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A broad range of health effects in a cohort of 601 health rare 
personnel, immunized with anthrax vaccine adsorbed (AVA) a\ a 
military occupational health requirement, were assessed to evaluate 
adverse events both qualitatively and quantitatively. Active surveillance 
showed that localized reactions were common and occurred more often in 
women than men. five patients were reported to the Vaccine Adverse 
Event Reporting System, hut only one event could he definitively 
attributed to immunization, a large localized reaction. Two separate 
cohort studies, one using nested data from a standardized health risk 
appraisal instrument and the other comparing rales of outpatient visits 
and hosp/lal/zalions, did not reveal significant differences between 
\\ \-immunized and unimmunized individuals. Our findings suggest 

that AVA is relatively reactogenic hut do not indicate serious adverse 
health effects due to immunization. (J Occup Environ Mod. 2001; 
45:222-237) 
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S. State Department and Department 
of Defense (DODt intelligence docu- 
ments and reports indicate that future 
deployment of biological agents by 
l'o:v:gn militaries or terrorists is like 
ly.' •' I hese agents are relatively inex 
pensive, are easy to mass produce, are 
easily \veaponi/ed. stay active over 
many years, and can be dispersed by 
wind over vast areas. At least 12 na- 
tions have acquired or are trying to 
acquire biological weapons. The 
former Soviet Union stored more than 
30 metric tons of Bacillus anthracis 
spores in some of their 52 bioweapons 
program siics. Their effectiveness was 
demonstrated during an unintentional 
release of a cloud of anthrax spores al 
Sverdlovsk in 1979. Al least 68 citi- 
zens died downwind from the she. 
Iraq also produced weapons containing 
biological and chemical agents, includ- 
ing at least 42 tons of concentrated 
anthrax spores. At the end of 1990, 
according to Iraqi statements. 25 
SCUD/Al-Hussain missiles, each 
carrying 145 L of agent, were ready 
for use \ireran aerosolized spraying 
and R400 bombs were also avail- 
able.2'"• In the United States, an- 
thrax spores distributed in ihe mail 
led to 12 confirmed or suspected 
cases of cutaneous anthrax and 11 
confirmed cases of inhalational an- 
thrax, five fatal, in late 2001.'" He- 
cause of the known threat, the DOD 
initiated a program it) immunize mil- 
itary personnel as an occupational 
health requirement under DOD's 
Force Health Protection Program.'1 

Anthrax vaccine adsorbed (AVA). 
licensed by the Food and Ding Ad- 
ministration (FDA) in 1970. was de- 
termined to be safe and effective in 
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studios HI wool mills, where this 
disease had been an occupational 
hazard."" ' Postmarkeling surveil- 
lance and llic Vaccine Adverse Pvent 
Reporting System (VAERS) did not 
demonstrate either a significant trend 
or any unusual character of poten- 
tially serious side effects after licen- 
sure.1' :< Anecdotal comments by 
service members who received this 
vaccine in 1998. however, under the 
DOD's Anthrax Vaccine Immuniza- 
tion Program (AVIP), suggested that 
perceived side effects might be more 
frequent or more severe than had 
been reported in previous studies. 
We performed this study to actively 
survey adverse events in a defined 
medical staff cohort who were to be 
immunized in the context of routine 
military occupational medicine re- 
quirements. 

Methods 
Health care personnel stationed at 

Tripler Army Medical Center 
: I'AMCi and al Schofield Barracks 
Health Clinic. 15 miles away, who 
started the anthrax vaccine series be- 
tween September 12 and October 16. 
1998. were enrolled in the project. 
TAMC is a 229-bed tertiary care 
hospital and ambulatory care center 
in Honolulu. Hawaii. Schofield Bar- 
racks Health Clinic is TAMC's larg- 
est primary care clinic, serving sol- 
diers and families in the 25lh 
Infantry Division. All individuals 
traveling to or potentially deploying 
to countries determined by DOD's 
operational risk assessment lor expo- 
sure to weaponi/ed anthrax were im- 
munized according to standard DOD 
policy. The dates of enrollment cor- 
responded with the immunization of 
soldiers in the Korea Medical Aug- 
mentee Program, individuals who 
would deploy to Korea if war re- 
curred. 

All were immunized with AVA 
(BioPOfl Corporation. Lansing. MI) 
in accordance with DOD AVIP re- 
quirements and procedures. The only 
additional requirement was for the 
individual to complete a survey 1 to 
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. 

Vaccinees registered at the immu- 
nization clinic, were offered infor- 
mation regarding the anthrax vac- 
cine, anil were interviewed to 
determine if they had contraindica- 
tions (o immunization. Individuals 
were excluded from immunization if 
they had an active infection or acute 
illness, were pregnant, were receiv- 
ing immunosupprcssive drugs, or 
had a serious adverse reaction to a 
previous anthrax vaccine.'x Those 
who were medically cleared were 
immunized. 

Participants were immunized ac- 
cording to the PDA-approved. AVA 
dosage schedule that stipulates sub- 
cutaneous administration of the vac- 
cine at 0, 2. and 4 weeks and al 6. 12, 
and 18 months.181" Records of the 
immunization, including date, person 
authorizing immunization, and lot 
number, were recorded in the US 
Army's centralized Medical Occupa- 
tional Data System according to 
standard DOD AVIP procedures to 
assure that the correct number and 
proper timing of subsequent doses 
occurred. Records were also stored 
in the automated Composite Health 
Care System that records immuniza- 
tion and other patient-oriented data 
at TAMC.1" 

The survey of reported events after 
AVA immunization was approved 
by the Human Use Committee of the 
US Army Medical Research Institute 
of Infectious Diseases. Approval for 
the overall project, including the co- 
hort comparison of reported health 
and wellness using a health risk ap- 
praisal instrument, and the cohort 
comparison of outpatient health 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'1" 
and were without increased risks to 
the study subjects. 

Survey of Symptoms, Severity, 
and Duration After Immunization 

Individuals completed a survey al 
least I week, and mosi often 2 
weeks, after immunization. The sur- 
vey instrument was adapted from a 
US Army Medical Research Institute 
of Infectious Diseases occupational 
health clinic template used to assess 
events after immunization. The sur- 
vey asked explicitly about loss of 
appetite, headache, fatigue, muscle 
aches, joint aches, itching, nausea 
and/or vomiting, diarrhea, chills, 
shortness of breath, and fever. Indi- 
viduals indicated severity using a 
symptom severity key: "none." 
"symptoms and signs can be ig- 
nored." "symptoms and signs affect 
activity but can perform anyway," 
"sv mploms and signs affect activity, 
but relieved by medication." and 
"symptoms and signs not relieved by 
medication, can't perform activi- 
ties.'" Ifihey had any symptoms, they 
listed the duration, using a duration 
key: "less than 6 hours." "'7-24 
hours." "25-72 hours." or '"greater 
than 72 hours." Additional space was 
provided for individuals to list other 
symptoms and provide comments. At 
the same time, using a sign-in rosier, 
we requested information whether 
they had an outpatient medical visit, 
were hospitalized, or missed one or 
more S-hour shifts of work. 

After the first three immuniza- 
tions, additional data were collected 
on localized, injection-site reactions 
using an additional survey question- 
naire. Consequently, personnel re- 
ported these additional localized 
events retrospectively for the first 
three inoculations, approximately 6 
months after the study began (ie, 
when they came in for their fourth 
immunization), and prospeclively 
thereafter. This survey included di- 
ameter of erythema, tenderness, itch- 
ing at site, swelling below the elbow, 
and "presence of a lump or knot." 
We assessed severity of symptoms 
using a key identical to that of the 
original survey instrument. 



224 Anthrax Vaccine Evaluation In An Army Medical Center Cohort • Wasserman et al 

Data were analyzed using Statisti- 
cal Analysis Systems (SAS) software 
(SAS Institute. Cary. NC). Univari- 
ale analysis and logistic regression 
were performed to determine the as- 
sociation of reported symptoms with 
demographic characteristics. Statisti- 
cal significance was designated at 
P < 0.05 (two tailed) and 957c con- 
fidence intervals. 

Vaccine Adverse Event 
Reporting System Reports 

In accordance with IX)D"s guid- 
ance on reporting VAERS. any indi- 
vidual who was hospitalized, had 
more than one lost duly day (.24 h or 
more) after anthrax immunization, or 
had an event suspected to have re- 
sulted from contamination oi a sac- 
cine lot was evaluated further. Med- 
ical records of these individuals were 
obtained, contact was made with 
their medical provider, and/or infor- 
mation was obtained directly from 
the patient to document the clinical 
details related lo the event. Except 
for events determined by a physician 
to be unrelated to immunization, the 
event was reported 10 the VAERS 
program, operated jointly by the 
FDA and the Centers for Disease 
Control and Prevention."1 Also, 
healthcare providers were instructed 
and encouraged to complete VAERS 
reports if in their professional judg- 
ment any event after anthrax immu- 
nization was unexpected in nature or 
severity. In addition, individuals who 
were immunized could also self- 
report 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 Review Sur- 
vey (HEARS). Version 2.1 between 
May I and August 31. 2000. This 
survey is a standardized, validated 
health risk appraisal tool that the 
DOD uses to provide health risk 
information and feedback for health 
care  beneficiaries  and   population- 

based health assessments for health 
care planners. Results of the sur- 
vey are also provided to the individ 
ual's primary care provider. Soldiers 
completed this survey privately us- 
ing a computer located at TAMC's 
Health Education and Promotion 
Center or Schofield Barrack's Com- 
munity Health Clinic. Trained, coin 
munily health nurses provided health 
promotion-related feedback in a con- 
fidential manner. No reference to the 
anthrax vaccine was made either 
orally or in written form during the 
survey. 

The HEARS contains demo 
graphic information provided by the 
respondent regarding gender, marital 
status, highest educational level 
completed, annual total family in- 
come, and total number of children at 
home. Questions regarding reported 
aspects of health and wellness were 
selected from this 156-question sur- 
vey based on their relevance to this 
project. These questions included 
self-reported general health: ever di- 
agnosed with '"chronic headaches." 
"neurologic disease," "asthma," 
"muscle, joint or back problems." 
and "depression": self-reported men- 
tal health; experiencing survey- 
defined levels of stiess during the 
past 12 months: seeing a mental 
health professional during the past 
12 months; experiencing serious per- 
sonal or emotional problems during 
the past 12 months: feeling down, 
depressed or hopeless; bothered by 
little interest or pleasure in doing 
things: and satisfaction with life. 

HEARS data from soldiers in the 
TAMC cohort immunized beginning 
in September 1998 were compared 
with data from anlhrax-unvaceinaled 
soldiers who also were al TAMC in 
September 1998. This was deter- 
mined by linking Social Security 
numbers (SSNs) for the individuals 
who completed HEARS surveys to 
the Defense Medical Surveillance 
System (DMSS) database. DMSS 
provides a longitudinal record of de- 
mographic characteristics, periods of 
service, locations of assignment, 
medical events, and anthrax immuni- 

zation records for all members of the 
active component of the US mili- 
tary. "' DMSS is maintained by the 
Army Medical Surveillance Activity 
(AMSA). US Army Center for 
Health Promotion and Preventive 
Medicine. Washington. DC. SSNs 
were used lor matching, then 
promptly deleted. Between May 1. 
2000 and August 31, 2000. 3234 
soldiers completed the HEARS sur- 
vey. Three hundred and one soldiers 
belonged to the TAMC 601 cohort 
and 639 were in the unimmunized 
control group of soldiers stationed at 
TAMC in September 1998 who 
never received an anthrax immuniza- 
tion. Data analysis was performed at 
the Naval Health Research Center in 
San Diego. CA. to assure that, even 
without names, individuals could not 
be identified based on their re- 
sponses, thus assuring strict confi- 
dentiality. 

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

Cohort Study of Outpatient 
Health Care Visits and 
Hospitalizations 

The DMSS identified active duty 
soldiers stationed at TAMC on Oe- 
lober I. 1998. Outpatient visits and 
hospitalizations in the military health 
care system in this group from Octo- 
ber I. 1998. through September 30. 
2000. were evaluated. Up to eight 
outpatient International Classifica- 
tion of Diseases, Ninth Revision. 
Clinical Modification (ICD-9-CM) 
codes and up to four inpaticnt ICD- 
9-CM codes are recorded by the 
DMSS. 

Three groups were identified: 1) 
600 soldiers enrolled in (he TAMC 
survey cohort: 2) 225 soldiers who 
received   an   anthrax   immunization 
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TABLE 1 
TAMC 601 Cohort: Distribution by Age. Gender and Rank 

Age Distribution of Survey Population 

No. Percent Median (yrs) Mean (yrs) St. Dcv. Range (yrs)** 

Ail- 601 1C0.0% :•':: 29.9 7.5 17-23 
Vales •116 69.2% 23 30.3 7.4 17-61 
females 185 30.8H 27 290 ?:, 17-53 
Ml itcry rank 

E1-E4 2C3 33.8% 24 :-::;. '-1 3.7 17-37 
E5-E9 222 36.9K- n 31.1 5.2 20- z.9 
01-03 •C1 16.8% 30 31.5 6.7 !8 52 
04-08 M 12.3% ;;:; 41.0 6.5 32-61 

• |-K: uces CI-IK ce[:!(iyKl:le rj^partTetY. al the Amy civilian. 
" Range is mean age over entire survey period. 

outside the enrollment period: and 3) 

637 soldiers who were not immu- 
nized  wilh  anthrax   vaccine before 
October I, 2000. the cutoff date for 
this study. These groups were then 
categorized into "pre-immunizaiion" 
and  "post-immunization"  person- 
time groupings for analysis. The pre- 
immunization period consisted of the 
entire 2-year period in group 3 indi- 
viduals and die period lor individuals 
in group 2 preceding the dale of their 
first anthrax immunization. Person- 
time data for the post-immunization 
period consisted of the entire 2-year 
period in individuals in group I. and 
the period for individuals in group 2. 
up to the date of their first anthrax 
immunization. AMSA linked SSNs 
,•'•' i ie  mlividuals in the '1 \M<   sur- 
vey cohort with the DMSS database. 
Rate ratios were used  lo compare 
uveiall rales ol'ambulatory visits and 
hospilalizalions. as well as  ICD-9- 
CM-bused   diagnostic   groups,   be- 
tween the pre- and post-immuniza- 
tion periods. Specific categories ol 
interest were musculoskclclul (ICI) 
9-CM   codes   710   739).   mental 
(290-319), digestive (520-579). in- 
jury (800-999). and symptoms ill 
defined (780-799). Rale ratios were 
adjusted for age and gender by Pois- 
sou regression modeling using SAS' 
Genmod  procedure."    Strict  confi- 
dentiality of medical information and 
records   v.as   maintained   in   accor- 
dance with standard AMSA proce- 
dures. 

Results 
600 soldiers and one Department 

of ihe Army civilian worker began 
the anthrax vaccine series between 
September 12 and October 13, 1998 
al TAMC. The composition of I he 
TAMC 601 cohort, characterized by 
gender, rank, and age is shown in 
Table I. 

Survey of Symptoms. Severity, 
and Duration After Immunization 

Immunizations in ~~ 3069) were 

administered lo ihi^ cohort at 

TAMC. Of these. 2849 question- 
naires (93%; fable 2) and 2734 sur 
vej s iS9'/f.) for local reactions (Table 
3) were completed. Survey comple- 
tion rates, defined as the number of 
surveys completed divided by 601 
individuals, for questionnaires I and 
2 are shown in Fig. I. During the 
2-year survey period, enrollees 
dropped out because of pregnancy. 
medical exemptions, leaving the 
Army, and performing duly else- 
where. Some of these were tempo- 
rary, for example, pregnancy, certain 
medical exemptions, and temporary 
duly elsewhere. Many individuals 
were transferred to other assign- 
ments, as a tour of duly outside the 
contiguous United Stales is generally 
3 years. These individuals continued 
to receive the anthrax vaccine al their 
new location, hut iheir surveys were 
not collected at TAMC. Others re- 
tired, completed their military obli- 
•Nilton. entered ihe reserves, or wcie 

discharged within the 2-year survey 
period. Consequently. IS'r o\ Lie 

cohort completed the sixth survey. 

Of 3060 immunizations administered 
at TAMC. the most common re 
ported post-ininiuni/alioii events 

from questionnaire I, in order of 
decreasing frequency, were muscle 
ache, fatigue, headache, and joint 
ache (Table 2). Women in general 
had slightly higher rales for these 
reported events than men. The me- 
dian duration for these reported 
events was 24 lo 72 hours, with no 
distinct difference by gender. 

Reported localized events assessed 
in questionnaire 2 were common 
(Table 3). The presence of a "lump 
or knot" was mosi often reported 
after immunization, followed by lo- 
calized muscle soreness, localized 
itching, and erythema greater than 5 
cm in diameter. The rales of reported 
muscle soreness decreased during 
ihe first five immunizations before 
slightly increasing with ihe sixth 
dose. I lie rates of the other reported 
localized events were similar alter 
each immunization. 6% of patients 
reported pain limbing motion of the 
elbow and sv.e   ;uy ol ihe lowei ai in 

Gender was significantly corre- 
lated with reported localized events. 

1 he rale ratio for women compared 
to men for report of any local reac- 
tion was 1.4 (95% confidence inter 
val: 1.3-1.5). Rale ralios were high- 
esl for reported localized piui'itus 

(RR: 2.3; 95% CI: 2.1-2.5). followed 
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TABLE 2 

Incidence rr Reported Events in TAMO 601 Cohort  CXesTiornni-c M 

Frequency        Percent (95% Confidence Interval) 

Symptom 

Muscle ache 

Hatioi.e 

Headache 

Joint ache. 

Loss of apoctite 

Nausea anc 
vom • ng 

fever 

Itchirg over 
entire bedv 

ChTIs 

I) arhea 

Shortness of 
breatn 

Severity 

Mo symptoms 
Symptoms ca~ oe igrored 
Symptoms affect activity but can still perform 
Symptoms sFecl activity, -ulovcc by medication 
Symptoms net re ieved by medication cannot per'orm, 
No symptoms 

Symptoms can he ignored 
Symptoms affect activity but car still perform 
Symptoms affect activity, relieved by rncoication 
Syinptoms not relieved by medication, cannot perform 
No symptoms 
Symptoms car be ignored 
Symptoms affect activity out can still oertorm 
Symptoms a'feol art".' ty. relieved by neoicaticr 
Symptoms not relieved oy medication, cannot perform 
No synotons 

Symptoms can be ignored 
Synotoms affect activity bi.t can sti I perform 
Syn:> oms af"'cd activity, -el.evec by medication 
Symptoms net relieved by medication, cannot perform. 
No symptoms 
Symptoms can be gnoreo 
Syinptoms affect activity but car. still perform 
Symptoms affect activity, relieved by medication 
Syriotorns rot -eheved by medication, cannot perform 

No symptoms 
Symptoms can tie ignored 
Symptoms affect activity out can still perform 

Symptoms affect activity, relieved by necicatior 
Symptoms not relieved by medication, cannot perform 
No symptoms 
Symptoms can be gnored 
Symptoms affect activity out can still perform 
Symptoms a'fecl activity, relieved by necicatior, 
Symptoms not relieved oy mediation, cannot perform 

No symptoms 
Symptoms can be ignored 

Symptoms affect activity but can stiil perform 
Symptoms arfect activity, relieved by medieaticr 
Symptoms not relieved oy medication, cannot perform 

Nc symptoms 
Symptoms cat- :>e ignored 
Symptoms affect activity but can still perform 
Symptoms affect activity, referee by mod cat on 
Symplon :-. not re ieved by necicatior. carrot perform 
No symptoms 
Symptoms can ::;   gncrec 
Syriotorns affect act v ty but car st I perfcm 
Syinptoms affect activity, relieved by medication 

Symptoms not relieved by medication, cannot perform 
No symptoms 

Syriotoris car oe igrored 
Symptoms af'ect activity but can still perform 
Symptoms affect activity, relieved by necicatior 
Symptoms net relieved by medication, cannot perform 

Male Female Male Female 

1-77 446 58.7 (56.5. 60.9) 52.7(49.-1. 56.2) 

33S 134 16.9(15.2. 18.5) 15.9(13.3. 18.4) 
316 140 15.8(14.1. 17.4) 16.6(14.0, 19.1) 
130 102 6.5 {5.4, 7.6) 12.1 (9.8. 14.3) 
43 23 2.2(1.5.2.8) :-•-/:1.6. 3.?: 

1574 53:' 78.5 (76.7. 60.2) 63.6 (80.4. 66.9; 
159 86 7.9 {6.7. 8.1) 10.2(9.1. 12.3) 

18? 139 9.1 (7.8. 13.9) 16.5(10.4, 19 0) 
66 66 3.2 (?.!>. 6.0) 7.8(4.0, 9.7j 
24 \; 1.2(0.7,1.1) 2.0 (1.7, 3.0) 

1662 a/0 82.9(81.3,84.6) 67.5(64.2, 7(1./) 

137 69 6.8 (5.7, 8.0) 6 2(6.3,10.1) 
106 B8 5.3 (4.3, 6.3) 10.5(8.4,12.6) 

,••' 06 3.5(2.7.4.4) 11.4(9.2, 13.5) 
28 21 1.4 (0.9. 1.9) 2.5 (1.4,3.6) 

1677 656 83.7 (82.0. 85 3] 77.6 (74.8. 80.5) 
119 51 5.9 (4.9. 7.0) 6.0 (4.4. 7.7) 
•15 •••::• 5.7 (4.7. 6.8) 8.3(6.4.10.2) 

65 56 3.2 (2.5, 4.0) 6.6(4.9, 8.3) 

28 12 1.4(0.9, 1.9) 1.4(0.0,2.2) 

1876 ,'I8 93.6 (92.5, 94.7) 85.0 (82.5, 87.4) 
74 56 3.7 (2.9, 4.5) 6.6 (4,9, 8.3) 

36 46 1 8:1.2, 2.4) 5.4 (3.9, 7.0) 
15 2" 0.810.4, 1.1) 2.5(1.4,3.6) 

3 A 0.2 (CO. 0.3) 0.5(0.0, 1.0) 
1896 727 94.6 (93.6. 95.6) 86.0(83./. 88.4; 

48 38 2.4(1.7.3.1} 4.5(3.1. 5.91 
36 • I 1.8(12,2.4) 4.9(3.4, 6.3: 

12 27 0.6 (0.3. 0 9) 3.2 (2.0. 4,4) 
12 12 0.6 (0.3, 0.9) 1.4 (0.6, 2.2) 

1916 Tee 95.6(94.7, 96.5) 90.7 (88.7, 92.7) 
44 : • 2.2(1.5,2.9) •.3(0.5,2.1) 
20 28 1.0(0.6. 1.4) 3.3(2.1,4.6) 
21 38 1.1 (0.6. 1.5) 4.5(3.1.5.9) 

3 2 0.2 (0.0. 0.3) 0.2(0.1.0.6) 
1914 756 95.5(94.6.90.4) 89.5(87.4, 9' .6) 

41 30 2.1 (1.4.2.7) 3.6 (2.3. 4.8) 

32 29 1.6(1.0.2.2) 3.4 (2.2. 4.7) 

8 20 0.4(0.1.0.7) 3.0(1.8.4.1) 

9 5 0.5(0.2, 0.8) 0.6(0.1.1.1) 

iDr 768 95.4 (94.4. 90.3) 90.9 (88.9, 92 9) 
35 22 1.8(1.2.2.3) 2.6(1.5,3.7) 

37 2 •'• 1.9(1.2.2.5) 3.2 (2.0. 4.4) 

16 21 0.8(0.4, 1.2) 2.5 (1.4, 3.6) 

5 7 C.3 (0.0. 0.5) 0 8 :c,2. \si 

1928 ft03 96.2(95.4. 97.1) 95 0 |93.b, 96.5) 

33 7 1.7(1.1,2.2) 0.8(0.2, 1.5) 

22 '4 1.1 (0.6. 1.6) 1.7(0.8.2.5: 
\i - _l 0.8(0.4,1.1) 1.7(0.8,2.5) 
6 7 o .3 (o.t. c. 5: C.!ii.0.2. 1 5) 

194/ 8C5 97.2 (96.4. 97.9) 95.3 (93.8. 96.7; 

23 :;. 1.2(0.7,1.6) 1.1 (0.4,1.8) 
20 18 1.0(0.6. 1.4) 2.1 (1.1,3.1) 
8 r 0.4 (0.1. 0.7) •.:>. (0.5.2.1) 
6 2 o.3 :ci 0.5: 0.2 (0.-.0.6; 
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TABLE 3 
Incidence of Reported Local Events in TAMC GQ1 Cohort: Qjost onnaire 42 

Symptom 11 #2 #3 #4 #5 #6 

Lump or "knot" 

Ma c 63.9% 63.9% 59.8% (,•;.::;: 55.6% 59.0% 
F jmalc 90.5% 87.3% 81.0% 92.8% 83.2% 89.0% 

Muscle soreres > 
Male •:;;;.:m 63.3% 61.4% 60.2% 49.8% 52.4% 
h -••!•, ;!.•• 19..!'A 76.6% 69.6% 65.2% 56.1% 61.0% 

..(.ii/Hc:   \--rng 
MHIR 25.3% 25.5% 24.2% 27.2% 30.3% 30.5% 
i :: ri >• 61.4% 59.5% 56.3% 68.1% 60 •'••'• 59.8% 

Redness >5 err 
Ma c 16.6% 18.2% 15.2% 22.8% 21.7% 21.0% 
Vri.i :: 41.1% 4\1% 42.4% 42.0% 37.4% 42.7% 

W.i i •. i -il   ii its notion of elbow 
Male 9.8% 8.7% 7.6% r 9% 58% 5.2% 
Female " 7 1 % 13.3% 11.4% 10.9% 7.5% 8 5% 

Sv.'eliing of lower arm 
Male 10.1% 9.5% 9.2% 6.7% 5.8% 9.5% 
-   rale 1?./% 133% 12.7% 12.3% b.6% 1 ' ()% 

Questionnaire Number 1 Questionnaire Number 2 

,«* Ill 100% :]r pi 1    1 £ -' 1   --f    ••!« 

80%      1 ill 80% • III l (     '-•-          .1   - t,l re 

te% 60% QOP*f V>n-*:.t*. 

40% 40% gO**) Ved-w 1 • • \ •••,     -. 

20% 20% aPr«o' »r«y 

or. 0% 
•limn »1 Cyxr ;Ut>.1 

'1     #2    *3    *M    »5    »6 I!     ..' .-     »3    04     dG     - '"• 

Fig. 1. Survey completion rales for questionnaire I and 2 in TAMC 60! cohort 

by redness greater than 5 cm in 
diameter (RR: 2.2: 95% CI: 1.9 
2.5), pain limiting motion of elbow 
(RR: 1.6; 959 CI: 1.2 2.0). lump 
or knot (RR: 1.42; 95% CI: 1.4- 
1.5), swelling of the lower arm 
(RR: 1.1: 9596 CI: I.I 1.7). and 
muscle soreness (RR: 1.2; 95% CI: 
1.1-1.2). Logistic regression anal- 
ysis using each type of local event 
as the dependent variable, ami gen 
der (F:M), age <<30: &30 years), 
and immunization grouping (doses 
4-6: doses 1—3) as independent 
variables, demonstrated the stron- 
gest statistical association between 
each localized event and gender, 
with less effect due to age or im 
munization grouping. That is. the 
odds ratios in the univariatc analy- 

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

On average, after each immuniza- 
tion. 3.9% of ihe men and 5.8% of 
the women repotted that they could 
not perform one or more of their 
normal duties temporarily because of 
an event. Muscle aches, followed in 
frequency by headaches, joint ache, 
and fatigue again were the most 
common reported events affecting 
performance o( duties (Table 4). 
Rales of performance impairment 
overall were highest after the first 
immunization (6.09! male. 12.291 fc 
male), and decreased during the sec- 
ond immunization with reports pri- 
marily of muscle aches and  joint 

itches. Observable trends by immu- 
nization dose thereafter were unre- 
markable. 

VAERS Reports 
There were five events reported to 

VAERS from ;i total of 306°- immu- 
nizations administered. The medical 
information is summarized as fol- 
lows: 

• A 35-year-old male developed 
myalgias, upper extremity motor 
weakness, and tremors beginning 
4 days after his second immuniza 
tion. His serum ereatinine phos- 
phokinase was above 1000 mg/dL. 
This condition resolved after treat- 
ment with prednisone and has not 
reclined. 
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TABLE 4 
Incidence of Reported Events in TAMC 601 Cohort members Who Reported They Could Not Perform A.I Aciivities 

»1 #2 #3 #4 #5 #6 
Any even:—male" 0.0% •i.9% 2.7% 2.4% 4.0% 3.4% 

Any even:—female' 12.?% 5.0% 3.9% 5.1% 1.9% 6. • % 

Muscle aches 4.1% 3.1% 1.3% 1.7% 1.0% 1.7% 

Farig.je 2.9% 1.4% C.S% 1.1% o.e% 1.7% 
I Icadachc 3.1% 1.4% 1.3% 1.1% 1.6% 1.7% 
Joint aches 2.6% 1.5% C.9% 1.1% 0.8% 1 0% 
Loss cf appetite 0.3% C 3% C.2% 0.4% C.0% C.0% 
Nausea cr vom : ng 1.4% 1 2% C 6% 0.4% C.3% 0.3% 
Fever 0.2% C.0% C.0% 0.4% C.3% [).3% 

Itching over entire body 0.7% C.7% C.4% 0.0% 0.3% i ::••:. 

Chi Is 0.9% C.3:. C.0% 0.6% C.3% 0.2% 

Diarnea 0.7% C.7% c.o% QA% C.5% 0 3% 

Shortness ot breath 0.5%. C.0% C.4% 0.2% C.3% 0.3% 

' Individuals wit:i at least one reported even: (over 11 possible symotoms counting only once per individual for each i immunization;. 

TABLE 5 
HEARS Study: Characterization of the AVA-immunized and Unimmunized TAMC 
Cohorts 

TAMC 601 Cohort Unvaccinated Cohort 

n Percent n Percent 

Ent re cchor 301 IOC.0% 639 I0C.0% 
Gender 

Male 215 69 1% 368 57 5% 

Ferale 95 3C.9% 271 42.4% 
Age 

3C '53 49.2% 248 38.8% 

30i 158 5C.3% 391 61.2% 
Mar lal Stau.s 

Sir pie.   it?';«r married ••a '5.1% 139 21.9% 
Married 22fl 7'..fi% 432 67.3% 
Divorced 31 :0.2% Bfi 10.2% 

Education 
High school 163 52.4% 163 25.5% 
Co lege 92 29.5% 151 23.6% 
Postgraduate :36 18.094 325 50.9% 

lotai anrual hci jsehold income 

-.$25,000 S3 26.8% 113 17.8% 
S25.00C-S50.00C 131 42.3% 196 30.8% 
S50.00C • 96 31.0% 327 51.4% 

A 32 year-old male with a history 
of sarcoidosis developed chest 
pain, dyspnea, arlhralgias. myal- 
gias. I'cvcr. and chills shortly after 
his second immunization. This re- 
solved after 3 to 4 days. 
A 38-ycar-old female developed 
pruritic swelling encircling her up- 
per arm and most of her forearm 
after the second immunization. 
This resolved without interven- 
tion. 
A 40-year-old male  noted inter- 
mittent   fasciculalions,  numbness. 

and tingling of his right arm in the 
distribution of 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 
weeks after his third immunization 
and resolved without intervention. 
A 23-year-old female demon- 
strated clinical and magnetic reso- 
nance imaging findings consistent 
with an inflammatory demycIina- 
tion disease approximately I 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 llie tin- 
immunized cohort, both of whom 
completed this survey between 
May I and August 31. 2000. were 
compared. Characterization of the 
two groups by gender, age, marital 
status, education, and total annual 
household income, as reported in 
the HEARS survey, is shown in 
Table 5. 

Responses lo each question were 
not statistically different between the 
two groups {Table 6). Because of the 
variability in demographic character- 
istics between the cohorts, relative 
risks were subsequently compared 
stratifying the survey results individ- 
ually by gender, age. marital status, 
education, and total annual house- 
hold income. The only association 
that was remarkable in this compar- 
ison of 26 indicators and 13 demo- 
graphic variables (within live demo- 
graphic categories) was thai women 
in the immunized cohort were mure 
likely to report that their general 
health was "poor or fair" compared 
with the unimmunized cohort iRR 
•1A; 95% CI: 1.3-15.1). The report of 
poor or fair health occurred in six of 
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TABLE 6 
Goii-pa'iF.on of Responses to III A:iS S irvey Questions in AVA-mmuni^ed and 

HEARS Questions 

Uriim—u:izeu   Atv'iC Cohorts 

Ratio Ratio 95% Cl 

General health as "Very Good to Excellent" 
Gene'al hcaith described as "Good" 
Gene'al heath describee as "Poc to rai.-' 
Diagnosed with "Chronic Headaches" 
Di.Hei'KjKed with "Neurologic Disease" 
Diagnosed with "Asthrra" 
Diac]-ios«<J witti "Arth'itis" 
Diagnosed witti "Muscle, Joint or Back Problems" 
Diagnosed with "Depression" 
Mental heath describee as "Very Good le hxt;el en-" 
Mental hoatn cescribod as "Good 
Mental hca tn cesc-ioec: as "Poe- to Kair" 
Expercnce "Lo:s of Stress" aast \? inorths 
Experence "Moderate Stress" past 12 months 
Experence "Little to No Stress" past 12 months 
Saw mental hea in orrress ona past 12 months 
H;-ui serious oersoral c emot ona problems pas: 12 months 
Often bothered by teeiing down, depressed, or hopeless 
Soei::timws :»j|hered t:y feeling env/t'   deoressed, c hopeless 
Seldom or "Never" bothered by feeling down, depressed, or hope'ess 
O'ter bothered by little interest or pleasure in doing things 
Sometimes bothered by little interest or pleasure in doing things 
Seldom or "Neve" bothered by little m'.e-est or pieasu-e in coirg tnings" 
Not Satisfied with my life 
Somewhat Satis'ed with my life 
"Mostly" or "Totally" satisfied with my life 

0.S2 
1.30 
1.58 
\?1 
•.:::-. 

1.12 
o.a-i 
•.CO 
0.97 
' 02 
0.78 
1.40 
1.01 
0 99 
1 31 
1.15 
1.11 
1.36 
1.00 
0.99 
1.37 
1.40 
0.95 
1.47 
1.33 
:: 93 

0.86-1.00 
0.98-1.72 
0.67-3.71 
0.77-1.90 
O.3S-3.:M 
0.69-1.83 
0.50-1.43 
0.76-1.33 
0.61-1.54 
0 9"  \CS 
0 52  MS 
0.58-3.39 
0 83 
0.86-1.13 
1.00-1.71 
0.78-1.71 
0.77-1.60 
0.69-2.70 
0.67-1.50 
0.93-1.04 
0.69-2.71 
0.90-2.18 
0.90-1.01 
0.75-2.87 
C.98-1.82 
C.86-1 0C 

91 women (6.6%) in the immunized 
oil:ut  compared  with  four of 264 
women (1.5%) in the non-immu- 
nized cohort. Otherwise, there were 
no notable trends or associations. 

Cohort Study of Outpatient 
Health Care Visits and 
Hospitali7ations 

Rate ratios comparing rates or out- 
patient visits and hospilali/aiions in 
the period before the first anthrax 
immunization (or no immunization) 
wilh the rate of outpalienl visits and 
hospitalizations in the period alter 
llv Inv m.nun:!/..I:;:'!, holh nr.iil- 

justed as well as adjusted for ace and 
gender are shown in Fig. 2. The rate 
ratio for outpatient visits For mental 
hcaith was lower in the immunized 
versus unimmuni/ed cohorts and 
was statistically significant (RR: 
0.76: 95* Cl: 0.7-0.9. unadjusted: 
RR: 0.82: 95% Cl: 0.8-0.9. adjust- 
ed). Otherwise, rale ratios were un- 
remarkable. 

We also compared rales of leaving 
active  Annv  service  between   the 

TAMC 601 cohort and the I 'A.VIC 

unimmunized cohort (group 3, meth- 
ods) and noted that rates of discharge 
were 1.7 times higher in the non 
immunized control group compared 
to the TAMC 601 cohort. Numera- 
tors for these rates were defined as 
soldiers who voluntarily left the ac- 
tive Army, were separated due to 
medical or administrative causes, or 
retired. 

Discussion 
Assessments of four distinct health 

care outcomes were used 10 charac- 
;eri/e nou nl al advene events in 601 
consecutive healthcare personnel im- 
munized wilh AVA til TAMC. Short- 
term outcomes were assessed using 
two survey questionnaires of self- 
reported events that occurred after 
AVA immunization and VAERS re- 
ports of more serious events tempo- 
rally associated wilh AVA immuni- 
zation. Longer-term outcomes of up 
to 2 years were assessed by compar- 
ing reported health information from 
a standardized heallh appraisal   in 

slrianeni as well as rales of outpa- 
tient visits and hospitalizations in 
immunized and non-immunized sol- 
diers. 

Localized reactions, including er- 
ythema, local tenderness, subcutane- 
ous nodules, and localized itching. 
were commonly reported and oc- 
curred more often in women than 
men. This is consistent wilh other 
surveys that evaluated events by gen- 
der."', '" Systemic events, such as 
fatigue, headache, and arthralgias, 
were less commonly reported than 
localized events, consistent with 
other studies." -''"' M) and were re- 
ported more often in women than 
men.21 ' Events occasionally re- 
sulted in brief limitation of activities, 
which also occurred more common!} 
in women than men. The Institute of 
Medicine28 concluded that the types 
of local and systemic reactions asso- 
ciated with AVA and the rates at 
which they were observed are com- 
parable to those observed with other 
vaccines regularly administered to 
adults, such as diphtheria and tetanus 
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loxoids and influenza vac- 
cines. Most vaccine studies 
have not compared post immuniza- 
tion events by gender, lur. those thai 
have generally found higher rates of 
local reactions among women with 
similar rates of systemic reactions in 
boih sexes. *M The I actors account- 
ing   for  se\  differences  arc  not 
known. 

The five cases reported to ilie 
VAERS did nol reveal any trends 
either by themselves or in the 
broader scope of the VAERS." 
These individuals were medically 
exempted Inv.i further immuniza- 
tion, although the 32-year-old soldier 
with die history of v;,icoidosis asked 

to he given the vaccine again and had 
no fui'ihei   significant  side effect*. 

Only the .vS-ycar ok: soldier with ill.: 
large local reaction had an event thai 

could be unequivocally attributed io 
immunization. The others had \a:y- 

ini: degrees of associated uncertainty 
and possible allrihuiiou to causes 

unrelated to anthrax vaccine. The 
possibility of complex interactions is 

also pre sent, hot example, the 2'- 

sear old soldier with evidence of an 
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inflammatory demyelinating disease 
may have had latent multiple sclero- 
sis before immunization, but immu- 
nization may have facilitated un- 
masking the symptoms. All five 
cases were reported to the VAERS 
because the goal of the VAERS is to 
cast a wide net and capture any 
significant sentinel events that might 
he attributable to the anthrax vac- 
cine.1' ' These events can then he 
evaluated epidemiologically using 
population databases, such as 
DMSS. to determine the strength of 
association for these events in immu- 
nized and unimmunized cohorts and 
investigate a potential causal rela- 
tionship. ",N At present, only local- 
ized events reported to VAERS are 
known to he causally related to im- 
munization with AVA. 

Sell reported health and wellness 
indicators using the HEARS health 
risk appraisal instrument enabled us 
to compare another dimension of 
health outcomes between immunized 
and non-immunized soldiers. Evalu- 
ation of 26 key health indicators did 
not reveal any significant differences 
between immunized and non-immu- 
nized cohorts. Availability of infor- 
mation on age, gentler, education, 
and family income allowed us to 
investigate demographic subpopula- 
iions to determine if we could dis- 
cern any significant difference in im- 
ported health between the 
immunized and non-immunized co- 
horts. The only statistically signifi- 
cant association in this entire analy 
sis. a report of poor or fair health 
occurred in six of 91 women (6.6%) 
in the immunized cohort compared 
with four of 264 women (1.5%) in 
the non-immunized cohort, may be 
due to a statistical anomaly with 
multiple comparisons using /' < 0.05 
us a cutoff. The association, on the 
Other hand, may be valid, with im- 
munization a confounder or surro- 
gate lor deployability that is consid- 
ered a greater challenge for women 
limn men. particularly those who 
have children. 

We compared rales of outpatient 
visits and hospitalizations between 

immunized and non-immunized sol- 
diers who were stationed at TAMC 
on 1 October 1W<S using ICD 9 CM 
diagnostic groups. In our analysis. 
i ale ratios for categories of outpa- 
tient visits and hospitalizations for 
immunized versus non-immunized 
TAMC soldier cohorts were unre- 
markable, even after adjusting for 
age and gender. Comparing diagnos- 
tic categories, only outpatient mental 
health visits were statistically signif- 
icant (/' < 0.05) with rates lower in 
the immunized cohort. 

The AMSA evaluates rates of out- 
patient visits and hospitalizations by 
ICD-9 CM diagnostic groups period- 
ically to identify any population- 
based trends in vaccine-related 
events. Events identified by VAERS 
or excess of outpatient visits or hos- 
pitalizations in a relevant diagnostic 
category would prompt an epidemi- 
ological analysis of specific disease 
entities using a population database, 
for example, the DMSS and Naval 
Health Research Center (NIIRC) da- 
tabases. To dale, no significant 
elevations have been identified, after 
adjusting for multiple comparisons. 

The use of four distinct study de- 
signs in this analysis helped to bal- 
ance limitations of each, while con- 
tributing their own inherent 
strengths. Active surveillance was 
used in evaluation of events occur- 
ring after immunization, which may 
account for higher rales of reported 
c\ cuts than studies using passive sur- 
veillance. 17.28,34 Surveillance cov- 
ered the entire scries of six immuni- 
zations in contrast to other 
population-based studies, but routine 
changeover in personnel in die active 
duty Army contributed significantly 
to dropout rates. A comparison of 
rates for soldiers leaving active 
A rim service in this cohort indicated 
that immunized soldiers were much 
less likely lo leave than unimmu- 
nized soldiers. 

The surveys lacked a control 
group because a placebo group was 
considered unethical for individuals 
needing AVA to protect them from 
enemy use of weaponized anthrax. 

This could account in part for higher 
rates of reported side effects in sur- 
veys26,28 compared with the only 
controlled trial done to evaluate an- 
thrax vaccine side-effects." Individ- 
uals' reporting of events arc subject 
lo observational bias, as well as mis 
interpretation of the questionnaire. 
Muscle aches on die first question- 
naire were designed lo identify sys 
temic complaints of myalgia, yet we 
learned well into the study that these 
were almost always interpreted as a 
localized reaction by those surveyed. 
The absence of a control group and 
biases associated with patient self- 
reports does not enable us lo accu 
rately quantify the attributable rate of 
adverse events. Although sensitivity 
is high for detecting acute events 
after immunization, particularly any 
serious ones, specificity is low due to 
itiisallrihulioii of events lo anthrax 
immunization. Nonetheless, surveys 
are useful for identifying trends and 
potentially serious, acute adverse 
events. 

The VAERS analysis facilitated 
identification of potentially serious 
sentinel events, which could subse- 
quently be evaluated using large 
population databases like DMSS. By 
itself. VAERS has limited utility due 
to concerns associated with variabil- 
ity of reporting, determination of sig- 
nificance, and interpreting whether 
events are related to the anthrax vac- 
cine.28 Only the report of a large 
localized reaction could be defini- 
tively attributed to AVA-immuniza- 
tion, and this event resolved without 
intervention. 

The two-arm cohort study of re- 
ported health and wellness using a 
standardized health risk appraisal in- 
strument was particularly valuable 
because the data were nested and 
were not biased by knowledge of its 
potential use in llus study by survey 
recipients. The use of a control 
group, as well as the ability to strat- 
ify using numerous relevant demo 
graphic variables, was an additional 
strength. Use of multiple compari- 
sons, however, can reduce ihe level 
of specificity for detecting a statist!- 
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cully significant association, unless 
the P value is reduced. A potential 
weakness, characteristic of this type 
of" survey, relates to the validity of 
responses provided by recipients and 
their uniformity in interpreting ques- 
tions. This would be minimized if 
non-differential bias between cases 
and controls occurred. 

The three-arm cohort study of out- 
patient visits and hospitalizations 
benefits from 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 of 
adverse vaccine events resulting in 
outpatient visits and hospitalizations. 
Diagnostic categories and not indi- 
vidual diagnoses could be evaluated 
because of the statistical require- 
ments with sample size. DMSS is 
currently using larger populations to 
evaluate both disease categories and 
specific diseases.^-^ Analysis of 
outpatient visits and hospitalizations 
would not accurately detect mild ad- 
verse events, although this is bal- 
anced by our utilization of post- 
immunization surveys. 

It is important to study effects of 
AVA-immunization in other groups, 
as has been done."-*08 ^ be- 
cause of inherent uncertainties of 
generalizing reports from medical 
personnel to other population groups. 
A hospital staff cohort may display a 
potentially greater sensitivity for de- 
lecting post-immunization events, in- 
terpret events differently than the 
general public, has different occupa- 
tional exposures, and has greater ac- 
cess to health care. Based on the 
aggregate analysis of studies there is 
no indication of serious adverse 
health effects at present. 

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

over 4 weeks at peak.' ' The CDC is 
currently conducting a large pivotal 
study to confirm these results. Intra- 
muscular administration and fewer 
doses of AVA, if shown to be safe 
and effective in this trial, would only 
improve the benefit/risk ratio. 

The findings of this study support 
the relative reactogenieity of AVA 
immunization but do not reveal any 
serious adverse events or effects on 
health. This is consistent with other 
published studies.I5*28 This strongly 
supports a benefit/risk ratio in favor 
of using AVA for IX)D service 
members, particularly those de- 
ployed to high threat areas. The set 
of studies reported here identified no 
rationale for delaying protection of 
service members deploying to high 
risk areas who face the threat of 
aerosolized anthrax. 
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