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Diseases, U

S. State Department and Department
of Defense (DOD) intelligence docn-
ments and reports indicate that future
deployment ol biological agents by
forcign militaries or terrorists is like-
Iv." ¥ These agents are relatively inex-
pensive, are ¢asy 10 nuss praduce, are
cusily weaponized. stay active over
wany years, and can be dispersed by
wind over vast areas. At least 12 na-
tions have acquired or are ying to
acquire biological weapons.”™* The
former Soviel Union stored more than
30 metric tons of Baciltius anthracis
spores in some ol their 32 bioweuapons
program siles. Their ellectiveness was
demaonstrated during an unintentional
release of a cloud of anthrax spores at
Sverdlovsk in 1979, Ar least 68 citi-
zens died downwind from the site.™™®
Iraqp also produced weapons containing
biological and chemical agents, inchud-
ing at least 42 tons ol concentrated
anthrax spores. At the end ol 1990,
according 10 Iragi statements, 25
SCUDZAL-Hussain  missiles, cuch
carrying 143 L ol agent, were reudy
Tor use. Aircralt acrosolized spraying
and R-t()(] hombs were also avail-
able.> ™ In the United States, an-
thrax spores distributed in the mnl
led 1o 12 conlirmed or suspected
cases ol cutancous anthrax and 11
confirmed cases of inhalational an-
thrax, five fatal, in late 2001.'"° Be-
cause ol the known threat, the DOD
initiated a program to immunize mil-
itary personnel as an occupational
Iicalth requirement under DOID's
Force Health Protection Program.!
Anthrax vaccine wlsorbed (AVA),
licensed by the Food and Drug Ad-
ministration (FDA) in 1970, was de-
termined to be sitfe and effective in
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studies at wool mills. where this
discase had been an occupational
hazard.''™"* Postmarketing surveil-
lance und the Vaccine Adverse Event
Reporting System (VAERS) did not
demonstrate either a significant trend
or any unusual character of poten-
tally serious side effects after licen-
sure." ' Anecdotal comments by
service members who received this
vaceme in 1998, however, under the
DOD’s Anthrax Vaccine hnmumiza-
tion Program (AVIP). suggested that
perceived side effects might be more
frequent or more severe than had
been reported in previons studies.'’
We performed this study to actively
survey adverse events in a delined
medical stalT cohort who were 10 be
immumzed in the context of routine
military  occupational medicine re-
quirements.

Methods

Health care personnel stationed at
Tripler Army Medical Center
{(TAMC) and at Schofield Barracks
Health Clinic. 15 miles away, who
staried the anthrax vaceine series be-
tween September 12 and October 16,
1998, were enrolled in the project.
TAMC 15 a 229-bed tervary care
hospital and ambulatory care center
in Honolulu, Hawaii. Schotield Bar-
racks Health Clinic is TAMC's larg-
est primary care clinie, serving sal-
diers and families in the 23th
Infantry  Division.  All individnals
traveling o or patentially deploying
o countries determined by DODs
operational risk assessment for expo-
sure 1o weaponized anthrax were im-
munized according to standard DOD
policy. The dates of enrollment cor-
responded with the immunization of
soldiers in the Korea Medical Ang-
mentee Program, individuals who
would deploy to Korea if war re-
curred.

All were immunized with AVA
{BioPort Corparation. Lansing, MI)
in accordance with DOD AVIP re-
quirements and procedures. The only
additional requirerient was for the
individual to complete a survey 1 1o
2 weeks, or as close thereafter, after

immunization. There were no indi-
viduals who requested not to be vac-
cinated. Strict patient confidentiality
was maintained in - administering.
storing, and analyzing all surveys.
Yaccinees registered at the immu-
nization clinic, were offered infor-
mation regarding the anthrax vae-
cineg, and were interviewed 10
determine i they had contraindica-
tions to immunization. Individuals

were excluded from immunization if

they had an active infection or acule
illness, were pregnant, were receiv-
ing immmosnppressive  drugs, or
had a scrions adverse reaction o @
previous anthrax vaccine,”™ ' Those
who were medically cleared were
immunized.

Participants were immunized ac-
cording to the FDA-approved. AVA
dosage schedule that stipulates sub-
cutancons administration of the vac-
cine at O, 2, and 4 weeks and a1 6. 12,
and 18 months."™'? Records ol the
immunization, inchiding date, person
authorizing inmmunization, and fot
number, were recorded in the US
Army’s centralized Medical Occupa-
tional Data System according (o
standard DOD AVIP procedures to
assure that the correct number and
proper thning ol subsequent doses
occurred. Records were also stored
in the automated Composite Health
Care System that recovds immuniza-
tion and other patient-oriented data
at TAMC.'

The survey of reported events alter
AYA immunization was approved
by the Human Use Commitiee ol the
US Army Medical Research institute
of Infectious Diseases. Approval for
the overall project, including the co-
lort comparison of reported health
and wellness using a heahh risk ap-
praisal instrument, and the cohort
comparison of outpatient healh vis-
its and hospitalizations, was granted
by the TAMC Department of Clini-
cal Investigation. All procedures
were conducted under federal rules
for protection of research subjects™
and were without tnereased risks to
the study subjects.
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Survey of Symptoms, Severity,
and Duration After Immunization

Individuals completed a survey at
least | week, and maost often 2
weeks, after immunization, The sur-
vey instrment was adapted Trom a
US Army Muedical Research Institule
of infectious Diseases occupational
health ¢lini¢ template used to assess
events atter immunization. The sur-
vey asked explicitly abont loss of
appetite. headache, fatigue, muscle
aches, Jomt aches, itching., nausca
and/or vomiting, diarrhea, chills,
shortness of breath, and fever. Indi-
viduals indicated severily using a
symptom  severity key: “none.”
“symploms and signs can be i
nored,” “symptoms and signs all
activity but can perform anywa
“symptoms and signs affect activity,
but relieved by medication.” and
“symptoms and signs not relieved by
medication, can’t perform activi-
ties,” 11" they had any symptoms, they
listed the duration, using a duration
key: “less than 6 hours,” “7-24
hours.”™ “25-72 honrs,” or “greater
than 72 hours.™ Additional space was
provided for individuals 10 hist other
symptoms and provide comments. At
the sime time. using a sign-in rosler,
we requested information whether
they had an outpatient medical visit,
were hospitalized. or missed one or
more 8-hour shifts of work.

After the first three immuniza-
tions, additional data were collected
on localized, tnjection-site reactions
using an additional survey question-
naire. Cansequently. personnel re-
ported these additional localized
events retrospectively for the first
three inoculations. approximately 6
months after the study began (ic,
when they came in for their fourth
immunization). and prospectively
thereafter. This survey included di-
ameter ol erythenu, tendermess, itch-
ing at site. swelling below the elbow,
and “presence of a lump or knot.”
We assessed severity of symploms
using a key identical 1o that of the
original survey instrument,

o
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Data were analyzed vsing Statisti-
cal Analysis Systems (SAS) software
(SAS Institute, Cary. NC). Univari-
ale analysis and logistic regression
were performed ta determine the as-
sociation of reported symptoms with
demagraphic characteristics. Statisti-
cal significance was designated
£ < 0.05 (two tailed) and 95% con-
Ndence intervals,

Vaccine Adverse Event
Reporting System Reports

I accordance wath DODR’s guid-
ance on reporting VAERS. any indi-
vidual wha was  hospitatized. had
mare than one last duty day (24 h ar
more) alter anthrax immunization. or
had an event suspected to have re-
sulted from contamination ol a vac-
cine lot was evaluated further. Med-
ical records ol these individuals were
obinined. contact wus made  with
their medical provider, andfor inlor-
mation was obtained directly from
the patient to document the clinical
details relaed ta the event. Exeept
for events determined by a physician
ta be wnrelated to immunization, the
cvent was reported to the VAERS
program. operated jointly by the
FI3A and the Centers lor Disecase
Cantrol and Prevemion.®! Alsa,
healthcare providers were instructed
and encauraged 10 complete VAERS
reports il in their pralessional judg-
ment any cvent after anthrax immu-
nization was unexpected in nature or
severity, Inadditian, individuals who
were amnumized could alsa self-

repont directly to VAERS.,

Self-Reported Health and
Wellness at Completion of the
Vaccine Series

Soldiers stationed at TAMC were
scheduled to complete the Health
Enrollment Assessment Revicw Sur-
vey (HEARS), Version 2.1 between
May 1 and August 31, 2000. This
survey s g standardized, validated
health risk appraisal tool that the
DOD uses to provide health nsk
mformation and leedback Tor health
care beneficiaries and population-

based health assessments for health
2393 .
care planners.” = Results of the sur-
vey are alsa provided to the individ-
nal’s primary care provider. Soldiers
completed this survey privately ns-
ing a computer located at TAMC's
Health fiducatian aod Promation
Center or Schofield Barrack’s Com-
munity Health Clinie, T'rained, com
muanity healtlr nurses provided health
promotion-related feedback in a con-
fidential manner. No reference o the

anthrax vaceine was made either

acally or i written Torm during the
survey.

The HEARS contains dema-
araphc information provaded hy the
respondent regarding gender, marital
status.  highest educational  level
completed, annual towal Tamily in-
coame. and total number of children at
home, Questions regarding reported
aspects of health and welhiess were
selected Trom this 15G-question sur-
vey based on their relevance to this
praject. These questions  ncluded
sell-reported gencral health; ever di-
agnased with “chronic headaches.”
“newrologic discase,” “usthma,”
“muscle, joint or back problems,”
and “depression™; selt-reported men-
tal healthy experieneing survey-
delined levels of stress during the
past 12 months; seeing a mental
health professional during the past
12 months; expericucing serious per-
sonal or emotional prohlems during
the past 12 months: fecling down,
depressed ar hopeless, bothered by
little interest or pleasure in doing
things: and satistaction with life,

HEARS dwa from soldiers in the
TAMC cohort immunized begmning
in September 1998 were compared
with data from anthrax-wnvacemated
soldiers who ualso were ot TAMC m
Septemher 1998, This was deter-
mined by linking Social Security
nmmbers (SSNs) Tor the individuals
who completed HEARS surveys
the Delense Medical Surveillance
System (IIMSS) database. DMSS
nrovides a longiwdinal record of de-

mographic characteristics. periods of

service, locations ol assignment,
medical events, and anthrax immuni-

zation records Tor all members of the
active component al the US mili-
tary.™ DMSS is maintained by the
Army Medical Swurveillance Activity
(AMSA), US Army Center Tor
Healtlh Pramotion and Preventive
Medicine, Washington, DC. SSNs
were used lTor matching, then
praomputly deleted. Between May 1,
2000 and August 31. 2000, 3234
soldiers completed the HEARS sur-
vey. Thiree hundred and one soldiers
bzlonged to the TAMC 601 cohon
and 639 were in the unimmumzed
control graup of soldiers stationed at
TAMC in Septemher 1998 who
never received an anthrax immuniza-
tion. Data analysis was performed at
the Naval Health Research Center in
San Diego. CA. 10 assure that, even
without names, individnitls could not
be identilicd bused an their re-
sponses. thus assuring strict confi-
dentiality.

Data were amalyzeil using SAS
statstical software. Univariate anal-
ysis using Chi-square (95% conii-
dence interval, two-tailed) was per-
formed t define cohort differences
with regards 10 demographic charac-
teristics and 10 compare responses
between coharts, Stratification was
used to adjust for demographic dif-
ferences between the groups.

Cohort Study of Qutpatient
Health Care Visits and
Hospitalizations

The DMSS identilied active duty
soldicrs stationed at TAMC on Oc-
toher L, 1998, Outpatient visits and
hospitalizations in the military health
care system i this gronp rom Octo-
ber 1. 1998, through September 30,
2000, were evaluated. Up to cight
outpatient  firernational Classifica-
tient of Diseases, Ninth Revision.
Clivical Modificution (ICD-9-CM)
codes and up to four inpatient 1CD-
9-CM codes are recorded by the
[3IMSS.

Three groups were identilicd: 1)
600 <oldiers enrolled in the TAMC
survey cahort; 2) 225 soldiers who
received an anthrax immunization
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TABLE 1

TAMC 601 Cohorl: Cistribution by Age. Gender and Rank

Age Distribution of Survey Population

No. Percent Median (yrs) Mean (yrs)

Al 601 1G0.0% 28 299
Males 416 80.2% 29 303
Females 185 30.8% 27 29.0
Wilitary rank

E1-E4 203 33.8% 24 239

E5-E9 222 36.9% 31 311

01-03 11 16.8%: 30 315

Q4-C8 74 12.3% oL 11.0

St. Dev, Range (yrs)*~
7.5 17-23
74 17-61
7.3 17-583
3.7 17-37
W 20-49
6.7 18-52
6.5 32-61

*Includes ane ceplayalile Bapartment ¢f the Army civilian,
* Range 1§ mean age over enlire survey period.

outside the enrollment period: and 3)
637 soldiers who were not immu-
mzed with anthrax vaccine before
October 1, 2000, the enwfT date Tor
this study. These groups were then
categorized into Tpre-immunization”
and Cpost-immunization”™  person-
time groupings Tor unulysis. The pre-
mnnunization period consisted ol the
entire 2-year perivd in group 3 indi-
vidnals i the period Tor nklividnals
i eroup 2 preceding the date ol their
first anthrax immunization. Person—
time data for the post-immunization
period consisted ol the entire 2-vear
periadd 1 individuals i gronp 1. and
the pertod Tor individuals in group 2,
up Lo the date ol their Tist anthrax
immunization, AMSA linked SSNs
ol the individuals in the TAMC sur-
vey cabort with the DMSS database,
Rate ratios were used 10 compare
averall rates ol imbulaory visits and
hospitalizations, as well as 1CD-9-
CM-based  diagnostic groups,  be-
ween the pre- and post-immuniza-
tion periods. Specific categories of
interest were musculoskelenl (1C1)-
9-CM codes 710739 mental
1290-3193, digestive (5320-379). in-
Jury (800-999). and symploms il
detined {780-799). Rate ratios were
adjusted for age and gender by Pois-
sou regression madeling using SAS
Genmod  procedure.”® Sirict conli-
dentiality ot mechical information and
records was maintained in accor-
danee with standard AMSA proce-
dures.

Results

600 soldiers and one Department
ol the Army civilian worker began
the anthrax vaccine series between
September 12 and October 13, 1998
at TAMC. The compuosition of the
TAMC 601 cohort. characterized by
acender. rank, and age is shown in
Table 1.

Survey of Symptoms, Severity,
and Duration After Immunization

Immunizatians (1 — 3069) were
aclimnistered 1o this cohort at
TAMC. Or these. 2849 question-
naires (V3% Table 2) and 2734 sur
vevs (894 ) Tor local reactioms (Table
) were completed. Survey comple-

tton rates, delined as the mmmber of

siurveys completed divided by 601
individuals, for questivnnaires | and
2 are shown in Fig. 1. During the
2-vear survey  perikl. enrollees
dropped out because ol pregnancy.
medical exemptions, leaving the
Army. and performing dnty else
where. Some of these were tempo-
rary. Tor example, pregnancy. certiin
medical exemptions, and emporary
duty clsewhere. Many  individuals
were  transferred to other  assign-
ments, as a taur of duty outside the
contiguans United States is venerially
3 years. These mdividuals continued
to receive the anthrax vaccine at their
new location, but 1heir snrveys were
not collected wt TAMC. Others re-
tired, completed their military obh-
cation, cntered the reserves, or were

discharged within the 2-year survey
perind. Conseguently, 8% ol the
cohort completed the sixth survey,
Of 3060 immunizaions administered
at TAMC. the most comman re-
ported  post-immunizalion evenls
rom questiomunre 1, in order ol
decreasing fregnency. swere muscle
ache, Tatigne, headache, and  joint
ache (Table 2). Women in general
had slightly higher rates Tor these
reported events than men. The me-
dian duration for these reporied
events was 24 10 72 hours, with no
distinet difference by gender.
Reported localized cvents assessed
in questionnaire 2 were common
{Table 3). The presence ol a “honp
or knot™ was most oflen reparted
aller immumization, followed by lo-
calized muscle soreness. localized
ilching. and erythema greater than 3
em in diameter, The rates ol reparted
muscle soreness decreased  diring
the Tirst five impnmizations belore
slightly increasig  with the sixth
dose. The rates ol the other reported
locilized events were similur alter
each immunization, 6% ol paticnts
reported pain limiting maotion of the
¢lbow and swelling ol the lower arm.
Gender was signmificantly  corre-
Lntead wath reported localized events.
The rate ritio for women compared
to men for report ol any local reac-
tion wus 1.4 (95% conlidence inter
val; 1.3-1.5). Rawe ratios were high-
est Tor reported  locialized  pruritus
(RR: 2.3:95% CI: 2.1=2.5). lollowed
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TABLE 2

Incidence of Reported Events in TAMC 601 Cohort: Questionnaire #1

Symptom
Muscle ache

Fatigue

Hzadache

Joint ache

Loss of apoctite

Nausea and

womiting

Fever

Itching over

cntire bedy

Chills

Diarrhea

Shortness of
breata

Severity
No sympioms
Symptems can be igrored
Symptoms affect activity but can still perform
Symptoms afiect activity, relieved by medicaticn
Symptoms not relieved by medication. canncl perform
No symptoms
Symptoms can be ignored
Symptoms affect activity but can still perferm
Symploms affect activity, relieved by medication
Syinplems not relieved by medication, cannot perform
Na symptoms
Sympioms can be ignored
Symptoms affect activily but can still perform
Sympiloms gitect acteaty, relieved by mecication
Symptoms nol relieved by medicalion, cannet perdorm
No symploms
Symptoms can be ignored
Symptoris affect activity but can still perform
Symptoms affect activity, relieved by medication
Syniptoms nct relieved by medication. carnol perferm
No symptems
Symplonts can be ignored
Symplams affect activity hut can still perferm
Symptems affect activity, relieved by medication
Symptoms not relieved by medication, cannot perform
No symptoms
Symptoms can be ignored
Syriptoms afiect activity but can still perform
Symptoms affect activity, relieved by mecication
Symplorns not relieved by redication, cannot parform
No sympioms
Syinptems can be ignored
Symptoms affect aclivity out can still perform
Synmptoms affect activity. relisved by meadication
Symptoms not relisved dy medication, cannet perform
No symptoms
Symptems can be ignored
Sympioms aficct activily but can still pertonin
Symptomns aifect aclivily, relicved by medicaticn
Symptems not relieved by medication, cannet periorm
No symptoms
Sympioms can be ignored
Syrptoms affect activity but can still perform
Symptoms affect activity, relleved by medication
Symplams net relieved by medication. carnot perform
No sympioms
Syinplems can be ignored
Symptoms affect activity but can stili perform
Symptoms affect activity, relieved by medication
Symptoms nos relieved by medication, cannot perform
No synmptoms
Symptoms can be igrored
Symptoms affect activily but can still perforim
Symptoms gfect aclivty, relieved by medication
Symptoms not relieved by medication, cannot perform

Frequency

Male Female

1177 445
338 134
316 140
130 102
43 23
1574 537
159 86
182 139
65 66
24 17
1662 470
137 69
106 89
71 96
28 21
1677 G656
119 51
15 70
&5 56
28 12
1876 718
74 56
36 46
15 21

3 4
1896 727
48 38
35 41
12 27
12 12
1816 766
44 1
20 28
21 38
3 2
1914 756G
41 30
32 29
8 25

9 5
1911 768
35 22
37 27
16 21

5 7
1928 803
33 7
22 14
15 2
1 7
1947 8C5
23 9
20 18

8 11

6 2

Percent {95% Contidence Intcrval)

Male

58.7 (56.5. 60.9)
18.8(15.2. 18.5
15.8(14.1. 17.4}
6.5(5.4. 7.6)
22{1.5.2.8)
78.5 (76.7, 60.2)
79(6.7.8.1)
9.1 (7.8, 13.9;
32 12.5. 6.0
1.2i07,1.1)
82.981.3, 81.6)
6.5(5.7, 8.0)
5.3 (4.3, 6.3}
3.5(2.7. 4.9)
1.4 {0.9. 1.9}
83.7 82.0, 85.3
5.0104.9,7.0
5.714.7,6.81
3.21(2.5, 4.0)
1.4 (0.8, 1.9)
93.6{92.5, 94.7)
37 (2.9, 4.5)
1.8{1.2, 2.4)
0.81{0.4. 1.1)
0.2 {0.0.0.3)
94.6 (93.6, 95.6
24 (1.7,3.1)
1.811.2, 2.4)
0.6103, 0.9)
0.6(0.3,09)
5.6 (92.7, 95.5)
22(15,2.8)
1.010.6, 1.4)
1.1{06. 1.5}
0.2 {0.0. 0.3
95.5 (94.6. 96.4)
2.1(1.4.2.7
1.6(1.0.2.2)
0.4(0.1.0.7)
0.5{0.2, 0.8)
95.4 (94.4, 96.3;
1.8(1.2. 2.3}
19 (1.2, 2.5)
0.8(0.4.1.2)
0.3(0.0,0.5)
96.2 (95.4, 67.1)
1.7(1.1, 2.9
1.1{0.8. 1.6)
0.8 (0.4, 1.1)
0.30.1,0.5)
97.2(96.4, 97.9)
1.200.7, 1.6)
1.0{0.6, 1.4)
0.4{0.1. 0.7)
0.3(0.1. 0.5)

Femate

52.7 149.4, 56.2)
15.9{13.3, 18.4)
16.6 (14.0, 19.1)
12.1 (9.8, 14.3)
2.7{1.6.3.8
63.6 {80.4,66.9)
10.2 (8.1, 12.3)
16.5110.4, 19.0)
7.80(3.0,8.7
2.0(1.7,3.00
67.5(64.2, 7C.7)
8.2{6.3, 10.1)
10.5(8.4, 12.8)
11.4{9.2. 13.9)
2.5{1.4.3.8)
77.6({74.8, 80.9)
6.04.4.7.7)
83(64,102)
6.6{49, 83
1.4(0.6, 2.2]
85.0(82.5, 87.4)
6.6(4.9.8.3)
54 (3.9, 7.0
2.5(1.4,3.6)
0.5 (0.0, 1.0
86.0(83.7. 88.4)
4.5(3.1.5.9)
4.9(3.4. 6.3
3.2{2.0. 4.4
1.4{0.6.2.2)
90.7 (88.7, 92.7)
1.3i035.2.1)
3.3{2.1,.48)
4.5{3.1.5.9
0.2 (0.1, 0.G)
89.5(87.4, 91.G)
3.612.3, 4.8]
3.4(22. 47
3.0(1.8. 4.1)
0.6{0.1,1.1)
90.9 (88.9,92.9)
26(1.5.37)
3.21{2.0,4.4)
2.5(1.4, 3.6]
0.8(0.2, 1.5}
©5.0 {93.5, 83.5}
0.8 {0.2. 1.5}
1.7 {0.8, 2.5)
1.7 (0.8, 2.5)
0.8 (0.2, 1.5)
95.3 (93.8. 96.7)
1.1(0.4, 1.8}
2.1{1.1.3.1)
1.3§0.5.2.1)
0.2 (0.1, 0.6)
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TABLE 3

Incidence of Reported Local Evenis in TAMC 601 Cohort: Questionnaire 42

Symptom

Lump or “knot”
Male
Female
fuscle soreness
Male
Female
Localized itching
ktale
Female
Redness
Male
Female
Pain that limils motion of elbow
tale
Female
Swelling of lowwer arm
Iiale
Female

=5 cm

#1 #2 43
63.9% 63.9% 59.8%
90.6% 87.3% 81.0%
66.0% 63.3% 61.4%
79.7% 76.6% 69.6%
25.3% 25.5% 242%
61.4% 59.5% 56.3%
16.6% 18.2% 15.2%
41.1% 41.1% 42.4%

9.8% 8.7% 7.6%
17.1% 13.3% 11.4%
10.1% 9.5% 9.2%
12.7% 13.3% 12.7%

#4 45 46
65.2% 55.6% 59.0%
92.8% 83.2% 89.0%
60.2% 49.8% 52.4%
65.2% 56.1% 61.0%
27.2% 30.3% 30.5%
68.1% 60.7% 59.8%
22.8% 21.7% 21.0%
42.0% 37.4% 42.7%

7.9% 5.8% 5.2%
10.9% 7.5% 8.5%

6.7% 5.8% 9.5%
12.3% 5.6% 11.0%

Queslionnaire Numbrer 1

100%
80%

o_
T

60%

40% . I 9
20% 2%
0% 0%

#1 #2 83 #4 #5 86 =z

Questionnaire Number 2

42 8] B4 25

Bt Service

| uty timwhers
QOTer, Sonnesical
QOTer, Vednal Bramsosn
iFreararay

mIune s Campleted

86
”

Fig. 1. Survey complction rates Lor questionmaire | and 2 i TAMC 601 cohon

by redness ﬂrcalcr than 5 em
thameter (RR: 2.2: 95% CI: 1.9

2.5), pain limiting motion of elbow
(RR: 1.6: 953% Cl: 1.2-2.0). fump
or knot (RR; 1.42; 95% Cl: 1.4

1.5). wwcllin" ol' the lower arm
(RR: 1.4 - Clo 11=1.7), and
nisele soreness (RR. 1.2; 95% C1:
1.1-1.2). Logistic regression anal-
ysis using each type of loeal event
as the dependent variable, and gen
der (F:M), age (<X30: =30 vears),
and immunization grouping (doses
4-06: doses 1-3) as independent
variables, demonstrated the stron-
gest statistical association between
cuch localized event and gender,
vith less effect due to age or im-
munization grouping. That is. the
odds ratios in the univariate analy-

sis of localized events associated
with gender were unchanged in the
final fitted model ol the multivari-
ate analysis.

On average, after each immuniza-
tion, 3.9% of the men and 5.8% of
the women reporied that they could
not perform one or more of their
normal duties iempaorarily because of
an event. Muscle aches, followed in
Irequency by headaches, joint ache.
and Tatigune agiin were the most
common reporled events alfecting
performance of duties (Table 4).
Rates of performance impairment
overall were highest after the first
immunization (6.0% male. 12.2% fle-
male), and decreased during the sec-
ond immunization with reports pri-
marily of muscle aches and joint

iches. Observable trends by immu-
nmization dose thereatler were unre-
markable.

VAERS Reports

There were five events reported to
VALRS from a wotal ol 3069 immu-
mizations administered. The medical
information is summarized as fol-
lows:

o A 35-year-old male developed
myalgias, upper extremity motor
weakness, and tremors beginning
4 days after his scecond tmmunniza-
tion. His serum creatinine phos-
phokinase was above 1000 mg/dL.
This condition resolved ulter treat-
ment with prednisone and has not
recurred.
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TABLE 4

Incidence of Reported Events in TAMC 601 Cohort members Who Reported They Could Not Perform All Activities

#1 #2 #3 #a #5 #6

Any eveni—malg” 6.0% 2.9% 2.7% 2.4% 4.0% 3.4%
Any eventi—fernale’ 12.2% 5.6% 3.8% 5.1% 1.9% B.1%
ruscls aches 41% 3.1% 1.3% 1.7% 1.0% 1.7%
Faugue 2.9% 1.4% 0.5% 1.1% 0.8% 1.7%
IHeadache 31% 1.4%: 1.3% 11% 1.86% 1.7%
Joint aches 26% 1.5%: 0.8% 1.1% 0.8% 1.0%
Loss cf appetite 0.3% G.3%: 0.2% 0.4% C.0% 0.0%
MNausea cr vomiting 1.4% 1.2% 0.6% 0.4% 0.8% 0.3%
Fever 0.2% 0.0% 0.0% 0.4% 0.3% 0.3%
Itching over entire body 0.7% C.7% 0.4% 0.0% 0.3% 1.0%
Chills 0.9% 0.3% 0.0% 0.5% 0.3% 0.3%
Ciarrhea 0.7% 0.7% 0.0% 0.4% 0.5% 0.3%
Shertness ot breath 0.5% 0.0% 0.4% 0.2% 0.3% 0.3%

* Individuals vith at least one reported even: {aver 11 passible symotoms counting only once per individual for each inmunization).

TABLE 5
HEARS Study: Characterization of the AVA-immunized and Unimmunized TAMC
Cahoris
TAMC 601 Cohort Unvaccinated Cohort
n Percent n Percent
Entire cchont 301 100.0% a3s 100.0%:
Gender
Male 218 63.1% 2388 57.6%
Female 95 30.8% 271 42.4%
Age
w30 153 49.2% 248 38.8%
30 158 50.8% 391 61.2%
Martal Status
Single, never marned 48 18.1% 148 21.9%
Married 228 74 8% 452 G7.9%
Divorced 31 10.2% 85 10.2%:
Education
High school 163 52.4% 163 25 5%:
College 92 29.5% 151 23.6%
Postgraduate 56 18.0% 325 50.9%
Total anruzl heusehold income
:$25.000 83 26.8% 113 17.8%
$25,000-850,000 131 42.3% 196 30.8%
$50,000C 1 a5 31.0% 327 51.4%

A 32-yeur-old nale with a history
of sarcoidosis  developed  chest
pain, dyspnea, arthralgias, myal-
aias, fever, and chills shortly after
his second immunization, This re-
solved after 3 to 4 days.

A 38-year-old lemale developed
pruritic swelling encireling her up-
per arm and most of her forearm
alter the second  immunization,
This resolved  without interven-
tion,

A d0-year-old male noted inter-
mittent fusciculations, numbness,

and tingling of his right arm in the

distribution ol the medial cord of

the right brachial plexus. His se-
rum creatinine phosphokinase was
unremarkable as were his electro-
myography and nerve conduction
velocities. His symptoms began 6
weceks after his third immunization
and resolved without intervention.
o A 23-wyear-old female  demon-
strated clinical and magnetic reso-
nance imaging findings consistent
with an inflammatory demyeling-
tion discase approximately 1 week

after her fourth immunization. She
now has a diagnosis of multiple
sclerosis,

Self-Reported Health and
Wellness at Completion of the
Vaccine Series

The HEARS survey responses of
the TAMC 601 cohort and the un-
immunized cohort, both of whom
completed this survey between
May 1 and August 31, 2000, were
compared. Characterization of the
two groups by gender. age, maritl
status, education, and total annpal
houschold income. as reported in
the HEARS survey. is shown i
Table 5.

Responses (o cach question were
not statistically ditferent between the
two groups (Table 6). Because of the
variability in demographic character
istics between the cohorts, relative
risks were subsequently compared
stratilying the survey results individ:
ually by gender, age. marital status,
education, and total annual house-
hold income. The only association
that wirs renmrkable fin this compar-
ison of 26 indicators and 13 demo-
araphic variables (within live demo-
araphic categorics) wis that wounen
in the immunized cohort were more
likely 1o report that their gencral
health was “poor or lair”™ compured
with the mnimmunized cohort (RR
4.3:95% CL: 1.3-15.1). The report of
poar or Tair health occurred o six of
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TABLE 6

Comparison of Responses to HEARS Survey Questions in AVA-immunized and Unimmunized TAKMC Cohorts
HEARS Questions
General heaith as “Very Good 1o Excellent”

General health described as "Gooed”

General heaith describaed as "Pocr 1o Fair'

Diagnosed with “Chronic Headaches'
Diagnosed wilh "Neurologic Disease”
Diagnosed wilh “Aslthma”
Diagnosed wilh "Arthrilis™

Diagnosad with “Kuscle, Joint, or Back Problems™

Diagnosed with "Depression”

Mental health described as “Very Good 1o Excellent”

Mental heaith described as "Gooed”

tental health described as "Poor 1o Fair”

Experience "Lots of Stress" pasl 12 months

Expericnce "Mederate Stress” past 12 months

Experience "Littlc to No Stress” past 12 months

Saw mental health professional past 12 months

Had serious persongl cr emolional problems past 12 months
Ofien bolhered by feeling down, depressed, or hopeless
Somelimes bolhered by feeling down, depressed, cr hepeless

"

Seldom or “Newver

bothered by feeling down, depressed, or hopeless

Oiten bethered by litlle interest or pleasute in doing things
Sometimes bothered by little interes] or plaasure in doing lthings
Seldom or “Never” bethered by litlle interesl or pleasure in doirg things™

Nol Satistied with my life
Somewhat Satistied with my life

“NMosliy™ or "Toally”™ satisfied with my kfe

Ratio Ratio 95% Cl
0.82 0.86-1.00
1.20 098-1.72
1.58 0.67-3.71
1.21 0.77-1.90
1.05 0.35-3.04
1.12 0.69-1.83
0.84 0.50-1.43
1.00 0.76-1.33
0.97 0.61-1.54
1.02 0.97-1.C8
0.78 0.52-1.18
1.40 0.58-3.39
1.01 0.88-1.17
099 0.86-1.13
1.31 1.00-1.71
1.15 0.78-1.71
1.1 0.77-1.60
1.36 0.69-2.70
1.00 0.67-1.50
0.99 0.93-1.04
1.37 0.69-2.71
1.40 0.90-2.18
0.95 0.90-1.01
1.47 0.75-2.87
1.33 0.98-1.82
0.93 0.86-1.00

91 women (6.6%) in the immunized
cohort. compared with Tour ol 264
women (1.5%) in the non-intmn-
nized cobort. Otherwise. there were
no notable trends or associalions.

Cohort Study of Qutpatient
Health Care Visits and
Hospitalizations

Rate ranios comparing rates ot out-
paticnt visits andd hospitalizations n
the pericdd belore the first anthrax
immunization {or po immunization)
with the raie of owpanient visits and
hospitalizzuions in the period alter
the first immuanization, both unad-
Justed as well as adjusted for age mul
gender are shown in Fig. 2. The rate
ratio lor outpatient visits Tor mental
health was lower in the innnunized
versus unimmunized cohorts and
was statistically  signilicant (RR:
(.76: 95% Ct: 0.7-0.9. unadjusted:
RR: 0.82: 95% CI: 0.8-0.9, adjust-
ed). Onherwise, rate ratios were un-
reminkable.

We also compared rates ol leaving
acive Army service between  the

TAMC 601 cohort and the TAMC
unimmunized cohort (group 3. meth-
ods) and pored that rates ol discharge
were 1.7 times higher in the non-
immunized control group compared
10 the TAMC 601 cohort. Numera-
tors for these rates were delined as
soldiers who voluntarily lelt the ac-
tive Army, were separaied due to
medical or admimstrative causes, or
retired.

Discussion

Assessments of four distinet health
cire ouicomes were nsed 10 charac-
terize potential adverse events in 601
conseentive healtheare personnel im-
munized with AVA at TAMC. Short-
term outcomes were assessed using
(wo survey questionnaires ol self-
reported events that oceurred alter
AVA immunization and VAERS re-
ports of more serious events lempo-
rally associated with AVA immuni-
zation. longer-1erm outcomes ol up
o 2 years were assessed by compar-
ing reported health information from
a standardized healih appraisal in-

strnment as well as rates of outpa-
tient visits and hospitalizations in
imimmnnized and non-immunized sol-
diers.

Locatized reactions, including er-
vihema, local tenderness, subcutane-
ous nodules, and localized itching,
were commonly reported and oc-
curred more olten in women than
men. This is consistent with other
surveys that evaluated events by gen-
der.”* 7" Systemic events. such as
fatigue, headache. and arthralgias,
were less commonly reported than
localized events. consistent with
other studies.'"***** and were re-
ported more often in women than
men.” " Events occasionally re-
sulted in brief limitation of activities.
which also occurred more commonly
in women than men. The Institute ol
Medicine™ concluded that the types
of local and systemic reactions asso-
cited with AVA and the rates at
which they were observed are com-
parible to those observed with other
vaceines regularly administered to
adulis, such as diphiberia and 1etanus



cines. ™ M Most vaccine siudies
have not compaced post-immunizi-
tion events by gender. hut those that
have generally Towd higher rates off
lacal reactions amaong wormen with
similar rates ol systemic reactions in

IN X ege .
both sexes. ™ The Faetors aeconnt-
g lar sex dilterences are nat
known.

VALERS did not reveal any wends
cither by themselves or in the
broader scope of the VAERS.™
These individwals were medically
excapted Tremn further immuniza-
tion. ulthough the 32-year-old soldicr
with the history ol sarcoidosis asked
10 be given the vaecine weain ind had
no further significam side ellects.

230 Anthrax Vaccine Evaluation In An Army Medical Center Cohort » Wasserman et al
. , .. . Qurpaticnt Visits: Rate Ratio Adjusted for Age und
Qutpatient ¥isits: Rate Ratin 2
Geader
2 . 2 ,
e ] { e
- . 3 o
13- ! ~ . =
IR o ol S R s e 1 —— b=
] ] k4 2 ¢
0] 5 (]
& & & 3 S - & & S & %
_:X > ‘\6@ 0&6 ‘\¢é\ °é¢ 06\ Qé& \.&‘} ‘\‘9\0 ébé 4‘9‘\96& c>a¢ &‘Qo oi@
%é\ \9\" 0.“’ X 4‘;’ Q‘}" %‘b g & & d < * Q2 Q‘.’\" -%‘b 99%
S @ <& ES > L 3 o & 5 S O
N ¥ & & £ & & R 2 & & & & N
» 37 S & s° & o° o X S o7 o
3© $° & 9o \?d & $ N 3 ) Q ,?C\ <& &
@ 04,0 & r:,\ &‘bg % \560 S & b\’&
&8 A < & o oY
o‘o «® g & ¥
P O Figure 2 & ?s\o
‘5§ v =)
ICO9-CM Code Group Classification ICD-9-CN Cende Group Classilicatinn
e . Ios pitalizations: Rate Ratio Adjusied for Age and
Hospitalizalions: Rate Ralio onaer
3 3
T .
2 = ) 2 ¥ [
'.E.. T '_g ¢
= - & T
e ! &
< g .
| * . ¢ 1 T i [
t |
[ ] | t !
B = L
03 B 0
o - IS & ) IS
g & & & # g ® 3¢ 5 9'@@ é‘og & &
R ST SR A N
[ a0 Q N » e 0G4 AU 3 Q N )
< \"& & & & > o > N & o d & i
\'e& & @9@ & P\ 3 o"'b ‘p«& 5 & & & a,’o 0‘,\@
N & 9 § & 5 & P ¥ o8 < 'S
K « & &% o \(\\} o8 &
> X Y N 3 &
& & (3 & & <
S &
& @\ & N
%\ N
L)
WD AEM Cudde Gronp Classification 1C0-9.¢M Code Group Classification
Fig. 2. Rawe rehios of coipanent visits and bospitalizantoss lar AV A-ismmunized and unimmunized TAMC caharis
taxoids  und  lluenza vac- The Tive cases weported o the  Only the 38-year-old soldier with the

lurge local reaction hadd an event that
could be unequivocully attributed w
immunization, The others had van-
ing degrees ol associated uncertainty
and  possible attribution 1o causes
unrclated o anthrax vaecine. The
passibility of complex interactions is
also present. For example, the 2%
year-old soldier with evidence ol an
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inflammatory demyelinating discase
may have had Latent multiple sclero-
sis before immunization, but immu-
nization may have facilitated wn-
masking the symptoms. Al five
cases were reported to the VAERS
because the goal of the VALERS is to
cast a wide net and capture any
significant sentinel events that might
be attributable o the anthrax vac-
cine.”* These events can then be
evilnated  epidemiologically using
population <databascs, such as
DMSS. to determine the strength of
association for these events in immu-
nized and mrimmunized cohorts and
investigate a potential causal refa-
tionship."™* At present. only local-
ized events reported 10 VAERS are
known to be causally related to im-
munization with AVA '

Self-reported health and wellness
indicators using the HEARS health
risk appraisal instrument enabled us
1o compare another dimension of
health ontcomes between immunized
and non-immunized sokhers. Fvalu-
ation of 26 key health indicators did
not reveal any significant difterences
between immunized and non-immu-
nized cohorts. Availability of infor-
mation on age. gender, education,
and family income allowed us to
ivestigate demographic subpopula-
tions 1o determine it we could dis-
cern any significant ditference in re-
ported  health  between  the
mmunized and non-immunized co-
horts. The only statistically signifi-
cant association in this entire analy
sis. a report of poor or fair health
occurred n six o 91 women (6.6%)
mn the immunized cohort compared
with four of 264 women (1.5%) n
the non-immunized cohort, may be
due o a statistical anomaly  with
multiple comparisons using £ <2 0.05
as a cutoll. 'the association, on the
other hand. may be valid, with im-
munization a confounder or suro-
gate for deplovability that is consid-
ered a areater chaltenge for women
than men, particularly those who
have children.

We compared rates of outpatient
visits und  hospitalizations  hetween

immunized and non-immunized sol-
diers who were stationed at TAMC
on | October 1998 using tC1-9 CM
diagnostic groups. In our analysis.
rate ratios for categories ol outpa-
tient visits and hospitalizations for
immunized versus non-immunized
TAMC soldier coborts were unre-
markable. even alter adjusting for
age and gender. Comparing diagnos-
tic categories, only outpatient mental
health visits were statistically signif-
icint (P <2 0,05) with rates lower in
the immunized cohort,

The AMSA evaluates rates of out-
patient visits and hospitalizations ty
ICD-9 CM diagnostic groups period-
ically 10 identily any population-
based wrends i vaccine-related
events, Events identified by VAERS
or excess of outpatient visits or hos-
pitalizations in a relevint diagnostic
category would prompt an epideni-
ological analysis ol specific discase
entities using a population databuse,
for example. the DMSS and Naval
Health Research Center (NHRC) da-
tabases. ™ o date, no significant
clevations have been ilentificd. after
adjusting tor multiple comparisons.

The nse of four distinet study de-
signs in this analysis helped 1o bal-
wmice limitations of each, while con-
tributing their own  inherent
strengths, Active surveillanee  wiis
used in evaluation of events occur-
ring afler immunization, which may
account for higher rates ol reported
events than studics using passive sur-
veittance.' 7% Surveillance cov-
ered the entire series of six immuni-
zations in contrast 1o other
popntation-bised studies. but routine
changeover in personnel in the active
duty Army contributed significantly
1o dropout rates. A comparison of
rates tor soldiers leaving active
Army service in this cohort indicated
that immunized soldiers were much
less likely to leave than unimmu-
nized soldiers.

The surveys lacked a control
gronp hecanse a placebo group was
considered unethical for indivicuals
needing AVA to protect them trom
enemy use of weaponized anthrax.
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This could account in part Tor higher
rates of reported side effects in sur-
veys™ ™ compared with the only
controlled trial done to evaluate an-
thrax vaccine side-effects.'’ Individ-
uals” reporting ol events are subject
to observational bias, as well as mis-
interpretation of the questionnaire.
Muscle aches on the first question-
naire were designed 10 identity sys-
temic complaints of myalgia. yet we
learned well into the study that these
were almost always interpreted as a
localized reaction by those sirveyed.
The absence of a control group and
biases associated with patient selt-
reports does not enable ns 10 aceu-
rately quantify the attnbutable rate of
adverse events. Although sensitivity
is high for detecting acnte cvents
after immunization, particularly any
serious anes. specificity is low due 1o
misattribution ol evenis o antbrix
immunization. Nonetheless, surveys
are useful for dentitying trends and
potentially serious, acute  adverse
CVeIls,

The VAERS analysis facilitated
identilication of potentially serious
sentinel events, which could subse-
quently be evaluatel using  laree
papulation databases like DMSS. By
itself. VALERS has limited uiihty due
10 concerns associated with variabil-
ity ol reporting, determination of sig-
nificance. and interpreting whether
events are related to the anthrax vac-
cine.™® Only the report of a large
localized reaction could be defini-
tively attributed 10 AV A-immuniza-
tion, and this event resolved without
nilerventon.

The two-arm cohort study of re-
ported heatth and wellness using a
standardized health risk appraisal -
strument was particularly  valuable
because the data were nested and
were not binsed by knowledge ot its
potential use in this study by survey
recipients. The use of a control
group, as well as the ability 1o strat-
iy vsing numerous relevant demo-
graphic variables, was an additional
strength. Use of multiple compari-
sons, however, can rednce the level
of specilicity for detecting o statisti-
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cally significant association, unless
the P value is reduced. A potential
weakness. charactenistic of this type
ol survey, relates to the validity ol
responses provided by recipients and
their unilormity in inerpreting ques-
lions. This would be minimized il
non-dilTerential bias between cases
and controls occurred.

The three-arm cohort study of out-
patient visits and haospitalizations
benenits Trom having a reasonable
control group that can be adjusted for
age and gender. Bias due to the
healthy worker effect is potentially
present. Availability of a relevant
control group counters the problem
noted using surveys that lack a con-
trol group in assessing attribution ol
adverse vaccine eveuts resulting in
oulpatient visits and hospitalizations,
Diagnostic categories and not indi-
vidual diagnoses could be evaluated
because ol the statistical require-
ments with sample size. DMSS is
currently using larger populations to
cviluate both disease categories and
specilic discases. ™™ Analysis of
outpatient visits and hospitalizations
would not accurately detect mild ad-
verse events, although this is bal-
anced by our utilization ol post-
immunization surveys.

It is important to study effects ol
AVA-immunization in other groups,
as has been done''702% 03¢ ha.
cause ol inherent uncertainties of
generalizing reports from medical
personnel 1o other population groups.
A hospital staff cohort may display a
potentially greater sensitivity for de-
leeling post-immunization events, in-
terpret events difTerendy 1han the
general public, has different occupa-
tional exposures. and has greater ac-
cess o health care. Based on the
aggregate analysis of studies there is
e indication of serious adverse
health effects at present.

A recent pilot study showed that
intramuscnlar administration ol
AVA eliminated most of the injec-
tion site reactions noted with this
vaceine. In addition, two doses ol
AVA administered 4 weeks apart
were ds immunogenic as three doses

over 4 weeks at peak.”” The CDC is
currently condueting a large pivotal
study to confirm 1hese results. Intra-
muscular administration and lewer
doses of AVA, if shown 1o be sale
and elfective in this trial, would only
improve the benelit/risk ratio.

The findings of this study support
the relative reactogenicity of AVA
immunization but do not reveal any
serious adverse events or ellects om
health. This is consistent with other
published studies.">™ This strongly
supports a benefit/risk ratie in favor
of using AVA for DOD service
members, particularly those de-
ployed to high threat areus. The set
of studies reported Trere identified no
rationale Tor delaying protection of
service members deploying to high
risk areas who face the threat of
acrosolized anthrax.
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