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INTRODUCTION

Countermeasures against bioterrorism to prevent or
limit the number of secondary infections or intoxica-
tions include () early identification of the bioterrorism
event and persons exposed, (b) appropriate decontami-
nation, (¢) infection control, and (d) medical counter-
measures. The initial three countermeasures are non-
medical and discussed in other chapters. This chapter
will be restricted to medical countermeasures, which

include interventions such as active immunoprophy-
laxis (ie, vaccines), passive immunoprophylaxis (ie, im-
munoglobulins and antitoxins), and chemoprophylaxis
(ie, postexposure antibiotic prophylaxis) (Tables 21-1
and 21-2). Medical countermeasures may be initiated
either before an exposure (if individuals are identified
as being at high risk for exposure) or after a confirmed
exposure event. Because medical countermeasures

TABLE 21-1
VACCINES, VACCINE DOSAGE SCHEDULES, AND POSTVACCINATION PROTECTION

Vaccine Primary Series Protection Booster Doses
Anthrax (0.5 mL SQ) Days 1, 14,28 3 weeks after 3rd vaccine dose Annual boosters after
Months 6, 12, 18 dose 6 of vaccine

Tularemia*t Day 0 “Take” after vaccination Every 10 yearsJr

(15 punctures PC)
Q fever (0.5 mL SQ) Day 0 3 weeks after vaccination None
VEE C-83*%(0.5 mL SQ) Day 0 Titer > 1:20 None (boost with TC-84)*
VEE TC-84%(0.5 mL SQ) Day 0 Titer = 1:20 As needed per titer'
EEE?(0.5 mL SQ) Days 0, 7, 28 Titer > 1:40 As needed per titer”
WEE! Days 0, 7, 28 Titer > 1:40 As needed per titer®
Yellow fever” (0.5 mL SQ) Day 0 4 weeks after vaccination Every 10 years
Smallpox™” (3 punctures Day 0 Evidence of a “take” (vesiculo-papular 1,3, or 10 years™

PC for primary vaccination) response); Scab resolved (day 21-28 after

vaccination)

RVF (1 mL SQ) Days 0, 7, 28, 180 Titer > 1:40 after dose 3 As needed per titer*
]unin*'JrJr (0.5 mL IM) Day 0 4 weeks after vaccination None
TBE® (0.5 mL SQ) Days 0, 30 2 weeks after 2nd vaccine dose Every 3 years
PBT™ (0.5 mL SQ) Days 0, 14, 84,  Potential protection within 4 weeks of 3rd Booster dose at 12 months

and month 6 vaccine dose (antitoxin titers no longer

obtained)

and then yearly

* Live vaccine.

* Investigational live attenuated tularemia NDBR 101 vaccine. Booster doses currently recommended every 10 years, although immunity
may persist longer.

Investigational inactivated freeze-dried Q Fever NDBR 105 vaccine.

$ Investigational live attenuated TC-83 NDBR 102 VEE vaccine is given as a one-time injection. PRNT,, titers were obtained after vaccination
and yearly to assess for adequate titers. If PRNT,, titers fell below a predetermined level, another investigational vaccine, the inactivated
C-84 TSI-GSD-205 VEE vaccine, was given to boost titers.

¥ PRNT,, titers. Titers are obtained within 28 days of the primary series and yearly afterward to assess immune response. Booster doses for
EEE were administered as 0.1 mL intradermally.

1 Investigational inactivated TSI-GSD-104 EEE and TSI-GSD-210 WEE vaccines.

**Booster doses are administered as 15 punctures PC, given every 10 years, but may be recommended more frequently if high risk of expo-
sure (ie, smallpox outbreak, laboratory workers). Laboratory workers are given booster doses every 3 years if working with monkeypox
and yearly if working with variola (variola research only at CDC).

Investigational live attenuated AHF virus vaccine (Candid 1).

$Investigational FSME-IMMUN inject vaccine.

¥¥Investigationa1 botulinum pentavalent (ABCDE) botulinum toxoid.

CDC: Centers for Disease Control and Prevention; EEE: eastern equine encephalitis; IM: intramuscular; MA: microagglutination titer; PBT:
pentavalent botulinum toxoid; PC: percutaneous; PRNT,:80% plaque reduction neutralization titer; RVF: Rift Valley fever; SQ: subcutane-
ous; TBE: tick-borne encephalitis; VEE: Venezuelan equine encephalitis; WEE: western equine encephalitis
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TABLE 21-2

Medical Countermeasures

POSTEXPOSURE ANTIBIOTIC PROPHYLAXIS REGIMENS

Agent Antibiotic

Duration of Treatment

Bacillus anthracis”

Yersinia pestis
Francisella tularensis
Burkholderia mallei

Doxycycline or ciprofloxacin
Doxycycline or ciprofloxacin

augmentin, or ciprofloxacin
B pseudomallei
(possibly ciprofloxacin)
Doxycycline plus rifampin
Doxycycline

Brucella
Coxiella burnetii

Ciprofloxacin, doxycycline, or penicillin (if sensitive)

Doxycycline, trimethoprim-sulfamethoxazole,

Doxycycline, trimethoprim-sulfamethoxazole

Vaccinated: 30 days (aerosol)
Unvaccinated: 60 days (aerosol)
7 days

14 days

14 days (consider 21 days)+

14 days (consider 21 days)+

21 days

7 days (not to be given before day 8 after
exposure because it may only prolong the
incubation period)

* Advisory Committee on Immunization Practices membership notes no data on postexposure prophylaxis for preventing cutaneous anthrax

but suggests 7- to 14-day course of antibiotics may be considered.
No clinical data to support

may be associated with adverse events, the recommen-
dation for their use must be weighed against the risk
of exposure and disease. Vaccines, both investigational
and approved by the Food and Drug Administration
(FDA), are available for some bioterrorism agents. In
the event of a bioterrist incident, preexposure vaccina-
tion, if safe and available, may modify or eliminate the
need for postexposure chemoprophylaxis. However,
preexposure vaccination may not be possible or practi-
cal in the absence of a known or expected release of a
specific bioterrorist agent, particularly with vaccina-
tions that require booster doses to maintain immunity.
In these cases, chemoprophylaxis after identifying an
exposure may be effective in preventing disease. Any
effective bioterrorism plan should address the logistics
of maintaining adequate supplies of drugs and vac-
cines, as well as personnel to coordinate and dispense
needed supplies to the affected site.

Although the anthrax and smallpox vaccines are
both FDA approved, potential bioterrorism agents have
only investigational vaccines that were developed and
manufactured over 30 years ago. These vaccines have

demonstrated efficacy in animal models and safety in at-
risk laboratory workers; however, they did not qualify
for FDA approval because studies to demonstrate their
efficacy in humans were deemed unsafe and unethical.
Although these vaccines can be obtained under investi-
gational new drug (IND) protocols at limited sites in the
United States, the vaccines are in extremely limited sup-
ply and are declining in immunogenicity with age.

Under the FDA animal rule instituted in 2002, ap-
proval of vaccines can now be based on demonstration
of efficacy in animal models alone, if efficacy studies
in humans would be unsafe or unethical. This rule
has opened the opportunity to develop many new
and improved vaccines, with the ultimate goal of FDA
licensure. Vaccine development generally is a long
process, requiring 3 to 5 years to identify a potential
vaccine candidate and conduct animal studies to test
for vaccine immunogenicity and efficacy, with an ad-
ditional 5 years of clinical trials for FDA approval and
licensure. FDA vaccine approval then takes from 7 to
10 years, so vaccine replacements are not expected to
be available in the near future.

BACTERIAL AND RICKETTSIAL DISEASES

Anthrax

Anthrax is caused by Bacillus anthracis, a spore-
forming, gram-positive bacillus. Associated disease
may occur in wildlife such as deer and bison in the
United States but occurs most frequently in domestic
animals such as sheep, goats, and cattle, which acquire

spores by ingesting contaminated soil. Humans can
become infected through skin contact, ingestion, or
inhalation of B anthracis spores from infected animals
or animal products. Anthrax is not transmissible from
person to person. The infective dose for inhalational
anthrax based on nonhuman primate studies is esti-
mated to be 8,000 to 50,000 spores.”* The 2001 anthrax
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incident suggests that inhalational anthrax may result
from inhalation of relatively few spores with exposure
to small particles of aerosolized anthrax.’ The stability
and prolonged survival of the spore stage makes B
anthracis an ideal agent for bioterrorism.

Vaccination

History of the anthrax vaccine. In 1947 a factor
isolated from the edema fluid of cutaneous B anthracis
lesions was noted to successfully vaccinate animals.*
This factor, identified as the protective antigen (PA),
was subsequently recovered from incubating B anthra-
cis in special culture medium.>® This led to the develop-
ment in 1954 of the first anthrax vaccine, which was
derived from an alum-precipitated cell-free filtrate of
an aerobic culture of B anthracis.’”

This early version of the anthrax vaccine was dem-
onstrated to protect small laboratory animals® and
nonhuman primates from inhalational anthrax.” The
vaccine also demonstrated protection against cutane-
ous anthrax infections in employees working in textile
mills processing raw imported goat hair.® During this
study, only 3 cases of cutaneous anthrax occurred in
379 vaccinated employees, versus 18 cases of cutane-
ous anthrax and all 5 cases of inhalational anthrax that
occurred in the 754 nonvaccinated employees. Based
on these results, the vaccine efficacy for anthrax was
determined to be 92.5%. The vaccine failures were
noted in a person who had received only two doses of
vaccine, a second person who had received the initial
three doses of vaccine but failed to receive follow-up
doses at 6 and 12 months (infection at 13 months), and
a third person who was within a week of the fourth
vaccine dose (the 6-month dose), a period when titers
are known to be lower. Local reactions were noted in
35% of vaccinees, but most reactions were short-lived
(generally resolving within 24 to 48 hours), with severe
reactions occurring in only 2.8% in the vaccinated
population.

Anthrax vaccine adsorbed. The current FDA-ap-
proved anthrax vaccine adsorbed (AVA) was derived
through improvements of the early alum-precipitated
anthrax vaccine and involved (a) using a B anthra-
cis strain that produced a higher fraction of PA, (b)
growing the culture under microaerophilic instead
of aerobic conditions, and (c) substituting an alumi-
num hydroxide adjuvant in place of the aluminum
potassium salt adjuvant.”" Originally produced by
the Michigan Department of Public Health, AVA is
now manufactured by BioPort Corporation in Lan-
sing, Michigan. AVA is derived from a sterile cell-free
filtrate (with no dead or live bacteria) from cultures
of an avirulent, nonencapsulated strain of B anthracis
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(toxinogenic, nonencapsulated V770-NP1-R), that
produces predominantly PA in relative absence of
other toxin components such as lethal factor or edema
factor.”" The filtrate used to produce AVA is adsorbed
to aluminum hydroxide (Amphogel [Wyeth Labora-
tories, Madison, NJ]) as an adjuvant and contains PA,
formaldehyde, and benzethonium chloride, with trace
lethal factor and edema factor components."

AVA is given as subcutaneous injections (in the
upper deltoid muscle) of 0.5 mL at 0, 2, and 4 weeks,
followed by injections at 6, 12, and 18 months, and
then yearly boosters. Vaccine breakthroughs have been
reported in persons who received only two doses of
vaccine, but infections in those who received all three
initial doses (and are current on subsequent primary
and booster doses) are uncommon. The few published
reports of breakthroughs occurred with use of the
earlier, alum-precipitated anthrax vaccine and within
days before the scheduled 6-month vaccine dose (dose
4), when antibody titers have been demonstrated to
be low.*'?

Evidence suggests that both humoral and cellular
immune responses against PA are critical to protec-
tion against disease after exposure.”'*'* Vaccinating
rhesus macaques with one dose of AVA elicited anti-
PA immunoglobulin (Ig) M titers peaking at 2 weeks
after vaccination, IgG titers peaking at 4 to 5 weeks,
and PA-specific lymphocyte proliferation present at 5
weeks."”” Approximately 95% of vaccinees seroconvert
with a 4-fold rise in anti-PA IgG titer after three doses
of vaccine.*'® Although animal studies have demon-
strated transfer of passive immunity from polyclonal
antibodies,"” the correlation of protection against an-
thrax infection with a specific antibody titer has not
yet been defined."”

Both the alum-precipitated vaccine and AVA dem-
onstrated efficacy in animal models against aerosol
challenge.t71013151820 A total of 52 of 55 monkeys (95%)
given two doses of anthrax vaccine survived lethal
aerosol challenge without antibiotics.” Because spore
forms of B anthracis may persist for over 75 days after
an inhalational exposure, vaccination against anthrax
may provide more prolonged protection than post-
exposure antibiotic prophylaxis alone.”” However,
vaccination after exposure alone was not effective in
preventing disease from inhalational anthrax. Vaccina-
tion of rhesus monkeys at days 1 and 15 after aerosol
exposure did not protect against inhalational anthrax (4
x 10° spores, which is 8 median lethal doses) resulting
in death in 8 of the 10 monkeys. However, all rhesus
monkeys given 30 days of doxycycline in addition to
postexposure vaccination survived.* Recent studies
indicate that a short course of postexposure antibiot-
ics (14 days) in conjunction with vaccination provides



significant protection against high dose aerosol chal-
lenge in nonhuman primates.”

Vaccine adverse events. Adverse reactions in 6,985
persons who received a total of 16,435 doses of AVA
(9,893 initial series doses and 6,542 annual boosters)
were primarily local reactions.” Local reactions (edema
or induration) were severe ( > 12 cm) in less than 1%
vaccinations, moderate (3-12 cm) in 3% vaccinations,
and mild (<3 cm) in 20% vaccinations. Systemic reac-
tions were uncommon, occurring in less than 0.06%
of vaccines, and included fever, chills, body aches, or
nausea.

Data from the Vaccine Adverse Event Reporting
System from 1990 to 2000, after nearly 2 million doses
of vaccine were distributed, showed approximately
1,500 adverse events reported from the vaccine. The
most frequently reported events were injection site
hypersensitivity (334), edema at the injection site (283),
pain at the injection site (247), headache (239), arthral-
gia (232), asthenia (215), and pruritus (212). Only 76
events (5%) were serious, including the reporting of
anaphylaxis in two cases.”

In an anthrax vaccine study conducted in labo-
ratory workers and maintenance personnel at the
US Army Medical Research Institute of Infectious
Diseases (USAMRIID) over 25 years, females were
found to be more likely than males to have injection
site reactions, edema, and lymphadenopathy.” Initial
data also showed a decrease in the rate of local reac-
tions if the time interval between the first and second
dose was extended or if the vaccine was administered
intramuscularly. No decrease in seroconversion rates
or anti-PA IgG geometric mean titers was noted with
either of these modifications of administration. Delay
of the second vaccine dose to 4 weeks (instead of 2
weeks) was associated with induration in only 1 of 10
females (10%) and subcutaneous nodules in only 4 of
10 females (40%), versus 10 of 18 (56%) and 15 of 43
(83%), respectively, when the second vaccine dose was
given at 2 weeks.” When AVA was administered intra-
muscularly at 0 and 4 weeks, none of the 10 persons
exhibited induration or subcutaneous nodules, and
only one person developed erythema. The Centers for
Disease Control and Prevention (CDC) is conducting
a large study to confirm these results.

Protocols for managing vaccine adverse events
have not yet been evaluated in randomized trials.
However, individuals with local adverse events may
be managed with ibuprofen or acetaminophen for
pain, second-generation antihistamines if localized
itching is a dominant feature, and ice packs for severe
swelling extending below the elbow. In special cases,
to alleviate future discomfort for patients with large
or persistent injection-site reactions after subcutaneous
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injection, the US Army Medical Command policy for
troops allows intramuscular injection to be considered
if the provider (1) believes intramuscular injection will
provide appropriate protection and reduce side effects,
and (b) informs the patient that intramuscular injection
is not FDA approved.”

Additional anthrax vaccination is contraindicated in
persons who have experienced an anaphylactic reac-
tion to the vaccine or any of the vaccine components.”
It is also contraindicated in persons with a history of
anthrax infection because of previous observations of
an increase in severe adverse events.” The vaccine may
be given in pregnancy only if the benefit outweighs
the risk.

Other anthrax vaccines. An attenuated live anthrax
vaccine given by scarification or subcutaneous injec-
tion is used in the former Soviet Union. The vaccine is
reported to be protective in mass field trials, in which
anthrax occurred less commonly in vaccinated persons
(2.1 cases per 100,000 persons), a risk reduction of cuta-
neous anthrax by a factor of 5.4 in the 18 months after
vaccination.””? A PA-based anthrax vaccine, made by
alum precipitation of a cell-free culture filtrate of a
derivative of the attenuated B anthracis Sterne strain,
is currently licensed in the United Kingdom."*

New vaccine research. The ability to prepare puri-
fied components of anthrax toxin by recombinant tech-
nology has presented the possibility of new anthrax
vaccines. New vaccine candidates may be PA toxoid
vaccines or PA-producing live vaccines that elicit par-
tial or complete protection against anthrax infection."”
A recombinant PA vaccine candidate given intrader-
mally or intranasally was demonstrated to provide
complete protection in rabbits and nonhuman primates
against aerosol challenge with anthrax spores.*

Recent research has shown toxin neutralization
approaches to be protective in animal models. Inter-
alpha inhibitor protein (Iolp), an endogenous serine
protease inhibitor in human plasma, given to BALB/ ¢
mice 1 hour before intravenous challenge to a lethal
dose of B anthracis, was associated with a 71% survival
rate at 7 days compared to no survivors in the control
groups.” One potential mechanism of action for Ialp
is through the inhibition of furin, an enzyme required
for assembling lethal toxin in anthrax pathogenesis.

Chemoprophylaxis

Antibiotics. Antibiotics are effective only against
the vegetative form of B anthracis (not effective against
the spore form). However, in the nonhuman primate
model of inhalational anthrax, spores have been shown
to survive for months ( < 1% at 75 days and trace
spores present at 100 days) without germination.”**
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Prolonged spore survival has not been observed for
other routes of exposure.

Ciprofloxacin, doxycycline, and penicillin G pro-
caine have been FDA approved for prophylaxis of in-
halational anthrax.>'"***** Ciprofloxacin, doxycycline,
and penicillin have been demonstrated in nonhuman
primates to reduce the incidence or progression of
disease after aerosol exposure to B anthracis.”>*** Ma-
caques exposed to 240,000 to 560,000 anthrax spores (8
median lethal doses) and given postexposure antibiotic
prophylaxis with 30 days of penicillin, doxycyline, or
ciprofloxacin resulted in survival of 7 of 10, 9 of 10, and
8 of 9 monkeys, respectively.** All animals survived
while on prophylaxis, but three monkeys treated with
penicillin died between days 39 and 50 postexposure,
one monkey treated with doxycycline died day 58
postexposure, and one monkey treated with cipro-
floxacin died day 36 postexposure. This phenomenon
is attributed to delayed vegetation of spores that may
persist in lung tissue after inhalational exposure.

To avoid toxicity in children and pregnant or lactat-
ing women exposed to penicillin-susceptible strains,
amoxicillin given three times daily is an option.
However, it is not recommended as a first-line treat-
ment because it lacks FDA approval and its efficacy
and ability to achieve adequate therapeutic levels at
standard doses are uncertain. Because strains may be
resistant to penicillin, amoxicillin should not be used
until sensitivity testing has been performed.

Duration of antibiotic prophylaxis. The optimal
duration of postexposure antibiotic prophylaxis after
aerosol exposure to B anthracis in unvaccinated indi-
viduals is 60 days, which is based on the results of the
animal studies described above.”>*** Spore survival in
the lung tissue of Macaques exposed to 4 median lethal
doses was estimated to be 15% to 20% at 42 days, 2%
at 50 days, and less than 1% at 75 days.”* The 1979
outbreak of inhalational anthrax after an accidental
release of spores from a Soviet biological weapons
production facility (the Sverdlovsk outbreak) suggests
that lethal spores persisted after the initial exposure
because cases of human anthrax developed as late as 43
days after the release.”® Current recommendations for
treating unvaccinated persons after aerosol exposure
to B anthracis from the CDC, Advisory Committee for
Immunization Practices (ACIP), and Occupational
Safety and Health Administration, are for 60 days
of either ciprofloxacin (500 mg twice daily) or doxy-
cycline (100 mg twice daily).”” Tetracycline may be
a possible alternative for doxycycline, but it has not
been well studied.

Adverse events of chemoprophylaxis. Adverse
events associated with the prolonged, 60-day, antibiotic
prophylaxis regimen have had a significant impact on
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compliance. Compliance was reported to be as low as
42% among the 10,000 persons in the 2001 incident at
the Brentwood Post Office and Senate office building
who were recommended to receive the regimen.”
Adverse events reported by the 3,428 postal workers
receiving postexposure prophylaxis with ciprofloxacin
were primarily gastrointestinal symptoms of nausea,
vomiting, or abdominal pain (19%); fainting, dizziness,
or light-headedness (14%); heartburn or acid reflux
(8%); and rash, hives, or itchy skin (7%).* Reasons
for early discontinuation of ciprofloxacin included
adverse events (3%), fear of possible adverse events
(1%), and belief that the drug was unnecessary (1%).
Other adverse events that can occur with quinolones
but not reported in this survey include headache,
tremors, restlessness, confusion, and Achilles tendon
rupture.* Adverse events associated with tetracycline
and amoxicillin were predominantly gastrointestinal
symptoms.

Postexposure Vaccination With Chemoprophylaxis

Vaccination alone after exposure to B anthracis was
not protective in preventing inhalational anthrax in
nonhuman primates; therefore, AVA is not currently
licensed for postexposure prophylaxis. Both the ACIP
and CDC endorse making anthrax vaccine available
for unvaccinated persons identified as at risk for
inhalational exposure in a three-dose regimen (0, 2,
and 4 weeks) in combination with antimicrobial post-
exposure prophylaxis under an IND application.”
However, there is insufficient data to determine the
duration of antibiotic prophylaxis when initiated with
vaccination. Based on antibody titers peaking at 14
days after the third dose of AVA,* a recommendation
of 30 days was suggested in persons already fully or
partially immune, and perhaps 7 to 14 days after the
third vaccine dose when the vaccine was initiated in
conjunction with postexposure prophylaxis. Doxycy-
cline given for 30 days after aerosol exposure resulted
in survival of 9 of 10 monkeys, and doxycycline given
for 30 days after aerosol exposure in conjunction with
two doses of anthrax vaccine was protective in 9 of 9
monkeys challenged with B anthracis.** The addition
of the vaccine may suggest a possible benefit, but the
difference was not statistically different (P = 0.4) for this
study.* However, recent nonhuman primate studies
indicated that a 14-day course of oral ciprofloxacin in
combination with AVA vaccination may significantly
reduce the duration of postexposure prophylaxis,
from 30 days to 14 days with a statistical significance
of P = 0.011.” In this study, vaccine was provided on
days 0, 14, and 30, with 100% protection (10/10) of
nonhuman primates receiving a 14-day course of oral



ciprofloxacin and three doses of AVA vaccine. Because
there are no prolonged spore stages with percutaneous
and gastrointestinal exposures, the CDC does not rec-
ommend postexposure prophylaxis in these instances.
However, the ACIP noted that there are no controlled
studies of this issue and suggested a course of 7 to 14
days as prophylaxis for both cutaneous and gastroin-
testinal anthrax provided no inhalational exposure is
suspected.**

Clinical Indications for Vaccine or Postexposure
Antibiotic Prophylaxis

Evaluation for inhalational exposure to B anthracis
includes a physical examination, laboratory tests, and
chest radiograph, as indicated, to exclude active infec-
tion. Nasal swabs may be used for epidemiological pur-
poses, but should not be used as a primary determinate
for the initiation or cessation of postexposure antibiotic
prophylaxis**’; a negative nares culture does not ex-
clude inhalational exposure to the organism. However, if
anindividual has a positive nares culture, postexposure
antibiotic prophylaxis should be initiated.

Antibiotic prophylaxis should be initiated upon
possible aerosol exposure to B anthracis and should
be continued until B anthracis exposure has been ex-
cluded. If exposure is confirmed or cannot be excluded,
prophylaxis should continue for 60 days duration in
unvaccinated persons. In unvaccinated individuals
who subsequently undergo vaccination, antibiotic
prophylaxis should be continued for 7 days after the
third dose of vaccine is administered. For persons
with a history of anthrax vaccination who are within
1 year of their annual booster, a 30-day course of an-
tibiotics should be sufficient. Individuals should be
monitored for symptoms throughout the incubation
period, lasting 1 to 7 days after percutaneous exposure
or ingestion, and potentially up to 90 days following
aerosol exposures.

Tularemia

Francisella tularensis, a highly infectious bacterial
pathogen responsible for serious illness, and occasion-
ally death, has long been recognized as a potential
biological weapon.* Humans can acquire tularemia
through (1) contact of skin or mucous membranes with
the tissues or body secretions of infected animals; (b)
bites of infected arthropeds (deerflies, mosquitoes, or
ticks); (c) ingestion of contaminated food or water (less
commonly); or (d) inhalation of aerosolized agent from
infected animal secretions. Tularemia is not transmis-
sible person to person. Because of the low infective
dose (10-50 organisms) of F tularensis, disease may
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readily develop when exposure is by the pulmonary
route. This disease was the most common laboratory-
acquired infection (153 cases) during the 25 years of
the US Biological Warfare Program. These tularemia
infections were acquired mainly from aerosol expo-
sures."”” Outbreaks of tularemia in nonendemic areas
should alert officials to the possibility of a bioterror-
ism event.

Vaccination

Investigational live tularemia vaccine. No FDA-
licensed vaccine protecting against tularemia is cur-
rently available. However, an investigational live
attenuated vaccine given to at-risk researchers at Fort
Detrick, Maryland, has been available since 1959. This
vaccine is only available at USAMRIID under an IND
protocol.

Vaccination of at-risk laboratory personnel with an
inactivated phenolized tularemia vaccine (Foshay vac-
cine) during the US offensive biological warfare pro-
gram at Fort Detrick before 1959 ameliorated disease
but did not prevent infection.”* A sample of the Soviet
live tularemia vaccine (known as strain 15), which was
used in millions of persons during epidemics of type
B tularemia beginning in the 1930s, was made avail-
able to Fort Detrick in 1956.* Both a gray-variant and
blue-variant colony were cultivated from this vaccine
(colonies were blue when illuminated with oblique
light under a dissecting microscope). The blue-vari-
ant colony was proven to be both more virulent and
more immunogenic than the gray-variant colony. To
improve protection against the virulent F tularensis
SCHU 54 strain, the blue-variant colony was passaged
through white mice to potentiate its virulence and im-
munogenicity. These passages subsequently resulted
in the derivative vaccine strain known as the live
vaccine strain (LVS). The strain was used to prepare a
lyophilized preparation known as the live tularemia
vaccine, which was composed of 99% blue-variant and
1% gray-variant colonies.

Beginning in 1959, the live attenuated tularemia
vaccine, LVS, was administered to at-risk laboratory
personnel in the offensive biological warfare program
at Fort Detrick until closure of the program in 1969
(Figure 21-1).” Before vaccination, tularemia was
the most frequently diagnosed laboratory-acquired
infection, with mainly typhoidal/pneumonic and
ulceroglandular disease manifestations. After vaccina-
tion, the incidence of typhoidal / pneumonic tularemia
decreased from 5.7 to 0.27 cases per 1,000 at-risk em-
ployee-years. Although no decrease in ulceroglandular
tularemia was noted during this time, the vaccine did
ameliorate symptoms from ulceroglandular tularemia,
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Code No: NDBR 101

Pasteurella
Tularensis Vaccﬂﬁ

Caution: New D"’“Eﬁ,

Federal law to inves
’ LLarTl
ﬁ\ THE NATIONAL Dﬁtﬁq

Research Labor ratories. PR

Fig. 21-1. Live attenuated NDBR 101 tularemia vaccine. Vac-
cination of at-risk laboratory workers, beginning in 1959,
resulted in a decreased incidence of typhoidal tularemia
from 5.7 to 0.27 cases per 100 at-risk employee—years, and
ameliorated symptoms from ulceroglandular tularemia. The
vaccine is administered by scarification with 15 to 30 pricks
on the forearm, using a bifurcated needle.

and vaccinated persons no longer required hospitaliza-
tion. The occurrence of ulceroglandular tularemia in
vaccinated persons was consistent with the observa-
tion that natural disease also failed to confer immunity
to subsequent infections of ulceroglandular tularemia.
In 1961 commercial production of LVS was initiated by
the National Drug Company, Swiftwater, Pennsylva-
nia, under contract to the US Army Medical Research
and Materiel Command; this vaccine was designated
NDBR 101. The vaccine continues to be given as an
investigational drug to at-risk laboratory workers in
the US Biodefense Program.

The live attenuated NDBR 101 tularemia vaccine
is supplied as a lyophilized preparation and recon-
stituted with sterile water before use, resulting in
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approximately 7 x 10° viable organisms per mL. The
vaccine is administered by scarification, with 15 to 30
pricks to the ulnar side of the forearm using a bifur-
cated needle and a droplet (approximately 0.1 mL) of
the vaccine. The individual is examined after vaccina-
tion for a “take,” similar to the examination done after
smallpox vaccination. A take with tularemia vaccine is
defined as the development of an erythematous pap-
ule, vesicle, and / or eschar with or without induration
at the vaccination site; however, the postvaccination
skin lesion is markedly smaller and has less induration
than generally seen in vaccinia vaccinations. Although
a take is related to immunity, its exact correlation has
not yet been determined (Figure 21-2). Studies measur-
ing cell-mediated immunity to tularemia in vaccinees
are being undertaken to determine the duration of
immunity from the vaccine.

Protective immunity against F tularensis is consid-
ered to be primarily cell mediated. Cell-mediated im-
munity has been correlated with a protective effect, and
lack of cell-mediated immunity has been correlated
with decreased protection.”®*! Cell-mediated immunity
responses occur within 1 to 4 weeks after naturally
occurring infection or after LVS vaccination and report-
edly last a long time (10 years or longer).”**** Absolute
levels of agglutinating antibodies in persons vacci-
nated with aerosolized LVS could not be correlated
with immunity, although the presence of agglutination
antibodies in vaccinated persons suggested that they
were more resistant to infection than the unvaccinated
control group.®® A similar experience was observed in
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Fig. 21-2. “Take” from the live attenuated NDBR 101 tulare-
mia vaccine at day 7 postvaccination.

Photograph: Courtesy of Special Inmunizations Program,
US Army Medical Research Institute of Infectious Diseases,
Fort Detrick, Maryland.



studies of the inactivated Foshay tularemia vaccine,
in which antibodies were induced by the vaccine but
were not protective against tularemia.”’*’ Although
nearly all vaccinees develop a humoral response, with
microagglutination titers appearing between 2 and 4
weeks postvaccination,®””*" a correlation could not be
demonstrated between antibody titers and the mag-
nitude of lymphocyte proliferative responses.”**%%
An explanation for this discrepancy may be that the
two types of immune responses are directed toward
different antigenic determinants of the organism, with
a protein determinant responsible for the cell-mediated
immune response and a carbohydrate determinant
causing the humoral response.®

Vaccine adverse events. The local skin lesion after
vaccination (known as a take) is an expected occur-
rence and may result in the formation of a small scar.
At the site of inoculation, a slightly raised erythema-
tous lesion appears, which may become papular or
vesicular and then form a scab lasting approximately
2 to 3 weeks. Local axillary lymphadenopathy is not
uncommon, reported in 20% to 36% of persons. Sys-
temic reactions are uncommon (< 1%) and may include
mild fever, malaise, headache, myalgias, arthralgias,
and nausea. Mild elevation of liver function tests was
noted in some vaccinees but not determined to be vac-
cine related. The main contraindications of the vaccine
are prior tularemia infection, immunodeficiency, liver
disease, and pregnancy.

Other vaccines. The current US IND tularemia
vaccine was derived from the Soviet live attenuated
vaccine dating from the 1930s. Research is ongoing to
develop a new LVS tularemia vaccine (using the Na-
tional Drug Company’s LVS as a starting material) as
well as subunit vaccines against tularemia.**

Chemoprophylaxis

Prophylaxis with tetracycline given as a 1-g dose
twice daily within 24 hours of exposure for 14 days
was demonstrated to be highly effective for prevent-
ing tularemia in humans exposed to aerosols of 25,000
F tularensis SCHU-54 spores, with none of the eight ex-
posed persons becoming ill.* However, decreasing the
tetracycline dose to only 1 g daily was not as effective
in preventing tularemia, with 2 of 10 persons becom-
ing ill. The failure of once daily tetracycline to prevent
tularemia may be due to considerable fluctuations in
tissue levels, as demonstrated in monkeys given once
daily tetracycline, which ameliorated symptoms but
did not prevent tularemia.”

Whereas streptomycin for 5 days successfully pre-
vented tularemia in humans after intradermal chal-
lenge with an inoculation of F tularensis, neither chlor-
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amphenicol nor tetracycline given in a 5-day course
was effective as postexposure prophylaxis. F tularensis
is an intracellular pathogen that is cleared slowly from
the cells, even in the presence of bacterostatic antibiot-
ics. Tetracyclines, even in high concentrations, merely
suppress multiplication of the organisms,* which may
explain the requirement for a prolonged 14-day course
of bacterostatic antibiotics.

Based on the above studies, 100 mg of doxycycline
orally twice a day or 500 mg of tetracycline orally four
times a day for 14 days is recommended for postex-
posure prophylaxis to F tularensis. A 500-mg dose of
ciprofloxacin orally twice a day may be considered as
an alternative regimen.

Plague

Plague is an acute bacterial disease caused by a non-
motile, gram-negative bacillus known as Yersinia pes-
tis.”” Naturally occurring disease is generally acquired
from bites of infected fleas, resulting in lymphatic and
blood infections (bubonic and septicemia plague). Less
commonly, plague may occur from direct handling of
skins of dead animals, by inhalation of aerosols from
infected animal tissues, or by ingestion of infected
animal tissues. Pneumonic plague may be acquired
by inhaling droplets emitted from an infected person
or by inhalingY pestis as an aerosolized weapon, or
it may occur as a result of secondary hematogenous
seeding from plague septicemia. As the causative agent
of pneumonic plague, Y pestis is a candidate for use as
biological warfare or terrorism agent, with symptoms
occurring within 1 to 4 days after aerosol exposure.

Vaccination

Formalin-killed plague vaccine. The US-licensed
formalin-killed whole bacillus vaccine (Greer Labora-
tories, Inc, Lenoir, NC) for preventing bubonic plague
was discontinued in 1999. Although this vaccine
demonstrated efficacy in the prevention or ameliora-
tion of bubonic plague based on retrospective indirect
evidence in vaccinated military troops, it had not been
proven effective for pneumonic plague.®®” Vaccine ef-
ficacy against aerosolized plague was demonstrated to
be poor in animal models, with at least two persons de-
veloping pneumonic plague despite vaccination.””

Other vaccines. A live attenuated vaccine made
from an avirulent strain of Y pestis (the EV76 strain) has
been available since 1908. This vaccine offers protection
against both bubonic and pneumonic plague in animal
models, but it is not fully avirulent and has resulted
in disease in mice.” For safety reasons, this vaccine is
not used for humans in most countries.

473



Medical Aspects of Biological Warfare

New vaccine research. Because of safety issues
with live vaccine, recent efforts have focused on the
development of a subunit vaccine using virulence
factors from the surface of the plague bacteria to in-
duce immunity.®”’® Two virulence factors were found
to induce immunity and provide protection against
plague in animal models, identified as the fraction 1
(F1) capsular antigen and the virulence (V) antigen.
At USAMRIID the first new plague vaccine was de-
veloped by fusing the F1 capsular antigen with the V
antigen to make the recombinant F1-V vaccine. The
F1-V vaccine candidate has been shown to be protec-
tive in mice and rabbits against both pneumonic and
bubonic plague. In nonhuman primates during aerosol
challenge experiments, it provided better protection
than either the F1 or V antigen alone.”””®

Chemoprophylaxis

Postexposure prophylaxis with ciprofloxacin for
5 days was highly effective as prophylaxis in mice,
when administered within 24 hours after aerosol ex-
posure.”® However, if ciprofloxacin was administered
after the onset of disease, approximately 48 hours
postexposure, most studies resulted in high rates of
treatment failure.””* Doxycycline was relatively inef-
fective as prophylaxis in one mouse model study, even
if given within 24 hours after aerosol exposure with
mean inhibitory concentrations (MICs) ranging from
1 to 4 mg/L.*® The effectiveness of doxycycline, a
bacterostatic drug, generally requires antibiotic levels
to be 4 times the MIC. The treatment failure may be re-
lated in part to increased metabolism of doxycycline in
mice, because tetracycline has been used successfully
in humans to treat or prevent pneumonic plague and
because doxycycline was able to stabilize the bacterial
loads in spleens of mice infected with Y pestis strains
with lower MICs (< 1 mg/L).*!

Recommendations for postexposure prophylaxis
after a known or suspected Y pestis exposure are doxy-
cycline (100 mg twice daily), tetracycline (500 mg four
times daily), or ciprofloxacin (500 mg twice daily) for
7 days or until exposure has been excluded.®7#>#
Postexposure prophylaxis should be given to persons
exposed to aerosols of Y pestis and to close contacts of
persons with pneumonic plague (within 6.5 feet). It
should be administered as soon as possible because
of the short incubation of plague (1 to 4 days). Sulfon-
amides have been used in the past to successfully treat
plague, but they are less effective than tetracycline and
are not effective against pneumonic plague. Therefore,
use of trimethoprim-sulfamethoxazole (TMP-SMZ)
(1.6-3.2 g of the trimethoprim component per day
given twice daily) has been suggested for prophylaxis
only in persons with contraindications to tetracyclines
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or ciprofloxacin.* Chloramphenicol (25 mg/kg orally
four times a day) is an alternative in individuals who
cannot take tetracyclines or quinolones, but has the
risk of aplastic anemia.”” Antibiotic sensitivity testing
should be performed to assess for resistant strains.

Glanders and Melioidosis

Glanders and melioidosis are zoonotic diseases
caused by gram-negative bacteria, Burkholderia mal-
lei and B pseudomallei, respectively.** The natural
reservoirs for B mallei are equines. Infection with B
mallei in horses may be systemic with prominent pul-
monary involvement (known as glanders), or may be
characterized by subcutaneous ulcerative lesions and
lymphatic thickening with nodules (known as farcy).
Glanders in humans is not common and has generally
been associated with contact with equines. The mode
of acquisition is believed to be primarily from inocula-
tion with infectious secretions of the animal through
broken skin or the nasal mucosa, and less commonly
from inhalation, with onset of symptoms 10 to 14 days
after aerosol exposure.

B pseudomallei is a natural saprophyte that can be
isolated from soil, stagnant waters, rice paddies, and
market produce in endemic areas such as Thailand.
Infection in humans is generally acquired through
soil contamination of skin abrasions, but may also
be acquired from ingesting or inhaling the organism.
Although symptoms of B pseudomallei infection are
variable, the pulmonary form of the disease is the most
common and may occur as a primary pneumonia or
from secondary hematogenous seeding. The incuba-
tion period may be as short as 2 days, but the organism
may remain latent for a number of years before symp-
toms occur. Both B mallei and B pseudomallei have been
studied in the past as potential biowarfare agents, and
the recent increase of biodefense concerns has renewed
research interest in these organisms.

Vaccination

No vaccines are currently available for preventing
glanders or melioidosis.

Chemoprophylaxis

Data are currently lacking on the efficacy of
postexposure chemoprophylaxis for either B mallei
or B pseudomallei in humans. A recent publication
noted that 13 laboratory workers, identified as having
high-risk exposure to B pseudomallei from sniffing of
culture plates and/or performing routine laboratory
procedures such as subculturing and inoculation of
the organism outside a biosafety cabinet (before the



organism was identified), were given postexposure
prophylaxis with a 2-week course of TMP-SMZ.** None
of the 13 individuals developed illness or antibodies
to B pseudomallei over the following 6 weeks; however,
this response may reflect the low risk of laboratory-
acquired illness from the organism as opposed to the
effectiveness of antibiotic prophylaxis.** Chemopro-
phylaxis recommendations are based on animal studies
and in-vitro data.

Animal studies with B pseudomallei. Postexposure
prophylaxis with 10 days of quinolones or TMP-SMZ,
when given within 3 hours of subcutaneous exposure
to 10° organisms of B pseudomallei, was found to be
completely effective for preventing disease in white
rats (verified by autopsy at 2 months postexposure).”
Another study demonstrated protection of hamsters
with both doxycycline and ciprofloxacin (adminis-
tered twice daily for 5 or 10 days duration) if started
48 hours before or immediately after intraperitoneal
challenge with B pseudomallei, but relapses occurred in
a few animals within 4 weeks after discontinuation of
antibiotics.”” However, delay of antibiotic prophylaxis
initiation to 24 hours after the exposure provided mini-
mal protection, resulting only in a delay of infection
that occurred 5 weeks or later after the discontinua-
tion of antibiotics.” The differences in results between
the two animal models may be related to the higher
susceptibility of hamsters to melioidosis.

Animal studies with B mallei. Doxycycline or
ciprofloxacin for 5 days initiated 48 hours before or
immediately after intraperitoneal challenge with 2.9
x 107 colony-forming units of B mallei had a protective
effect in hamsters.” However, the effect was temporary
in some animals, with disease occurring after discon-
tinuing the antibiotics. Relapses were associated with
ciprofloxacin beginning at day 18 and with doxycy-
cline beginning at day 28 after challenge. Necropsies
of fatalities revealed splenomegaly with splenic ab-
scesses from B mallei, and necropsies of the surviving
animals revealed splenomegaly with an occasional
abscess.” However, hamsters are highly susceptible
to infection from B mallei, and the protective effect of
chemoprophylaxis in humans may be greater. Delay
of ciprofloxacin or doxycycline prophylaxis initiation
to 24 hours after the exposure resulted in a delay of
disease, with relapses occurring in hamsters within 4
weeks of the challenge.

In-vitro susceptibility tests. Both B pseudomallei
and B mallei have demonstrated sensitivity on in-vitro
susceptibility testing to TMP-SMZ, tetracyclines, and
augmentin, with B mallei also sensitive to rifampin,
quinolones, and macrolides (only a few B mallei qui-
nolone-resistant strains are known).**** B pseudomallei
is resistant to ciprofloxacin on in-vitro testing, with
MICs exceeding achievable serum drug levels.”*

Medical Countermeasures

Ciprofloxacin may achieve intracellular concentrations
4 to 12 times greater than that achieved in the serum,
and it has been successful in treating some patients
with melioidosis in spite of reported in-vitro resis-
tance.””® Most isolates of B pseudomallei are resistant
to rifampin,” and 20% of isolates in Thailand are now
resistant to TMP-SMZ.

Chemoprophylaxis recommendations. Recom-
mendations for postexposure prophylaxis are based
on in-vitro and animal data, with limited or no sup-
portive data in humans. Drugs that may be considered
for chemoprophylaxis for melioidosis may include
doxycycline (100 mg twice daily), tetracycline (500
mg four times daily), TMP-SMZ (one double-strength
tablet twice daily), or ciprofloxacin (500 mg twice
daily). For glanders, chemoprophylaxis may consist
of doxycycline (100 mg twice daily), TMP-SMZ (one
double-strength tablet twice daily), augmentin 500/ 125
(one tablet twice daily), or possibly ciprofloxacin (500
mg twice daily). The duration of treatment should be
at least 14 days, but a 21-day course of therapy may
be considered, based on relapses occurring in animals
receiving antibiotics for 5 to 10 days following expo-
sure. Treatment of disease requires two drugs; it is not
known if a chemoprophylaxis regimen of two drugs
will reduce the risk of relapse. Postexposure prophy-
laxis with TMP-SMZ for 21 days was given to 16 of
17 laboratory workers who had manipulated cultures
of B pseudomallei (77% were assessed as high-risk ex-
posures), and no individuals developed subsequent
disease or seroconversion.” Chemoprophylaxis regi-
mens should be adjusted based on results of sensitivity
testing. Individuals who start prophylaxis, particularly
if more than 24 hours after exposure, must be care-
fully monitored after completion of antibiotic therapy
because delayed chemoprophylaxis in animal studies
failed to provide protection; it only delayed the onset
of symptoms.

Brucellosis

Brucellosis is a zoonotic disease caused by infec-
tion with one of six species of Brucellae, a group of
intracellular, gram-negative coccobacilli.'” The natu-
ral reservoirs for this organism are sheep, cattle, and
goats. Infection is transmitted to humans by direct
contact with infected animals or their carcasses, or
from ingestion of unpasteurized milk or milk prod-
ucts. Brucellosis is not transmissible person to person.
Brucella are highly infectious by aerosol and are still
one of the most common causes of laboratory-acquired
exposure,''"! with an infective dose of only 10 to 100
organisms.'” Symptoms generally occur within 7 to
21 days of exposure, but may occur as late as 8 weeks
or longer postexposure.
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Vaccination

Live animal vaccines have eliminated brucellosis in
most domestic animal herds in the United States, but
no licensed human vaccine is available.

Chemoprophylaxis

No FDA-approved chemoprophylaxis exists for
brucellosis. A 6-week course of both rifampin (600 mg
orally once daily) and doxycycline (100 mg twice daily)
has been effective in the treatment of brucellosis, with
relapse rates less than 5% to 10%.'*'® Although a 3- to
6-week course of rifampin and doxycycline may be
considered as chemoprophylaxis in high-risk expo-
sures, there are no animal or human data to support
this regimen other than its effectiveness in brucellosis
treatment. However, one study reported prophylaxis
using doxycycline (200 mg daily) and rifampin (600 mg
daily) administered to nine asymptomatic laboratory
workers who seroconverted after exposure to B abortus
serotype 1 atypical strain (a strain with low virulence).'*
These individuals subsequently developed symptoms
of fever, headache, and chills that lasted a few days. This
was in contrast to three persons who did not receive
prophylaxis and had symptoms of fever, headache,
and chills for 2 to 3 weeks, in addition to symptoms
of anorexia, malaise, myalgia, or arthralgia lasting an
additional 2 weeks. No relapses occurred in the nine
persons who received antibiotic prophylaxis, which may
be a result of either the low virulence of this particular
strain in humans or the early administration of antibiotic
prophylaxis. In another hospital laboratory incident,
six laboratory workers were identified as having had
a high-risk exposure to B melitensis because they had
sniffed and manipulated cultures outside a biosafety
cabinet.'” Five individuals were given postexposure
prophylaxis for 3 weeks (four individuals received
doxycycline 100 mg twice daily plus rifampin 600 mg
daily, and one pregnant laboratory worker received
TMP-SMZ 160 mg /800 mg twice daily). One individual
declined prophylaxis and subsequently developed bru-
cellosis (confirmed by culture). The five individuals who
received postexposure prophylaxis remained healthy
and did not seroconvert.

Other combinations of drugs that may be considered
for chemoprophylaxis are TMP-SMZ with doxycycline
(if the patient cannot take rifampin) and ofloxacin with
rifampin (if the patient cannot take doxycycline)."*'””
Quinolones have been demonstrated to have in-vitro
activity, but clinical experience with quinolones is
limited, and initial experience suggests they may not
be as effective as the other drugs.'*'®
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Q Fever

Q fever is a zoonotic disease caused by a rickettsia,
Coxiella burnetii. The natural reservoirs for this organ-
ism are sheep, cattle, and goats."”""° Humans acquire
Q fever infection by inhaling aerosols contaminated
with the organisms, with infections resulting from as
few as 1 to 10 organisms.'” Q fever is not transmissible
person to person. The incubation period is generally
between 15 and 26 days, but has been reported to be
as long as 40 days with exposures to low numbers of
organisms."" Although this agent is deemed a category
B biological warfare agent because it cannot cause
massive fatalities, its low infective dose, the significant
complications resulting from chronic infection (endo-
carditis), and its known environment stability (it may
remain viable in the soil for weeks) make C burnetii a
potential biowarfare agent.

Vaccination

C burnetii has two major antigens, known as phase
I and phase II antigens. Strains in phase I have been
propagated mainly in mammalian hosts, whereas
strains in phase II have been adapted to yolk sacs or
embryonated eggs. Although early vaccines were made
from phase II egg-adapted strains, the later vaccines
were made from phase I strains and demonstrated
protective potencies in guinea pigs 100 to 300 times
greater than vaccines made from phase Il strains."* No
FDA-approved vaccine is currently available for vac-
cination against Q fever in the United States. However,
avaccine approved in Australia (Q-Vax, manufactured
by CSL Ltd, Parkville, Victoria, Australia) has been
demonstrated to be safe and effective for preventing Q
fever, and a similar IND vaccine (NDBR 105) has been
used in at-risk researchers at Fort Detrick since 1965.
The latter vaccine is available only at USAMRIID on
an investigational basis.

Q-Vax. Q fever can be prevented by vaccination.
The Q-Vax vaccine, currently licensed in Australia,
was demonstrated to be protective in abattoir workers
in Australia. Q-Vax is a formalin-inactivated, highly
purified C burnetii whole-cell vaccine derived from the
Henzerling strain, phase I antigenic state.">"* Over
4,000 abattoir workers were vaccinated subcutaneously
with 0.5 mL (30 pg) of the vaccine from 1981 to 1988.
In an analysis of data through August 1989, only eight
vaccinated persons developed Q fever, with all infec-
tions occurring within 13 days of vaccination (before
vaccine-induced immunity) versus 97 cases in unvac-
cinated persons (approximately 2,200 unvaccinated
individuals but the exact number is not known).'®



The protective effect of the vaccine has been virtu-
ally 100%, with only two cases of Q fever occurring
in 2,555 vaccinated abattoir workers between 1985
and 1990, with both cases occurring within a few
days of vaccination (before immunity developed)."®
Over 32,000 Australian abattoir workers have been
vaccinated since 1981, reducing the incidence of Q
fever in this high-risk group to virtually zero. Skin
test postvaccination was not a useful indicator of
immunogenicity, with only 31 of 52 vaccinees (60%)
converting to skin test positive.""* However, conver-
sion from a negative to a positive lymphoproliferative
response (indicating cell-mediated immunity) was
observed in 11 of 13 subjects (85%) in this same study,
occurring between days 9 to 13 postvaccination.'* The
main adverse event noted with this vaccine was the
risk of severe necrosis at the vaccine site in vaccinees
who had prior exposure to Q fever.">"” Therefore, a
skin test with 0.02 mg of the vaccine is required before
vaccination. The exclusion from vaccination of indi-
viduals who tested positive on the skin test (denoting
previous exposure to C burnetii) has eliminated sterile
abscesses (Figure 21-3)."'%1?

NDBR 105 Q fever vaccine. The NDBR 105 (IND
610) Q fever vaccine is an inactivated, lyophilized
vaccine that has a preparation similar to Q-Vax. The
vaccine originates from chick fibroblast cultures de-
rived from specific pathogen-free eggs infected with
the phase I Henzerling strain.

The NDBR 105 Q fever vaccine was demonstrated to
be effective in animal studies."*"**'* The vaccine also
prevented further cases of Q fever in at-risk laboratory

Fig. 21-3. Positive Q fever skin test. Skin testing, performed
by injecting 0.1 mL of skin test antigen intradermally in the
forearm, is required before vaccination against Q fever to
identify persons with prior exposure. Vaccination is contra-
indicated in individuals with a positive skin test because they
are at risk for severe necrosis at the vaccine site.

Photograph: Courtesy of Dr Herbert Thompson, MD, MPH.
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workers in the Fort Detrick offensive biological war-
fare program during the final 4 years of the program
(1965-1969), compared to an average of three cases
per year before the vaccine availability.">'** There has
been only one case of Q fever (mild febrile illness with
serologic confirmation) with use of the vaccine in the 35
years of the subsequent biodefense research program
at Fort Detrick, attributed to a high-dose exposure
from a breach in the filter of a biosafety cabinet.'” The
vaccine may have ameliorated symptoms of disease in
this individual.

Skin testing is required before vaccination to iden-
tify persons with prior exposure to Q fever, performed
by injecting 0.1 mL of skin-test antigen (1:1500 dilution
of the vaccine with sterile water) intradermally in the
forearm. A positive skin test is defined as erythema of
30 mm (or greater) or induration of 20 mm (or greater)
at day 1 or later after the skin test, or erythema and
induration of 5 mm (or greater) on day 7 after the test.
These persons are considered to be naturally immune
and do not require vaccination. Because of the risk of
severe necrosis at the vaccine site, vaccination with
Q fever is contraindicated in persons with a positive
skin test.

The vaccine is administered by injecting 0.5 mL
subcutaneously in the upper outer aspect of the arm,
and is given only once. Protection against Q fever is
primarily cell-mediated immunity. Markers to deter-
mine vaccine immunity to the NDBR 105 vaccine have
been studied (ie, cell-mediated immunity studies, skin
testing, and antibody studies pre- and postimmuniza-
tion), but reliable markers have not yet been identified
for the NDBR 105 vaccine. After vaccination with Q-
Vax (similar to the NDBR 105 Q fever vaccine), skin
test seroconversion occurred in only 31 of 52 persons
(60%),"131161912415 byt lymphoproliferative responses to
C burnetii antigens were demonstrated to persist for at
least 5 years in 85% to 95% of vaccinated persons."*'**
Vaccine breakthroughs have been rare in vaccinated
persons.

Adverse events from the NDBR 105 vaccine were re-
ported by 72 of 420 skin-test-negative vaccinees (17%)
and were mainly local reactions, including erythema,
induration, or sore arm. Most local reactions were clas-
sified as mild or moderate, but one person required
prednisone secondary to erythema extending to the
forearm. Some vaccinees experienced self-limited sys-
temic adverse events, but these were uncommon and
generally characterized by headache, chills, malaise,
fatigue, myalgia, and arthralgia.'*

Other vaccines. The Soviet Union studied a live
vaccine with an avirulent variant of Grita strain (M-
44). Vaccinating guinea pigs with the M-44 attenuated

477



Medical Aspects of Biological Warfare

vaccine was associated with both persistence of the
organism and mild lesions in the heart, spleen, and
liver.'” Because of the risk of endocarditis in persons
with valvular heart disease, this vaccine or the pursuit
of development of other attenuated vaccines for hu-
man use has not been considered safe.”” %

Current vaccine research has concentrated on efforts
to develop a vaccine that induces protective immunity
but allows for administration without screening for
prior immunity. Partially purified subunit protein vac-
cines have demonstrated protection in mice and guinea
pigs.”* " However, the proteins of these two vaccines
were not cloned or well characterized to identify a
single protective protein. Although DNA vaccines have
been associated with strong cell-mediated immune
responses, development of a DNA vaccine against
Q fever is difficult because no protective antigen has
been identified."”

Chemoprophylaxis

Prophylaxis with oxytetracycline (in a 3-g loading
dose followed by 0.75 g every 6 hr) for 5 to 6 days was
demonstrated to be effective for preventing disease in
humans, if started 8 to 12 days after exposure."" Initia-
tion of prophylaxis earlier than 7 days postexposure
may only delay the onset of symptoms. Four of five
men given oxytetracycline (for 5 to 6 days) within 24
hours after exposure to a small quantity of C burnetii
only delayed disease for 8 to 10 days longer than seen
in the control group who were not given chemopro-
phylaxis, with disease occurring approximately 3
weeks after discontinuation of therapy.""! Based on
these studies, doxycycline (100 mg orally twice daily)
or tetracycline (500 mg 4 times daily for 7 days) begin-
ning 8 to 12 days after the exposure may be considered
for postexposure chemoprophylaxis to C burnetii.

VIROLOGY

Vaccination is the mainstay of medical counter-
measures against viral agents of bioterrorism. Both
FDA-approved vaccines (eg, smallpox, yellow fever)
and investigational vaccines (eg, Rift Valley fever vac-
cines and Venezuelan, eastern, and western equine
encephalitis viruses) are available in the United States.
Although antiviral agents and immunotherapy may
be given postexposure, many of these therapies are
investigational drugs with associated toxicities, and
they may be in limited supply.

Alphaviruses

Venezuelan, eastern, and western equine encepha-
litis (VEE, EEE, and WEE) viruses are ribonucleic acid
viruses of the family Togaviridae. Infections from these
encephalitic viruses may manifest with fever, chills,
headache, myalgias, vomiting, and encephalitis. Infec-
tions are naturally acquired through the bite of infected
mosquitoes, but infections may also be acquired from
aerosolized virus (such as in a bioterrorism event).

Vaccination

Licensed vaccinations are available for equines,
but the only vaccines available for humans against
VEE, EEE, and WEE are investigational. Both a live
attenuated VEE vaccine (TC-83) and an inactivated
VEE vaccine (C-84) are available under IND status at
USAMRIID. Formalin-inactivated vaccines for both
EEE and WEE viruses are also available on an IND ba-
sis at USAMRIID. These vaccines have demonstrated
efficacy in animal models and have been used in at-
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risk laboratory workers at the institute for more than
30 years. Because of their investigational status and
limited supply, use of these vaccines in a bioterrorism
event would be extremely limited.

The Venezuelan equine encephalitis TC-83 vac-
cine. Laboratory infections with VEE became prob-
lematic soon after the discovery of the agent in 1938.
In 1943 eight cases of occupationally acquired VEE
were reported.”® Attempts to produce an effective and
safe vaccine against VEE in the 1950s at Fort Detrick
failed. As a result of live virus remaining in a poorly
inactivated vaccine preparation, 14 cases of clinical ill-
ness and eight virus isolations occurred in 327 subjects
who had received 1,174 vaccinations.'®*

Live attenuated VEE TC-83 vaccine (IND 142, NDBR
102) was manufactured at the National Drug Company
in Swiftwater, Pennsylvania, in 1965 using serial propa-
gation of the Trinidad strain (subtype I-AB) of VEE in
fetal guinea pig heart cells. The virus was plaqued once
in chick embryo fibroblasts. Several VEE viral plaques
were then picked and inoculated by the intracranial
route into mice. The plaques that did not kill the mice
were judged attenuated. One of the nonlethal plaques
of VEE was used as seed stock to propagate in the 81st
passage in fetal guinea pig heart cells.'”

The TC-83 designation refers to the 83 passages in
cell culture. The seed stock (81-2-4) was provided by
Fort Detrick and diluted in a 1:100 ratio. Five lots were
produced. The bulk vaccine was stored at —80°C in
2- to 3-liter quantities at the National Drug Company
(Swiftwater, Pa). In 1971 the bulk was diluted in a
ratio of 1:400 with modified Earle’s medium and 0.5%
human serum albumin, then lyophilized. The freeze-



dried product was then distributed under vacuum
into 6-mL vials to provide convenient 10-dose vials at
0.5 mL per dose.

Lot release testing was performed in animals,
including a guinea pig safety test, mouse safety test,
and guinea pig protection (potency) tests. The initial
safety test challenge in the animals was a 0.5 mL
(intraperitoneally) dose of the vaccine (containing
approximately 10°virions). All animals survived. Ad-
ditional rabbit, suckling mouse, mouse virulence, and
monkey neurovirulence testing was conducted. The
vaccine was protective against both subcutaneous
and aerosol challenge in mice and hamsters. There
was inconsistent protection in the monkey model after
aerosol exposure. Postrelease potency analyses have
been performed periodically over the past 35 years,
showing that infectivity for all lots seems to have de-
clined by one to two logs from the original data in the
IND 142 submitted in 1965."%

At-risk laboratory workers at Fort Detrick have re-
ceived the TC-83 vaccine since 1963. VEE TC-83 lot 4-3
vaccination of at-risk USAMRIID laboratory workers
from 2002 to 2005 was associated with an acceptable
postvaccination 80% plaque reduction neutralization
titer (PRNT,, ) of 1:20 or greater in 136 of 169 indi-
viduals (80%). Because the vaccine is derived from
epizootic strains, the vaccine may not protect against
enzootic strains of VEE (subtypes II through VI) and
may not adequately protect against distantly related
VEE subtype [-AB variants.'*

The components of the TC-83 vaccine include 0.5%
human serum albumin and 50 ug/mL each of neomy-
cin and streptomycin. The vaccine is administered as
a 0.5-mL subcutaneous injection (approximately 10*
plaque-forming units per dose) in the deltoid area of
the arm.

TC-83 vaccine adverse events. The severity and fre-
quency of adverse events from the VEE TC-83 vaccine
varied with the vaccine lot. Of all lot 4-2 VEE TC-83
vaccine recipients, 40% developed mild-to-moderate
systemic reactions, primarily fever, fatigue, neck pain,
upper back pain, sore throat, headache, muscle ache,
nausea, vomiting, and loss of appetite. In another 5%
of vaccine recipients, these symptoms were severe
enough to require bed rest or time off from work. The
onset of these symptoms was usually abrupt. The fever
lasted 24 to 48 hours, and symptoms persisted up to
3 days. The occurrence of these symptoms often had
two phases, occurring initially 2 to 3 days after vac-
cination and recurring 7 to 18 days after vaccination.
These reactions resolved without permanent effects. A
change of lot of VEE TC-83 vaccine occurred in January
2002. Although the rate of mild-to-moderate reactions
remained stable at 42% (32/76 vaccine recipients) with
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lot 4-3, the rate of severe reactions observed was higher,
occurring in 16% (12/76 subjects). No person-to-person
transmission of VEE has been documented after vac-
cination with TC-83." Local reactions are rarely seen.

The association of diabetes mellitus with VEE TC-83
vaccine is uncertain. Three cases of diabetes have been
recognized after receipt of the vaccine at USAMRIID,
occurring in two individuals with a strong family
history of diabetes. In a study conducted after a VEE
epidemic caused by virulent Trinidad strain,"® an
increased risk of developing insulin-dependent dia-
betes was noted, but because the size of the observed
population group was limited, statistical significance
was not observed. Studies involving the induction of
diabetes after VEE infection in animal models were
inconclusive,''! and no animal model of VEE virus
induction of acute, insulin-dependent diabetes exists.
However, the vaccine is not given to individuals with
a family history of diabetes in first-degree relatives.

The VEE TC-83 vaccine has never been evaluated
in pregnant women. In 1975 one spontaneous abortion
occurred as a probable complication of TC-83 vaccina-
tion. In 1985 a severe fetal malformation in a stillborn
infant occurred in a woman whose pregnancy was
unidentified at the time of vaccination.' There are
many animal models in which this kind of event can be
reproduced. Rhesus monkey fetuses were inoculated
with VEE vaccine virus by direct intracerebral route at
approximately 100 days gestation. Congenital micro-
cephaly, hydrocephalus, and cataracts were found in
all animals and porencephaly in 67% of the cases. The
virus replicated in the brain and other organs of the
fetus."” VEE vaccine virus is teratogenic for nonhuman
primates and must be considered a potential teratogen
of humans. The wild-type VEE virus is known to cause
fetal malformations, abortions, and stillbirths.'**

The Venezuelan equine encephalitis C-84 vaccine.
The VEE C-84 formalin inactivated vaccine (IND 914,
TSI-GSD 205) is made from the TC-83 production seed
and has undergone one more passage through chick
embryo fibroblasts (the number 84 refers to the num-
ber of passages). The vaccine is then inactivated with
formalin and the resultant product freeze-dried.

The VEE C-84 vaccine was protective against sub-
cutaneous challenge but not against aerosol challenge
in hamsters or cynomolgus monkeys, and protection
against aerosol challenge in BALB/c mice was short-
lived (less than 6 months)."*'* VEE-specific IgA was
detected less frequently in mice vaccinated with the
inactivated VEE C-84 vaccine than with the live attenu-
ated VEE TC-83 vaccine. This was noted particularly
in the bronchial and nasal washings, suggesting that
VEE-specific IgA in the mucosal secretions may be
important in protection against aerosolized VEE virus.
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Therefore, the C-84 vaccine has not been used for pri-
mary vaccination against VEE, but it has been used in
at-risk laboratory workers at Fort Detrick as a booster
for those individuals who had received the VEE TC-83
vaccine and had either (1) an inadequate initial response
with a PRNTy, of less than or equal to 1:20 or (b) had an
adequate response to the VEE TC-83, but PRNT,, levels
subsequently dropped below 1:20. The inactivated VEE
C-84 vaccine demonstrated immunogenicity, with a
positive response (PRNT, > 1:20) following a booster
dose with the vaccine observed in 87% (N=581) of in-
dividuals receiving the vaccine (1987-2001).

The components of the VEE C-84 vaccine are neomy-
cin and streptomycin at a concentration of 50 pg/mL,
sodium bisulfite, chicken eggs, and formalin. The
vaccine is administered as a 0.5-mL subcutaneous
injection above the triceps area. The current protocol
allows for a maximum of four doses a year if postvac-
cination titers are not adequate. From 2002 to 2006
at USAMRIID, 8% to 33% of individuals receiving
C-84 as a booster have reported a discernible adverse
event. Most reactions were mild and self-limiting local
reactions of swelling, tenderness, and erythema at the
vaccine site. Systemic reactions were uncommon and
consisted of headache, arthralgia, fatigue, malaise,
influenza-like symptoms, and myalgia. All resolved
without sequelae.

The western equine encephalitis vaccine. The inac-
tivated western equine encephalitis vaccine (IND 2013,
TSI-GSD 210) is a lyophilized product originating from
the supernatant harvested from primary chicken fibro-
blast cell cultures.” The vaccine was prepared from
specific pathogen-free eggs infected with the attenu-
ated CM4884 strain of WEE virus. The supernatant was
harvested and filtered, and the virus was inactivated
with formalin. The residual formalin was neutralized
by sodium bisulfite. The medium contains 50 pg each
of neomycin and streptomycin and 0.25% (weight/
volume) of human serum albumin (US Pharmacopeia).
The freeze-dried vaccine must be maintained at —25°C
(= 5°C) in a designated vaccine storage freezer. The
inactivated WEE vaccine was originally manufactured
by the National Drug Company. The current product,
lot 2-1-91, was manufactured at the Salk Institute,
Government Services Division (Swiftwater, Pa) in 1991.
Potency tests have been conducted every 2 to 3 years
since then, initially at the Salk Institute and then at
Southern Research Institute (Frederick, Md).

Animal studies showed the vaccine to be effective
against intracerebral challenge with WEE in 19 of
20 mice (95%).”"' Hamsters were protected against
intraperitoneal challenge with WEE when vaccinated
intraperitoneally at days 0 and 7."* Vaccination of
horses at days 0 and 21 resulted in protection in all 17
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animals against intradermal challenge at 12 months
after vaccination, even in the absence of detectable
WEE protective neutralizing antibodies.” This sug-
gests that the vaccine may also provide protection in
the absence of detectable antibody levels.

Human subjects administered WEE vaccine subcu-
taneously (either 0.5 mL at days 0 and 28 or 0.5 mL at
day 0 and 0.25 mL at day 28) showed similar serologic
responses.'” Neutralizing antibody titers did not occur
until day 14 after the first dose of vaccine in each group.
The mean log neutralization index was 1.7 and 1.8,
respectively, at day 28 after the first dose. The antibody
levels remained at acceptable levels through day 360 in
14 of 15 volunteers. Side effects from the vaccine were
minimal, consisting primarily of headache, myalgias,
malaise, and tenderness at the vaccination site.

The inactivated WEE vaccine has been adminis-
tered to at-risk personnel at Fort Detrick since the
1970s. Pittman et al evaluated the vaccine for its im-
munogenicity and safety in 363 at-risk workers en-
rolled in evaluation trials at USAMRIID between 1987
and 1997."** All volunteers were injected subcutane-
ously with 0.5 mL of the inactivated WEE vaccine (lot
81-1), in an initial series of three doses, administered
up to day 42 (the intended schedule was 0, 7, and 28
days). For individuals whose PRNT, fell below 1:40,
a booster dose (0.5 mL) was given subcutaneously.
Serum samples for neutralizing antibody assays were
collected before vaccination and approximately 28
days after the last dose of the initial series and each
booster dose.

Of these vaccinees, 151 subjects (41.6%) responded
with a PRNT,, of greater than or equal to 1:40. Seventy-
six of 115 initial nonresponders (66%) were converted
to responder status after the first booster dose. A vac-
cination regimen of three initial doses and one booster
dose provided protection lasting for 1.6 years in 50%
of initial responders.

Passive collection of local and systemic adverse
events from the inactivated WEE vaccine was the
method used from 1987 to 1997. Of the 363 vaccinees
who received three initial injections, only five reported
local or systemic reactions. These reactions usually
occurred between 24 and 48 hours after vaccine ad-
ministration. Erythema, pruritus, and induration were
reported after just one of the initial vaccinations. Two
volunteers also reported influenza-like symptoms af-
ter the initial dose. All reactions were self-limited. No
reactions were reported after 153 booster doses.

Recent active collection of adverse events from 2002
through 2006 in the Special Immunizations Clinic at
USAMRIID revealed a reaction rate of 15% to 20%
following the primary series. The reaction rate was
less for booster doses than for primary series doses.



The majority of these symptoms were systemic and
consisted of headache, sore throat, nausea, fatigue,
myalgia, low-grade fever, and malaise. The dura-
tion of these adverse events was less than 72 hours.
The vaccine has not been tested for teratogenicity or
abortogenicity in any animal model, nor has it been
tested in pregnant women; therefore, the vaccination
of pregnant women is not advisable.

The eastern equine encephalitis vaccine. The
formalin-inactivated EEE vaccine (TSI-GSD 104) was
manufactured in 1989 by the Salk Institute. The seed
for the EEE virus was passaged twice in adult mice,
twice in guinea pigs, and nine times in embryonated
eggs.' The final EEE vaccine was derived from su-
pernatant fluids bearing virus accumulated from three
successive passages on primary chick embryo fibro-
blast cell cultures prepared from specific pathogen-free
eggs infected with the attenuated PI-6 strain of virus.
The supernatant was harvested and filtered, and the
virus then inactivated with formalin. The product was
then lyophilized for storage at — 20°C.

The EEE vaccine contains 50 ug/mL of both neo-
mycin and streptomycin and 0.25% (weight/volume)
of human serum albumin. The initial vaccine dose
is given as a 0.5-mL injection subcutaneously above
the triceps area. A postvaccination PRNT,, of 1:40 or
greater is considered adequate. Should the titer fall
below 1:40, a booster dose of 0.1 mL should be given
intradermally on the volar surface of the forearm.
Booster doses must be given at least 8 weeks apart.

Animal studies demonstrated that the EEE vac-
cine is 95% protective against intracerebral challenge
in guinea pigs, with survival correlating to serum
neutralizing antibody titers."” Vaccination of horses
was also protective against intradermal challenge
at 12 months postvaccination, even with absence of
detectable neutralizing antibody titers in 16 of the
17 animals, suggesting the vaccine may also provide
protection in this species in the absence of detectable
antibody levels."” The vaccine has been given to at-risk
laboratory workers at Fort Detrick for over 25 years.
The response rate of 255 volunteers who received two
primary vaccinations between 1992 and 1998 was
77.3% (197 individuals), with a response defined as
a PRNT,, of 1:40 or greater. Intradermal vaccination
with EEE resulted in an adequate titer in 66% of the
initial nonresponders.

Adverse events from the EEE vaccine occurred in
approximately 20% individuals, consisting of head-
ache, myalgias, and light-headedness. All symptoms
subsided within several days. Mild and self-limiting
local reactions of induration, erythema, pruritus, or
pain at the vaccine site have also been reported.

Medical Countermeasures

Postexposure Prophylaxis

No treatment has been shown to alter the course of
VEE, WEE, or EEE disease in humans once disease has
been contracted. The treatment is limited to supportive
care; no currently known antiviral drug is effective.

New Vaccine Research

The live attenuated VEE vaccine candidate V3526
was scheduled to replace the 40-year-old VEE TC-
83 IND vaccine. The newer-generation VEE vaccine
candidate had improved activity against VEE enzo-
otic strains. However, because of high rates of severe
neurologic adverse events in clinical phase I trials,
further development of this product was halted. This
was unexpected with the new V3526 vaccine candidate
because it demonstrated less reactogenicity in nonhu-
man primate studies than the VEE TC-83 product.
Recently, the V3526 vaccine candidate was inactivated
and transferred to the National Institute of Allergy and
Infectious Diseases for future preclinical and clinical
development as a multidose primary series. Many of
the existing equine encephalitis vaccines have been
under IND status for over 30 years, yet because of
funding shortfalls, these products have never been
transitioned from development to licensure.

Smallpox

Smallpox is caused by variola virus, of the genus
Orthopoxvirus. Smallpox is recognized to have occurred
in ancient Egypt, China, and India, and for centuries
was the greatest infectious cause of human mortality.
The disease was declared eradicated in 1980, after
an intensive vaccination program. Subsequently, all
known stocks of variola virus were destroyed, with
the exception of stock at two World Health Organiza-
tion collaborating centers, the CDC, and the Russian
State Research Center of Virology and Biotechnology.
Smallpox has been designated a category A biothreat
agent because of its high mortality, high transmissibil-
ity, and past history of massive weaponization by the
former Soviet Union.

Vaccination

History of smallpox vaccination. Vaccination with
smallpox was recorded in 1,000 BcE in India and China,
where individuals were inoculated with scabs or pus
from smallpox victims (either in the skin or nasal
mucosa), producing disease that was milder than
naturally occurring smallpox. In the 18th century in
Europe, scratching and inoculation of the skin with
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pock material, known as variolation, was performed,
resulting in a 90% reduction in mortality and long-
lasting immunity. Variolation performed in Boston
in 1752 resulted in a smallpox death rate of 1% (2,124
persons) compared to a death rate of 10% in unvac-
cinated persons (5,545 persons).

In 1796 Edward Jenner noticed that milkmaids
rarely had smallpox scars, and subsequently discov-
ered that inoculation of the skin with cowpox taken
from a milkmaid’s hand resulted in immunity. In 1845
the smallpox vaccine was manufactured in calfskin.
Production of the vaccine became regulated in 1925,
with use of the New York City Board of Health strain
of vaccinia as the primary US vaccine strain. Vaccina-
tion eventually led to eradication of the disease, with
the last known case of naturally occurring smallpox
reported in 1977. Routine vaccination of US children
ceased in 1971, and vaccination of hospital workers
ceased in 1976. Finally, vaccination of military person-
nel was discontinued in 1989. Because of the recent
risk of bioterrorism, vaccination of smallpox in at-risk
military personnel was resumed in 2003.

The smallpox vaccine. Dryvax, the smallpox vac-
cine, manufactured by Wyeth Laboratories (Marietta,
Pa), is a live-virus preparation of vaccinia virus made
from calf lymph. The calf lymph is purified, concen-
trated, and lyophilized. The diluent for the vaccine
contains 50% glycerin and 0.25% phenol in US Phar-
macopeia sterile water, with no more than 200 viable
bacterial organisms per mL in the reconstituted prod-
uct. Polymyxin B sulfate, dihydrostreptomycin sulfate,
chlortetracycline hydrochloride, and neomycin sulfate
are added during the processing of the vaccine, and
small amounts of these antibiotics may be present in
the final product. The reconstituted vaccine contains
approximately 100 million infectious vaccinia viruses
per mL, and itis intended only for administration into
the superficial layers of the skin by multiple puncture
technique.

The vaccine is administered by scarification with
a bifurcated needle, by applying three punctures to
scarify the epidermis on the upper arm for primary
vaccination, and 15 punctures for booster vaccina-
tions. The individual is followed after vaccination to
document a take, which indicates immunity against
smallpox. Six to 8 days after the primary vaccination,
a primary major reaction to the vaccine develops, with
a clear vesicle or pustule of approximately 1 cm diam-
eter. The site then scabs over by the end of the second
week, with the scab drying and separating by day 21
to 28 (Figure 21-4). In individuals with prior vaccina-
tion, an immune response is generally observed. The
immune response is an accelerated response, with a
pruritic papule appearing between days 1 and 3 post-
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vaccination. Individuals who do not exhibit either a
primary major reaction or an immune response (ie,
individuals with erythema, pruritus, or induration
but no papule or vesicle) require revaccination. If no
primary reaction is noted after revaccination (and
ensuring proper technique in vaccine administration
was used), these individuals are considered immune.
At some point in the future, which may be years, the
immunity of these individuals may wane, and revac-
cination at that time may result in a take.

Smallpox vaccine has been demonstrated to be ef-
fective in prevention of smallpox. Protection against
smallpox is from both humoral and cell-mediated
immunity; the latter provides the main protection. Hu-
moral responses of neutralizing and hemagglutination
inhibition antibodies to the vaccine appear between
days 10 and 14 after primary vaccination, and within
7 days after secondary vaccination. Health officials
recommend vaccination with confirmation of a take
every 3 years for those who are likely to be exposed to
the virus (ie, a smallpox outbreak). However, individu-
als working with variola in the laboratory are recom-
mended to have a yearly smallpox vaccination.

Secondary attack rates from smallpox in unvac-
cinated persons have generally ranged from 36% to
88%, with an average rate of 58%. Household contacts
in close proximity to the smallpox case for 4 hours or
longer are at higher risk for acquiring infection. In
an outbreak recorded in the Shekhupura District of
Pakistan during the smallpox era, the secondary at-
tack rate in vaccinated persons was only 4% in persons
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Fig. 21-4. Primary reaction to smallpox vaccination, at (a)
day 4, (b) day 7, (c) day 14, and (d) day 21.

Reproduced from: Centers for Disease Control and Pre-
vention Web site. Available at: http:/ /www.bt.cdc.gov/
agent/smallpox/smallpox-images/ vaxsitSa.htm. Accessed
March 26, 2007.



vaccinated within the previous 10 years (5/115) and
12% in persons vaccinated over 10 years before (8/65),
compared to 96% in unvaccinated persons (26/27).'%1%
Estimates of vaccine protection from imported cases
of variola major between 1950 and 1971 in Western
countries, where immunity from smallpox would be
expected to be mainly from vaccination, showed a
case fatality rate of only 1.4% in individuals who had
received the smallpox vaccine within the previous 10
years, compared to a 52% mortality rate in individu-
als who had never received the vaccine, 7% mortal-
ity in individuals vaccinated 11 to 20 years before,
and 11% mortality in individuals vaccinated over 20
years before. Postexposure vaccination resulted in
27% less mortality when compared (retrospectively)
with smallpox patients who were never vaccinated.'
However, postexposure vaccination was only helpful
if given within 7 days of the exposure. Postexposure
vaccination is most effective if given within 3 days of
exposure (preferably within 24 hours), but may still be
effective if given within 7 days.'®

Contraindications and adverse events. Smallpox
vaccination is contraindicated in the preoutbreak set-
ting for individuals who

* have a history of atopic dermatitis (eczema);

* have active acute, chronic, or exfoliative skin
conditions disruptive of the epidermis or have
Darier disease (keratosis follicularis);

* are pregnant or breastfeeding;

* are immunocompromised;

* have a serious allergy to any of the vaccine
components; or

* are younger than 1 year old."®

The CDC has recently recommended underlying
cardiac disease (history of ischemic heart disease,
myocarditis, or pericarditis) or significant cardiac risk
factors as relative contraindications to the vaccine.
The ACIP also does not recommend vaccination of
persons younger than 18 years old in the preoutbreak
setting.'' Vaccination is also contraindicated in per-
sons with household members who have a history of
eczema or active skin conditions as described above,
are immunosuppressed, or are pregnant. Although
the presence of an infant in the household is not a
contraindication for vaccination of the adult member,
the ACIP recommends deferring vaccination of indi-
viduals with households that have infants younger
than 1 year old because of data indicating a higher
risk for adverse events among primary vaccinees in
this age group.'® Because skin lesions resulting from
the varicella vaccine may be confused with vaccinia
lesions, simultaneous administration of the smallpox
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and varicella vaccine is not recommended. However,
in an outbreak situation, there are no contraindications
to vaccination for any person who has been exposed
to smallpox (Tables 21-3 and 21-4).

Smallpox vaccine adverse reactions are diagnosed
by clinical exam. Most reactions can be managed with
observation and supportive measures. Self-limited
reactions include fever, headache, fatigue, myalgia,
chills, local skin reactions, nonspecific rashes, erythema
multiforme, lymphadenopathy, and pain at the vac-
cination site. Adverse reactions that require further
evaluation and possible therapeutic intervention
include inadvertent inoculation involving the eye,
generalized vaccinia, eczema vaccinatum, progressive
vaccinia, postvaccinial central nervous system disease,
and fetal vaccinia (Tables 21-5 and 21-6).16%163

Vaccinia can be transmitted from a vaccinee’s un-
healed vaccination site to other persons by close contact
and can lead to the same adverse events as intentional
vaccination (Figure 21-5). Incidence of transmission to
contacts during the most recent military vaccination
experience was 47 per million vaccinees. Addition-
ally, vaccinees may inoculate themselves and cause
infection in areas such as the eye, which is associated
with significant morbidity (Figure 21-6). Incidence of
inadvertent self-inoculation in the military was 107 per
million vaccines.'” To avoid inadvertent transmission,
vaccinees should wash their hands with soap and water
or use antiseptic hand rubs immediately after touching
the vaccination site and after dressing changes. Vac-
cinia-contaminated dressings should be placed in sealed
plastic bags and disposed in household trash.

Inadvertent inoculation generally results in a condi-
tion that is self-limited unless the inoculation involves
the eye or eyelid, which requires evaluation by an
ophthalmologist (see Figure 21-6).'* Topical treatment
with trifluridine (Viroptic; Catalytica Pharmaceuticals,
Inc, Greenville, NC) or vidarabine (Vira-A) is often
recommended, although treatment of ocular vaccinia
with either of these drugs is not specifically approved
by the FDA."® Most published experience is with use
of vidarabine, but this drug is no longer manufactured.
Vaccinia immune globulin (VIG) may be recommended
in severe cases of ocular vaccinia, but it is contraindi-
cated in individuals with vaccinal keratitis because
of the risk of corneal clouding. Corneal clouding was
observed in 4 of 22 persons with vaccinal keratitis who
received VIG.'® A subsequent study in rabbits showed
that treatment of vaccinal keratitis with VIG was associ-
ated with both corneal scarring and persistent and larger
satellite lesions compared to control animals.'®”

Generalized vaccinia is characterized by a dissemi-
nated maculopapular or vesicular rash, frequently on
an erythematous base and typically occurring 6 to 9
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TABLE 21-3

CONTRAINDICATIONS TO SMALLPOX VACCINATION (PRE-EVENT VACCINATION PROGRAM)*

Condition

Contraindication

Allergies to vaccine components

Each Dryvax (Wyeth Laboratories; Marietta, Pa) vaccine lot contains
antibiotics and preservatives. Specific allergies to these products may
occur. Appropriate history of such allergies should be obtained and
may negate vaccine administration when smallpox is not present.

Current Dryvax contains following antibiotics:

* polymyxin B sulfate

* streptomycin sulfate

* chlortetracycline hydrochloride
* neomycin sulfate

Pregnancy

Infancy

Immunodeficiency

Immunosuppressive therapy

Immunosuppression from some medications may last for up to 3
months after discontinuation

Eczema or atopic dermatitis or Darier’s disease
(keratosis follicularis)

Skin disorders

The size and extent of the non-eczemalatopic skin disorder may
be sufficiently small that vaccination can be safely performed.
However, all such patients must be counseled to take great care to
avoid any transfer from the primary site to the affected skin. Persons
with conditions or injuries that cause extensive breaks in the skin
should not be vaccinated until the condition resolves.

Cardiovascular disease

If smallpox is present and the risk of contact is great, the
vaccine should be administered with subsequent use of an
appropriate antihistamine or other medication.

Do not administer if pregnant and advise vaccinee not to
become pregnant for 1 month after vaccination.

Younger than 1 year old

Includes any disease with immunodeficiency (congenital
or acquired) as a component:

* HIV infection

* AIDS

* Many cancers

* Cancer treatments

* Some treatments for autoimmune diseases

* Organ transplant maintenance

* Steroid therapy (equivalent to 2 mg/kg or greater of
prednisone daily, or 20 mg/ day, if given for 14 days or
longer)

History or presence of eczema or atopic dermatitis or Darier’s
disease. (Even patients with “healed” eczema or atopic der-
matitis may manifest complications. They should not be vac-
cinated, and they should avoid contact with a recent vaccinee.)

Disruptive or eruptive conditions:
* Severe acne
* Burns
e Impetigo
* Contact dermatitis or psoriasis
* Chickenpox

Reports of myopericarditis and cardiovascular disease
have resulted in recent exclusion of individuals with
history of these disorders.

* Vaccine contraindicated if listed condition exists either in the potential vaccinee, or if condition exists in household contact or other close physical
contact of the vaccinee (excluding history of vaccine allergy or known cardiovascular disease in contacts). During a smallpox outbreak, the risk
of vaccination must be weighed against the risk of disease. (During the smallpox era, there was no absolute contraindication to vaccination.)

HIV: human immunodeficiency virus
AIDS: acquired immunodeficiency syndrome

Adapted from: Centers for Disease Control and Prevention. Smallpox vaccination and adverse events training module. 2002. Available at:
http:/ /www.bt.cdc.gov/training / smallpoxvaccine/ reactions / contraindications.html. Accessed March 23, 2007.
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TABLE 21-4

PRECAUTIONS FOR SMALLPOX VACCINATION
(PRE-EVENT VACCINATION PROGRAM)

Condition

Precaution

Active eye disease
of the conjunctiva
or cornea

Inflammatory eye
disease requiring
steroid treatment

Persons with inflammatory eye diseases
may be atincreased risk for inadvertent
inoculation due to touching or rubbing

of the eye.

The Advisory Committee for Immuniza-
tion Practices recommends that per-
sons with inflammatory eye diseases

requiring steroid treatment defer vac-
cination until the condition resolves
and the course of therapy is complete.

Moderately or 111 persons should usually not be vac-
severely ill at the  cinated until recovery.
time of
vaccination

Breastfeeding Whether the virus transmitted in breast

milk is unknown. Close contact may
also increase chance of transmission to
infant. The product label of the small-
pox vaccine recommends individu-
als not breastfeed after vaccination
(Dryvax [Package insert]. Marietta,
Pa: Wyeth Laboratories, 1994)

Adapted from: Centers for Disease Control and Prevention. Smallpox
vaccination and adverse events training module. 2002. Available at:
http:/ /www.bt.cdc.gov/ training / smallpoxvaccine/ reactions / con-
traindications.html. Accessed March 23, 2007.

TABLE 21-5

Medical Countermeasures

days after primary vaccination (Figure 21-7). Lane
reported 242.5 cases per million primary vaccinations
and 9.0 cases per million revaccinations in a 1968 10-
state survey of smallpox vaccination complications.'®®
The rash usually resolves without therapy. Treatment
with VIG is restricted to those who are systemically ill
or have an immunocompromising condition. Contact
precautions should be used to prevent further trans-
mission and nosocomial infection. Generalized vac-
cinia must be distinguished from other postvaccination
exanthems, such as erythema multiforme and roseola
vaccinatum (Figure 21-8).

Eczema vaccinatum may occur in individuals with
a history of atopic dermatitis, regardless of current
disease activity, and can be a papular, vesicular, or
pustular rash (Figures 21-9 and 21-10). Historically,
eczema vaccinatum occurred at a rate of 14.1 and 3.0
per million primary and revaccinations, respectively'®®;
however, in more recent military experience, there
were no cases of eczema vaccinatum in 450,293 small-
pox vaccinations (of which 70.5% were primary vac-
cinations).'® The rash may be generalized or localized
with involvement anywhere on the body, with a predi-
lection for areas of previous atopic dermatitis lesions.
Individuals with eczema vaccinatum are generally
systemically ill and require immediate therapy with
VIG. The mortality rate of individuals with eczema
vaccinatum was 7% (9/132), even with VIG therapy.
A measurable antibody response developed in 55 of
the 56 survivors who had antibody titers obtained
after VIG administration."” No antibody response was
detected in five persons with fatal eczema vaccinatum
cases who had post-VIG antibody titers measured.

ADVERSE EVENTS AFTER SMALLPOX VACCINATION

US Department of Defense
Rate per Million Vaccinees”
(95% confidence interval)

Event Type

US Civilian
Historical Rate per
Million Vaccinees

Generalized vaccinia, mild
Inadvertent self-inoculation
Vaccinia transfer to contact
Encephalitis

Acute myopericarditis
Eczema vaccinatum
Progressive vaccinia

Death

80 (63-100) 45212t
107 (88-129)° 606t
47 (35-63) g7t
2.2(0.6-7.2) 2.6-8.7"
82 (65-102) 100*
0 (0-3.7) 2-35t
0 (0-3.7) 17t
0 (0-3.7) 12t

*US military vaccinations from December 13, 2002, through May 28, 2003.
* Based on adolescent and adult smallpox vaccinations from 1968 studies (both primary vaccination and revaccination).
* Based on case series in Finnish military recruits vaccinated with the Finnish strain of vaccinia.

S Includes 38 inadvertent inoculations of the skin and 10 of the eye.

Data source: Grabenstein JD, Winckenwerder W. US military smallpox vaccination program experience. JAMA. 2003;289:3278-3282.
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TABLE 21-6

VACCINIA IMMUNE GLOBULIN ADMINISTRATION FOR COMPLICATIONS OF SMALLPOX

(VACCINIA) VACCINATION

Indicated

Not Recommended

e Inadvertent inoculation (only for extensive le-
sions or ocular implantations without evidence
of vaccinia keratitis)

¢ Eczema vaccinatum

e Generalized vaccinia (only if severe or recurrent)

* Progressive vaccinia

¢ TInadvertent inoculation (mild instances)

¢ Generalized vaccinia (mild or limited—most
instances)

¢ Erythema multiforme

¢ Postvaccination encephalitis

¢ Isolated vaccinia keratitis (may produce severe
corneal opacities)

Adapted from: Centers for Disease Control and Prevention. Smallpox vaccination and adverse events training module. 2002. Available at:
http:/ /www.bt.cdc.gov/ training / smallpoxvaccine/ reactions/ contraindications.html. Accessed March 23, 2007.

1
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Fig. 21-5. Accidental autoinoculation. This 22-month-old
child presented after having autoinoculated his lips and
cheek 9 days postvaccination. Autoinoculation involves the
spread of the vaccinia virus to another part of the vaccinee’s
body, caused by touching the vaccination site and then touch-
ing another part of the body. Image 4655.

Reproduced from: Centers for Disease Control and Prevention
Public Health Image Library Web site. Photograph: Courtesy
of Allen W Mathies, MD, and John Leedom, MD, California
Emergency Preparedness Office, Inmunization Branch. Avail-
able at: http:/ /phil.CDC.gov. Accessed June 14, 2006.

Fig. 21-6. Ocular vaccinia. This 2-year-old child presented
with a case of ocular vaccinia from autoinoculation. Ocular
vaccinia is an eye infection that can be mild to severe and can
lead to a loss of vision. It usually results from touching the
eye when the vaccinia virus is on the hand. Image 5219.
Reproduced from: Centers for Disease Control and Prevention
Public Health Image Library Web site. Photograph: Courtesy
of Allen W Mathies, MD, and John Leedom, MD, California
Emergency Preparedness Office, Inmunization Branch. Avail-
able at: http:/ /phil. CDC.gov. Accessed June 14, 2006.



Fig. 21-7. Generalized vaccinia. This 8-month-old infant
developed a generalized vaccinia reaction after having been
vaccinated. Generalized vaccinia is a widespread rash, which
involves sores on parts of the body away from the vaccina-
tion site resulting from vaccinia virus traveling through the
blood stream. Image 4644.

Reproduced from: Centers for Disease Control and Preven-
tion Public Health Image Library Web site. Photograph:
Courtesy of Allen W Mathies, MD, California Emergency
Preparedness Office, Immunization Branch. Available at:
http:/ / phil. CDC.gov. Accessed June 14, 2006.

Fig. 21-9. Eczema vaccinatum. This 8-month-old boy de-
veloped eczema vaccinatum after he had acquired vaccinia
from a sibling recently vaccinated for smallpox. Eczema
vaccinatum is a serious complication that occurs in people
with atopic dermatitis who come in contact with the vaccinia
virus. These individuals are at special risk of implantation of
vaccinia virus into the diseased skin. 1969. Image 3311.
Reproduced from: Centers for Disease Control and Preven-
tion Public Health Image Library Web site. Photograph:
Courtesy of Arthur E Kaye, Centers for Disease Control and
Prevention. Available at: http:/ / phil. CDC.gov. Accessed
June 14, 2006.

Medical Countermeasures

Fig. 21-8. This child displays a generalized erythematous
eruption called roseola vaccinatum after receiving a primary
smallpox vaccination. Eruptions such as this one are common
after vaccination and, although often dramatic in appearance,
these are largely benign. There is no evidence of systemic or
cutaneous spread of the vaccinia virus, and live virions cannot
be recovered from the involved sites. The older literature from
the compulsory vaccination era used an imprecise nosology
for a wide range of benign post vaccination exanthems. Terms
such as generalized vaccinia and erythema multiforme that
occur in the older literature must be interpreted cautiously
because on retrospective analysis, it is clear that they encom-
passed much more than those specific entities.

Data source: Lewis FS, Norton SA, Bradshaw RD, Lapa J,
Grabenstein JD. Analysis of cases reported as generalized
vaccinia during the US military smallpox vaccination pro-
gram, December 2002 to December 2004. | Am Acad Dermatol.
2006;55:23-31. (Personal communication, Colonel Scott A.
Norton, MD, MPH, former Chief of Dermatology, Walter
Reed Army Medical Center.) Reproduced from: Centers for
Disease Control and Prevention Public Health Image Library
Web site. Photograph: Courtesy of Arthur E Kaye, Centers
for Disease Control and Prevention. Available at: http:/ / phil.
CDC.gov. Accessed June 14, 2006.

Contact precautions should be used to prevent further
transmission and nosocomial infection.
Progressive vaccinia is a rare, severe, and often fatal
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Fig. 21-10. Eczema vaccinatum. This 28-year-old woman with
eczema vaccinatum contracted it from her vaccinated child.
She had a history of atopic dermatitis, and her dermatitis
was inactive when her child was vaccinated. As a therapy,
she was given vaccinia immune globulin, idoxuridine eye
drops, and methisazone, resulting in healed lesions, no scar-
ring, and no lasting ocular damage. Image 4621.
Reproduced from: Centers for Disease Control and Preven-
tion Public Health Image Library Web site. Photograph:
Courtesy of Allen W Mathies, MD, California Emergency
Preparedness Office, Immunization Branch. Available at:
http:/ / phil.CDC.gov. Accessed June 14, 2006.

complication of vaccination that occurs in individuals
with immunodeficiency conditions. Itis characterized by
painless progressive necrosis at the vaccination site with
orwithoutmetastases to distantssites (Figures 21-11,21-12,
and 21-13). This condition carries a high mortality rate
and should be aggressively treated with VIG, debride-
ment, intensive monitoring, and tertiary medical center
level support. Those at highest risk include persons
with congenital or acquired immunodeficiencies,
human immunodeficiency virus infection/acquired
immunodeficiency syndrome, cancer, or autoimmune
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Fig. 21-11. Progressive vaccinia. This patient with progressive
vaccinia required a graft to correct the necrotic vaccination
site. One of the most severe complications of smallpox vacci-
nation, progressive vaccinia is almost always life threatening.
Persons who are immunosuppressed are most susceptible
to this condition. Image 4624.

Reproduced from: Centers for Disease Control and Preven-
tion Public Health Image Library Web site. Photograph:
Courtesy of Allen W Mathies, MD, California Emergency
Preparedness Office, Immunization Branch. Available at:
http:/ / phil.CDC.gov. Accessed June 14, 2006.

disease, or who have undergone organ transplanta-
tion or immunosuppressive therapy. Historical rates
of progressive vaccinia ranged from 1 to 3 per million
vaccinees historically,'® no cases in 450,293 US military
vaccines,'®® and no cases (that met case definition) in
38,440 US civilian vaccinees in 2003."7° Anecdotal ex-
perience has shown that despite treatment with VIG,
individuals with cell-mediated immunity defects have
a poorer prognosis than those with humoral defects.
A recent animal study showed that both topical and
intravenous cidofovir were effective in treating vaccinia
necrosis in mice deficient in cell-mediated immunity."”"
Topical cidofovir was more effective than intravenous
cidofovir, and the administration of both cidofovir
preparations was superior to either preparation alone.
Infection control measures should include contact and
respiratory precautions to prevent transmission and
nosocomial infection.

Central nervous system disease, which includes post-
vaccinial encephalopathy and postvaccinial encepha-
lomyelitis, although rare, is the most frequent cause of



Fig. 21-12. Progressive vaccinia. This patient presented
with progressive vaccinia after having been vaccinated for
smallpox. Progressive vaccinia is one of the most severe com-
plications of smallpox vaccination and is almost always life
threatening. Although it was rare in the past, the condition
may be a greater threat today because of the larger proportion
of susceptible persons in the population. Image 4592.

Reproduced from: Centers for Disease Control and Preven-
tion Public Health Image Library Web site. Photograph:
Courtesy of California Department of Health Services. Avail-
able at: http:/ /phil. CDC.gov. Accessed June 14, 2006.

Fig. 21-13. Progressive vaccinia after debridement. Image 4594.
Reproduced from: Centers for Disease Control and Prevention.
Available at: http:/ / phil. CDC.gov. Accessed June 14, 2006.

Medical Countermeasures

death related to smallpox vaccination.'®® Postvaccinial
encephalopathy occurs more frequently than encepha-
lomyelitis, typically affects infants and children younger
than 2 years old, and reflects vascular damage to the cen-
tral nervous system. Symptoms typically occur 6 to 10
days postvaccination and include seizures, hemiplegia,
aphasia, and transient amnesia. Histopathologic find-
ings include cerebral edema, lymphocytic meningeal
inflammation, ganglion degeneration, and perivascular
hemorrhage. Patients with postvaccinial encephalopa-
thy who survive can be left with cerebral impairment
and hemiplegia. Postvaccinial encephalomyelitis, which
generally affects individuals aged 2 years or older, is
characterized by abrupt onset of fever, vomiting, mal-
aise, and anorexia occurring approximately 11 to 15
days postvaccination.'®"”* Neff’s 1963 national survey
detected 12 cases of postvaccinial encephalitis among
14,014 vaccinations.'”” Symptoms progress to amne-
sia, confusion, disorientation, restlessness, delirium,

Fig. 21-14. Fetal vaccinia. Image 3338.

Photograph: Courtesy of the Centers for Disease Control and
Prevention. Available at: http:/ /phil. CDC.gov. Accessed
June 14, 2006.
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drowsiness, and seizures. The cerebral spinal fluid has
normal chemistries and cell count. Histopathologic find-
ings include demyelination and microglial proliferation
in demyelinated areas with lymphocytic infiltration
without significant edema. The cause for central nervous
system disease is unknown, and no specific therapy ex-
ists. Intervention is limited to anticonvulsant therapy
and intensive supportive care."”*'”>

Fetal vaccinia, which results from vaccinial transmis-
sion from mother to fetus, is a very rare but serious com-
plication of smallpox vaccination during or immediately
before pregnancy (Figure 21-14). Fewer than 40 cases
have been documented in the world’s literature.'®

Myopericarditis, although previously reported
as a rare complication of vaccination using vaccinia
strains other than the New York City Board of Health
strain, was not well recognized until reported during
active surveillance of the Department of Defense’s
2002-2003 vaccination program (Figure 21-15)."7%'77
The mean time from vaccination to evaluation for
myopericarditis was 10.4 days, with a range of 3 to 25
days. Sixty-seven symptomatic cases were reported
among 540,824 vaccinees, for a rate of 1.2 per 10,000
vaccinations. Reports of myocarditis in 2003 vaccin-
ees raised concerns about carditis and cardiac deaths
in individuals undergoing smallpox vaccination. Of
36,217 vaccinees, 21 cases of myopericarditis were
reported with 19 cases (90%) occurring in revaccinees.
The median age of the affected vaccinees was 48 years,
and there was a predominance of females. Eleven of
the individuals were hospitalized, but there were no

Fig. 21-15. Histopathology of vaccine-related myocarditis
showing a nonspecific lymphocytic infiltrate.

Reproduced with permission of Department of Pathology,
Brooke Army Medical Center, Texas.
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fatalities. The military experience included 37 cases of
myopericarditis of 440,293 vaccinees, for a rate of 82
per million vaccines.'”® Additionally, ischemic cardiac
events, including fatalities, have been reported follow-
ing vaccination with the vaccinia vaccine (Dryvax).
Although no clear association has been found, history
of ischemic heart disease and the presence of signifi-
cant cardiac risk pose relative contraindications for
smallpox vaccination. Consequently, individuals with
a history of myocarditis, pericarditis, or ischemic heart
disease should not be vaccinated."”*"”

In a smallpox release from a bioterrorism event, in-
dividuals would be vaccinated according to the current
national policy, which recommends vaccination initially
of higher-risk groups: individuals directly exposed to
the agent, household contacts or individuals with close
contact to smallpox cases, and medical and emergency
transport personnel. Ring vaccination of contacts and
contact of the contacts in concentric rings around an
identified active case is the strategy that was used to
control smallpox during the final years of the eradica-
tion campaign. There are no absolute contraindications
to vaccination for an individual with high-risk exposure
to smallpox. Persons at greatest risk of complications of
vaccination are those for whom smallpox infection poses
the greatest risk. If relative contraindications exist for an
exposed individual, then risks of adverse complications
from vaccination must be weighed against the risk of a
potentially fatal smallpox infection.

New Vaccine Research

To develop a replacement vaccine for Dryvax and
other first-generation live vaccines, researchers must
produce a vaccine safe enough by current standards
for widespread clinical use in a population with large
segments of immunosuppressed individuals, but still
induces an adequate cell-mediated immune response.
Dryvax and other first-generation vaccines are manu-
factured from the lymph collected from the skin of live
animals scarified with vaccinia virus. Because of risks
from adventitious viruses and subpopulations of virus
with undesirable virulence properties, the manufacture
of a cell culture-derived (second-generation) vaccine
is preferable to the animal-derived product.”””'® Ad-
vances in technology and the ability to replicate vac-
cinia in high concentrations in a variety of cell cultures
make such second-generation vaccines possible.

ACAM 2000, a candidate smallpox vaccine, is a cell-
culture replicated product derived from Dryvax.'®"'#
ACAM 1000 was one of six clones of vaccinia obtained
by serial passage and plaque picking at terminal dilu-
tion, selected for its similar immunogenicity to Dryvax
in animal testing and lower neurovirulence in mice and



monkeys. The ACAM 1000 pilot production vaccine
was produced in MRC-5 human diploid lung fibroblast
cells. To overcome production capacity problems, the
African green monkey (Vero) cell line was used after
10 passages to produce the ACAM 2000 Vero cell vac-
cine. Animal studies have confirmed high degrees of
similarity among the ACAM 1000 master virus seed,
the ACAM 2000 production vaccine, and Dryvax. Neu-
rovirulence profiles for the ACAM 1000 and ACAM
2000 vaccine were similar, but lower than the profile
for Dryvax. Phase 2 and 3 clinical trials have revealed
that like Dryvax, ACAM 2000 is associated with myo-
pericarditis. The significance of ACAM 2000’s cardiac
adverse effects remains to be determined.'®

Other approaches to developing a safe vaccine
have used “non-replicating” and genetically modified
“defective” viruses. Modified vaccinia ankara (MVA),
a nonreplicating vaccinia virus, was produced by 574
serial passages in chicken embryo fibroblasts, resulting
in a vaccinia strain safe for use in immunocompro-
mised individuals. MVA was safely given to 150,000
persons.'® MVA’s main problem is that production
in chicken embryos does not have an optimal safety
profile. Production batches may consist of hundreds of
eggs, which carry a risk of contamination with adventi-
tious viruses, a problem that cannot be corrected with
viral inactivation procedures. MVA can be replicated
in mammalian cells, but the passage in permanent
mammalian cell lines risks production of a viral strain
with increased mammalian virulence. Defective vac-
cinia viruses have been developed by deleting a gene
essential for viral replication (uracil DNA glycosylase).
One such vaccine candidate, defective vaccinia virus
Lister, is blocked in late gene expression from replica-
tion in any but the complementing permanent cell line.
MVA and defective vaccinia virus Lister have similar
safety and immunogenicity profiles."””

Immunoprophylaxis

There are limited studies on the effect of VIG in
conjunction with the smallpox vaccine for prevent-
ing smallpox in contact cases."™'® A 1961 study by
Kempe'™ demonstrated a statistically significant dif-
ference in smallpox cases among exposed contacts.
Smallpox occurred in 5.5% of contacts (21/379) who
received the smallpox vaccine alone compared to 1.5%
of contacts (5/326) who received both the smallpox
vaccine and VIG therapy.'® Research published a year
later by Marennikova studied the effect of antivac-
cinia gamma globulin given to 13 of 42 persons who
had been in close contact with smallpox patients.'®
None of the 13 persons developed smallpox. Only 4
of the 13 individuals had a history of prior smallpox

Medical Countermeasures

vaccination, and all but 3 of the patients were not
revaccinated until day 4 after the contact. Thirteen of
the 29 persons not given antivaccinia gamma globulin
developed smallpox. However, there are no clinical tri-
als providing evidence that giving VIG in conjunction
with the smallpox vaccine as prophylaxis has a greater
survival benefit than vaccination alone.'"”'® There are
currently two VIG preparations: (1) an intravenous
and (2) an intramuscular formulation. The intravenous
formulation recently received FDA approval and has
become the formulation of first choice.”® Intravenous
VIG has the advantage of immediate and higher an-
tibody levels (2.5 times the level obtained with the
intramuscular VIG), and has a similar side effect profile
as intramuscular VIG." Supplies of VIG are limited
and are used primarily for complications from the
smallpox vaccine. VIG does not currently have a role
in smallpox prevention.'”

Chemoprophylaxis

The acyclic nucleoside phosphonate HPMPA (or
(S)-1-(3-hydroxy-2-phosphonylmethoxypropyl) cy-
tosine) known as cidofovir (Visitide, Gilead, Foster
City, Calif) has broad-spectrum activity against DNA
viruses, including the herpes viruses, papillomavirus,
adenovirus, and poxviruses.””’™” Cidofovir has a pro-
nounced and long-lasting inhibition of viral DNA syn-
thesis allowing for infrequent (weekly or bimonthly)
dosing.” The drug has been approved by the FDA for
treating cytomegalovirus retinitis in acquired immu-
nodeficiency syndrome patients. Cidofovir has been
used off-label to treat orthopox infections.

Studies of cidofovir demonstrated improved or
prolonged survival in BALB/c mice and mice with
severe combined immunodeficiency infected with
vaccinia virus, as well as cowpox-infected mouse
models, even when treatment was initiated as long as
5 days before and up to 96 hours after infection.'” The
greatest benefit of cidofovir prophylaxis was observed
when it was administered within 24 hours before or
after exposure.” " Nonhuman primate studies have
demonstrated improved survival in monkeypox and
smallpox models.” In humans, cidofovir has been
found effective in the treatment of the poxvirus infection
molluscum contagiosum in acquired immunodeficiency
syndrome patients. However, treatment of disseminated
vaccinia, smallpox, or monkeypox with cidofovir is not
FDA approved. Such treatment would be off-label use
based on efficacy against these viruses in animal models
and anecdotal evidence of efficacy in human poxvirus
(molluscum contagiosum) infections.

The animal and human data suggest that cidofovir
may be effective in therapy and also in short-term
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prophylaxis of smallpox, if given within 5 days of
exposure. One dose of intravenous cidofovir may
provide potential protection for 7 days.'** Dose-related
nephrotoxicity is the principal complication of cido-
fovir therapy in humans. Toxicity may be minimized
by concomitant intravenous hydration with saline and
oral probenecid.*® The probenecid is generally given
orally as a 2-g dose 3 hours before the cidofovir infu-
sion, and again at 2 and 8 hours after infusion. Both
the Department of Defense and CDC currently have
IND protocols for use of cidofovir in smallpox.

The new Siga drug, ST-246{4-trifluoromethyl-N-
(3,3a,4,4a,5,5a,6,6a-octahydro-1,3-dioxo-4,6-ethenocy
cloprop|flisoindol-2-(1H)-yl-benzamide}, is a potent
and specific inhibitor of orthopoxvirus replication. The
drug is active against multiple species of orthopoxvi-
ruses, including variola virus and cidofovir resistant
cowpox variants. This oral drug has been shown to
be effective in preventing death in animal models of
smallpox infection.”

Viral Hemorrhagic Fevers

Countermeasures against the viruses that cause
viral hemorrhagic fevers (VHFs) remain a top research
priority because of the dearth of licensed vaccines
and therapeutic agents to counteract these patho-
gens. Some success has been achieved with antiviral
medications (primarily ribavirin), passive treatment
using sera from previously infected donors, and vac-
cine development. Attempts at immunomodulation
with various medications have been less successful.
Pathogenesis, prevention, infection control measures,
and management of patients with VHF are reviewed
in other chapters specifically dedicated to VHF and
infection control. This chapter will discuss potential
countermeasures to VHFs most likely to be used as
biological weapons (Table 21-7).

Vaccination

The only licensed US vaccine for VHFs is the 17D
live attenuated yellow fever vaccine. This vaccine has
substantially diminished the burden of yellow fever
infection worldwide and is well tolerated, although con-
traindicated in immunosuppressed patients and used
with caution in elderly people.*” The vaccine would
probably not be useful for postexposure prophylaxis
because of yellow fever’s short incubation time (al-
though postexposure use of the vaccine has never been
studied).””® Alive attenuated vaccine against Argentine
hemorrhagic fever, known as Candid 1, demonstrated
efficacy in a field study among 6,500 agricultural work-
ers in Argentina®™: 22 patients receiving placebo devel-
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oped Argentine hemorrhagic fever, compared to only 1
patient who received the Candid 1 vaccine. This vaccine
is not licensed in the United States.

A number of vaccines developed and licensed
in other countries may have efficacy against VHFs.
Hantavax (Korea Green Cross Corporation, Yongin-si,
Korea) has been licensed in South Korea since 1990.
Observational trials in North Korea and China and
a randomized-placebo controlled trial in Yugoslavia
supported the vaccine’s efficacy®”; however, the hu-
moral immune response, when measured by PRNT,,
antibodies, was considered protective in only 33.3% of
vaccine recipients.”®

More recent exploration into vaccine candidates
for hantaviruses, such as DNA vaccines?” and vac-
cinia-vectored constructs,®® has suggested other
potential vaccine options. An inactivated Rift Valley
fever vaccine under IND status is used in the Special
Immunizations Program at USAMRIID for laboratory
workers who may be exposed to the virus.*” A live
attenuated vaccine for Rift Valley fever has also been
developed, and is also considered an IND, awaiting
further testing. Substantial research has focused on
the development of an effective Ebola vaccine. Un-
fortunately, demonstration of protection in murine
models has not translated into successful Ebola vac-
cines in nonhuman primate models. Three of these
unsuccessful vaccines involve (1) Venezuelan equine
encephalitis virus replicon particles expressing Ebola
virus genes; (2) the vaccinia virus expressing Ebola
glycoproteins; and (3) encapsulated, gamma-irradiated
Ebola particles in lipid A liposomes.”"’ There has also
been Ebola vaccine experimentation with some success
in nonhuman primate models, involving (1) using an
adenovirus vector to deliver key glycoproteins, and (b)
using DNA vaccine technology®" followed by boosting
with an adenovirus vector.”"* Recently, an attenuated
recombinant vesicular stomatitis virus vector with
either Ebola or Marburg glycoproteins demonstrated
protection in nonhuman primate models.”” Not only
did the animals survive the challenge, but they also
showed no evidence of Ebola or Marburg virus after
challenge, nor evidence of fever or any adverse reaction
to vaccination. However, none of the current vaccine
candidates will be ready for licensure soon.

Antiviral Agents

Ribavirin. Antiviral medications prescribed to treat
VHFs are important primarily after patients have
developed symptoms, because there are insufficient
data to support their use for postexposure prophylaxis.
The medication with the most evidence of efficacy
is ribavirin. Ribavirin is a nonimmunosuppressive



nucleoside-analogue with activity against a number
of different viruses. The principal mechanism is inhi-
bition of inosine-5"-phosphate (IMP) dehydrogenase,
which converts IMP to xanthine monophosphate.”*
Suggestive data exist for using ribavirin to treat the
arenaviruses and bunyaviruses.”” In particular, human
studies suggest ribavirin is effective for treating han-
tavirus associated with hemorrhagic fever with renal
syndrome (HFRS)*” and Lassa fever.”'® It may also be
effective for treating Crimean-Congo hemorrhagic
fever (CCHF) and the New-World arenaviruses. Data
supporting the use of ribavirin for HFRS are derived
from a double-blind, placebo-controlled trial*** demon-
strating a reduction in mortality as well as decreased
duration of viremia.””” The largest observational study
on CCHE, conducted by Mardani et al, noted that 97
of 139 patients (69.8%) with suspected CCHF receiv-
ing oral ribavirin survived, compared to an untreated
historical control in which 26 of 48 patients (54%) sur-
vived.”® In another recent study of CCHF by Ergonul
et al, eight patients were treated with ribavirin, and all
of these patients survived. However, in the same clini-
cal context, 22 patients with CCHF were not treated

TABLE 21-7
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and had a mortality rate of 4.5%.*" Ribavirin also has
demonstrated in-vitro activity against CCHF.*%*!
Ribavirin appears to be effective for treating infec-
tion with both Old-World (Lassa fever) and New-World
arenaviruses (South American hemorrhagic fever vi-
ruses).””? In Lassa fever, human studies suggest that
ribavirin decreases mortality, especially if administered
within 7 days of infection (the case fatality rate was
reduced from 55% to 5%).2'° Results from nonhuman
primate studies also support this finding.***** Ribavi-
rin may also have benefit in Argentine hemorrhagic
fever,”**but a large, randomized clinical trial has not
been conducted. Ribavirin appears to have benefit in
a macaque model for Argentine hemorrhagic fever*
if therapy is initiated at the onset of symptoms. For
animals that were treated at the onset of symptoms,
initial improvement was observed in three of the four
animals, with one animal dying early in the course
of illness. However, the three infected monkeys that
initially improved while on ribavirin subsequently
developed a central nervous system infection that was
fatal in two animals. This study and others suggest that
ribavirin, which does not cross the blood-brain barrier,

MEDICAL COUNTERMEASURES FOR VIRAL HEMORRHAGIC FEVERS

Virus Vaccine Passive Immunotherapy Ribavirin as Potential Therapy
Arenaviridae

Lassa No Mixed results Yes

Guanarito (Venezuelan hemorrhagic fever) No Yes

Junin (Argentine hemorrhagic fever) Yes” Yes Yes

Machupo (Bolivian hemorrhagic fever) No Yes

Sabia (Brazilian hemorrhagic fever) No Yes
Bunyaviridae

Crimean-Congo hemorrhagic fever No Limited data Yes

Hemorrhagic fever with renal syndrome Yest Yes

Rift Valley fever Yes* No

Filoviridae

Ebola No® Mixed results No

Marburg No® Mixed results No
Flaviviridae

Yellow fever Yes No

Kyasanur Forest disease No No

Omsk hemorrhagic fever No No

*Candid 1 live attenuated vaccine for Argentine hemorrhagic fever

THantavax (Korea Green Cross Corporation, Yongin-si, Korea) for hemorrhagic fever with renal syndrome from hantaviruses
*Investigational formalin-inactivated Rift Valley fever vaccine; live attenuated Rift Valley fever vaccine
SActive development program with potential products being tested in nonhuman primate models
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may be less useful for infections that have a propensity
to infect the central nervous system.” An anecdotal
report notes recovery from Bolivian hemorrhagic fever
after treatment with ribavirin in two patients.””®

Because of the probable efficacy of ribavirin for
some of the VHFs, a consensus statement on the
management of these viruses in a biological weapon
scenario recommends that ribavirin be started empiri-
cally in all cases, until a better identification of the agent
isachieved.”® In addition to the possible benefits in VHF
cases, especially when therapy is commenced as close to
the onset of symptoms as possible, ribavirin generally
has manageable side effects (particularly anemia), mak-
ing empiric therapy preferable. Ribavirin is not effective
against filoviruses or flaviviruses that cause VHFs*?
and should be discontinued if one of these viruses is
identified as the causative agent. Although ribavirin is
considered teratogenic and is contraindicated in preg-
nancy, the consensus statement suggests that ribavirin
should be used in a biological weapon scenario because
the benefits of treatment would likely outweigh the fetal
risk.*® The group recommends clinical observation of
exposed patients, with careful observation for fever or
other signs and symptoms of infection, rather than using
ribavirin for postexposure prophylaxis.®

The dose of ribavirin for a contained casualty
scenario is as follows: one loading dose of 30 mg/kg
(maximum 2 g), followed by 16 mg/kg intravenous
(maximum 1 g per dose) every 6 hours for 4 days, fol-
lowed by 8 mg/kg intravenous (maximum 500 mg per
dose) every 8 hours for 6 days.*® In a mass-casualty
situation, oral ribavirin is recommended. No other
antiviral medications have been licensed or advocated
for widespread use for the treatment of VHFs in a cur-
rent casualty situation.

Other drugs. Few other options exist for treating
VHFs, other than supportive care. Using steroids to
treat these viruses is not recommended.”” Pathogenesis
studies with Ebola virus have implicated tissue-fac-
tor-induced disseminated intravascular coagulation
as a critical component of the fatal outcomes.”” In
an Ebola-infection model, treating rhesus macaques
with a factor VIIa/tissue factor inhibitor (recombinant
nematode anticoagulation protein c2 or INAPc2) led
to a survival advantage.” This compound has not
been tested in humans for treating Ebola infection, and
tissue factor inhibitors have not been effective in the
treatment of septic shock.”! Other antiviral compounds
have been studied for viruses such as CCHF, and in-
vitro data suggest that the Mx family of proteins may
have antiviral activity against ribonucleic acid viruses,
but further study is needed.”* IMP dehydrogenase in-
hibitors (similar to ribavirin) have been tested in both
in-vitro and animal models against arenaviruses, but
these products have not yet been tested in humans.”?
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Other compounds that have demonstrated in in-vitro
activity against arenaviruses include 3’-fluoro-3’-de-
oxyadenosine,” phenothiazines,” and myristic acid
compounds.” Several antivirals have been tested in a
bunyavirus (Punta Toro virus) murine model,”’ sug-
gesting possible compounds for further testing.

Stimulating the immune system is another potential
therapeutic modality, but no human studies with this
technique have been conducted for any of the VHF
viruses. Interferon combinations may be useful, par-
ticularly with VHF infections in which the immune
response is impaired. However, interferon compounds
may be deleterious in some VHF infections, such as
Argentine hemorrhagic fever, in which high interferon
levels are associated with worse outcomes.”® Interfer-
ons have demonstrated a benefit in bunyavirus murine
models,” and a slight benefit in a nonhuman primate
Ebola virus model (using interferon o-2b).*’

Passive Immunotherapy

Studies on the benefits of passive immunotherapy
for treating VHFs have yielded mixed results*” Sera
collected from donors after infection with Argentine
hemorrhagic fever have been used in the treatment
of this disease.”® However, as with passive immuno-
therapy for treating other diseases, concerns about the
transmission of bloodborne pathogens such as hepatitis
C** may limit this treatment, or at least necessitate a
rigorous screening process. In a cymologous monkey
model of Lassa fever infection, treatment with sera from
immune monkeys led to a survival advantage when the
sera was used alone and combined with ribavirin.?*
However, sera from convalescent patients used to treat
Lassa fever did not reduce mortality in patients with a
high risk of a fatal outcome.”® Anecdotal evidence sug-
gests that immunoglobulins and / or transfusions from
convalescent patients may improve outcome in human
Ebola virus infection.*"** Passive treatment with im-
munoglobulins did not produce a mortality benefitin a
macaque model for Ebola virus infection.” Substantial
supportive data are lacking for using immunoglobulin
from survivors for treating CCHE but a small case series
has suggested 100% survival among treated patients.**
Serum from vaccinated horses has also been suggested
as being beneficial for CCHF.**

In addition to questions about the safety of donated
sera, the impracticality of obtaining large quantities
of donated sera from previously infected individuals,
with no such population available (particularly in
the United States), limits the utility of this treatment.
Future technology, such as a means of manufacturing
large quantities of monoclonal antibodies, may allow
for passive treatment with antibodies to counteract
the effects of VHE.



Other Countermeasures

Good infection control practices, particularly the
isolation of patients and barrier precautions, are a
crucial countermeasure in the efforts to limit the im-
pact of VHFs used as biological weapons. The specific
infection control needed for each virus is discussed in
chapter 13, Viral Hemorrhagic Fevers. Management
measures must also overcome the fear and panic as-
sociated with use of a VHF virus such as Ebola.**

Modern intensive care unit support will likely
improve the outcome for patients infected with VHF
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viruses, but access to this care may be limited in a
mass casualty scenario. For HFRS, the intensive care
management is both crucial and challenging; access
to dialysis can save lives because the renal failure as-
sociated with this infection tends not to be permanent.
Fluid management must be carefully followed in HFRS
because capillary leak syndrome constitutes one of the
primary mechanisms of pathogenesis, and fluid re-
placement leads to increased pulmonary edema.** The
effects of various interventions (including blood prod-
ucts such as fresh frozen plasma and fluids) have not
been adequately delineated and merit further study.

TOXINS

Botulinum Toxin

Clostridium botulinum is an anaerobic gram-positive
bacillus that produces a potent neurotoxin, botu-
linum toxin. Botulinum toxin blocks the release of
neurotransmitters that cause muscle contraction, and
may result in muscle weakness, flaccid paralysis, and
subsequent respiratory impairment. There are seven
immunologically distinct toxin serotypes (A through
G) produced by discrete strains of the organism.
Botulism is generally acquired from ingestion of food
contaminated with botulinum toxin, but may also oc-
cur from toxin production by C botulinum if present
in the intestine or wounds. Botulism is not acquired
naturally by aerosolization, and this route of acquisi-
tion would suggest a possible bioterrorism event but
may also occur from exposure to aerosolized toxin in
a research laboratory.*” Neurologic symptoms after
inhalational of botulinum toxin may begin within
24 to 72 hours of the exposure, but may vary with
exposure dose.

Vaccination

There are currently no FDA-approved vaccines to
prevent botulism. However, an investigational prod-
uct, the pentavalent botulinum toxoid (PBT) against
botulinum toxin serotypes A through E has been used
since 1959 for persons at risk for botulism (ie, labora-
tory workers).*$*%

Pentavalent Botulinum Toxoid. PBT is available
as an investigational product on protocol through the
CDC. Derived from formalin-inactivated, partially
purified toxin serotypes A, B, C, D, and E, PBT was de-
veloped by the Department of Defense and originally
manufactured by Parke-Davis Company. Each of the
five toxin serotypes was propagated individually in
bulk culture and then underwent acid precipitation,
filtration, formaldehyde inactivation, and adsorption
onto an aluminum phosphate adjuvant. The five indi-

vidual toxin serotypes were then blended to produce
the end product. The Michigan Department of Public
Health has been responsible for formulation of recent
PBT lots.

PBT has been found to be protective in animal
models against intraperitoneal challenge with botu-
linum toxin serotypes A through E, and protective
in nonhuman primates against aerosol challenge
to toxin serotype A.*°From 1945 until 1959, at-risk
laboratory workers in the US offensive biological
warfare program at Fort Detrick were vaccinated with
a bivalent botulinum toxoid (serotypes A and B).”'
There were 50 accidental exposures to botulinum
toxins reported from 1945 to 1969 (24 percutaneous,
22 aerosol, and 4 by ingestion), but no cases of labora-
tory-acquired botulism occurred, possibly attributed
in part to protection from the botulinum toxoids. The
PBT was initially given as a primary series of three
subcutaneous injections (0.5 mL at 0, 2, and 12 weeks)
and a booster dose at 12 months. Subsequent booster
doses were required yearly, but later required only for
a decline in antitoxin titers (antitoxin not present on
a 1:16 dilution of serum). Antitoxin titers from vac-
cination with PBT generally do not occur until 3 to 4
months after initiation of the vaccine (1 month after
the third dose), so postexposure vaccination with the
PBT is not recommended.

Recent data suggest a declining immunogenicity
and potency associated with increasing age of PBT,
which was manufactured 30 years ago.***® Antitoxin
titers obtained 1 month after booster doses of PBT
given between 1999 and 2000 to at-risk USAMRIID
laboratory workers were “adequate” (a predetermined
antitoxin titer that allowed for deferment of a booster
dose) for toxin serotypes A, B, and E in 96%, 73%, and
45% of vaccinees, respectively.”>** Adequate titers
obtained between 6 and 12 months after a booster
dose were noted in only 76%, 29%, and 12% of vac-
cinees for toxin serotypes A, B, and E, respectively.”>**
These data suggested declining PBT immunogenicity,
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because earlier data (from 1986 to 1990) demonstrated
adequate titers to toxin serotypes A and B persisting
for 1 year after a booster dose in 96% and 44% of vac-
cinees, respectively.”*

The Harris study, conducted from 1998 to 2000,
demonstrated that approximately two thirds of vac-
cinees had a decrease in antitoxin titers by week 24
(6 months).?*?5%% Studies of the PBT in 1963 demon-
strated a decline in antitoxin titers occurring between
week 14 and 52 (with most individuals not having
measurable antitoxin titers at week 52), suggesting the
need for a 6-month dose even with early PBT lots.””

Recent potency studies and antitoxin titers in 2005
have demonstrated that PBT may still offer potential
protection against toxin serotype A, and to serotype
B with lot PBP003. Potency studies demonstrated
PBT still protects animals against challenge to toxin
serotype C even though the PBT no longer produces
adequate neutralizing antibody levels to toxin sero-
type C for passing potency testing. The PBT no longer
provides adequate protection of animals (requires >
50% animal survival postchallenge with lethal dose
of toxin) or produces adequate neutralizing antibody
levels against toxin serotypes D and E.*?

Until recently, PBT was given as a primary series of
three subcutaneous injections (0.5 mL at 0, 2, and 12
weeks), abooster dose at 12 months, and booster doses
thereafter only for declining antitoxin titers.” The PBT
dosing schedule was changed in 2004 because of the
recent decline in immunogenicity and potency, and
because of the results of the Harris study. The proto-
col for PBT lots produced in the 1970s now requires a
primary series of four injections (0.5mLat0,2,12, and
24 weeks). A booster dose is still given at 12 months
because antitoxin titers from the 24-week dose declined
again by month 12 in the Harris study, and booster
doses are now required annually. The CDC’s current
recommendation for at-risk persons who have received
lots of PBT made in the 1970s is to consider personal
protective measures as the sole source of protection
against all the botulinum toxin serotypes.

Adverse events. PBT has been demonstrated to be
safe, with adverse events being mainly local reactions
at the injection site. Data from the CDC (passively re-
ported) from over 20,000 vaccinations from 1970 to 2002
showed mild or no reaction associated with 91% of vac-
cinations, moderate local reactions (edema or induration
between 30 and 120 mm) with 7% of vaccinations, and
severe local reactions (reaction size greater than 120
mm, marked limitation of arm movement, or marked
axillary node tenderness) with less than 1% of vaccina-
tions. Systemic reactions occurred in approximately 5%
of vaccinees, and were nondebilitating and reversible
(mainly general malaise, chills or fever, itching or hives,
and soreness or stiffness of the neck or back).?*
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New vaccine research. Vaccine candidates include
formalin-inactivated toxoids (A through F) made in
nearly the same way as formalin-inactivated PBT,
with the goal of FDA approval »*** However, produc-
tion of formalin-inactivated toxoids is expensive and
relatively time consuming. The production requires
partially purified culture supernatants to be treated ex-
haustively with formaldehyde, performed by a highly
trained staff within a dedicated high-containment
laboratory space. Furthermore, the resulting PBT is
relatively impure, containing only 10% neurotoxoid
(90% is irrelevant material). This impurity may be
partly responsible for the occurrence of local reactions
as well as the need for multiple injections to achieve
and sustain protective titers. A bivalent AB botulinum
toxoid was developed based on the experience of the
PBT that optimized several of the manufacturing is-
sues of the PBT, including a reduction of formaldehyde
levels in the final product to potentially reduce local
reactinogenicity.** Preclinical studies in the guinea pig
and mouse models demonstrated that a single dose of
1.0 mL was protective against intraperitoneal challenge
with toxin serotypes A and B, and it was associated
with neutralizing antibody titers in guinea pigs of 8
IU/mL to toxin serotype A (50 to 100 times higher than
generally observed with the PBT) and 1.25 IU/mL to
toxin serotype B (10 to 20 times higher than observed
with the PBT).

The use of pure and concentrated antigen in recom-
binant vaccines could offer advantages of increased
immunogenicity and decreased reactogenicity (local
reactions at the injection site) over formalin-inactivated
toxoids.** Recombinant techniques use a fragment of the
toxin that is immunogenic but is not capable of blocking
cholinergic neurotransmitters. Both Escherichia coli and
yeast expression systems have been used in the produc-
tion of recombinant fragments, mainly the carboxy-ter-
minal fragment of the heavy chain of the toxin. Vaccine
candidates using recombinant fragments of botulinum
toxins against botulinum toxin serotypes A, B, C, E, and
F were protective in mice.*** A vaccine recombinant
candidate for botulinum toxin serotype A was protective
in mice challenged intraperitoneally, producing levels
of immunity similar to that attained with PBT, but with
increased safety and a decreased cost per dose.”' Phase
I trials on the bivalent recombinant vaccine (toxin sero-
types A and B) have been completed, with promising
preliminary serologic results at 12 months after two
doses of vaccine (at 0 and 6 weeks), and phase II trials
are being proposed.”” Recombinant vaccines given by
aerosol are also being investigated.”>**

A candidate vaccine using a VEE virus replicon
vector that involves the insertion of a synthetic car-
boxy-terminal fragment gene of the heavy chain of
toxin serotype A s also being evaluated.”” This vaccine



induced a strong antibody response in the mouse
model and remained protective in mice against intra-
peritoneal challenge at 12 months.

Postexposure Prophylaxis

Any individuals suspected to have been exposed
to botulinum toxin should be carefully monitored for
evidence of botulism. Botulinum antitoxin should be
administered if a person begins to develop symptoms
of botulism. The bivalent botulinum antitoxin (sero-
types A and B) is the only FDA-approved antitoxin
preparation for adults currently available. The trivalent
equine botulinum antitoxin (serotypes A, B, and E) is
no longer available at the CDC because of declining an-
titoxin titers to toxin serotype E in this product. How-
ever, botulinum antitoxin for serotype E is available
as an investigational product at the CDC (an equine
antitoxin) and the California Department of Public
Health (a human botulinum toxin immune globulin).

BabyBIG, a human botulism immune globulin de-
rived from pooled plasma of adults immunized with
PBT (A through E), was approved by the FDA in Octo-
ber 2003 for the treatment of infants with botulism from
toxin serotypes A and B. Because the productis derived
from humans, BabyBIG does not carry the high risk of
anaphylaxis observed with equine antitoxin products
or the risk of lifelong hypersensitivity to equine anti-
gens. BabyBIG may be obtained from the California
Department of Health Services (510-231-7600).

Additionally, USAMRIID had developed two
equine antitoxin preparations against all toxin sero-
types that are available as investigational use drugs
for treating botulism: (1) botulism antitoxin, heptava-
lent, equine, types A, B, C, D, E, F, and G (HE-BAT)
and (2) botulism antitoxin, F(ab’), heptavalent, equine
toxin neutralizing activity types A, B, C, D, E, F, and
G (Hfab-BAT). These products are “despeciated”
equine antitoxin preparations, made by cleaving
the F_fragments from the horse immunoglobulin
G molecules, leaving only the F(ab’), fragments.
However, 4% of horse antigens are still present in
the preparation, so there is still a risk for hypersen-
sitivity reactions. These investigational products are
for use for treatment of botulism, and they would
be considered for prophylactic use in asymptom-
atic persons only in special, high-risk circumstances.

Although passive antibody prophylaxis has been
effective in protecting laboratory animals from toxin
exposure,”® the limited availability and short-lived
protection of antitoxin preparations make preexpo-
sure or postexposure prophylaxis with these agents
impractical for large numbers of people. Additionally,
the administration of equine antitoxin in asymptom-
atic persons is not recommended because of the risk
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of anaphylaxis from the foreign proteins. However, if
passive immunotherapy is given, it should be admin-
istered within 24 hours of a high-dose aerosol exposure
to botulinum toxin.

Staphylococcal Enterotoxin B

Staphylococcal enterotoxins are toxins produced
by Staphylococcus aureus, referred to as superantigens.
Ingestion of staphylococcal enterotoxin B (SEB) is a
common cause of food poisoning. However, inhalation
of SEB may cause fever with respiratory symptoms
within 3 to 12 hours of exposure, which may progress
to overt pulmonary edema, acute respiratory disease
syndrome, septic shock, and death.”” The binding of
toxin to the major histocompatibility complex stimu-
lates the proliferation of large numbers of T cells, which
results in production of cytokines (tumor necrosis
factor, interferon-gamma, and interleukin-1) that are
thought to mediate many of the toxic effects.

Vaccination

No vaccine against SEB is currently available. How-
ever, several candidate vaccines have demonstrated
protection against SEB challenge in animal models.
These vaccines are based on a correlation between
human antibody titers and the inhibition of T-cell
response to bacterial superantigens.

New vaccine research is ongoing. A recombinantly
attenuated SEB vaccine given by nasal or oral routes,
using cholera toxin as a mucosal adjuvant, induced
both systemic and mucosal antibodies and provided
protection in mice against intraperitoneal and mu-
cosal challenge with wild-type SEB.”® Subsequently,
intramuscular vaccination with recombinantly attenu-
ated SEB using an Alhydrogel (Accurate Chemical &
Scientific Corporation, Westbury, NY) adjuvant was
found to be protective in rhesus monkeys challenged
by aerosols of lethal doses of SEB.””” All monkeys devel-
oped antibody titers, and the release of inflammatory
cytokines was not triggered.

A candidate SEB vaccine using a VEE virus replicon
as a vector has also been studied.”® The gene encoding
mutagenized SEB was cloned into the VEE replicon
plasmid, and the product was then assembled into
VEE replicon particles. The vaccine elicited a strong
antibody response in animal models and was protec-
tive against lethal doses of SEB.

SEB toxoids (formalin-inactivated) incorporated
into meningococcal proteosomes or microspheres have
been found to be immunogenic and protective against
aerosol SEB challenge in nonhuman primates. The
proteosome-toxoid given by intratracheal route elicited
serum IgG and IgA antibody titers, and a strong IgA
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response in bronchial secretions.” Vaccination by an
intratracheal route with formalinized SEB toxoid-con-
taining microspheres resulted in higher antibody titers
in the serum and respiratory tract, a higher survival
rate, and a lower illness rate than booster doses given
by intramuscular or oral routes. (Microspheres provide
controlled release of toxoid, which results in both a pri-
mary and an anamnestic secondary antitoxin response
and thereby may require fewer doses.)* However,
enteric symptoms such as vomiting still occurred in
many vaccinees with both vaccine candidates.® %

Postexposure Prophylaxis

No postexposure prophylaxis for SEB is available.
Although passive immunotherapy can reduce mor-
tality in animal models if given within 4 to 8 hours
after inhalation, there are no current clinical trials in
humans.

Ricin

Ricin is a protein toxin derived from the beans of
the castor plant. Ricin’s mechanism of toxicity is by in-
hibition of protein synthesis, which ultimately results
in cell death. Inhalation of ricin as a small-particle
aerosol may produce pathological changes within 8
hours, manifested as severe respiratory symptoms as-
sociated with fever and followed by acute respiratory
failure within 36 to 72 hours. Ingestion of ricin may
result in severe gastrointestinal symptoms (nausea,
vomiting, cramps, and diarrhea) followed by vascular
collapse and death.

Vaccination

No vaccine is currently available, but several vaccine
candidates are being studied.® Because passive pro-
phylaxis with monoclonal antibodies in animals is pro-
tective against ricin challenge, the vaccine candidates
are based on induction of a humoral response.”>*
However, even a single molecule of ricin toxin A-chain
(RTA) within the cytoplasm of a cell will completely
inhibit protein synthesis,® so any ricin toxoid may
have the potential toxicity for vascular leak even if it
is 1,000-fold less toxic.”® Therefore, although ricin in-
toxication in animals can be prevented by vaccination

with a formalinized ricin toxin (toxoid) or a deglyco-
sylated RTA,*® there is still a concern and potential
risk of vascular leak with these vaccine candidates.

The most promising development for a vaccine has
been to genetically engineer the RTA subunit to elimi-
nate both its enzymatic activity and its ability to induce
vascular leaking. The nontoxic RTA subunit has been
demonstrated to induce antibodies in animal models
and protect mice against intraperitoneal challenge with
large doses of ricin.?* A pilot clinical trial in humans
demonstrated a recombinant RTA vaccine (RiVax)
given as three monthly intramuscular injections at
doses of 10, 33, or 100 ug (five volunteers at each dose)
was safe and elicited ricin-neutralizing antibodies in
one of five individuals in the low-dose group, four of
five in the intermediate-dose group, and five of five in
the high-dose group.” Further human trials with this
vaccine are not planned due to vaccine instability.

A ricin vaccine candidate (RTA 1-33/44-198) de-
veloped at USAMRIID demonstrated high relative
stability to thermal denaturation, no detectable cy-
totoxicity, and immunogenicity in animal studies.”
The vaccine (given as 3 intramuscular injections at 0,
4, and 8 weeks) was protective in mice against aerosol
challenge with ricin at doses between 5 and 10 times
the LD, " Additionally, no toxicity was observed in
two animal models.*”

A ricin toxoid vaccine encapsulated in polylactide
microspheres or poly(lactide-co-glycolide) micro-
spheres and given intranasally was demonstrated to
be protective against aerosolized ricin intoxication in
mice. Both systemic and mucosal immune responses
were observed, with high titers of antiricin IgG2a at 2
weeks postvaccination and still present and protective
in mice 1 year later.” Oral vaccination of mice with
the ricin toxoid vaccine encapsulated in poly(lactide-
co-glycolide) microspheres was also protective against
lethal aerosol ricin challenge.*”

Postexposure Prophylaxis

There is no postexposure prophylaxis for ricin
intoxication. Although passive immunoprophylaxis
of mice can reduce mortality against intravenous or
intraperitoneal ricin challenge if given within a few
hours of exposure, passive immunoprophylaxis is not
effective against aerosol intoxication.**>**

SUMMARY

Although medical countermeasures are effective in
preventing disease, the greater challenge is to develop
a balanced approach that may provide preexposure
and postexposure medical countermeasures to pro-
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tect both the military and civilian populations. The
military has recognized the benefit of vaccinating
troops for protection against exposure from a biologi-
cal weapons release in a battlefield setting. However,



vaccination of civilians in advance may not be fea-
sible, because of the larger host of potential biological
threat agents in a civilian population and the infre-
quent occurrence of bioterrorism events expected in
a civilian population. Risk-benefit assessments must
be considered in vaccine recommendations for the
civilian and military populations, as well as the lo-
gistics of maintaining immunity with vaccine booster
doses. Protection of the public from bioterrorism
will require the development, production, stockpile
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maintenance, and distribution of effective medical
countermeasures for both prevention and treatment
of illness, with careful forethought about the balance
of preexposure and postexposure countermeasures. It
is likely that the military will be involved with both
distribution of medical supplies and management
of bioterrorism events within the continental United
States, and it is the responsibility that military physi-
cians be properly trained and prepared for managing
bioterrorism events.
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