
In the name of God
ANTHRAX AS AN AGENT

OF BIOTERRORISM 
Dr.mazaherpour



•When bioterrorism became a reality in the autumn of 2001, 
worldwide interest became focused on B. anthracis, With a few 
grams of anthrax spores dispersed in letters, the recognition of the 
threat of bioterrorism prompted a dramatic increase in research, 
training, public health preparedness, countermeasures. 



•Anthrax remains the agent of greatest concern for future use as a
bioterrorist’s weapon. With naturally occurring cases not uncommon
in much of the world, B. anthracis is readily accessible to terrorists;
easy to grow in even a rudimentary laboratory; and, in the spore 
form, stable, easily stored, and portable in small quantities that can 
wreak havoc when dispersed. 



History of Bacillus anthracis as a Bioterrorist 
Agent 

•The history of anthrax being spread intentionally to infect others is
relatively recent (compared with plague and smallpox), extending 
only as far back as World War I, when Germans were reported to 
have
shipped infected horses and cattle with B. anthracis to be used by the
Allies. 
•During World War II, both the Axis and the Allies had biological

warfare programs that involved anthrax. 



•The Soviet Union maintained an active anthrax program well into
the 1990s. The widely studied accidental release of anthrax spores in
1979 from a Soviet military microbiology facility in Sverdlovsk, Russia,
was responsible for approximately 70 human cases of inhalational
anthrax. It remains the largest outbreak of inhalational anthrax 
known. 



•During the reign of Saddam Hussein, Iraq was known to have an
active biological warfare program. At the close of the first Gulf War, 
Iraqi authorities admitted to having produced anthrax and placed into 
munitions but denied ever having used them. 



• Far more widely known is the use of the US Postal Service in 2001
to mail anthrax spore–laden letters, after which 22 people developed
anthrax, 11 with inhalational infections and 11 with cutaneous 
infections. There were five deaths among the inhalational cases. 



Dissemination of Anthrax as a
Bioterrorist Agent 

•History has already presented a number of methods in which anthrax
can be weaponized. Anthrax has proven itself to be a versatile agent
for a terrorist to use. Spores can be dispersed or sprayed as a powder
or liquid, or animals can be infected and released with the intent to
spread infection among others. Anthrax can be delivered by an 
aerosol in bombs, sprayed from a plane, or sent in the mail. 



• It is generally believed that an intentional release of anthrax would 
most likely be associated with aerosols and subsequent inhalational
infections.
•Determinations of the number of inhaled spores per hour raise

questions about the infective dose (ID) and lethal dose (LD) of 
anthrax
spores. Obviously, controlled studies cannot be performed on 
humans; therefore we must rely on extrapolation of data from 
estimates of known inhalational cases and from studies in nonhuman 
primates 



• the LD₅₀ for humans is generally considered to range from 
approximately 4000 to 55,000 spores based on studies in nonhuman 
primates. 
•Data from nonhuman primates suggest that inhaled doses of 1000 to 

5500 spores results in mortalities from 10% to 25%. 



Outbreak Characteristics After Use of
Anthrax as a Bioterrorist Agent 

• spores could be introduced into food supplies or water, the 
cutaneous, oropharyngeal, and gastrointestinal disease that would 
result is far less fatal than inhalational anthrax. 
•Knowledge of the number of spores needed to infect humans via 

ingestion is not available. 
• It is generally understood that significantly more are needed than via 

inhalation, and experiments in nonhuman primates suggest it is very 
difficult to deliberately cause infection by the oral route 



•An aerosol release, whether from an envelope, a sprayer on the
ground, or on a larger scale from a plane, is considered the most 
likely
terrorist scenario.
•particles larger than 5 µm typically cannot reach the terminal 

bronchioles and alveoli; they are captured in the respiratory tract 
mucus, removed by the mucociliary elevator to the mouth, and 
swallowed



•This is likely why inhalational anthrax has been uncommon in natural 
settings but was more common in factories where wool, hair, or hides 
were dried and manipulated by machinery, resulting in particle sizes 
of 1 to 5 µm. 
• It can be assumed that a sophisticated terrorist using anthrax spores 

would consider the following:
1. Engineering of spores a Enhancement of stability and infectivity



•2. Use of high concentrations of spores to overcome any degree of
innate immunity
3. Selection of a strain demonstrating antimicrobial resistance
4. Genetic modifications to decrease protection from vaccination or
increase toxin production 
•The incubation period in natural inhalational anthrax is generally

considered to be 2 to 10 days, but with large inocula it may be as 
short as 1 day. 





• In a series of 58 nonhuman primates, noticed the time to death after 
exposure to spores varied from 2 to 9 days. However, there are 
reports of three infected and untreated animals with possible times 
to death of 20, 28, and 98 days after exposure.
• it is likely that the first evidence of anthrax bioterrorism, as in 2001, 

will be a critically ill patient discovered to have B. anthracis in a blood 
culture. 



• it can be expected that some patients will present with cutaneous
disease (because aerosolized spores deposited on the body can be
introduced into the skin) or gastrointestinal disease and
others will present with inhalational disease or meningitis. 



•The early symptoms of inhalational anthrax are nonspecific and 
similar to those of influenza. It is important to rapidly determine who 
has inhalational anthrax, influenza or influenza-like illness, or 
community acquired pneumonia so that appropriate therapy can be 
initiated.
•  patients who had inhalational anthrax were more likely to have 

tachycardia, high hematocrit, low albumin, and low sodium levels and 
were less likely to have myalgia, headache, sore throat, and nasal 
symptoms. 



•Compared with patients who had community-acquired pneumonia,
patients with inhalational anthrax were more likely to have nausea or
vomiting, tachycardia, high aminotransferase levels, low sodium 
levels, and normal white blood cell counts 
•Patients with fever and spore exposure should also have blood 

cultures obtained; all seven patients with inhalational anthrax in 2001 
who were not taking antibiotics had positive blood cultures. 



• the most accurate predictor of anthrax was a chest radiograph 
demonstrating mediastinal widening or pleural effusion. 
•This is consistent with our ideas of pathogenesis in that the lymph 

nodes draining the site where the spores are introduced are those 
anticipated to become infected and enlarged. 



•Thus mediastinal widening on a radiograph should alert the physician 
to suspect inhalational anthrax from an aerosol exposure and a 
bioterrorist event until proved otherwise.







Diagnostics 

• It is important to notify the laboratory that anthrax is in the 
differential diagnosis because the typical clinical laboratory may 
discard gram positive rods as probable contaminants. 
•Recently developed, more specific PCR assays have become available 

that should aid in rapid diagnosis and minimize the number of 
false-positive samples 



•The role of nasal swabs in the “diagnosis” of anthrax must also be
clarified. In the 2001 outbreak, patients considered nasal swabs as a
determination of whether they had been exposed or not. The reality 
is that although a positive nasal culture for anthrax clearly indicates 
an exposure, a negative culture does not rule out an exposure. 



•Nasal swabs essentially use the nose to sample whether the
individual has filtered anthrax spores in the recently (nasally) inhaled
air. They are therefore helpful as a public health tool in determining
the zone of exposure. 
•Demonstrating that one individual in a space has a positive nasal 

swab requires that everyone in that space receive PEP regardless of 
negative nasal swabs for the others. 



•The optimal timing of obtaining nasal swabs after exposure has not 
been determined, but clearly the sooner the better, and it is likely 
that the yield 24 hours later is much lower. Thus obtaining nasal 
swabs more than 24 hours after exposure should be discouraged. 



• In evaluation of future exposures, efforts to determine if an individual 
was exposed might also include culturing pharyngeal washings 
because a study of wool mill workers revealed that addition of such 
cultures doubled the number of individuals with positive cultures 
compared with culturing only nasal swabs. 



•Gram stain of cutaneous or oral lesions, pleural fluid, CSF, or even 
buffy coats of blood may be positive for gram-positive rods
indicative of anthrax, and culture will confirm the diagnosis. Nasal 
swab, pharyngeal washes, and stool samples should be cultured for 
anthrax, but Gram staining of these samples is not helpful. 









• In the 2001 outbreak, there were no serologic tests readily available
for anthrax. In the aftermath, numerous serologic assays have been in
development and a number of rapid ELISAs that measure total 
antibody have been approved by the FDA. These assays can be used 
on serum to diagnose all types of anthrax or demonstrate 
seroconversion after immunization. 



•Retrospectively, it was positive in 100% of both cutaneous and 
inhalation cases from 2001. However, it becomes positive only after 
approximately 1 week of symptoms. 



Antibiotics 

•Current recommendations for PEP have been repeatedly updated and
are for initiation of 60 days of antibiotic prophylaxis with appropriate
drugs and use of anthrax vaccine. 
• Initiation of antibiotics as soon as possible after (or before) exposure. 

Ungerminated spores, sequestered in the lung or macrophages, do 
not appear to be affected by antibiotics, which are active only on 
germinated spores or vegetative bacilli. 



•The question of how long antibiotics should be maintained remains 
unanswered. A competing-risks model to determine the optimal 
duration of PEP suggests that this is dependent on the size
of the inhaled inoculum, with small exposures requiring shorter 
courses and large exposures requiring courses of 4 months or more. 





Vaccines 

•Current CDC guidelines are for 60 days of PEP with either doxycycline
or ciprofloxacin and initiation of postexposure anthrax immunization 
•The recommendation to add postexposure anthrax immunization to 

antibiotic PEP is due to the concern that retained spores may still be 
present at the end of 60 days and could germinate and lead to 
inhalational anthrax after discontinuance of antibiotics 



•By initiating anthrax immunization, antibodies develop while the 
individual is protected by antibiotics. After the 60-day course
of antibiotics is completed, there should be an adequate immune 
response to immunization to prevent any remaining spores that 
might germinate from causing anthrax. 
• For PEP, AVA given as three doses subcutaneously at 0, 2, and 4

weeks results in excellent antibody responses in nearly 100% of 
recipients 





Infection Control 

• Inhalational anthrax is an airspace disease and is usually
not associated with sputum production. Furthermore, vegetative 
anthrax bacteria, in contrast to the spores, are not hardy in the 
environment. 
•Anthrax-infected patients may be managed in a standard hospital

room with standard universal precautions. 



•Cutaneous lesions should be covered and dressings from lesions, 
chest tube drainage, blood, should be considered potentially 
infectious and incinerated or autoclaved. Hand washing with soap 
and water, 2% chlorhexidine, or chlorine-containing towels decreased 
spores of other Bacillus spp. 



•Patients’ clothes should be removed and bagged, they should 
shower, and skin and hair should be washed thoroughly with soap 
and water. Surfaces they contact (e.g., ambulances, benches) should 
be wiped down with a solution of 1 : 10 household bleach. PEP 
antibiotic prophylaxis should be considered for people who have 
cared for patients before their decontamination. 



•One of the least expensive and most commonly available compounds
used to destroy anthrax spores is household bleach. Bleach,
chlorine dioxide, ethylene oxide, hydrogen peroxide, peroxy acetic 
acid, methyl bromide, paraformaldehyde, and vaporized hydrogen 
peroxide all were used to some degree decontamination process.



•Contaminated individuals should be advised to remove clothing and 
place it in a bag either before entering their home or immediately 
after entering (to minimize spores coming off clothes into the home). 
They should shower using soap and water and shampoo their hair. 
Clothes can be decontaminated by washing in hot water with bleach 
and machine drying. Dry cleaning will also destroy spores. 



Thanks for your attention


