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Abstract

Anthrax vaccine adsorbed (AVA), an effective countermeasure against anthrax, is administered as six subcutaneous (SQ) doses over 18
months, To optimize the vaccination schedule and route of administration, we performed a prospective pilot study comparing the use of
fewer AVA doses administered intramuscularly (IM) or SQ with the current schedule and route. We enrolled 173 volunteers, randomized to
seven groups, who were given AVA once IM or SQ: two doses, 2 or 4 weeks apart, IM or SQ: or six doses at (), 2, 4 weeks and 6, 12, and 18
months (control group, licensed schedule and route). IM administration of AVA was associated with fewer injection site reactions than SQ
administration. Following the first SQ dose of AVA, compared to males, females had a significantly higher rate of injection site reactions
such as’erythema, induration and subcutaneous nodules (P = 0.001). Reaction rates decreased with a longer dose interval between the
first two doses. The peak anti-PA IgG antibody response of subjects given two doses of AVA 4 weeks apart IM or SQ was comparable to
that seen among subjects who received three doses of AVA at 2-week intervals. The IM route of administering this aluminum hydroxide
adsorbed vaccine is safe and has comparable peak anti-PA IgG antibody levels when two doses are administered 4 weeks apart compared
to the licensed initial dose schedule of three doses administered 2 weeks apart. A large pivotal study is being planned by the Centers for
Disease Control and Prevention to confirm these results. Published by Elsevier Science Ltd.
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1. Introduction initial symptoms are followed in 2-3 days by the abrupt

development of severe respiratory distress with dyspnea.

Anthrax, the disease caused by Bacillus anthracis spores,
is the pre-eminent bioterrorist and biological warfare threat
to civilian and military populations [1-3]. Inhalation an-
thrax, the form of anthrax likely to result from the inten-
tional release of spores, is extraordinarily rare in nature
with only approximately 20 cases reported in the US in
the last century [4]. The onset of fever, malaise, and fa-
tigue, sometimes with a non-productive cough and mild
chest discomfort, is usually gradual and non-specific. The
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diaphoresis, stridor, and cyanosis, Hypotension and death
usually follow within 24-36h of the onset of respiratory
distress [4-8]. Survival has rarely been reported [4,8-11].
Anthrax vaccine adsorbed (AVA) has been a highly effec-
tive prophylactic agent against inhalational anthrax in labo-
ratory animals. including rhesus monkeys [12,13]. AVA was
licensed for use in the US in 1970. The product label rec-
ommends 0.5 ml subcutaneous (SQ) injections at 0, 2, and
4 weeks and 6. 12, and 18 months with annual revaccina-
tion as long as the individual is at risk of infection with
anthrax [14]. In a previous serological analysis. we found
that as the intervals between the first two doses of AVA in-
creased from 2 to 4 weeks, the magnitude and rate of an-
tibody response also increased [15]. Based upon passively
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collected data, we have known since the mid-1990s that the
rate of SQ injection site reactions was higher among women
compared to men [16]. AVA is the only vaccine containing
an aluminum compound that is licensed by the US Food
and Drug Administration (FDA) that is administered SQ.
All other FDA-licensed vaccines containing aluminum com-
pounds (DTaP. DT, DTP-HbOC, HepA. HepB, etc.) are ad-
ministered IM.

The elimination of one dose in the initial vaccination se-
ries of AVA from three to two doses without a reduction
in antibody response to B. anthracis would offer significant
advantages for mass prophylaxis in the face of exposure to
aerosolized anthrax. The logistical problems of vaccinating
large numbers of individuals would be reduced, and the po-
tential for adverse events would decrease.

The primary objective of this randomized, open-label
study was to select an optimal two-dose initial vaccination
schedule and route of administration based on antibody
response and reactogenicity. We compared the responses of
subjects receiving the abbreviated schedule with those of
subjects after the standard three SQ doses given 2 weeks
apart over 4 weeks. The primary endpoints for this study
were anti-PA IgG concentration and antibody response rates.
The secondary endpoints were systemic and local reactions
observed after IM and SQ administration of AVA. Finally,
to the extent possible, in a pilot study, we aimed to discern
if indeed females had a higher reaction rate than men.

2. Methods

The protocol for this prospective, randomized, open-label
study was approved by the institutional review boards at
USAMRIID and the Office of the Surgeon General of the
Army and was submitted to the FDA. Personnel conduct-
ing antibody assays were blinded to subjects, treatments
and weeks of blood draw. All subjects provided written in-
formed consent. This clinical research was conducted in ac-
cordance with ethical principles that have their origins in the

Declaration of Helsinki and in accordance with federal reg-
ulations and guidelines.

2.1, Study subjects

One hundred seventy-one men and women, ages I8
through 64 years, were assigned randomly to one to seven
study groups (22-28 subjects per group), without regard
to demographics. Two additional military subjects who re-
quired the licensed schedule and route were added to the
control group. yielding a total enrollment of 173 subjects.
Subjects were not enrolled in the study if they were preg-
nant, HIV positive, or acutely ill with an oral temperature
>38.3°C.

Subjects were given AVA (0.5 ml per dose) according to
one of seven regimens (Table 1). Six groups received the
anthrax vaccine SQ or IM at week 0. weeks 0 and 2. or
weeks 0 and 4. The control group received SQ doses at 0, 2,
and 4 weeks and 6, 12, and 18 months (licensed schedule).
A single lot (FAV032) was used throughout the study. Two
subjects did not complete the initial series (subject no. 118
in the 0—4 IM group was incarcerated for alleged auto theft,
and subject no. 145 in the control group developed urticaria
after the second dose of AVA).

2.2. Test article

AVA, an FDA-licensed product in the United States, is pre-
pared from a sterile culture filtrate containing the protective
antigen of an avirulent strain of B. anthracis, V770-NP1-R,
which was adsorbed onto an aluminum hydroxide adjuvant.
The vaccine was provided by BioPort Corporation (Lansing,
MI) [14].

2.3. Safety evaluation
Volunteers were evaluated clinically for local and sys-

temic reactions at 30 min, 1-3 days, | week. and 1 month
after each vaccination. Reactions were determined to be

Table 1

Anti-PA 1gG antibody geometric mean concentration (GMC) at peak (week 6) and seroconversion rate for all seven study groups

Schedule Women Men Mean age (range) GMC in pg/ml (95% CI) P-value® Seroconversion rate” P-value
0-2-4 S 7 21 32 (19-52) 478 (313-728) - 28/28 (100)

0 5Q 8 17 34 (21-60) 36 (22-58) 0.0001 14/25 (56) =(L0001
0™ 10 15 34 (20-61) 18 (15-22) 0.0001 7124 (29) =0.0001
0-2 5Q 11 14 35 (19-56) 205 (132-320) 0.005 25/25 (100) 1.000
0-2 IM 8 17 32 (19-57) 147 (89-245) 0.0001 24/25 (96) 0.47
0— SQ 10 13 32 (20-60) 625 (404-971) 0.65 23/23 (100) 1.000
04 IM 10 12 33 (19-64) 482 (304-764) 1.000 20421 (96) 0.43

4 P-values for GMC comparisons were from Student r-tests, and for rate comparisons were from Fisher exact tests, in all cases compared to the
referent group. The P-values for the 4-week interval groups were adjusted for multiple comparisons. The 04 SQ versus IM comparison had a P-value
of 0.691; the 0—4 SQ, 0—4 IM and the referent group had an overall P-value of 0.615.

P Seroconversion rate = the percentage of volunteers in a group exceeding minimum detectable anti-PA 1gG concentration (>25 pg/ml) at least once

during 0-8 weeks after first AVA dose.
“ The licensed schedule group is the referent group.
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