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ABSTRACT
Objectives: The purpose of this analy -
sis was to eva l u ate anthrax va c c i n e
(AVA) and joint related adverse reac -
tions based upon analysis of the VAERS
database in light of the current possi -
bility of the use of anthrax as a bio -
logical warfare agent.
M e t h o d s: A cert i fied copy of the
VAERS database was obtained from the
CDC. In this study, we conducted a ret -
rospective analysis using Microsoft Ac -
cess for all joint at t ri buted adve rs e
reactions rep o rted fo l l owing anthra x
va c c i n ation. The employment of ch i -
square analysis determined if the ele -
vated incidence rates of associated ad -
verse reactions in anthrax vaccine reci -
pients were statistically significant.
R e s u l t s : Our analysis shows a ve ry
l a rge and stat i s t i c a l ly significant in -
crease in joint symptoms following vac -
cination with AVA when compared to
our control population consisting of
adverse joint reactions reported follow -
ing vaccination with hepatitis A vac -
cine and Td vaccine. 
C o n cl u s i o n : We believe that civ i l i a n
doctors need to become familiar with
the adverse reactions that can be ex -
pected to follow the use of AVA. Both
civilian and military doctors need to be
vigilant in reporting all such reactions
to VA E R S, so that more info rm at i o n
can be gathered about AVA. We also
believe that an anthrax vaccine with an
improved safety profile is needed if it is
to be used in populations, either mili -
tary or civilian, that are not under im -
minent threat of attack by biological
warfare agents. It should also be kept
in mind that the widespread use of
anthrax vaccination may cause poten -
tial pro d u c e rs of biological we ap o n s
and terrorists to seek to produce an -
thrax strains that are not neutralized by
the current vaccine.

Introduction
The United States’military is currently
implementing a policy to have all of its
members vaccinated with anthrax vac-
cine adsorbed (AVA). Specifically, its
goal is to have all 2.4 million Active,
G u a rd and Reserve service members
inoculated by 2003 (1). The reason for
this step by the U. S. military stems

from the fact that Bacillus anthracis, a
s p o re - fo rming bacterium that causes
the disease anthrax, has been manufac-
tured as a biological warfare agent, and
concern exists that it could be used as a
biological terrorist weapon. B. anthra -
cis is considered one of the most likely
b i o l ogical wa r fa re agents because of
the ability of B. anthracis spores to be
transmitted by the respiratory route, the
high mortality of inhalation anthra x
and the greater stability of B. anthracis
spores compared with other potential
b i o l ogical wa r fa re agents (2-5). Th e
Wo rld Health Orga n i z ation has esti-
mated that 50 kg of B. anthracis re-
leased upwind of a population center of
500,000 people could result in 95,000
d e aths and 125,000 hospitalizat i o n s
(6).
AVA, the only licensed human anthrax
vaccine in the United States, is pro-
duced by BioPort Corporation in Lans-
ing, Michigan, and is prepared from a
cell-free filtrate of B. anthracis culture
that contains no dead or live bacteria
(7). The strain used to prepare the vac-
cine is a toxigenic, non-encapsulated
strain known as V770-Np1-R (8). The
filtrate contains a mix of cellular prod-
ucts including protective antigen (PA)
and is adsorbed to aluminum hydroxide
(Amphogel, Wyeth Laboratories) as an
adjuvant (9, 10). The amount of PA and
other proteins per 0.6 mL dose is
unknown, and all three toxin compo-
nents produced by B. anthracis – lethal
factor (LF), edema factor (EF) and PA
– are present in the product (9). These
t oxins act in binary combination to
fo rm two ex o t oxins known as lethal
toxin and edema toxin (11-13). 
PA and LF form lethal toxin; PA and
EF form edema toxin. LF is a protease
that inhibits the mitogen-activated pro-
tein kinase-kinase interaction (14). EF
is an adenylate cyclase that generates
cy clic adenosine mono-phosphate in
the cytoplasm of eukaryotic cells (15,
16). PA is re q u i red for binding and
translocating LF and EF into host cells.
PA is an 82 kD protein that binds to re-
ceptors on mammalian cells and is crit-
ical to the ability of B. anthracis to
cause disease. After binding to the cell
membrane, PA is cleaved to a 63 kD
fragment that subsequently binds with
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LF or EF (17). LF or EF bound to the
63 kD fragment undergoes re c ep t o r-
mediated internalization, and the LF or
EF is translocated into the cytosol upon
acidification of the endosome.  Lethal
t oxin and edema tox i n , re s p e c t ive ly,
cause local necrosis and ex t e n s ive
edema, which is a major characteristic
of natural anthrax disease. Additional-
ly, these toxins have the potential to
cause widespread tissue destru c t i o n
and organ fa i l u re. The potency and
safety of the final AVA is confirmed ac-
cording to U.S. Food and Drug Admi-
nistration (FDA) regulation (18). Pri-
mary vaccination consists of three sub-
cutaneous injections at 0, 2 and 4
weeks, and three booster vaccinations
at 6, 12 and 18 months. To maintain im-
munity, the manufacturer recommends
an annual booster injection (19-21).
The purpose of this analysis was to
evaluate AVA and joint-related adverse
reactions based upon analysis of the
vaccine adverse events reporting sys-
tem (VAERS) database, in light of the
current possibility of the use of anthrax
as a biological warfare agent.

Methods
A certified copy of the VAERS data-
base was obtained from the Centers for
Disease Control and Preve n t i o n
(CDC). The VAERS is a passive epide-
m i o l ogical dat abase that has been
maintained by the CDC in A t l a n t a ,
Georgia, since 1990. All adverse reac-
tions after vaccination are to be report-
ed to this database, as mandated by law.
A recent publication by the CDC has
helped to va l i d ate the VAERS as an
ep i d e m i o l ogical dat abase (22). Our
own studies have examined art h ri t i c,
i m mu n o l ogical and ga s t ro i n t e s t i n a l
adverse reactions after hepatitis B vac-
c i n ation and art h ritic reactions after
rubella vaccination based upon analysis
of the VAERS dat abase (23-27). We
have also reported on the reactivity of
vaccines administered in the state of
Texas based upon our analysis of the
VAERS database (28). 
In this study, we made a retrospective
analysis using Microsoft Access for all
joint at t ri buted adve rse reactions re-
p o rted fo l l owing anthrax va c c i n at i o n
from 15 December 1997 to 12 April

2000. The anthrax vaccine-associated,
j o i n t - re l ated adve rse reactions ana-
ly zed incl u d e d : a rt h ra l gi a , a rt h ro s i s ,
a rt h ri t i s , joint disease, mye l i t i s , va s-
c u l i t i s , mya l gi a , Guillain Barre syn-
d rome and flu syndro m e. The CDC
estimates indicate that 1,620,793 doses
of anthrax we re administered duri n g
the study period examined. Additional-
ly, as controls hepatitis A vaccine-asso-
c i ated adve rse reactions rep o rted to
VAERS from 1997 through 1998 in
adults and Td va c c i n e - a s s o c i ated ad-
ve rse reactions rep o rted to VA E R S
from 1991 through 1999 in adults were
analyzed. The CDC estimates indicate
that 6,038,283 hepatitis A vaccinations
were administered from 1997 through
1998 to adults. The CDC estimates in-
dicated that 129,293,354 Td vaccina-
tion we re administered from 1991
through 1999 to adults. The incidence
rates of adult associated adverse reac-
tions in hepatitis A vaccine and Td vac-
cine recipients provided a background
rate to compare against the incidence
rates of associated adverse reactions in
anthrax vaccine recipients, which has

Table I. Joint related adverse events and anthrax vaccination.

Reaction type Total number Female reaction Male reaction Mean age Mean onset Incidence per million 
of reports reports reports (years) (within 60 days) anthrax vaccinations

Arthralgia 210 28 178 37.4 ± 9.6 4.0 ± 7.8 130
Arthritis 11 9 2 36.7 ± 8.7 6.4 ± 6.2 6.8
Arthrosis 15 6 9 37.7 ± 10.6 3.5 ± 5.3 9.3
Joint disease 20 5 15 35.3 ± 8.6 5.5 ± 9.9 12
Myelitis 3 2 1 31.5 ± 5.9 4.0 ± 4.0 1.9
Vasculitis 2 1 1 33.1 ± 5.9 5.0 ± 5.0 1.2
Guillain Barre syndrome 5 0 5 36.6 ± 12.1 10.5 ± 10.3 3.1
Myalgia 131 22 103 38.4 ± 9.2 2.1 ± 4.2 81
Flu syndrome 74 12 59 37.3 ± 8.1 1.4 ± 4.3 46

Table II. A comparison between anthrax vaccination and adult hepatitis A vaccination.

Type of Incidence of associated Incidence of associated Relative risk of the Percent association Chi-square association 
adverse adverse reactions per adverse reaction per adverse reaction between anthrax between anthrax 
reaction million adult hepatitis A million anthrax following anthrax vaccination and the vaccination and the

vaccinations vaccinations vaccination associated adverse reaction associated adverse reaction

Arthralgia 2.0 130 65 99 p < 0.0001
Arthrosis 0.7 9.3 13 93 p < 0.01
Arthritis 0.3 6.8 23 96 p < 0.001
Myelitis 0.1 1.9 19 95 p < 0.02
Vasculitis 0.3 1.2 4 80 Not significant
Guillain Barre syndrome 0.2 3.1 16 94 p < 0.02
Joint disease 0.2 12 60 98 p < 0.0001
Myalgia 4.0 81 20 95 p < 0.0001
Flu syndrome 0.7 46 66 98 p < 0.0001
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only been licensed for use in adult mil-
itary populations in the U.S. 
The employment of chi-square analysis
d e t e rmined if the elevated incidence
rates of associated adverse reactions in
anthrax vaccine recipients were statisti-
c a l ly significant. The use of va c c i n e
control group associated adverse events
rep o rted to VAERS as a back gro u n d
rate has been validated in two of our
recent studies. We showed that rubella
vaccine has a stat i s t i c a l ly significant in-
creased association with arthritic reac-
tions following vaccination in compar-
ison to a hepatitis A vaccine control
group. We also showed that hepatitis B
vaccine has a stat i s t i c a l ly signifi c a n t
i n c reased association with ga s t ro i n-
testinal reactions following vaccination
in comparison to hepatitis A and ru -
bella vaccine control groups (26, 27).

Results
Table I summarizes the total number of
rep o rt s , number of female rep o rt s ,
number of male reports, mean age in
years, mean onset in days within 60
days of vaccination and incidence per
million anthrax vaccinations of joint at-
t ri buted adve rse reactions. Table II
compares the reactivity of anthrax vac-
cination in comparison to our adult he-
p atitis A vaccine recipient contro l
group. Table III compares the reactivity
of anthrax vaccination in comparison to
our adult Td vaccine control group.

Discussion
Our analysis shows a very large and
statistically significant increase in joint
symptoms following vaccination with

AVA when compared to our contro l
population consisting of adverse joint
reactions rep o rted fo l l owing va c c i n a-
tion with hepatitis A vaccine and Td
vaccine. Most of the reactions were re-
p o rted by male vaccine re c i p i e n t s
rather than female recipients. Since the
vaccine was used ex cl u s ive ly by the
military, this male verses female ratio
p rep o n d e rance pro b ably mere ly re-
flects that there are far more males than
females serving in the U. S. military.
Despite this demographic fact, female
arthritis adverse reactions outnumbered
male arthritis adverse reactions 4.5 to
one. Although the number of reports
was small, this probably indicates some
component of autoimmunity in arthritis
reactions. Shoenfeld and Aaron-Maor
h ave prev i o u s ly rep o rted on possibl e
mechanisms involved in the develop-
ment of joint symptoms following vac-
cination (29). Additional analysis of the
p o s s i ble mechanisms invo l ved in the
d evelopment of rheumatoid art h ri t i s
h ave been rep o rted in recent art i cl e s
(30, 31). The remainder of the reactions
could well be viewed as a direct effect
of the active toxins contained in AVA
on vaccine recipients, although obvi-
ously much further work needs to be
done on the mechanisms by which AVA
causes so many adverse reactions.
We believe that , under the thre at of
eminent biological wa r fa re at t a ck , i t
might be deemed re a s o n able that to
m e m b e rs of the military the re a c t o-
genicity of the vaccine might be toler-
ated. The decision of the military to
va c c i n ate all of their personal with
AVA, whether they are under immedi-

ate threat of attack by anthrax or not,
with this crude vaccine is more ques-
t i o n able from a cost-benefit point of
view. Unfortunately, under certain cir-
cumstances large segments of the civil-
ian population may also be at risk for
at t a ck by anthrax as a biologi c a l
we apon. The ex t reme re a c t oge n t i c i t y
of AVA vaccine makes its general use
for civilian populations undesirabl e.
Rather, if the widespread use of anthrax
vaccination becomes necessary, a puri-
fied, toxoided anthrax vaccine should
be developed which would have far less
reactogeneticy than the current AVA. It
should also be kept in mind that the
widespread use of anthrax vaccination
may cause potential producers of bio-
logical weapons and terrorists to seek
to produce anthrax strains that are not
neutralized by the current vaccine.
As a result of the rap i d ly widening
scope of the use of AVA by the U.S.
military, the likelihood of civilian doc-
tors seeing patients with adverse reac-
tions to AVA is increasing. Therefore,
civilian doctors need to become famil-
iar with adverse reactions that can be
expected to fo l l ow the use of AVA .
Both civilian and military doctors need
to be vigilant in reporting all such reac-
tions to VAERS, so that more informa-
tion can be gathered about AVA.
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