
the level of IgG antiprotein. Conjugates prepared with yDPGA
containing 20 residues elicited low levels of protein antibodies,
although in one case the induced GM level was the highest. In
general, conjugates prepared with 5 or 10 residues and with <15
chains per protein elicited the highest levels of IgG protein
antibodies.

Opsonophagocytic Activity of Mouse Antisera. Sera from normal
mice or those immunized with rEPA or rPA did not have
opsonophagocytic activity (not shown). Table 3 shows a rough
correlation between the level of IgG anti-yDPGA and opsonoph-
agocytosis in mice immunized with BSA-SH/Glys;-yDPGA o-C
or BSA-SH/Gly3-yDPGA;o-C (r = 0.7, P = 0.03). Addition of
yDPGA from B. anthracis to the immune sera showed a dose-
related reduction of the opsonophagocytic titer of ~60% (not
shown).

Discussion

Worldwide control of anthrax has been achieved in most coun-
tries by education, immunization of domesticated animals with
attenuated (noncapsulated) strains of B. anthracis, and immu-
nization of at-risk individuals with PA (AVA) and with antibi-
otics. Deliberate contamination of the mail with B. anthracis
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