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Where can I naturally expect to find the pathogen? 
The natural history of Bacillus anthracis traces back to Greek times. Anthrax is primarily 
a disease of domesticated and wild animals, particularly herbivorous animals, such as 
cattle, sheep, horses, mules, and goats. Humans become infected incidentally when 
brought into contact with diseased animals, which includes their flesh, bones, hides, hair 
and excrement. The bacterium lives in soils worldwide, especially in Africa and Asia, 
among grazing livestock such as cattle, sheep, horses and other hoofed animals who host 
the microscopic rod-shaped bacteria.  Given such a source, it is relatively easy to obtain a 
culture.  Although anthrax spores have been found naturally in soil samples from around 
the world, the organisms cannot be regularly cultivated from soils where there is an 
absence of endemic anthrax. The persistent presence of an organism in a location makes 
it endemic as opposed to epidemic, an “outbreak” in time and location.  In the United 
States there are recognized areas of infection in South Dakota, Nebraska, Arkansas, 
Texas, Louisiana, Mississippi and California; small areas exist in other states. Even in 
endemic areas, anthrax occurs irregularly, often with many years between occurrences 
(Todar, 2001). As demonstrated on farms and certain textile industries, anthrax can be 
contracted by inhaling spores given off by wool or other animal fibers, WHICH HAS 
yielded the name “woolsorters disease.”  A less familiar form, “industrial anthrax” is 
contracted form handling animals or meat products.  Workers wash their hands, often! 
 
There is one anthrax bacterium but three forms of infection depending on the route the 
agent entered the body.  The cutaneous form is contracted most often among people 
working with hoofed animals through skin contact or through open sores.  Here the 
contraction rate is about 95% with a 10-20% chance of death if untreated.  In cutaneous 
anthrax, a black scab forms over the pustule created by the bacteria and is the basis for 
the name of the disease, anthrax (anthrakitis, Gr. “coal”). The gastrointestinal form is 
contracted from eating tainted meat.  There is less than a 5% contraction rate but is 
serious, with a death rate of 50%. The pulmonary form of anthrax, contracted from 
inhaling or breathing in the agent, has a less than 5% contraction rate but is very serious 
with a death rate of 90-100%.  So, pulmonary anthrax is the most fatal but chances of 
getting it in nature are rare.    
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What does the pathogen look like, under the microscope?  
In 1877, Robert Koch cultured Bacillus anthracis and observed its ability to form 
endospores.  He injected it into animals to produce the anthrax disease.  B. anthracis is 
very large, Gram-positive, spore-forming rod, 1 - 1.2µm in width by 3 - 5µm in length. 
The bacterium can be cultivated in ordinary nutrient medium under aerobic or anaerobic 
conditions.  Genotypically and phenotypically it is very similar to Bacillus cereus, found 
in soil habitats around the world, and to Bacillus thuringiensis, the pathogen for larvae of 
the butterfly and moth (Order - Lepidoptera). The three species (B. anthracis, cereus, and 
thuringiensis) have the same cellular size and morphology and form oval spores located 
centrally in a non-swollen sporangium. 
  
B. Anthracis capsular material is detected in the McFadyean reaction, which involves 
staining with polychrome methylene blue. Observance of blue rods in a background of 
purple/pink-stained capsular material is a positive test.  

 
Neither B. cereus nor B. thuringiensis synthesizes this capsular polymer, so the detection 
of capsular material can be used to distinguish B. anthracis from its closest relatives 
(Todar, 2001). 

 What are the “scientifically” unique features of the pathogen? 
Anthrax spores are not spread from person to person but by inhalation, ingestion, or 
coming in contact with these hard-coated spheres, that may have survived for decades in 
the soil.  Under extreme conditions, when faced with a lack of water or nutrients, or when 
subjected to chemical shock, the bacillus form changes to a “dormant” spore with thick 
walls for protection.  Spores can “morph” back to multiplying vegetative forms when 
flourishing conditions exist, i.e. in the nutrient-rich blood or lung tissue (Drexler, 2002).   
 
To understand the general events, described by scientists, taking place when anthrax 
spores first enter the body, refer to figures 1, 2, and 3 and reconcile the images presented 
with the events listed.  The article, Attacking Anthrax, in Scientific American by Young, 
and Collier (2002) provide an excellent synopsis of research results and a basis for 
modified drawings used in this topic sheet. 
 
Event 1:  Spherical spores are ingested by macrophages of the body.  Spores undergo 
transformation to the bacterium as the macrophages carry them to the lymph nodes in the 
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chest.  The bacteria erupt from the macrophage and infiltrate the blood and spaces of the 
lung.   
 
Event 2:  The bacterium forms a capsule. 
 
Event 3:  The toxin, produced by the capsule, enters the immune cells (macrophages) and 
begins to impair its function.  In the meantime the bacteria multiply at an excessive rate 
outside of the macrophage.  Soon the toxin molecules “escape” from the macrophage into 
fluid surrounding the cell.  The toxin is made up of three (3) proteins; the Protective 
Antigen (PA); the Edema Factor (EF), and the Lethal Factor (LF).   
 

 
Figure 1.  Events in spore transformation to bacteria and toxin production (Young and 
Collier, 2002) 
 

MORE on the science of the Poly-D-glutamyl capsule  
Bacillus anthracis forms a single antigenic type of capsule 
consisting of a poly-D-glutamate polypeptide. All virulent strains 
of B. anthracis form this capsule. Production of capsular material 
is associated with the formation of a characteristic mucoid or 
"smooth" colony type. "Smooth" (S) and "rough" (R) colonial 
variants occur, which are correlated with ability to produce the 
capsule. R variants are relatively avirulent. Capsule production 
depends on a 60-megadalton plasmid, pX02 transferred to non-
encapsulated B. anthracis via transduction which produces the 
encapsulated phenotype. The poly-D-glutamyl capsule is itself 
nontoxic, but protects the organism against the bactericidal 
components of serum and phagocytes, and against phagocytic 
engulfment. The capsule plays its most important role during the 
establishment of the infection, and a less significant role in the 
terminal phases of the disease, mediated by the anthrax toxin. The 
poly-D-glutamyl capsule is formed in vivo or in the laboratory 
when the bacterium is grown on serum plates in a 5% CO2 
atmosphere.  
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Figure 2.  Toxin molecule-combination events (Young and Collier, 2002). 

Event 4:  There is an Anthrax Toxin Receptor (ATR) on the cell membrane surface that 
binds the Protective Antigen (PA) to itself.  The ATRs provide an attachment point for 
the PA.  Note that the appearance of the PA factor molecule looks like a single-bean 
“body” with a smaller “head” atop.  This is important in characterizing the next event. 

Event 5: An enzyme trims off the outermost tip, or “head” of the PA. 

Event 6:  Seven copies of the PA +ATR combine to form a “heptamer.”  In the meantime 
between event 6 and the next, the other factors, Edema (EF) and Lethal (LF), are 
circulating outside the cells.  

Event 7:  Various combinations of EF and LF join with PA on the heptamers.  Just like a 
syringe injects medicine, the heptamers “inject” their toxin molecules through the cell 
membrane into membrane-bound compartments called endosomes within the cell. 

Event 8: With mild acidic conditions, EF and LF move from the endosomes to the 
cytosol, the cell fluid. At this point, all cell organelles are exposed to the factors.  Then 
EF upsets ion (charged particle) and water flow across the cell membrane.  This leads to 
swelling.  LF, a protease, or protein-cutting enzyme, cleaves enzymes in a family known 
as MAPKK.  Phagocytes, outside the cells are themselves cells remember, succumb to 
the toxins and their energy is drained.  With combinations of PA+EF+LF within the body 
cell, eventually there is edema, necrosis (decay) of cells and eventually death of the entire 
organism. 

 

Figure 3.  Endosome release of toxin factors into cytosol (Young and Collier, 2002). 
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More on the Anthrax Toxin  
Before 1954 toxigenic properties of B. anthracis were not 
recognized. Because of the tremendous number of anthrax bacilli 
observed in the blood of animals dying of the disease (109 
bacteria/ml), it was assumed that death was due to blockage of the 
capillaries, popularly known as the "log-jam" theory. But 
experimentally it was shown that only about 3 x 106 cells/ml cause 
death. Furthermore, the cell-free plasma of animals dying of 
anthrax infection contained a toxin, which causes symptoms of 
anthrax when injected into normal guinea pigs. These observations 
supported the hypothesis that a diffusible exotoxin played a major 
role in the pathogenesis of anthrax.   

 
Production of the anthrax toxin is mediated by a temperature-
sensitive plasmid, pX01, of 110 megadaltons. The toxin consists 
of three distinct antigenic components. Each component of the 
toxin is a thermolabile protein with a molecular weight of 
approximately 80 kDa.  A plasmid is a small, DNA containing, 
self-reproducing, cytoplasmic element existing outside the 
chromosome (as in some bacteria and here, B. anthracis).  It is 
used extensively in recombinant technology because it can alter 
hereditary characteristics. 
 
Factor I is the edema factor (EF), which is necessary for the 
edema producing activity of the toxin. EF is known to be an 
inherent adenylate cyclase (an enzyme cutting cyclic chain of 
AMP), similar to the Bordetella pertussis adenylate cyclase toxin.  
 
Factor II is the protective antigen (PA), because it induces 
protective antitoxic antibodies in guinea pigs. PA is the binding 
(B) domain of the anthrax toxin for either of the two active (A) 
domains, EF and LF.  
 
Factor III is known as the lethal factor (LF) because it is 
essential for the lethal effects of the anthrax toxin. Apart from their 
antigenicity, each of the three factors exhibits no significant 
biological activity in an animal. However, singularly or in 
combinations of two or three of the toxin components yield the 
following results in experimental animals.  
 

Factor I:   EF → no significant biological activity 
Factor II: PA → no significant biological activity 
Factor III: LF → no significant biological activity 
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PA + EF → edema note 1

PA + LF → lethal activity note 2   
EF + LF → impair neutrophils’ function and host resistance note 3  

 
PA+LF+EF → edema, necrosis, and lethality 

 
These experiments suggest that the anthrax toxin has the familiar 
A-B enzymatic-binding structure of bacterial exotoxins with either 
EF or LF acting as the active A fragment and PA acting as the B 
fragment. 
  
Note 1   PA + EF elevate intracellular cyclic AMP (cAMP) to extraordinary levels 
in susceptible cells. This elevation changes in membrane permeability and may 
account for edema. In macrophages and neutrophils an additional effect is the 
depletion of ATP reserves, which are needed for the engulfment process. Hence, 
one effect of the toxin may be to impair the activity of regional phagocytes 
during the process of infection.  Adenosine Triphosphate is a nucleotide 
(C10H16P3O13N5) essential to the energy processes of all living cells. 
 
Note 2 The lethal factor in the PA + LF combination is a zinc ion (Zn++) 
dependent protease (catalyst for breaking a protein by hydrolysis) that induces 
cytokine production in macrophages and lymphocytes, but its mechanism of 
cytotoxicity is unknown. Cytokine is defined as any of a group of molecules, 
including interferon, interleukin, or tumor necrosis factor, secreted by certain 
cells of the immune system modulating cell functions with immune response. 
 
Note 3   The effects of EF and LF on neutrophils have been studied in some detail. 
Making B. anthracis more liable to destruction by Phagocytosis (opsonizing) is 
not inhibited by either EF or LF.  But a combination of EF + LF inhibits 
engulfment of the bacteria and the oxidative burst in the pmns. The two toxin 
components also increased levels of cAMP in the neutrophils. These studies 
suggest that the two active components of the toxin, EF + LF, together increase 
host susceptibility to infection by suppressing neutrophil function and impairing 
host resistance.  

 
Both the antiphagocytic capsule and the anthrax toxin may play a role in early stages of 
infection, through their direct effects on phagocytes. Virulent anthrax bacilli multiply at 
the site of the lesion. Phagocytes migrate to the area but the encapsulated organisms can 
resist phagocytic engulfment, or if engulfed, can resist killing and digestion. A short-
range effect of the toxin is its further impairment of phagocytic activity and its lethal 
effect on leukocytes, including phagocytes, at the site. After the organisms and their toxin 
enter the circulation, the systemic pathology, which may be lethal, will result.  
 
B. anthracis coordinates the expression of its virulence factors in response to a specific 
environmental signal. Anthrax toxin proteins and the antiphagocytic capsule are produced 
in response to growth in increased atmospheric CO2. This CO2 signal is thought to be of 
physiological significance for a pathogen, which invades mammalian host tissues.  
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Recently, the science magazine Nature put together a special on-line edition focusing on 
the latest information about anthrax and other potential bioweapons. At the heart of the 
coverage are two featured articles about the anthrax toxin. The first of these papers, by 
Pannifer et al., describes the crystal structure of lethal factor, the crucial 3-pathogenic 
enzyme of anthrax toxin, which cleaves members of the mitogen-activated protein kinase 
(MAPKK) family and disrupts cellular signaling. In a second paper, Bradley et al. 
reported the identity of the human receptor for anthrax PA. The receptor, named anthrax 
toxin receptor, is a type I membrane protein that binds directly to PA. Nature published 
these papers in its November 8 issue, and also placed them on-line at the Nature web site 
(Todar, 2001). 
 

How is the pathogen transmitted? 
The most common form of the disease in humans is cutaneous anthrax, which is usually 
acquired via injured skin or mucous membranes.  Remember, a mucous membrane  is a 
mucus-secreting lining of body cavities and canals connecting with the external air, as the 
alimentary canal and respiratory tract.  
 
Another form of the disease, inhalation anthrax (woolsorters' disease), results most 
commonly from inhalation of spore-containing dust where animal hair or hides are being 
handled. If released in a fine-particle mist, anthrax spores can be carried 50 miles or more 
by air currents.  Transmission is made through scratches, skin abrasions, or open wounds, 
inhalation, or eating insufficiently cooked infected food.  Inhaled anthrax spores reaching 
the alveoli of the lungs soon reach the lymph nodes where germination from spore to 
bacteria takes place.  The high carbon dioxide environment of the lungs facilitates 
growth. 
 
Gastrointestinal anthrax is analogous to cutaneous anthrax but occurs on the intestinal 
mucosa. As in cutaneous anthrax, the organisms probably invade the mucosa through a 
preexisting lesion. The bacteria spread from the mucosal lesion to the lymphatic system. 
Intestinal anthrax results from the ingestion of poorly cooked meat from infected animals. 
Intestinal anthrax, although extremely rare in developed countries, has an extremely high 
mortality rate. 

What are signs that I have been exposed to the pathogen? 
In humans, anthrax is fairly rare where the risk of infection is about 1/100,000. In 
cutaneous anthrax, spores from the soil or a contaminated animal or carcass inoculate a 
minor scratch or abrasion, usually on an exposed area of the face or neck or arms. The 
spores germinate, vegetative cells multiply, and a characteristic gelatinous edema 
develops at the site. This develops into papule within 12-36 hours after infection. 
Infection with Cutaneous anthrax leads to black skin lesions.  The papule changes rapidly 
to a vesicle, then a pustule (malignant pustule), and finally into a necrotic ulcer from 
which infection may disseminate, giving rise to septicemia. Lymphatic swelling also 
occurs within seven days. In severe cases, where the blood stream is eventually invaded, 
the disease is frequently fatal.  
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In the disease, inhalation anthrax the disease begins abruptly with high fever and chest 
pain, fatigue, and sometimes a cough. It progresses rapidly to a systemic hemorrhagic 
pathology and is often fatal if treatment cannot stop the invasive aspect of the infection.  
Inhalation anthrax begins after an incubation period of one to six days, depending on the 
dose.  The onset of the disease is gradual; fever, malaise, and fatigue come first, 
sometimes with a cough or mild chest discomfort.  Initial symptoms are followed by a 
short period of improvement, usually hours to two to three days, followed by a sudden 
reversal and development of severe respiratory distress…shortness of breath and 
obstruction of upper respiratory pathways that can turn the patient literally blue. 
  
Gastrointestinal anthrax infestation comes from eating infected meat.  If the mucosa 
has lesions, say from an ulcer it is easy for the spores to enter the lymph system.  
   
Bioterrorism agents kill via suffocating pneumonia, septic shock, massive bleeding, or 
paralysis.  Once infected, symptoms may not be evident for weeks but usually emerge in 
one or two days.  After infestation, the signs are headache, coughing, mild fever, fatigue, 
chills, and grogginess.  Eventually the bacteria destroy cells and toxins are released into 
the bloodstream causing the immune system to fail.  Fluid accumulates in tissues and 
leaky blood vessels cause blood pressure to drop and organs to fail.  Within a day or two, 
abruptly labored breathing is followed by shock, which leads to death.     
 

More on the Treatment of Anthrax  
Antibiotics should be given to unvaccinated individuals exposed to 
inhalation anthrax. Ciprofloxacin (“Cipro“), doxycycline, 
penicillin, tetracyclines and fluoroquinolones are effective if 
administered before the onset of lymphatic spread or septicemia, 
estimated to be about 24 hours. Antibiotic treatment is also known 
to lessen the severity of disease in individuals who acquire anthrax 
through the skin. Inhalation anthrax was formerly thought to be 
nearly 100% fatal despite antibiotic treatment, particularly if 
treatment started after symptoms appeared. A recent Army study 
resulted in successful treatment of monkeys with antibiotic therapy 
after being exposed to anthrax spores. The antibiotic therapy was 
begun one day after exposure.  
 
One strategy for the development of new vaccines is to expose T-
cells to bacterial or viral antigens in order to directly stimulate the 
mechanisms of cell-mediated immunity (CMI). 
  
Remember T cells are lymphocytes affected by the thymus and 
involved with rejecting foreign tissue, regulating cellular 
immunity, and controlling antibody production in the presence of 
an antigen. Such types of vaccines are known as intracellular 
vaccines, and they theoretically have the potential to stimulate 
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protective CMI, which is rarely accomplished with most present 
vaccines. Recently, the toxin of B. anthracis, specifically its cell-
binding domain (PA), has been exploited to transport molecules 
into T-cells in the search for new vaccines aimed against 
intracellular parasites. In this case, bacterial or viral antigens were 
fused to PA creating what is called a model pathogen molecule, 
which is able to recognize and be taken up by T-cells, but which 
does not produce disease. Though still in early stages of testing, 
the vaccines show promise, and this work may lead to an entirely 
new class of human vaccines against most viruses, certain bacteria, 
and parasites (Todar, 2001).  

 

What is effective treatment for infected individuals? 
Usually, when symptoms appear, it is often too late to save the individual.  Antibiotics 
are most effective before illness occurs.  Drexler (2002) reported that untreated, 
inhalational anthrax killed 80 percent of its victims. Gastrointestinal anthrax can be 
treated with antibiotics.  With inhalational anthrax, it is fatal if antibiotic treatment begins 
after patients are symptomatic.  Death is apparently due to oxygen depletion, secondary 
shock, increased vascular permeability, and respiratory and cardiac failure. Death from 
anthrax in humans or animals frequently occurs suddenly and unexpectedly. The level of 
the lethal toxin in the circulation increases rapidly quite late in the disease, and it closely 
parallels the concentration of organisms in the blood. 
  

More on Vaccines  
Vaccines composed of killed bacilli and/or capsular antigens 
produce no significant immunity. A non-encapsulated toxigenic 
strain has been used effectively in livestock. The Sterne Strain of 
B. anthracis produces sub-lethal amounts of the toxin that induces 
formation of protective antibody. The anthrax vaccine for 
humans, which is used in the U.S., is a preparation of the 
protective antigen recovered from the culture filtrate of an 
avirulent, non-encapsulated strain of Bacillus anthracis that 
produces PA during active growth. Anthrax immunization consists 
of three subcutaneous injections given two weeks apart followed 
by three additional subcutaneous injections given at 6, 12, and 18 
months. Annual booster injections of the vaccine are required to 
maintain a protective level of immunity.  
 
The vaccine is indicated for individuals who come in contact in the 
workplace with imported animal hides, furs, bone, meat, wool, 
animal hair (especially goat hair) and bristles; and for individuals 
engaged in diagnostic or investigational activities which may bring 
them into contact with anthrax spores.  
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The vaccine should only be administered to healthy individuals 
from 18 to 65 years of age, since investigations to date have been 
conducted exclusively in that population. It is not known whether 
the anthrax vaccine can cause fetal harm, and pregnant women 
should not be vaccinated. 
  
Currently, anthrax vaccine is produced under contract to the 
Department of Defense, and made only in small quantities made 
available as needed to civilians who are exposed to anthrax hazards 
in their work environment, such as veterinarians, lab workers and 
others.  An attempt to immunize 2.5 million members of the 
military ended about the year 2000, but that policy is being 
reevaluated. If the manufacturer receives approval from the FDA, 
vaccine production will resume (Todar, 2001). 

 
 
What is the terrorist intent for the pathogen? 
In 1993, the Office of Technology Assessment estimated that, lacking a massive program 
to dispense prophylactic antibiotics, 220 pounds of aerosolized anthrax spores released 
over Washington, D. C. would kill between 130,000 and 3,000,000 citizens.  B. anthracis 
is the agent of choice for tactical and strategic attacks.  Another report states that a mere 
two (2) grams of dried anthrax spores, distributed evenly as a fine powder over a 
population of 500,000 in an urban setting could cause death or serious illness for 200,000 
people (Croddy, 2002). But there are a few problems for terrorists.  One, the anthrax 
would have to be a pure strain cultured for that purpose; spores harvested from the 
ground are not pure enough.  Next the spores would have to be “milled” or ground down 
to less than 5 microns in diameter for inhalation purposes.  The milling process must add 
an “anti-static” agent or else the fine sized anthrax spores become electrically charged, 
clump, and precipitate to the ground.  Finally the “fluffy and fine” mix of spores would 
need to be dispersed with near-perfect weather conditions of little wind and no drafts for 
massive dispersion.  Now you can see it makes sense that most of what we’ve read about 
contracting anthrax appears to be in enclosed spaces. 
 
Soon after the 2001 terrorist attacks, the United States and Uzbekistan signed an 
agreement to remove anthrax bacteria from the small island of Vozrozhdeniye (aka. 
Renaissance Island) in the Aral Sea.  This was the site of the U.S.S.R.’s largest open-air 
testing site, where hundreds of tons of Weaponized spores from its Biowarfare program.  
These spore remained virulently alive and vulnerable to theft.  (Miller, Engelberg, and 
Broad, 2001)  
 
The anthrax type developed by the Soviets in 1953 was called Strain 836.  It was 
developed continually up through 1986 into a tripled potency strain.    The Stepnogorsk 
team could manufacture two tons of finished anthrax daily. (Mangold and Goldberg, 
1999) 
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According to Iraq’s own admissions, by December 1990 it had loaded fifty bombs and 
five missile warheads with anthrax.  They modified aerial pesticide sprayers to disperse 
bacterial agents, and worked to create remotely piloted aircraft “death drones.”  Iraqi-
modified Aero L-29 Delfin basic flight trainers were fitted with two under-wing tanks 
carrying 300 liters of anthrax.  Several 122-mm rockets were found filled with anthrax 
(Iraqi said these were for field trials only, not deployment).  In the Iraqi armory there 
were spray and drop tanks fitted for fighters or drones capable of spraying 2,000 liters of 
anthrax over a target.  Iraqi records indicated five biological warfare production facilities: 
Salman Pak, Al-Hakam, Taji, the Water and Agricultural Resources Center at Fudaliya, 
and Daura Foot and Mouth Institute (Mangold and Goldberg, 1999; pp. 293-4). 
 
The possibility of creating aerosols containing anthrax spores has made B. anthracis a 
chosen weapon of bioterrorism. Iraq, Russia, North Korea and, as many as ten other 
nations, have the capability to load spores of B. anthracis into weapons. Domestic 
terrorists may develop means to distribute spores via mass attacks or small-scale attacks 
at a local level.  As an agent of biological warfare it is expected that a cloud of anthrax 
spores would be released at a strategic location to be inhaled by the individuals under 
attack. Spores of B. anthracis can be produced and stored in a dry form and remain viable 
for decades in storage or after release.  An infection of local animal populations such as 
sheep and cattle could follow a biological attack with spores. Infected animals could then 
transmit the disease to humans through the cutaneous, intestinal or inhalation route by 
spores from a contaminated animal, carcass or hide.  
 
There is no evidence of person-to-person transmission of anthrax. Quarantine of affected 
individuals is not recommended. Anthrax spores may survive in the soil, water and on 
surfaces for many years. Spores can only be destroyed by steam sterilization or burning. 
The U.S. Navy Manual on Operational Medicine and Fleet Support entitled Biological 
Warfare Defense Information Sheet states "Disinfection of contaminated articles may be 
accomplished using a 0.05% hypochlorite solution (1 tbsp. bleach per gallon of water). 
Spore destruction requires steam sterilization." It has also been reported that boiling (100 
degrees C) for 30 minutes kills endospores of B. anthracis.  
 
A segment of the U.S. military population has been vaccinated against anthrax. Anthrax 
vaccine consists of a series of six doses with yearly boosters. The first vaccine of the 
series must be given at least four weeks before exposure to the disease. This vaccine 
protects against anthrax that is acquired through the skin and it is believed that it would 
also be effective against inhaled spores in a biowarfare situation.  Not surprisingly, the 
concerns and attitudes over military vaccination today are similar to what General George 
Washington encountered with revolutionary army troop vaccinations for smallpox. 
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Investigation: Immunity to Anthrax  
Considerable variation in genetic susceptibility to anthrax exists among animal species. 
Resistant animals fall into two groups: (1) resistant to establishment of anthrax but 
sensitive to the toxin and (2) resistant to the toxin but susceptible to establishment of 
disease. This is illustrated in the table below. Neither the source of the inoculum (spores 
or vegetative cells or a mixture) nor the route of inoculation (subcutaneous, 
gastrointestinal, or inhalational) is stated. The infectious dose of anthrax is expected to 
vary widely. 
 

Animal 
model 

Infectious 
dose 

Toxic dose causing 
death 

Bacteria per ml blood at 
time death 

Mouse 5 cells 1000 units/kg 107

Monkey 3000 cells 2500 unit/kg 107

Rat 106 cells 15 units/kg 105

 
 
If you were to make a larger table, i.e. listing additional organisms, what might you 
hypothesize about the accompanying infectious doses, toxic dose, and bacteria/ml to 
be at the time of death for the organisms listed? 
 
 

 Computation: Anthrax Measurements  
The following statements were made in the information above: 

a. “Capsule production depends on a 60-megadalton plasmid, pX02;” 
b. “Production of the anthrax toxin is mediated by a temperature-sensitive plasmid, 

pX01, of 110 megadaltons;” and 
c. “Each factor of the toxin is a thermolabile protein with a molecular weight (mw) 

of approximately 80-kilodaltons (kDa).”   
 

Measurement facts:   
• 1 dalton = 1 Atomic Mass Unit (AMU) 
• 1 AMU = 1.6605 x 10 –24 grams 
• The prefix mega represents 106 

 
What comparisons might be made between plasmid, pX01, pX02, and factor? 
What is the approximate mw of plasmid, pX01, pX02, and factor in grams?   
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