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Use of Anthrax Vaccine in the UnHkd States 

1 

Recomrpendations of the Advisory Comm 
tmmunizati~on Practiceq 

Summary 4 
These recommendations concern the use of aluminum hydroxide adsorbed 

cell- free anthrax vaccine (Anthrax Vaccine Adsorb.ed[A V%lJ, Bi~Pofl Corporation, 
Lansing, MO in the United Statas foqwotectian a@ainst d&aa&wausedbyB@I I us 
anth racks. in addition, information is includedregarding the use ofchemoprophy- 
laxis againstB. anthracis. 

INTRODUCTION 
Anthrax is a zoonotic disease caused by the spore-formi.ng bacterium Bacillus 

anthracis( !,2 1. The disease most commonly occurs in wild and domestic mammals (e.g., 
cattle, sheep, goats, camels, antelope, and other herbivora&?). Anthrax occurs in 
humans when they are exposed to infected animals or tissue from infected animals 
or when they are directly exposed to B. ar;rthracis (J-S). Depenbing on the route of 
infection, anthrax disease can occur in three forms: cutaneous, gastrointestinal, and 
inhalation (2). 

B. antbracis spores can remain viable and infective in-the soil,for many years. During 
this time, they are a potential source of infection for grazing livdstock, but generally do 
not represent a direct infection risk for humans, Grazing ruminants become infected 
when they ingest these spores. Consequently, humans can ,become infected with 
6. anthracis by skin contact, ingestion, or inhalation of S, anthrack spores originating 
from animal products of infected, anirrrals. Direct skin contact with contaminated animal 
products can result in cutaneousanthrax. Ingestion of infect&d and undercooked or raw 
meat can result in oropharyngeal or gastrointestinal forms of the disease. Inhalation of 
aerosolized spores associated with industrial processing of contaminated wool, hair, or 
hides can result in inhalation anthrax. .Person-to-person transmission of inhalation 
anthrax has nnt been confirmed. 

Estimation of the true incidence of human anthrax worldwidq is difficult because 
reporting of anthrax cases is unreliable (6). However, anthrax occurs globally and is 
most common in agricultural regions,with inadequate control programs for anthrax in 
livestock. In these regions, anthrax affectsdomestic animals, which can directly or indi- 
rectly infect humans, and the form of anthrax that occurs in >95% of cases is cutaneous. 
These regions include South and Central America, Southern and Eastern Europe, Asia, 
Africa, the Caribbean, and the Middle East 16). The.largest recent epidemic of .human 
anthrax occurred in Zimbabwe during 1978-1989; 9445 cases occurred, including 
141 (1.5%) deaths (4). 

In the United States, the annual incidence of human anthrax has declined from 
approximately 130 cases annually in the early 1900sto no cases during 1993-2000. The 
last confirmed case of human anthrax reported in the United States was a cutaneous 
case reported in 1992. Mostcases reported in the United States have been cutaneous; 
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during, the 20th century, only ?8 cases of inhalation anthrax were. reported, the most 
recent in 1976 (7). Of the 18 cases of inhalation anthrax reported in the United States 
since 1950, two occurred in laboratory workers. No gastrointestinal cases have been 
reported in the United States. 

Anthrax continues to be reported among domestic and wild animals in the United 
States. The incidence of anthrax in U.S. animals is unknown; however, reports of animal 
infection have occurred among the Great Plains states from Texas toNorth Dakota i&-EJ 1. 

In addition to causing naturally occurring anthrax, 8, an~bri3cis has been manufac- 
tured as a biological warfare agent, and concern exists that it.couId be used as a biologi- 
cal terrorist agent. B. antbrack is considered one of the most likely biological warfare 
agents because of the ability of B. anthracis spores to be transmitted by the respiratory 
route, the high mortality of inhalation anthrax, and the greater stability of B. anfhracis 
spores compared with other potential biological warfare agents ( 33-74 ). Anthrax has 
been a focus of offensive and defensive biological w3rfare research programs for 
approximately 60 years. The World Health Organization estimated that 50 kg of 
B. anfhracis released upwind, of a population center of !XOJX?O could result in 95,000 
deaths and 125,000 hospitalizations ( 751. 

The infectious dose of Is. antbracjs in humans by any route is not .precisely known. 
Based on data from studies of primates, the estimated infectious-dose by the respiratory 
route required to cause inhalation anthrax in humans is 8,OOl3+5O,oCpO spores (7,16,17). 
The influence of the bacterium strain or host factors on this fnfectious dose is not com- 
pletely understood. 

Primary and secondary aerosotiz&ion of B. anthrack? &pores are important consider- 
ations in bioterrorist acts involving deliberate release’of L2 antbra&. Primary aerosoliza- 
tion results from the initial release of the agent. Secondary aerosolization- results from 
agitation of the particles that have settled from the primatyrebase (e.g., as a result of 
disturbance of contaminated dust by wind, human, or animal activities.) In the generation 
of infectious aerosols, the aerosol is composed of two compbnents that have differing 
properties: particles larger than 5 microns and particles 1-5 microns in diameter. Par- 
ticles >5 microns in diameter quickly fall from the atmosphere and bond to any surface. 
These particles require large amounts of energy to be resuspended. Even with use of 
highly efficient dissemination devices (i.e., devices ableto disseminate a high concentra- 
tion of agent into the environment), the level of environmental contamination with the 
larger, bound particles is estimated to still be too lowto represent a substantial threat of 
secondary aerosolization ( 7&-29)). Particles l-5 micronsin diameter behave as a gas 
and move through the environment without settling. Environmental. residue is not a 
concern from this portion of the aerosol (21). 

Disease 
The symptoms and incubation period of human anthrax vary depending on the route 

of transmission of the disease. In general, symptoms usually begin within 7 days of 
exposure ( 7 1. 

Most (>95%) naturally occurring f?. pthracis infections are cutaneous and occur 
when the bacterium enters a cut or abrasion on the skin {e.g., when handling cantami- 
nated meat, wool, hides, leather, or hair prod.uctsfrom infected animats). The reported 



voi. 48 / No. RR-15 MMWR 3 

incubation period for cutaneous anthrax ranges from-O.5 to 12 days ( 1,622 ). Skin infec- 
tion begins as a small papule, progresses to a vesicle in I-2 days, and erodes leaving a 
necrotic ulcer with a characteristic black center, Secondary vesicles are sometimes 
observed. The lesion is usually painless. Other symptoms might include sweliing of adja- 
cent lymph glands, fever, malaise, and headache. The dase-fa$aJity rate ‘>,f cutaneous 
anthrax is 20% without antibiotic treatment and cl% with-an?Jbiotic treatment ( 1,2324 1. 

GastrointestinaJ 
The intestinal form of anthrax usually occurs after eating contaminated meat and is 

characterized by an acute inflammation of the intestinal tract. The incubation period for 
intestinal anthrax is suspected to be 1-7 days. Invokvement of the pharynx is character- 
ized by lesions at the base of thetongue or tonsils, with sore throat, dysphagia, fever, and 
regional lymphadenopathy. Involvement of the lower intestine is characterized by acute 
inflammation of the bowel. initial signs of nausea, loss of appetite, vomiting, and fever are 
followed by abdominal pain, vomiting of blood, and bJoody ‘diarrhea (25). The case- 
fatality rate of gastrointestinal anthrax is unknown but is estimated to be 25%~60% 
( 7,26,27). 

JnbaJa tdirn 
Inhalation anthrax results from inspiration of 8,900~50iOO0 spores of i3. anthracis. 

Although the incubation period for inhalation anthrax for humsns is’unciear, reported 
incubation periods range from 1 to 43,days 128). In a 1979 outbreak of inhalation anthrax 
in the former Soviet Union, cases-were reported upto 43 days after initial exposure. The 
exact date of exposure in this outbreak was estimated and never confirmed, and the 
modal incubation period was reported as S-10 days. This modal incubation period is 
slightly Jongerthan estimated incubation periods reported inlimited outbreaks of inhala- 
tion anthrax in humans (29). However, the incubation period for inhalation anthrax might 
be inversely related to the dose of B. anthracis (30,311. In addition, the reported admin- 
istration of postexposure chemoprophylaxis during this outbreak might have prolonged 
the incubation period in some cases. Data from studies of labors-tory animals suggest 
that B. anthracis spores continue to vegetate in the host for several weeks postinfection, 
and antibiotics can prolong the incubation period for deve-foging disease (28-30,32J. 
These studies of nonhuman primates; which are considered to be the animal model that 
most closely approximates human disease, indicate that inhaled spores do not immedi- 
ately germinate within the alveolar recesses but reside there potentiaJJy for weeks until 
taken up by alveolar macrophages. Spores then germinate and begin replicationwithin 
the macrophages. Antibiotics are effective against.germinating orvegetatJve B. anthracis 
but are not effective against the nonvegetative or spore form of the organ,Jsm. Conse- 
quently, disease development-can be prevented asJong as a therapeutic level of antibi- 
otics is maintained to kill germinating B. anthracis organisms, After discontinuation of 
antibiotics, if the remaining nongerminated spores are sufficiently numerous to evade or 
overwhelm the immune systemwhen they germinate, diseese wJJf then develop. This 
phenomenon of delayed onset of disease is not reGognized to occur with cutaneous or 
gastrointestinal exposures. 

Initial symptoms can includesorethroat, mild fever, and musds aches. After several 
days, the symptoms can progress to severe difficulty breathing and shock. Meningitis 
frequently develops. Case-fatality estimates for inhalation anthrax are based on incom- 
plete information regarding the number of persons exposed and infected. However, a 
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case-fatality rate of 86% was reported following the 1979 outbreak in.the former Soviet 
Union, and a case-fatality rate of 89% (16 of 18 cases) was repotted for inhalation an- 
thrax in the United States (8,28,29 ). Records of indwstriafl’y acquired inhalation anthrax 
in the United Kingdom, before the availability of antibiotics or vaccines, document that 
97% of cases were fatal. 

PATHQGENESCS 
B. antbracis evades the immune system by producing an antiphagocytic capsule. In 

addition, B. anthracis produces three proteins - protective antigen (PA), lethal’ factor 
(LF), and edema factor (EF) -that act in binary combinations to form two exotoxins 
known as lethal toxin and edema toxi,n (33-35). PA and LF form lethal toxin; PA and EF 
form edema toxin, LF is a protease that inhibits mitogen-activated protein kinase-kinase 
(36). EF is an adenylate cyciase,that generates cyclic adenosine monophosphate in the 
cytoplasm of eukaryotic cells (37,381. PA is required for binding and trsnslocating LF and 
EF into host cells. PA is an 82 kD-protejn that binds to receptors on mammalian ceils and 
is critical to the ability of B. admW$to cause disease. After binding to th-e cell mem- 
brane, PA is cleaved to a 63 kD fragment that subsequently binds with LF or EF (39). LF 
or EF bound to the 63KD fragment undergaes receptor-mediated Pnternafizattion, and the 
LF or EF is translocated into the cytoso-l upon acidification of the endosome. 

After wound inoculation,4ngestion, or inhalation, spores infect macrophages, germi- 
nate, and proliferate. In cutaneousand gastrointestinal infection, proiiferation can occur 
at the site of infection and the lymph nodes.draining the infection site. Lethal toxin and 
edema toxin are produced and respectively cause local necrosis and extensive edema, 
which is a major characteristic of the disease. As the bacteria multiply in the lymph 
nodes, toxemia progresses, and bacteremia may ensue. With the increase in toxin pro- 
duction, the potential for widespread tissue destruction and organ failure increases (40 ). 

CONTROL AND PREVENTION 

Reducing the Risk for Exposure 
Woridwide, anthrax among livestock is controlled through~vaccination programs, 

rapid case detection and case reporting, and burning or burial of animals suspected or 
confirmed of having the disease. Human infection is control\ed through reducing infec- 
tion in livestock, veterinary supervision of slaughter practices to avoid contact with po- 
tentially infected livestock, and restriction of importation of hides and wool from countries 
in which anthrax occurs. In countries~where anthrax is.comrgon and vaccination cover- 
age among livestock is low, humans should avoid contact ‘with livestock and animal 
products that were not inspected before and after slaughter. In addition, consumption of 
meat from animals that have experienced sudden death and meat of uncertain origin 
should be avoided ( I/I. 
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Vaccination 

5 

Protective Immunity 
Before the mechanisms of humoraisand cellular immunity were understood, research- 

ers demonstrated that inoculation of animals with attenuated strains of B. anthracjsied to 
protection (47,421. Subsequently, an improved vaccine >for livestock, based on a live 
unencapsulated avirulent variant of B.,anthracis, wasdeveioped (43,44)* Since then, this 
vaccine has served as the principal veterinary vaccine in the &&stern Hemisphere. 

The use of livestock vaccines was associated with occasional animal casuatties, and 
live vaccines were considered wnsuitable for humans. In 1904, the possibility of using 
acellular vaccines against B. anthracis was first suggested by~investigators who discov- 
ered that injections of sterilized edema fluid from anthrax lesions provided protection in 
laboratory animals (4546). Thisled to exploration ofthe use of Witrates of artificially 
cultivated B. anthracis as vaccines (47-57) and thereby to the human anthrax vaccines 
currently licensed and used in the United States and-Europe today. The first product- an 
alum-precipitated cell-free filtrate from an aerobic culture - was developed in 1954 
(52,531. Alum is the common name for aluminum potassium sulfate. This vaccine pro- 
vided protection in monkeys, caused minimal reactivity and short-term adverse events in 
humans, and was used in the only efficacy study of human vaccination against anthrax in 
the United States. In the United States, during 1957-196O;the ~vaccine was improved 
through a) the selection of a B. anfhracis strain that produced a higher fraction of PA 
under microaerophilic conditions, b) the production of a protein-free’media, and c) the use 
of aluminum hydroxide rather than alum as the adjuvant (5U,5i’). This became the vac- 
cine approved for use in the United States - anthrax vaccine adsorbed (AVA [patent 
number 3,208,909, September 28, 14651). 

Passive immunity against B. anthrdcis can be transferredusing polyclonal antibodies 
in laboratory animals (54 ); however, specific correlates for immunity against B. anthracis 
have not been identified (55-571. Evidence suggests that a humoral and cellular re- 
sponse against PA is critical to protection against disease following exposure (4357-59 1. 

Anthrax Vaccine Adsorhd 
AVA, the only iicensed human anthrax vaccine in the United States, is produced by 

BioPort Corporation in Lansing, -Michigan, and is prepared from a cell-free filtrate of 
B. anthracis culture that contains no dead or live bacteria. (‘60 I- The strain used to prepare 
the vaccine is a toxigenic, nonencapsulatedstrain known as V776-NP”t-R (50 1. The filtrate 
contains a mix of cellular products including PA (57) and is adsorbed to aluminum hy 
droxide (Amphogei, Wyeth Laboratories) as adjuvant (49). The amount of PA and other 
proteins per 0.5-ml dose is unknown, and all three toxincomponents (LF, EF, and PA) are 
present in the product (57). The vaccine contains no-more that 0.83 mg aluminum per 
0.5-ml dose, 0.0025% benzethonium chloride as a ~rese~at~ve,,a~~ 0.0037% formalde- 
hyde as a stabilizer. The potency and safety of the final product is confirmed according to 
U.S. Food and Drug Administration (FDA} regulations (67 1. Primary vaccination consists 
of three subcutaneous injections tit 0,2, and 4 weeks, and three booster vaccinations at 
6,12, and 18 months. To maintain immunity, the manufacturer recommends an annual 
booster injection, The basis for the schedule of vaccinations at 62, and 4 weeks, and 6,12, 
and 18 months followed by annual boosters is not well defined (52,6Z63: Table I ). 
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TABLE 1. Recammended vaccinatk~~ sr;hedulsand c~nfr~indj~j~~sf~r AnthraxVaccine 
Adsorbed tAVA) 
Recommended vaccination scheduje Subcutaneous injec$ohs, at 0, 2, and 

4 wks, then‘6 mos,’ 12 mos, and 18 mos. 
Annual booster injection if immunity is to 
be maintained. 

Contraindications a) Previous histpy of anthrax infection. 
or b) Experiencing an anaphylactic 
reaction following ~a previous dose of AVA 
or any of the vaccine companents. 

Postponement of vaccination Moderate or severe. acute illness. 

Because of the complexity of a six-dose primary vaccination schedule and frequency 
of local injection-site reactions (see Vaccine Safety), stud,ies are under way to assess the 
immunogenicity of schedules with a reduced number of doses and with intramuscular 
WVl~ administration ratherthan subcutaneous administrati.on. ~mmun~g~nicitydata were 
collected from military personnel who had a prolonged~intervai between the first and 
second doses of anthrax vaccine in the U.S. militar~anthraxv~~~ina~ion program. Anti- 
body to PA was measured by enzyme-linked immunosorbent assay,(ELlSA) at 7 weeks 
after the first dose. Geometric mean titers increased from 450 pglml among those who 
received the second vaccine dose 2 weeks after the first fthe recommended schedule, 
n = 221, to 1,225 for those vaccinated at a 3-w&k inter@ (n = 191, and 1,860 for those 

. vaccinated at a 4-week interval (n = 12). Differences in titer between the routine and 
prolonged intervals were statistically significant (p <O.Ol). 

Subsequently, a small randomized study was conducted among military personnel to 
compare the licensed regimen (subcutaneous injections at 0; 2, and 4 weeks, n = 28) and 
alternate regimens (subcutaneous En = 231 or intramuscular In&?l’injections at 0 and 
4 weeks). Immunogenicity outcomes measured at 8 weeks after the first dose. included 
geometric mean IgG concentrations-and the proportion of subjects seroconverting tde- 
fined by an anti-PA IgG concentration of125 ug/mL). In addition, the occurrence of local 
and systemic adverse events,was determined. IgG concentrations were similar between 
the routine and alternate schedule” groups (routine: 478 ug/mL; &bcutaneows at 0 and 
4 weeks: 625 ug/mL; intramuscular at 0 and 4 weeks: 482 pg/mL). All study participants 
seroconverted except for one of 27 in the intramuscular (injections at 0 and 4 weeks) 
group. Systemic adverse events were uncommon and simiJar for the intramuscular and 
subcutaneous groups. All local reactions (i.e., tenderness, erythema, warmth, induration, 
and subcutaneous nodules) were significantly more common following subcutaneous 
vaccination. Comparison of the three vaccinationseries indicated no significant differ- 
ences between the proportion of subjects experiencing local reactions for the two su bcu- 
taneous regimens but significantly fewer subcutaneous nodules (peO.001) and 
significantly less erythema (p=O.OOl) in the group vaccinatedIntramuscularly Cl? Pittman, 
personal communication, USAMRIID, Ft. D&rick, MD). 

Larger studies are planned to further evaluate vaccination schedule and route of 
administration. Atthis time, ACIP cannot recommend changes in vaccine administration 
because of the preiiminary nature ofthis information. However, the data in this report do 
support some flexibility in the route and timing of anthrax vaccination under special 
circumstances. As with other licensed vaccines, no data indicete that increasing the 
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interval between dosesadversely affects immunogenic& or safety. Therefore, interrup- 
tion of the vaccination schedule does not require restarting,the entire series of anthrax 
vaccine or the addition of extra doses, 

Vaccine Efficacy 
The efficacy of AVA is based on several studies in animals, one controlled vaccine trial 

in humans (641, and immunogenicity data for both humans and lower mammal.ian spe- 
cies 147,&Y7,65). Vaccination of ad&s with the licensed vaccine induced an immune 
response measured by indirect hemagglutination in 83% of vacoinees 2 weeks after the 
first dose and in 91% of vaccinees who received two or more’doses (E;T,65). Approxi- 
mately 95% of vaccinees seroconvert with a fourfold rise inanti-PA IgGtiters after three 
doses (57,651. However, the precise correlation between antibody titer (or concentra- 
tion) and protection against infection is not defined (57). ’ 

The protective efficacy of the alum-precipitated vaccine (the original form of the PA 
filtrate vaccine) and AVA (adsorbed to aluminum hydroxide) have been demonstrated in 
several animal models using different routes of administration W-553,!?762,‘6$66-69). 
Data from animal studies (except primate studies) involve several animal models, .prepa- 
rations, and vaccine schedules And are difficult to interpret and.compare. The macaque 
model (Rhesus monkeys, Macaca mulatta) of inhalation anthrax is believed to best 
reflect human disease (37), and the AVA vaccine has been shown to be protective 
against pulmonary challenge in macaques using a limited number of B. anfhracis strains 
(52,62,70-73) (Table 2). 

In addition to the studies of macaques, a study was published in- 1962 of an.adjqvant 
controlled, single-blinded, clinical trial among mill workers using the’alum-precipitated 
vaccine - the precursor to the currently licensed AVA..ln this controlled study, 
379 employees received the vaccine, 414 received the placebo, and 340 received nei- 
ther the vaccine nor the-placebo. This study documented a vaccine efficacy of 92.5% for 
protection against anthrax (cutaneous and inhalation combined}, baied on person time 
of occupational exposure (64). During the study, an outbreak of inhalation anthrax 
occurred among the study participants. Overall, five cases of inhalation anthrax 
occurred among persons who were either placebo recipients-or did not participate in the 
controlled part of the study. No cases occurred in anthrax vaccine recipients. No data are 
available regarding the efficacy of (Bnthrax vaccine for persons aged <18 years and 
>65 years. 

Duration of Efficacy 
The duration of efficacy of AVA is unknown in humans, Data from animal studies 

suggest that the duration of efficacy after two inocufations might‘be I-2 years f67,62,72 1. 

Vaccine Safety 
Data regarding adverse events associated with use of AVA are derived from informa- 

tion from three sources. These sources are a) preficensure investigational new drug data 
evaluating vaccinesafety, b) passive surveillance data regarding, adverse events associ- 
ated with postlicensure use of AVA, and c) several.published studies (64,74,75). 



TABLE 2. Summary of efficacy studies of acellular filtrate vaccines against inhalation anthrax in macaques 
Route of vaccine 

AIum52 
Alurns 

Alum= 

AVAm 

Subcutaneous 
Subcutaneous 

Subcutaneous 

intramuscular 

50 x LD50 
100 x LD50 

10 x LD50 

200 x LD50 

Voiium 
Vellum 

M36 Wollum) 

Ames 

16 days 
16 days 
34 days 

7 days 
1 yr 

2 yrs 
8 wks 

38 wks 

four of four 
sever! of seven 

four of four 
10 of 10 
10 of 10 
six of seven 
10of 10 
three of three 

p=O.O08 
p=0.0001 

p=O.O08 
p= 0.00001 
p= 0.00001 
p=O.Ol 
p= 0.0002 

AVAF7’ 2 lntramuscufar 200x LD50 Ames 
100 wks seven of eight p=o.oz 

12 bks lOof p=o.ooo1 

* Alum=afuminum potassium sulfate; AVA=Anthrax Vaccine Adsorbed. 
( In multiples of macaque L&&O. LDSO=a lethal dose of 50% (defined as the dose of a productthatwill result in the death of 50% of a population exposed to that product). 
I Route of challengewas inh$fation. 
* Duration of tihallenge following vaccination. 
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Prelicentwre Advqrse Evrsnt Surveillance 

Local Reactions. In AVA prelicensure evaluations, 6,985 “persons recei.ved 16,435 
doses: 9,993 initial series doses and”6542 annual boosters (74). Severe local reactions 
(defined as edema or induration >120 mm) occurred after 1% of,vaccinations. Moderate 
local reactions (defined as edema and induration of 3Omrn~120 mm) occurred after 
3% of vaccinations. Mild local reactions (defined as erythema, edema, and induration 
~30 mm) occurred after 20% of vaccinations. tn a study ofthe.alum precipitated preeur- 
sor to AVA, moderate local reactions were documented in 4% of vaccine reci.pients and 
mild reactions in 30% of recjpients (64 1. 

Systemic Reactions. in AVA prelicensure evaluations, systemic reactions (i.e., fever, 
chills, body aches, or nausea) occurred in ~0.06% ,(in four of approximately 7,000) of 
vaccine recipients (74 ). In the study of$healum precipitated precursor-to AVA, systemic 
reactions occurred in 0.2% of vaccine recipients (64). 

PostJicensure Adverse Eveat SurveilJance 
Data regarding potential adverse events following anthrax vaccination are available 

from the Vaccine Adverse Event Reporting System WAERS) (75). From January 1‘1990, 
through August 31,2000, at least 1,859,600 doses of anthrax vaccine were distributed in 
the United States. During this period,.VAERS received 1,544 reportsof adverse events; 
of these, 76 (5%) were serious. A serious event is one that result) in de&h, hospitaliza- 
tion, or permanent disability or is life-threatening. Approximately 75% of the reports 
were for persons aged ~40 years; 25% were femaie, and 89% rece$ved anthrax vaccine 
alone. The most frequently reported adverse events were injection-site ypersensitivity 
(334), injection-site edema (2831, injection-site pain (247), headache (2391, arthralgia 
(2321, asthenia (215f, and pruritis’(2121. Two reports of anaphylaxis have been 
received by VAERS. One report of a death following receipt of anthrax vaccine has been 
submitted to VAERS; the autopsy final diagnosi,s was coronary arteritia A second fatal 
report, submitted after August 31,2000, indicated aplastjc anemias asthe cause of death. 
A causal association with anthrax vaccine has not been documented for either of the 
death reports, Serious adverse events infrequently repofted I<101 to VAERS have 
included cellulitis, pneumonia, Guilla[n-Barre syndrome, seiiures, cardiomyopathy, sys- 
temic lupus erythematosus, multiple sclerosis; collagen vascular disease, sepsis, 
angioedema, and transverse myelitis tCDC/FDA, unpub(ished data,‘2000): Analysis of 
VAERS data documented no pattern pf serious adverse events $e?rly associated with 
the vaccine, except?njection-site reactions. Because of the limitations of spontaneous 
reporting systems, determining causality for specific types of adverse events, with the 
exception of injection-site reactions, is often not possibl-e using VAERS data alone. 

PubJished Studim About Adverse Events 
Adverse events following anthraxvaccination have been assesse,d in several studies 

conducted by the Department of Defense in the context of theroutine anthrax vaccina- 
tion program. At U.S. Forces, Korea, data were collected atthe ti:me of anthrax vaccina- 
tion from 4,348 service personnel regarding adverse events experienced from a previous 
dose of anthrax vaccine. Most reported events, were localized, minsr, and self-limited. 
After the first or second dose, 1.9% reported limitation& ih-work performance or had 
been placed on limited duty. Only 0.3% reported21 day l~stfrom,wo~k;,~.5% consulted a 
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clinic for evaluation; and one person (0~02%) required hospitabisation for an injection-site 
reaction. Adverse events were reported more commonly among women than among 
men. A second study at Tripler Army Medical Center, Hawaii, asse&ed adverse events 
among 603 military health-care workers. Rates of events that resulted in seeking medi- 
cal advice or taking time off work were 7.9% after the first dose; 5.1% after the second 
dose; 3.0% after the third dose; and 3.1% after the fourth dose. Events most commonly 
reported included muscle or joint aches, headache, and fatigue 410). However, these 
studies are subject to several methodological limitations, including sample size, the 
limited ability to detect adverse events, lossto follow-up, exem”btion ofv$ccine recipients 
with previous adverse events, observational bias, and the absence of unvaccinated 
control groups f 10). 

No studies have definitively documented occurrence of chronic diseases(e.g., cancer 
or infertility) following anthrax vaccination. In an assessment of the safety of anthrax 
vaccine, the Institute of Medicine (IOM) noted that published studies reported no signifi- 
cant adverse effects of the vaccine, but the literature is limited to a few short-term 
studies (76). One published follow-up study of laboratory workers at.Fott Detrick, Mary- 
land, concluded that, during the 25-year period following receipt of anthrax vaccine, the 
workers did not develop any unusual iflnesses or unexplained symptoms associated with 
vaccination (77,781. IOM concluded that, in the peer-reviewed literature, evidence is 
either inadequate or insufficient to determine whether an association exists between 
anthrax vaccination and long-term adverse health outcomes. IQM noted that few vac- 
cines for any disease have been actively monitored for adverse effects over long periods 
and encouraged evaluate of active long-term monitoring studies of Gsrge populations to 
further evaluate the relative safety of anthrax vaccine. Such studies are under way by 
the Department of Defense. 

CDC has conducted two epidemiologic investigations of the health concerns of 
Persian Gulf War (PGW) veterans that examined a possible association with vaccina- 
tions, including anthrax vaccination. The first study, conducted among Air Force person- 
nel, evaluated several potential risk factors for chronic multisymptom illness+ including 
anthrax vaccination, Occurrence of a chronic multisymptom,co~d~t~ion was significantty 
associated with deployment to the PGW but was not associated with specific PGW expo- 
sures and also affected nondeployed veterans (79). The ability of this.study to detect a 
significant difference was limited. The,second study focused on comparing illness among 
PGW veterans and controls., The study documented that the self-repfsrted prevalence of 
medical and psychiatric conditions was higher among deployed PGW veterans than 
nondeptoyed veterans. In this study, although a question was asked about the number of 
vaccinations received, no specific questions were asked abaut the anthrraxvaccine. How- 
ever, the study concluded that the relation between self-repotted exposures and condi- 
tions suggests that no sIngEe exposure is related to the medical and psychiatric conditions 
among PGW military personnel (‘801. In summary, current research has nut documented 
any single cause of PGW illnesses, and existing scientific evidence does not support an 
association between anthrax vaccine and PGW illnesses. No data are available regard- 
ing the safety of anthrax vaccine for persons aged 48 years and &5 years. 

Management of Adverse Events 
Adverse events can occur in persons who must complete the anthrax vaccination 

series because of high risk of exposure or because of employment requirements. 
Several protocols have been developed to manage specific local and systemic adverse 
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events (available at www.anthrax.osd.miI). However, these protocols have not been 
evaluated in randomized trials. 

Reporting of Adverse Events 
Adverse events occurring after administration of anthraxvaccine-. especially events 

that are serious, clinically significant, or unusuai - shoutd be repqrted to VAERS, regard- 
less of the provider’s opinion of the causality of the association. VAERS forms can be 
obtained by calling (800) 822-7967. information about VAERS and how to report vaccine 
adverse events is available from http://www.vaers.org>, chttp:&vww.fda~.gov/cber/vaers/ 
vaers.htm> or ch~p://www.cdo.gov/niti/>. 

PRECAUTIONS AND CONT~AlN~lCAT~~~S 

Vaccination During Pregnancy 
No studies have been published regarding use of anthrax,vaccine among pregnant 

women. Pregnant women should be vaccinated against anthrax only if the potential 
benefits of vaccination outweigh the potential risk,sto the fetus. 

Vaccination During Lactation 
No data suggest increased risk for side effects or temporalfy related adverse events 

associated with receipt of anthrax vaccine by breast-feed:ing women or breast-fed chil- 
dren. Administration of nonlive vaccines (e.g., anthrax vaccine1 durJng breast-feeding is 
not medically contraindicated. 

Allergies 
Although anaphylaxis following anthrax vaccination is extremely rare and no ana- 

phylaxis deaths associated with AVA have’been reported, this adverse eventcan be life 
threatening. AVA is contraindicated for persons who have experienced an anaphylactic 
reaction following a previou,s dose of AVA or any of the vaccine components. 

Previous l-&story of Anthrax bfection ’ 
Anthrax vaccine is contraindicated in persons who have recovered from anthrax 

because of previous observations of more severe adverse events among recipients with 
a vaccine history of anthrax than among nonrecipients. .Th-@vaccine is also contraindi- 
cated in persons with a history of an anaphylactic reacti-on to the vaccine. 

Illness 
In the context of the routine preexposure program, vaccination of persons with mod- 

erate or severe acute illness should be postponed until recovery. This prevents superim- 
posing the adverse effects of the vaccine on ths underlying illness ormistakenly attributing 
a manifestation of the underlying illness to the vaccine. Vaccine canbe administered to 
persons who have mild illnesses with or without low-grade fever. 
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Preexposure Vaccination 

Occupa tionaland Laboratory Exl;rou~ts 
Routine vaccination with AvA is indicated for persons engaged a) in work involving 

production quantities or concentrations of B. antbracis cuituritsand b) in activities with a 
high potential for aerosol production (87 1. Laboratorians using stand&d Biosafety Level 
2 practices in the routine processing of clinical samples are not at increased risk for 
exposure to B. anthracis spores. 

The risk for persons who come in contact in the workplace with imported animal 
hides, furs, bone meal, wool, animal hair, or bristles has’beenreduced by changes in 
industry standards and import restrictions (82). Routine preexposure vaccination is rec- 
ommended only for persons in this group for whom these standards and restrictions are 
insufficient to prevent exposure to anthrax spores. 

Routine vaccination of veterinarians in the United States is not recommended 
because of the low incidence of animal cases. However, vaccination might be indicated 
for veterinarians and other high-risk persons handling potentially infected animals in 
areas with a high incidence of anthrax cases. 

Bioterrorism”Preparedness 
Although groups initially considered for preexposure vaccination for bioterrorism 

preparedness included emergency first responders, federal res onders, medical practi- 
tioners, and private citizens, vaccination of these groups iS not recommended. Recom- 
mendations regarding preexposure vaccination,shouId be based on a~ calculable risk 
assessment. At present, the target population for a bioterrorist release of 8. anthracis 
cannot be predetermined, and the risk of exposure cannot be calculated. In addition, 
studies suggest an extremely low risk for exposure related to secondary aerosolization 
of previously settled LX anthracis spqres (Z&83). Because of these factors, preexposure 
vaccination for the above groups is not recommended. forthe military and other select 
populations or for groups for which a calculable risk can be assessed, preexposure 
vaccination may be indicated. 

Options other than preexposure vaccination a.re avail-able to protect personnel work- 
ing in an area of a known previous release of B. anthrack @concern exists that persons 
entering an area of a previous release might be at risk.for expos.ure from a re-release of 
a primary aerosol of the organism or exposure from a high eonsentration of settled 
spores in a specific area, initiation of prophylaxis shauld be considered with .antibiotEcs 
alone or in combination with vaccine as is outlined in the section on postexposure 
prophytaxis. 

Postexposure Prophylaxis 7 C~emopr~p~~la~~s and 
Vaccination 

Penicillin and doxycycline are approved by FDA for tha treatment of anthrax and 
are considered the drugs of choice for the treatment of natu,raliy occurring anthrax 
( !4,8’84 t. In addition, ciprofloxacin and ofloxacin have afso demonstrated in vitro activ- 
ity against B. anthrack t 14,85 ). On the b,asis of studie$that demunstrated the effective- 
ness of ciprofloxacin in reducing the incidence and. progression of inhalation anthrax in 
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animal models, FDA recently approved the use of ciprofloxacin foIlowing aeroeol expo- 
sure to B. anthracis spores to prevent development or progression of inhalation anthrax 
in humans. Although naturaily occurring B. anthracis resistanceto-penieiilin is rare, such 
resistance has been reported (86). As of November 2000, no‘naturalfy occurring resis- 
tance to tetracyclines or ciprofloxacin had bee;2 reported. 

Antibiotics are effective against the germinated form of B, anthra&s but are not 
effective against the spore form of~the organism. FolIowing inhalation exposure, spores 
can survive in tissues for months without germination in nonhuman primates (30,871. 
This phenomenon of delayed vegetation of spores resulting, in protonged incubation 
periods has not been observed for routes of infection other ttjan inhaiatbn. In one study, 
macaques were exposed to four times-the LD50 dose* of anthrax spores, and the pro- 
portion of spores that survived in the lung tissue wasestimated to be 15%-20% at 
42 days, 2% at 50 days, and ~1% at 75 days (8). Although the LID50 dase for humans is 
believed to be similar to that for nonhuman primates, the<Length~ of persistence of 
B. anfhracis spores in human tung tissue is not known. The prolonged incubation period 
reported in the Soviet Union outbreak of inhalation anthrax suggests that lethal amounts 
of spores might have persisted up to 43 days after initial. exposwre;Afthough postexposure 
chemoprophyfaxis with tetracycline was reportedfy initiated during this outbreak, the 
duration of therapy was not repotted. 

Currently, ciprofloxacin isthe only’antibiotic approved by FDA for use in reducing the 
incidence or progression of disease after exposure to aerosolite~d B. anfhrticis. Although 
postexposure chemoprophylaxis using antibiotics alone. hasbeeneffective in animal 
models, the definitive length oftreatment is unclear. Several studies have demonstrated 
that short courses (5-10 days) of pa&exposure antibiotic therapy ‘are not effective at 
preventing disease when large numbers of spores are inhaled ($30 1. Longer courses of 
antibiotics may be effective (87). The study findings indicate that seven of 10, nine of 
10 and eight of nine macaques exposed to 240,000-560,000 anthrax spores (8 times the 
LD50) survived when treated for 30 days with penicillin, doxy&ciine, or ciprofloxacin, 
respectively. All animals su.rvived while undergoing antibiotic prophylaxis. Three ani- 
mals treated with penicillin died on days9,12, and 20 after antibiot& were discontinued 
(days 39,42, and 50 after exposure). A sing1.e animal inthe doxycycline group died of 
inhalation anthrax 28 days after discontinuing treatmenttday 581, and one animal in the 
ciprofloxacin group died 6 days after discontinuation of therapy {day 36). 

In addition, studies have demonstrated that antibiotics i.n combination with 
postexposure vaccination are effelrtive at preventing disease in nonhuman primates 
after exposure to B. anthracis spores (30,871. Vaccination alone after exposure was not 
protective, Because the cu.t-rent vaccine is labeled for use h-r specifically defined 
preexposure situations only, no FDA-approved labeling-addressesthe optimal number 
of vaccinations for postexposure prophylaxis use of the va;ccine. An estimated 83% of 
human vaccinees develop a vaccine-induced immune. response after two doses of the 
vaccine and 295% develop a fourfold rise in antibody titer after three doses f51,6$). 
Although the precise correlation between antibody titer and protection against disease is 
not clear, these studies of postexposure vaccEne regimens used in combination with 
antibiotics in nonhuman primates have consistentty dosumentod thatwoto three doses 
of vaccine were sufficient to prevent development of disease once antibiotics were 
discontinued. * 

*LDSO=a lethal dose of 50%; defkted as the dose of a product that will result in the death of 
50% af a population exposid to that product. 
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Only one study has directiy compared antibiotics plus vaccine with a longer course of 
antibiotics following aerosol exposura (87). This study documented no significant differ- 
ence in survival for animals treated with doxycycline alone for 30 days or animals treated 
with 30 days of doxycycline plus two doses of anthrax vaccine postexposure (nine of 
10 versus nine of nine, p = 0.4). However, the study suggests a possible benefit of 
postexposure combination of antibiotics with vaccination. 

Postexposure prophylaxisagainst, 43. anthracis is recommended following an aerosol 
exposure to B. anthracis spores. Such exposure might occur following an inadvertent 
exposure in the laboratory setting or a biological terrorist incident. Aerosof exposure is 
unlikely in settings outside a laboratory working with large volumes of 8. anfhracis, 
textile mills working with heavily contaminated animal products, or following a biological 
terrorism or warfare attack. Following naturally occurring anthrax among livestock, 
cutaneous and rare gastrointestinal exposures among humans are possible, but inhaJa- 
tion anthrax has not been reported. Because of the potential persistence of spores fol- 
lowing a possible aerosol expasure, antiblotic therapy should be continued for at least 
30 days if used alone, and althqugh supporting data are less definitive, longer antibiotic 
therapy {up to 42-60 days) might be indicated. If vaccine is avaitabie, antibiotics can be 
discontinued after three doses of vaccine have been administered according to the stan- 
dard schedule (0, 2, and 4 weeks) iTable 3). Because of concern about the possible 
antibiotic resistance of B. anthrac-is used in a bioterrorist attack, doxycycline or 
ciprofloxacin can be chosen initially fur antibiotic chemoprophylaxis until organism sus- 
ceptibilities are known. Antibiotic chsmoprophylaxis can be switched to penicillin VK or 
amoxicillin once antibiotic susceptibilities are known and the organism is found to be 
penicillin susceptible with minimum inhibitory concentrations (MICs) attainable with oral 
therapy. 

Although the shortened vaccine regimen has been effective when used in a 
postexposure regimen that includes antibiotics, the-duration of protection from vaccina- 
tion is not known. Therefore, if subsequent exposures occur, additional vaccinations 
might be required. 

No controlled studies have-been conducted in animals or humans to evaluate the use 
of antibiotics alone or in combination with vaccination following cutaneous or gastrointes- 
tinal exposure to B, anthracis. Cutaneous and rare gastrointestinal exposures of humans 
are possible following outbreaks of Etnthrax in livestock. In these situations, on the basis 
of pathophysiology, reported incubation periods, current expert clinical judgment, and 
lack of data, postexposure prophylaxis might consistof antibiotic therapy for 7-14 days. 
Antibiotics could include any of those previously mentioned in this report and in Table 3. 

RESEARCH AGEiUDA 
The fotlowing research priorities should be considered regarding anthrax vaccine: 

immunogenicity, evaluation of changes in use of the current vaccine, human safety stud- 
ies, postexposure prophylaxis, antibiotic susceptibility and treatment studies, and safety 
of anthrax vaccine in clinical toxicology studies among pregnant animals. 



16 MMWR December 15,200U 

lmmunogenicity 
Regarding the immunogenicity of AVA, priority research to-pios include a) identifying 

a quantitative immune corretate(s) of,protection in relevant animal species (especially 
rabbits and nonhuman primates) and bIdefining the quantitative relation between the 
vaccine-elicited immune response in these animafspecies and humans. Specifically, 
such information could help to provide scientific justific$tion for changing the schedule 
and route of administration of the existing vaccine. 

EvaJuating Changes in the Current Vaccine Schedule and 
Route 

Studies WdUatihg the effects of variations in use of the current anthrax vaccine 
should include a definitive clinical evaluation comparing the intramuscular and subcuta- 
neous routes of administration and.anassessment df the effects of reducing the number 
of inoculations required-for protection; Both immunogenicity andsafijty of these changes 
should be evaluated. Information about theefficacy end safety of AVA use in children and 
elderly persons is needed. Information about safety of the vaccine during pregnrincy is 
also needed. In addition, research todevelop the next generation of anthrax vaccines 
should continue. 

Human Safety Studies 
To assess the safe use of anthrax vaccine in humans, the Advisory Committee on 

Immunization Practices (ACIP) recommends several areas of research. Adverse event 
surveillance through VAERS should be,enhanced, which could4nclude development of 
electronic reporting capability and implementation of strategi,es to facilitate reporting. In 
addition, the influence of lot-to-lot variations in the vaccine en rates of adverse events 
should be evaluated. Other safety issues related to use of anthrax vaccine that should be 
addressed include development and evaluation of pmtreatment strategies to decrease 
short-term adverse events; assessment of risk factors for adverse events, including sex 
and preexisting antibody levels; and analysis of d~ifferencea in rates of occurreftce of 
adverse events by route of anthrax transmiseion and method of vaccine administration 
(intramuscular, subcutaneous, or jet injector). Because the role of repeated inocufations 
in local and systemic reactions remains unclear, further research is needed regarding 
this subject. In addition, the feasibility of studies to evaluate longer term and systemic 
adverse events should be determined. 

Postexposure Prophylaxis 
Although a substantial benefit of postexposure antibiotics,in preventing development 

of inhalation anthrax has been demonstrated in macaques, further research is needed to 
determine the optimal number of days of administration of those antibiotics and any 
additional benefit of receiving the anthrax vaccine in cornbin.ation w&h antibiotics. This is 
a high priority for the current federal initiative regarding bioterrorism preparedness. 
Determining alternative antibiotics for children and pregnant women should be an 
important part of this research. 
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Antibiotic Susceptibility and Tireatm&if StucJies 
Studies are needed that assets in vitro, suscaptibifity of B, anthracis strains to 

azithromycin, erythromycin, and other antibiotics that are practical for ch.ildreri and eld- 
erly persons. In addition, treatment trials in animals for ant:biutic altekatives to penicillin 
and doxycyciine are recommended. 

Safety of Anthrax Vaccine. in Clinical Toxicuh 
Among Pregnant Animals I 

To assess the safety of aMhrax vaccine use during human pregnancy, ACIP recom- 
mends that regulatory toxicology studies be~conducteci~n~pregnant ariimals. The study 
findings could provide baseline data for further ,studies of the safety of AVA use in 
pregnant women. 
References 

1. Brachman PS, Kaufmann AE Anthrax. In; Evans AS, BrachmanP& eds. Zlacteriai infections 
of humans. New York: Plenum Medical Book Company, 1998:95-IIt. 

2. Koch R. The aetiology of anthrax based on the ontogeny of the at7thrax bacillus. Med 
Classics 1937;2:787. 

3. Bell JH. On anthrax and athracaemia in wool sorters, heifers, and sheep. BMJ 1880;2:656-61. 
4. Davies JCA. A major epidemic of anthrax in Zimbabwe. Cent Afr J, Med 1982;28:291-8. 
5. Van Ness GB. Ecology of’anthrax. Science 1971;172:1303-7. 
6. Turnbull PCS. Guidelines for the surveillance arid contra{ of atithrax in humans and 

animals. Geneva, Switzerland: World Health Organization, Departrriet% of Communicable 
Diseases Surveillance and Response, 199.8; publication-no. WHO/EMCIZDl./Q8.6. 

7. Brachman P. lnhatation anthrax. Ann NY Acad SCi 1980;353:83-93, 
8. Brachman PS, Friedlander AM. Arithrax. In: Plotkin SA, Mortimer EA, eds. Vaccines. 

2nd ed. Philadelphia, PA: WB Saunders Company, 1994:72Q-39. 
9. Whitford HW. Incidence of anthrax in the USA: 1945-7988. S$isbXury Medical Bulletin 

(April 1 l-131 1989;68(suppl):5-7. 
IO. CDC. Surveillance for adverse events associated with ,anYhrax vaccination-U.S. 

Department of Defense, 1998-2000. MMWR 2OOO$Q:34’1-5. 
11. Pile JC, Malone JD, Eitzen EM, FriFSdiander AM. Anthrax as a potesrtia-l biological warfare 

agent. Arch Intern Med ?998;15$&?9-34. 
12. IngEesby TV, flenderso-n DA, Bartlett JG, et al. Anthrax as a biological weapon. 

JAMA 1999;281:173!%5. 
13. Christopher GW, Cieslak TJ, Pavlin JA, Eitzen EM Jr. Biological-warfare: a historical 

perspective. JAMA ?997;278:412-7. 
14. Franz DR, Jahrling PB, Friedlander AM, et al. Clinical recognition and management of 

patients exposed to biological watiare agents. JAMA 19Q7;278;3@411. 
15. World Health Organization. Healtti aspects of chemical ‘and’bjologicat weapons: a report 

of a WHO group of consultants* Geneva, Switzerland: Wc$ld He&h Organization, 1970. 
16. Jemski JV. Respiratory riirulence of Pasteurella tularensis S@u^S4.st~ain, for man, monkey 

and guinea pig. April 15, 1963. DTIC recovery no.,AD 498-288. 
17. Albrink WS, Goodlow RJ. Experimental inhalation anthrax in the chimpanzee. Am J Pathot 

1959;35:1055-65. 
18. Dolan JE, Sanders WM 111, Interim report 113: BW vulnerability study of the hazards to 

personnel caused by the’ operation of a helicopter on contaminated terrain. Frederick, 
MD: Army Biological Labs, November 1955; DTlC recovery no. AD 222-773, 

IQ, Carpenter RT, Dahlgren CM. Inter& Report 79: f3W vutnerability study. of the hazards due 
to secondary aerosols from contaminated terrain. Frederick, MD; Army Biological Labs, 
October 1954; DTIC recovery no. AD 262-871. 

20. Chinn KSK, Adams DJ. Hazard assessment for +@pension of agent-contaminated soil. 
Washington, DC: US Department of Defense, C?ctober 1QQQ: DPG document no. DPG/ 
JOD-91/002. 



18 MMWR December 15,ZOOO 

21. Patrick WC (II. Risk assess,ment of biological warfare primary and secondary aerosols and 
their requirements for decontamination. Vienna, VA: Science Appli,cations International 
Corporation, 1999, 

22. Abdenour D, Laroute 6, Dalichaouche M, Aouati M. Familial occurrence of anthrax in 
Eastern Algeria. J Infect Dis ‘1987;?55:1083-4. 

23. Anonymous. Report of the Departmerital Committee appointed to inquire as to precautions 
for preventing danger of infection from anthrax in tlie manipulation of wool, goat. hair, 
and camel hair. Vol III, Summaryof evidence and appendices. London, England: 
His Majesty’s Stationery Office, IQ%%1 16-8 

24. Dixon TC, Meselson M, Guillemin J, Hanna PC. Anthrax. N Engl 3 Med5999;341:815-26. 
25. Tekin A, Bulut N, Unal T. Acute abdomen due to anthrax. Br J Surg‘2997;84:813. 
26. Jena Gl? Intestinal anthrax in man: a case report. Gentr,Afr J”Med 7980;26:25~. 
27. Ndyabahinduka DGK, Chu IH, Abdou AH, Gaifuba J,K, An outb:reak of human 

gastrointestinal anthrax. Ann 1st Super Sanita 1984;20:205-8. 
28. Meselson M, Guillemin J, Hugh-Jones M, et al. The Sverdlovsk anthrax-outbreak of t979. 

Science 1994;266: 1202-7. 
29. Brachman PS, Plotkin SA, Bumford FH, Atchison MM. An epidemic of inhalation anthrax: 

the first in the twentieth century- II. ‘Epidemiology. Am J Hyg 1960;72:6-23. 
30. Henderson DW, Peacock S, Belton FC. Observations on the prophylaxis of experimental 

pulmonary anthrax in the monkey. J Hyg 1956;54:28-36. 
31. Gleiser CA, Berdjis CC, Hartman HA, Grochenour WS, Pathologyof experimental respiratory 

anthrax in Macaca mulat-ta. &it J Expt Path 1963;44:416-26. 
32. Hambfeton R Carman JA, Melling J. Anthrax: the disease in relation to vaccines. Vaccine 

1984;2:125-32. 
33. Friedlander AM. Anthrax. In: Sidell FR, Takafuji ET, Franz DR, eds. Textbook of military 

medicine: medical aspects of chemiczal and biological warfare, Part I. -Washington, DC: 
Walfer Reed Army Medical,Center:467-78. 

34.. Mikesell P, lvins BE, Ristroph JD, Dreier TM. Evidence for plasmid-mediated toxin production 
in BaciXJus anthracis. Infect lmmun I 1983;39:377-6. 

35. Lincoln RE, Fish DC. Anthrax toxin. In: Montie T, Kadis S, Ajl SJ, eds. Microbial toxins. New 
York, NY: Academic Press, Inc.:316+Il4. 

36. Duesbury NS, Webb CP, Leppia SH,bt al. Proteolytic inactivation of MAP-kinase-kinase by 
anthrax lethal factor. Science 1998;288:734-5. 

37. Farrar WE. Anthrax: virulence and vaccines. Ann Intern Me-d 1994;721:379. 
38. Fox 3. Bioterrorism: microbiology key to dealing with threats [Letter]. ASM News May 

1998;64:225-7. 
39. Milne JC, Furlong D, Hanna.PC, Wall JS, Collier RJ. Anthrax protective antigen forms 

oligamers during intoxication of mammalian cells. J Biol Chem 1994;267:20607-12. 
40. Hanna P. How anthrax kills. Science 1998;280:1671-3. 
41. Pasteur L. On the attenuation of viruses and an it’s return to virulence [French]. C R Acad 

Sci 1881;101:429-35. 
42. Greenfield WS. Lectures on some recent investigations into the pathology of infective 

and contagious diseases. Lecture Ill,- Part 1. Anthrax and .anthracoid diseases. Lancet 
1880;1:865-7. 

43. Sterne M. The use of anthrax vaccines prepared from avirulent tunencapsulated) variants 
of Bacillus anthracis. Onderstepoort J Vet Sci An Ind 1939;13:307-12. 

44. Sterne M. The immunization of laboratory animals against anthrax.’ J 5 Afr Vet Mod Assoc 
1942;13:53-7. 

45. Bail 0. Research into naturai and artificial anthrax immunity [German]. Zentralb Bakteriol 
Parasitenk Infectionskr 1904;47:276-2. 

46. Salsbery CE. Anthrax aggressin. J .Am Vet Med Assoc 1926;68:755-7. 
47. Gladstone GR Immunity to anthrax: pfotective antigen present in’eeil-free culture filtrates. 

Br J Exp Pathol 194§;27:394;418.. 
48, Belton FC, Strange RE. Studies on a protective antigen produced. ii, v&t? from Bacillos 

anfhracis. medium and methods of production. E&r J Exp Pathol 3964;35:144-9. 
49. Mahlandt BG, Klein F, Lincoln RE, Haines “SW, Jones Wl,Jr, Friedman RH. Immunologic 

studies of anthrax: IV. Evaiuation of the immunogenic&y of thrae components of anthrax 
toxin. J lmmunol 7966;96:727-33. 



Vol. 49 I No. RR-15 MMWR 19 

50. Puziss M, Manning LC, Lynch JW, Barclay E, Abelow I, Wright GG. Large-scale production 
of protective antigen of Bacillus anthJacis in aerobic cultures. Appl Microbial 1963;11:330-4. 

51. Puziss M, Wright GG. Studies on imm,unity in anthrax. X. Gel-adsorbed protective antigen 
for immunization in man. 3 Bacterial 1963;85;230-6. 

52. Wright GG, Green TW, Kanode RG Jr. Studies on immunity -in anthrax. V. immunizing 
activity of alum-precipitated ‘pr,otective antigen. J lmmunol ‘t954;73:38?-91. 

53. Tresselt HB, Boor AK. An antigen prepared in vitro effective for immunization against 
anthrax, 111. lmmunisation of monkeys against anthrax. J‘lnfeet 01s 1954;96:207-302. 

54. Little SF, lvins BE, Fellows PF, Friedtander AM. Passive proiedtion by poJyr;lonal antibodies 
against &xi//us anfhracis infection in guinea pigs. Infect immun T997$515177-5. 

55. Pitt MLM, Little S, lvins BE, et al. ln vitro correlate of immunity in an animal model of 
inhalational anthrax. J Appl Microbil 1999;87:304. 

56. Fowler K, McBride BW, Turnbull PCB, Baillie LWJ. Immune correlates of protection against 
anthrax. J Appl Microbial 1999;87:365. 

57. Turnbull PCB, Broster MG, Carman JA, Manchee RJ, Meiling J; Dsvelopment of antibodies 
to protective antigen and lethal factor components of anthrax toxin in humans and 
guinea pigs and their relevance to protective immunity. Infect fmmun 1986;52:356-63. 

58. Beall FA, Taylor MJ, Thorne CB. Rapid lethal effect in rats of a th,ird component found 
upon fractionating the toxin B&‘h.q anthracis. J Bacterial‘ 19623’83;1274-80, 

59. Harrison LH, Etzell JW, Veterinary Laboratory Investigation Center, Abshire TG, Kidd S, 
Kaufmann AF. Evaluation of serologic tests for diagnosis, of anthrax after an outbreak of 
cutaneous anthrax in Paraguay. 3 Infect Dis 1989;160:766-10. 

60. Advisory Committee for immunization Practices. Adult irr”munizadon. MMWR 1984;33:33-4. 
61. 21 CFR 620.23. 
62. Darlow HM, Belton FC, Henderson DW. The use of anthrax antigen to immunise man and 

monkey. Lancet (September. 8)1956:436-Q. 
63. Turnbull PCB. Anthrax vaccines: past, present and future. Veccine 1991;9:533-9. 
64, Brachman PS, Gold H, Plotkin SA, Fekety FR, Werrin M, Ingra.ham ~NR. Field evaluation of 

a human anthrax vaccine. Am J Public Health 1962;52:632-46. 
65. Johnson-Winegar A. Comparison of enzyme-linked immunosoxbent and indirect 

hemagglutination assays for determining anthrax antibodies. J ClinMicrobiol 1984;20:357-61. 
66. lvins BE, Ezzell JW Jr, Jemski J, Hedlund KW, R/stroph JD, Leppla SH. Immunization 

studies with attenuated strains of Ba@//us anthracis. Enfed lmmun 1966$2;454-648. 
67. Auerbach S, Wright GG. Studies on immunity in anthtax. VI. immunizing activity of 

protective antigen against various strains of Bacillus anthracis. J Immunol 1955;75:129-33. 
68. Little SF, Knudson GB. Comparative efficacy of Badfus anthrac& iive spore vaccine and 

protective antigen vaccine against anthrax in the guinea ‘pig. infect tmmun 1986;52:509-12. 
69. Ward MK, McGann VG, Hogge AL’Jr, Huff ML, Kanode RG;Jr, Roberts EO. Studies on 

anthrax infections in immunized guinea pigs. J infect Dis 1965;115:59-67. 
70. ivins BE, Fellows PF, Pitt MLM, et al. Efficacy of a standard human anthrax vaccine against 

Bacillus anthrack aerosol spore challenge in rhesus monkeys. Sal&bury Medical Bulletin 
(September 19-21) 1996;871Suppl):126-6~ 

71. Pitt MLM, lvins BE, Estep JE, Farchsus J, Friedlander AM. Comparison of the efficacy of 
purified protective antigen and M,DPH [AVAI to protsct non-human primates from 
inhalation anthrax. Salisbury Medical Bulletin (September 19$1) 1995;87{suppE):130. 

72. lvins BE, Pitt MLM, Fellows PF, et al, Comparative eficacy of experimenta anthrax vaccine 
candidates against inhalation anthrax in rhesus macaques.. Vaccine 1996;16:1141-8. 

73. Friedlander AM, Pittman PR, ParkerGW. Anthrax vaccine: eviclence for safety and efficacy 
against inhalational anthrax. J-AMA 1999;282:2104-6. 

74. National Communicable Disease Center. investigational new .drug application for anthrax 
protective antigen, aluminum hydroxide adsorbed, FDA no. DB$-lND 180, 19?0. 

75. Chen RT, Rastogi SC, Mullen JR, -et al. The Vaccine Adverse Event Reporting System 
(VAERS). Vaccine 1994;12:542-50. 

76. Committee on Health Effects Ass0ciate.d with Exposures During the Gulf War, Institute of 
icine. in: Fulco CE, Liverman CT, Sox HC, ads. Gulf War and health. Volume I: Depleted 

uranium, satin, pyridostigmine bromide, and vaccines, Washington, DC: National Academy 
of Sciences, 2000.. Available at chitp://www.nap.eduI>. Accessed October 23; 2000. 



20 MMWR Dgoember Xi,2000 

77. Peeler RN, Kadull PJ, Cluff LE. intensive immunization of man: evaluation of possible 
adverse consequences. Ann intern Med 1965;63:44-57. 

78. White CS III, Adler WH, McGann VG. Repeated immunization: possible adverse effects- 
reevaluation of human subjects at 25 years. Ann intern Med 1974;81:594-600. 

79. Fukuda K, Nisenbaum R, Stewart G, et al. Chronic multisymptom illness affecting Air 
Force veterans of the Gulf War. JAMA 1998;280:981Y&. 

80. Iowa Persian Gulf Study Group. Self-reported illness and health status among Gulf War 
veterans: a population-based study. JAMA 1997;277:238-45. 

81. CDC/National Institutes of Health. Biosafety in microbiological and~biomedical~ iaboratories. 
4th ed. Washington, DC: US Department of Health and Muman Services, CDMNationaI 
Institutes of Health, 2000:88-89, 

82. 9 CFR Part 95. 
83. CDC. Bioterrorism alleging use of anthrax and interim guidelines for management- 

United States, 1998. MMWR 1999;48:69-74. 
84. Barnes JM. Penicillin and B. anrhracis Journal of Pathology and Bacteriology 1947;194:‘113-25 
85. Do anay M, Aydin N. Antimicrobial susceptibility of Bacillus anh9raci.s Stand J Infect Dis 

1991;23:333-5. 
86. Lightfoot NF, Scott RJD, Turnbull, PCB. Antimicrobial susceptibility of Baci/h anthracis. 

Salisbury Med Bull (April 77-13) 7990;68(suppl):96-8. 
87. Friedlander AM, Welkos SL, Pitt MLM, et al. Postexposure prophylaxis against experimental 

inhatation anthrax. J infect Dis 1993;767:123942. 



vol. 49 / No. RR-15 MMWR 21 



22 MMWR centbet Vi,2000 



Use of Anthrax Vaccine in the’Uni%qd F@&s 
Recommendations of the Advisory Committee cmImmw&@on Practices [ACIP) 

EXPIRATlON - December 15, 2003~ 
You must complete and r&urn the response form electronically or by mail bybe&mbr 15,2003, to receive 
continuing education credit. If yau answer all of the questio&, y&i will r&eivB an &Ward letter for 3.0 hour 
Continuing Medical Education (CME) credit, 0.1 hourContinuing Education Units KZEUsI,or7.4hoursContinuing 
Nursing Education (CNE) credit. If you return the form electronically, you Will receive educational credit 
immediately. If you mail the form, you will receive educational credit in approximirtely 30 days. Nb fees are 
charged for participating in this continuing education activity. 

INSTRUCTJONS 
By Internet 
2. Readthis MMWROfol.49, RR-15?,which containsthecorrectanswerstothequer;tionsbeginningonthe next 

page. 
2. 
3. 

Go to the MMWRContinuing Education Internet site at chttp@&vw2.cdc.gav/m~wr(~me/conted.htmlz. 
Select which exam you want to take and select whether you want to register for CME, CEU, or CNE credit. 

4. Fill out and submir the registration form. 
5. Select exam questions. To receive continuing education credit, you must answer all of the questions. 

6. 
Questions with more than one correct answer will instruct you to “Itideate all that apply.” 
Submit your answers no later than December 15.2003. 

7. Immediately print your Certificate of Completitin for your records. _’ 

By Mail or Fax 
1. Read this MMWR(Vol. 49, RR-Xi), which containsthecorrect answersto the questions beginning on the next 

we. 
2. Complete all registration information on the response form, including your name, mailing address, phone 

number, and e-mail address, if available. 
3. Indicate whether you are registering for CME, CEU, or CNE credit. 
4. Select your answers to the questions, and mark the corresponding letters on the respanse form. ‘To receive 

continuing education credit, you mug answer all of the ques?ions. Questiotis with more than one correct 
answer will instruct you to “fndicate‘all that apply.” 

5. Sign anddatetheresponseformoraphotocopyoftheformandsendno,~aterthanOecember 18,2003,to 
Fax: 404-639-4198 Mail: MMWR CE Credit 

Office of Scientific and We&h Communications 
E@idemiology Program Offitie, MS C-08 
Centers for Disease Control and Prevention 
I&O’Clifton Rd. N.E. 
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6. Your Certificate of Completion will be maiied to you within 30 days. 
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1.0 hour in category 1 credittoward the AMA PhysicTan’s Recognition Award. Each physician ehoutd ctsim onlythose hours of 
credit that he/she actually spent in the educational aCtkin/. 

Continuing Education Unit (CEU). CDC has been approved as an wthoirzed provider. of continuing educeZion and training 
programs by the International Association for Continuing Education andTraining and awards ff.1 hour Continuing Education 
Units (CEUs). 

ContinuingNursing Education (CNE).This ectivityfor 1.4contect hoursis provided by CDC, which is accredited asa provider of 
continuing education in nursing by the American Nurses Crsdentialing Center’sCommk&on an Accreditation. 



CE-2 MMWR December 15,200O 

GCTAL AND OBJECTIVES 
This MMWR,provides guidance for Ijreventing anthrax inthe UnitedStates.Therecbmmendations weredeveloped 
by the Advisory Committee on Immunization Practices,(ACIFL The goats of this report are to provide AUF’s 
recommendations regarding AnthraxVaccineAdsorbed(AVA1. Upon completion ofthiseducationaf activity, the 
reader should be able to a) describe :he burden of anthrax &e&e-in the United states, b) describe the 
characteristics of the current licensed anthrax vaccine, c) recorjnize the most common adverse reactions 
following administration ofanthraxvaccine, and d) identify strategies far postexpasure pro.phylaxis of Anthrax. 

To receive continuing education credit, please answer all oftbe faliowhg q&est+s. 

1. Which of the following statements is true concerning the burden of anthrax in the 
United States? 

A. Anthrax is exclusively a human, disease in the United States. 
B. Numerous outbreaks of anthrax have occurred among animal handlers since 1990. 
C. The most common form Qf anthrax is cutaneous disease. 
D. Inhalation anthrax has never been reported in‘the United States. 
E. Gastrointestinal anthrax has been reported among persons who consume untreated 

water in wilderness areas. 

2. Why is B&//us antbmcis considered to be one of the most like& biological warfare 
agents? 

A. B. anthracis spores can cause infection by the respiratory route. 
B. Inhalation anthrax has a high mortality rate. 
C. 5, anthrac& spores are relativaly stable. 

D. All the above are reasons why Bacillus anthracis is considered to be one of the most 
likely biological warfare agents. 

3. Which of the following best describes the currently licensed anthrax vaccine? 

A. Live attenuated bacteria. 
B. Inactivated whole bacteria. 
C. Reassortant. 
D. Toxoid. 
E. Cell-free filtrate of 8. anthracit; culture. 

4. What is the recommended schedwle for anthrax vacdne? 

A. Six doses each separated by 4 weeks from the’preceding dose. 
B. Six doses at 0, 2, and 4 weeks and 6, 12, and 18 inonths. 

C. Four doses each separated by. 2 months from the preoeding dsse. 
D. Three doses at 0 and 4 weeks and 12 months. 

E. Two doses separated by 6 months. 
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5. Which of the following groups are recommended for routine vaccination with anthrax 
vaccine? 

A. Veterinarians with large animal practices. 
B. Emergency first responders. 
C. Persons who work in domestic animal hide processing facilities. 
D. Persons engaged in work invoiving production quantities-of B. an?hrzis cultures. 
E. All the above groups-are recommended to receive routine anthrax vaccination. 

6. What is the currently recommended route of administratiOn of anthrax vaccine? 

A. Intradermal injection. 
B. Subcutaneous injection. 
C. intramuscular injection. 
D. lntranasal aerosol. 
E. All the above routes of administration are recommended for anthrax vaccine. 

7. Which af the following conditions is a valid contraindicatiori or precaution for the use of 
anthrax vaccine? 

A. Recent administration of antibody-containing, blood product (B.S., whole blood or 
immune globulin). 

B. Current administration of antibiotics. 
C. Severe allergic reaction to a previous dose of the vaccine. 
D. Breast-feeding an infant. 
E. All of the above are valid contraindications or .precautions to the use of anthrax 

vaccine. 

8. What is the most frequently reported hdverse reaction foflqwing anthrax vaccination? 

A. Locaf reaction at the injection site. 
B. Fever. 
C. Joint pain. 
D. Allergic reactions, such as angioedema. 
E. Guillain-Barre syndrome. 

9. Which of the following is true cmcerning postexposure p~~hy~ax~ of anthrax? 

A. Vaccination alone after exposure does not appear to bfi protective. 
B. Doxycycline or ciproftoxicin can be used initially for postax.posure prophyfaxis until 

antibiotic susceptibility is determined. 

C. Postexposure antibiotic therapy should be continued for at least 30 days. 
D. At least three doses of vaccine should be administered for postexposure 

prophylaxis. 
E. All the above are true concerning postexposure prophylaxis of anthrax. 
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10. Indicate your work setting. 

A. State/local health department. 
B. Other public health. setting. 
C. Hospital clinic/private practice. 
D. Military. 
E. Academic institution. 
F. Other. 

11. Which best describes your professional activities? 

A. Patient care - emergency/urgent care department. 

B. Patient care - inpatient. 
C. Patient care - primary-care clink or office. 

D. Laboratory/pharmacy. 
E. Public health. 
F. Other. 

12. I plan’to use these recommendations as the -basis for .,. (Indicate all that apply) 

A. health education materials, 
B. emergency preparedness. 
C. local practice guidelines. 
D. public policy. 
E. other. 

13. Each month, to approximately how many persons do you administer anthrax vaccine? 

None. 
A. None. 
B. 1-5. 
c. 6-20. 
D. 21-50. 
E. >50. 

14. How much time did you spend reading this report and compi&ng the exam? 

A. Less than 1 hour. 
B. l-l.5 hours. 
C. 1.5-2 hours. I 
D. More than 2 hours. 
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15. After reading this report, I am confident I can desiribe the burden 0) ‘anthrax disease in 
the United States. 

A. Strongly agree. 
B. Agree. 
C. Neither agree nor disagree+ 
D. Disagree. 
E. Strongly disagree. 

16. After reading this report, I .am confident l can describe-the chara~e~istics of the currently 
licensed anthrax vaccine; 

A. Strongly agree. 
B. Agree. 
C. Neither agree nor disagree. 
D. Disagree. 
E. Strongly disagree. 

17. After reading this report, 1 am confident I can recognize ,the most common adverse 
reactions foilowing administration of anthrax vaccine. 

A. Strongly agree. 
8. Agree. 
C. Neither agree nor disagree. 

D. Disagree. 
E. Strongly disagree. 

18. After reading this report, I am cenfident I can identffy strategies for postexposure 
prophylaxis of anthrax. 

A. Strongly agree. 
B. Agree. 
C. Neither agree nor disagree. 
D. Disagree. 
E. Strongly disagree. 

13. The obiectives are relevant to the goal of this report. 

A. Strongly agree. 
B. Agree. 
C. Neither agree nor disagree. 
D. Disagree. 
E. Strongly disagree. 
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20. The tables are useful. 

A. Strongly agree. 
B. Agree. 
C. Neither agree nor disa.gree. 
D. Disagree. 
E. Strongly disagree. 

21. Overall, the presentation of the report enhanced my abtiii to understand the materhi. 
A. Strongly agree. 
B. Agree. 
C. Neither agree nor disagree. 
D. Disagree. 
E. Strongly disagree. 

22. These recommendations wit1 affect my practice. 

A. Strongly agree. 
B. Agree. 
C. Neither agree nor disagree. 
D. Disagree. 
E. Strongly disagree. 

23. How did you learn about this ~cont‘inuing education rct%ity? 

A. Internet. 
B. Advertisem,ent (e.g., fact sheet, M#M/R cover, newsletter, or journal) 
C. Coworker/supervisor. 
D. Conference presentation. 
E. MMWR subscription. 
F. Other. 

. 

24. The availability of continuing, education credit was important to. my d$cision to read this 
report. 

A. Strongly. agree. 
‘B. Agree. 
C. Neither agree nor disagree. 
D. Disagree. 
E. Strongly disagree. 
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