Biological and Toxic Agents



Biological warfare (BW) agents are sometimes known as the poor man’s atom bomb, 
Characteristics of BW make verification difficult

· BW agents are microorganisms or the toxins (chemicals) they produce.  They are usually a hundred to thousand times more lethal per unit mass than CW agents.

· The production of BW agents involves facilities that are dual use.  There are many legitimate applications in fermentation and biotechnology.  However, most of the agents produced for peaceful uses have no military utility and those that do are made in relatively few places in small quantities.

Equipment at Al-Hakam, Iraq, facility
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·  Significant quantities of BW agents can be produced in a matter of days in an easily concealed, clandestine facility.

· The development of defenses against a BW attack involves much of the same knowledge and technology as that needed to develop BW agents.  Thus, a country   working on BW defense also has the capability to produce BW agents.

Characteristics of BW agents

The ability of a microorganism to cause a serious disease is a necessary but not sufficient property for the organism to qualify as a BW agent.  Only about 30 of several hundred pathogenic microbes (bacteria, virus, or toxin) qualify for consideration as BW agents.  Other desirable characteristics of BW agents include:
· the ability to infect in small doses

· high virulence - no lost of potency during production, storage , and transport

· a short incubation period between infection and the onset of illness or death (situations where this may not be desirable)
· minimal contagiousness to prevent an epidemic among the attackers (not true for suicide terrorists)
· no wide-spread immunity in the target population

· not treatable by common medical methods

· inexpensive to produce

· stable and easy to transport

· easy to disseminate

· ability to survive environmental stress during dissemination

· availability of protection for attackers

Types of Agents

Bacteria are single cell micro-organisms that act by invading tissue or producing toxins.  They may be grown in a solid or liquid cultural media. The diseases they produce may often be treated by appropriate external antibiotics.   Examples of diseases cause by bacteria are anthrax, brucellosis, tulermia, and plague.
Viruses are about 100 times smaller, less complex, and more deadly than bacteria.  

They are composed of a strand of genetic material (DNA or RNA) surrounded by a protective coating that facilitates their movement into cells.  Viruses have no independent metabolism or respiration and thus cannot reproduce on their own.  In order to grow and reproduce, they must invade living cells.  This means they cannot be treated with antibiotics.  Immunization uses dead or weakened viruses similar to pathogenic ones to trigger the body’s immune system to produce antibodies.  Diseases caused by viruses include Ebola fever and Venezualan equine encephalitis, and smallpox.
Rickettsiae are intermediate between bacteria and viruses.  They have characteristics of both.  They are like bacteria in that they possess metabolic enzymes and cell membranes, use oxygen, and respond to antibiotics.  They resemble viruses in that they can grow only with living cells.  Diseases causes by rickettsiae include typhus, Rocky Mountain spotted fever, and Q fever.
Fungi are primitive eukaryotic cells (like the ones comprising animals and plants) and thus more complex than bacteria.  They reproduce by forming spores.  Fungi can cause potentially devastating diseases in plants resulting in crop failure, famine, and economic hardship.  They are not good candidates for BWs.  
Toxins are poisonous compounds made by a living system or synthetic replicates of these compounds.  Botulinal toxin, secreted by a soil bacteria is the most lethal substance known. (70 nanograms 1X10-9 grams)   Ricin, a plant toxin produced by castor bean is also extremely lethal.  They may be employed independently after separation from the bacteria or as toxin producing bacteria.  Toxins are widely used in medical therapy and research.  
Verification of BW agents vs. CW agents

· Because BW agents are living microorganisms that reproduce inside the host, they are much more potent per unit mass than CW agents.  Thus the small quantities of BW agents would be relatively easy to hide.

· CW agents require certain distinctive precursor compounds, reactions, and process equipment and leave behind telltale chemical information.  The production of BW agents involves materials and equipment that are almost always dual-use.

· The potency and rapid microbial growth of BW agents make it possible to produce a significant quantity of BW agent in a small, easily hidden facility. However, even though the equipment used to produce BWs is dual use, most of the agents produced for peaceful purposes have no military utility.  
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Stabilizing BW agents
· Freeze-drying - rapid freezing and subsequent dehydration under a high vacuum in a process used to make instant coffee.  The agent can then be ground into any particle size.  For storage the agents are refrigerated but slowly deteriorate.  

· Chemical additives are used to stabilize microbial aerosols keeping them form clumping into large aggregates unsuitable for dispersion.
· Micro encapsulation coats the droplets of pathogens or toxins with a thin layer of protective material.  Once the microcapsule enters the target, e.g., lung, the coating dissolves releasing the agent. Encapsulation makes the agent more stable, predictable, and safer to handle.

Particle size

An aerosol consists of small particles of liquid or solid dispersed in a gas, e.g., fog or smoke.  Particle size is important to the dispersed agent’s stability and effectiveness.  Larger particles settle out of the air while particles with diameters of from 1 to 5 microns form stable, long lived aerosols.  Since most BW agents do not penetrate the skin, they must be inhaled to be effective.  Here particle size is also critical; particles less than 1 micron in diameter will be exhaled, not be retained in lungs and particles of greater than 5 microns will be trapped by the body’s natural filters.
Dispersion of BW agents

BW agents in the form of aerosols are disseminated one of two methods, area attack or point attack.  In an area attack, a cloud of agent is released upwind from the target and allowed to drift onto the target.  Point attacks are carried out by artillery shells, bombs, or missiles.  
Detection and Concealment of Biological Weapons
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Differences between vaccine and BW production facilities
· In a vaccine facility, stringent contamination measures are required only during the initial phase of production, which involves cultivation of the agents before they are weakened or killed.  Extensive measures to prevent contamination throughout the entire production process indicate BW production.

· A BW facility would pay less attention to purity, sterility, and reproducibility than one producing vaccines.
· A vaccine facility would operate under positive pressure to keep contaminates out while a BW facility would operate with a negative pressure to keep agents contained.  

Recent Development in Biotechnology that have Affected BW Capability

· New BW agents with increased virulence and stability after deployment

· Ability to better target BW agents to target populations

· Better protection of personnel against BW agents

· Production of pathogenic organisms from non-pathogenic strains
· Agents that modify immune response systems of target populations to increase or decrease effects of pathogens

· Sensors based on detection of molecules on surface of BW agents or on the interaction of the genetic materials in BW agents with gene probes.
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Current United States Policy on BW

The U. S. government currently states that nuclear warfare will be used only as a last resort.  Chemical warfare might be used to retaliate to an enemy’s first use of chemicals.  However, under no circumstances will the U.S. use biological weapons.   

The Australia Group and BW agents
The Australia Group is an informal arrangement which aims to allow exporting or transshipping countries to minimize the risk of assisting chemical and biological weapon (CBW) proliferation.  Its website (http://www.australiagroup.net/index_en.htm) contains list of participating countries, precursors to BW and CW agents, and dual use equipment for preparation of these agents.  Its activities support the 1972 Biological and Toxin Weapons Convention (BWC).
Epidemiology of BW agents
Epidemiology uses laboratory results and clinical finding to confirm a disease outbreak has occurred.  A case definition including the number of cases and the attack rate is developed.  The outbreak is then characterized in the context of time, place, and persons affected.  This information is crucial in determining the source of the outbreak and in planning effective strategies to deal with it.
Epidemiological clues include:

· Presence of a large epidemic, with greater loads than expected within a discrete population.

· More severe disease that expected for a given pathogen
· Occurrence of a disease in an unusual geographic area

· Multiple simultaneous epidemics of different diseases

· An outbreak affecting animals as well as humans

· Unusual strains or variants of organisms or antimicrobial resistance patterns

· Different attack rates in certain areas 

· Intelligent reports that an enemy has access to BW agents

· Claims by a terrorists of the release of a BW agent

· Direct evidence of release of a BW agent from finding of equipment, munitions, or tampering.

An interesting article on the epidemiology of bioterrorism can be accessed on the CDC website: http://www.cdc.gov/ncidod/EID/vol5no4/pavlin.htm
