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Learning Objectives 
Upon successful completion of this continuing education module, you will be able to: 

Identify and discuss the history, epidemiology, microbiology, pathogenesis, clinical 
manifestations, diagnosis, treatment and prevention of:  Anthrax, Small Pox, Botulism and 
Plague 

 

Introduction 

Bioterrorism has become a common household term ever since anthrax was spread across a wide 
reach of the nation last fall. Now, it almost appears everyone is involved in serious anti-terrorism 
campaigns. In the event of another bioterrorist attack, will you as a caregiver be prepared?  

RTs and nurses are in the first line of defense in combating biohazard substances because 
inhalation is the major pathways for toxic and biological agents to infect humans. The airway is 
one of the primary routes infectious agents follow to enter the body, and the harm caused by the 
agent would impact the respiratory system first, so RTs and nurses need to be alert.  

Tom Johnson, MS, RRT, program director of respiratory care and professor at Long Island 
University in New York, was an officer during the Vietnam era. He trained military personnel 
about chemical warfare. Thirty years later, he teaches RTs and nurses about bioterrorism and 
how they need to be prepared in the event of a biological disaster.  

Johnson urges all RTs and Nurses to recognize potential bioterrorist agents. "During the Gulf 
War, biowarfare became an issue, and I realized I was ignorant and did not know anthrax was 
already weaponized." Bioterrorism is not a new idea. "We have had the threat of bioterrorism for 
a long time in history," he said.  

Today's need is different. Caregivers need to be prepared and knowledgeable in bioterrorism in 
order to treat patients in the best manner possible.  

Knowledge Is Power  
In the event of a bioterrorist attack, every second counts, especially when caregivers are trying to 
determine whether, in fact, a patient has symptoms of a bioterrorist agent. If health care 
professionals are keen enough to know what symptoms to look for, the impact of a potentially 
deadly bioterrorist attack can be lessened.  

Crisis Plans  
One of the things that would help galvanize hospital staff is to have them prepare response plans 
and enforce them. Response plans are one key step in advancing a response system to alert staff 
members and operationalize a plan.  
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What Is Terrorism? 

In 1992, the United Nations proposed a definition of terrorism, which describes it as “an anxiety-
inspiring method of repeated violent action, employed by (semi-)clandestine individual, group, 
or state actors, for idiosyncratic, criminal, or political reasons, whereby—in contrast to 
assassination—the direct targets of violence are not the main targets”. 

Elements of this definition have carried forward into more contemporary versions: 

 The Federal Emergency Management Agency (FEMA) describes terrorism as “the use of 
force or violence against persons or property in violation of the criminal laws of the 
United States for purposes of intimidation, coercion, or ransom. Terrorists often use 
threats to create fear among the public, to try to convince citizens that their government is 
powerless to prevent terrorism, and to get immediate publicity for their cause”. 

 The Department of Defense (DOD) defines terrorism as “the unlawful use of violence or 
threat of violence, often motivated by religious, political, or other ideological beliefs, to 
instill fear and coerce governments or societies in pursuit of goals that are usually 
political”. 

 In the U.S. Code of Federal Regulations, terrorism is defined as “the unlawful use of 
force and violence against persons or property to intimidate or coerce a government, the 
civilian population, or any segment thereof, in furtherance of political or social 
objectives”. 

Public Safety  
September 11 was a wake up call, not only to public safety and law enforcement officers but to 
the health care establishment as well because the country discovered how vulnerable it is to 
terrorist attacks and how devastating terrorist attacks can be.  

Top Five Issues for RTs and nurses In Bio-Terrorism Attacks  

1. Have some familiarity with the top seven biological weapons: anthrax, smallpox, botulism, 
tularemia, bubonic/pneumonic plague, viral encephalitis, and Staphylococcus enterotoxin B. 
Therapists need to remember terrorists get creative and may not use traditional agents.  

2. Early warning: The therapist is a part of the early warning system of an attack.  

3. Necessary Lab Tests: This will help determine which agent was used and what antibiotic will 
help treat it.  

4. Personal protection: Health care professionals need to protect themselves and their facility. 
There are bioagents which require only standard precautions.  

5. Therapeutic Interventions: This may include oxygen and ventilation as necessary, especially 
with a botulism attack. 
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A biological attack is the intentional release of a pathogen or biotoxin (poisonous substance 
produced by a living organism) against humans, plants, or animals. An attack against people 
could be used to cause illness, death, fear, societal disruption, and economic damage. An attack 
on agricultural plants and animals would primarily cause economic damage, loss of confidence 
in the food supply, and possible loss of life. It is useful to distinguish between two kinds of 
biological agents: 

 Transmissible agents that spread from person to person (e.g., smallpox) or animal to 
animal (e.g., foot and mouth disease). 

 Agents that may cause adverse effects in exposed individuals but that do not make those 
individuals contagious to others (e.g., anthrax, botulinum toxin). 

The U.S. Department of Homeland Security and The National Academies teamed up in 2003 to 
produce fact sheets on chemical, biological, radiological, and nuclear attacks designed to help 
better prepare the media for the types of threats facing the nation. 

Personal Protective Equipment for Biological Agents 

The general principles of PPE for bioterrorism are based on the same Standard Precautions used 
to protect otherwise healthy patients from acquiring a healthcare-associated infection and in 
caring for patients with known or suspected benignly transmitted infections. They include hand 
hygiene and, depending on the anticipated exposure, the use of gloves, gowns, masks, eye 
protection, or face shield. 

The chain of infection applies to both naturally occurring diseases and those caused by 
bioweapons. With Standard Precautions, the portal of exit and mode of transmission determine 
the equipment needed. They are based on the principle that all blood, body fluids, secretions and 
excretions (except sweat), nonintact skin, and mucous membranes may contain transmissible 
infectious agents. 

Specific PPE measures are discussed in conjunction with the disease presentations to which they 
apply. Consult the facility infection control manual for details on policies and products in use. 

If contamination is from aerosolized powder or environmental exposures, PPE includes a 
respirator such as an N95 mask (also called an air-purifying respirator [APR]) or equivalent or a 
powered air-purifying respirator (PAPR). 

Protective clothing is needed for decontamination of persons with powder on them. 
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ANTHRAX AS A BIOLOGICAL WEAPON  
  

Updated Recommendations for Management  
 Authors/Contributors: Thomas V. Inglesby, MD; Tara O'Toole, MD, MPH; Donald A. 
Henderson, MD, MPH; John G. Bartlett, MD; Michael S. Ascher, MD; Edward Eitzen, 
MD, MPH; Arthur M. Friedlander, MD; Julie Gerberding, MD, MPH; Jerome Hauer, 
MPH; James Hughes, MD; Joseph McDade, PhD; Michael T. Osterholm, PhD, MPH; 

Gerald Parker, PhD, DVM; Trish M. Perl, MD, MSc; Philip K. Russell, MD; Kevin Tonat, 
DrPH, MPH; for the Working Group on Civilian Biodefense 

Objective To review and update consensus-based recommendations for medical and public 
health professionals following a Bacillus anthracis attack against a civilian population. 

. 

Several countries are believed to have offensive biological weapons programs, and some 
independent terrorist groups have suggested their intent to use biological weapons. Because the 
possibility of a terrorist attack using bioweapons is especially difficult to predict, detect, or 
prevent, it is among the most feared terrorism scenarios. In September 2001, B anthracis   spores 
were sent to several locations via the US Postal Service. Twenty-two confirmed or suspect cases 
of anthrax infection resulted. Eleven of these were inhalational cases, of whom 5 died; 11 were 
cutaneous cases (7 confirmed, 4 suspected). In this article, these attacks are termed the anthrax 
attacks of 2001. In 2014, a similar incident saw 75 people possibly exposed to the pathogen. The 
difference is this: the first incident was a terrorist attack. The second and third were accidents. 
Samples of the pathogen that were supposed to be inactivated were sent to laboratories by the 
Center for Disease Control and Prevention (CDC) in 2014 and the Department of Defense most 
recently. 

Before the anthrax attacks in 2001, modern experience with inhalational anthrax was limited to 
an epidemic in Sverdlovsk, Russia, in 1979 following an unintentional release of B anthracis   
spores from a Soviet bioweapons factory and to 18 occupational exposure cases in the United 
States during the 20th century. Information about the potential impact of a large, covert attack 
using B anthracis   or the possible efficacy of post attack vaccination or therapeutic measures 
remains limited. Policies and strategies continue to rely partially on interpretation and 
extrapolation from an incomplete and evolving knowledge base. 

In theory, anthrax spores can be cultivated with minimal special equipment and a first-year 
collegiate microbiological education. However, to make large amounts of an aerosol form of 
anthrax suitable for biological warfare requires extensive practical knowledge, training, and 
highly advanced equipment 
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HISTORY OF CURRENT THREAT 
 

For centuries, B anthracis   has caused disease in animals and serious illness in humans. 

Research on anthrax as a biological weapon began more than 80 years ago. Most national 
offensive bioweapons programs were terminated following widespread ratification or signing of 
the Biological Weapons Convention (BWC) in the early 1970s; the US offensive bioweapons 
program was terminated after President Nixon's 1969 and 1970 executive orders. However, some 
nations continued offensive bioweapons development programs despite ratification of the BWC. 
In 1995, Iraq acknowledged producing and weaponizing B anthracis   to the United Nations 
Special Commission. The former Soviet Union is also known to have had a large B anthracis   
production program as part of its offensive bioweapons program. A recent analysis reports that 
there is clear evidence of or widespread assertions from nongovernmental sources alleging the 
existence of offensive biological weapons programs in at least 13 countries. 

The anthrax attacks of 2001 have heightened concern about the feasibility of large-scale aerosol 
bioweapons attacks by terrorist groups. It has been feared that independent, well-funded groups 
could obtain a manufactured weapons product or acquire the expertise and resources to produce 
the materials for an attack. However, some analysts have questioned whether "weapons grade" 
material such as that used in the 2001 attacks (i.e., powders of B anthracis   with characteristics 
such as high spore concentration, uniform particle size, low electrostatic charge, treated to reduce 
clumping) could be produced by those not supported by the resources of a nation-state. The US 
Department of Defense recently reported that 3 defense employees with some technical skills but 
without expert knowledge of bioweapons manufactured a simulant of B anthracis   in less than a 
month for $1 million. It is reported that Aum Shinrikyo, the cult responsible for the 1995 release 
of sarin nerve gas in a Tokyo subway station, dispersed aerosols of anthrax and botulism 
throughout Tokyo at least 8 times. Forensic analysis of the B anthracis   strain used in these 
attacks revealed that this isolate most closely matched the Sterne 34F2 strain, which is used for 
animal vaccination programs and is not a significant risk to humans. It is probable that the cult 
attacks produced no illnesses for this and other technical reasons. Al Quaeda also has sought to 
acquire bioweapons in its terrorist planning efforts although the extent to which they have been 
successful is not reported. 

In the anthrax attacks of 2001, B anthracis   spores were sent in at least 5 letters to Florida, New 
York City, and Washington, DC. Twenty-two confirmed or suspected cases resulted. All of the 
identified letters were mailed from Trenton, NJ. The B anthracis   spores in all the letters were 
identified as the Ames strain. Ten years later, researchers were finally able to discuss how they 
identified the origins of the deadly bacteria, which they were able to trace to an Army research 
lab in Maryland. 

Sen. Daschle's letter reportedly had 2 g of B anthracis   containing powder; the quantity in the 
other envelopes has not been disclosed. The powder has been reported to contain between 100 
billion to 1 trillion spores per gram although no official analysis of the concentration of spores or 
the chemical composition of the powder has been published. 
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The anthrax attacks of 2001 used one of many possible methods of attack. The use of aerosol-
delivery technologies inside buildings or over large outdoor areas is another method of attack 
that has been studied. The 1979 Sverdlovsk accident provides data on the only known aerosol 
release of B anthracis   spores resulting in an epidemic. 

An aerosol release of B anthracis   would be odorless and invisible and would have the potential 
to travel many kilometers before dissipating. Aerosol technologies for large-scale dissemination 
have been developed and tested by Iraq and the former Soviet Union. Few details of those tests 
are available. The US military also conducted such trials over the Pacific Ocean in the 1960s. A 
US study near Johnston Atoll in the South Pacific reported a plane "sprayed a 32-mile long line 
of agent that traveled for more than 60 miles before it lost its infectiousness." 

  
EPIDEMIOLOGY OF ANTHRAX 

Naturally occurring anthrax in humans is a disease acquired from contact with anthrax-infected 
animals or anthrax-contaminated animal products. The disease most commonly occurs in 
herbivores, which are infected after ingesting spores from the soil. Large anthrax epizootics in 
herbivores have been reported. A published report states that anthrax killed 1 million sheep in 
Iran in 1945; this number is supported by an unpublished Iranian governmental document.  

Animal vaccination programs have reduced drastically the animal mortality from the disease.  

However, B anthracis   spores remain prevalent in soil samples throughout the world and cause 
anthrax cases among herbivores annually. 

Anthrax infection occurs in humans by 3 major routes: inhalational, cutaneous, and 
gastrointestinal. Naturally occurring inhalational anthrax is now rare. Eighteen cases of 
inhalational anthrax were reported in the United States from 1900 to 1976; A drum-maker from 
New York City got sick while on tour with a dance troupe in Pennsylvania. He had just returned 
from Africa with four goat skins that he planned to use to make drums. While he processed the 
skins, hair and dust particles floated into the air. Four days later he was hospitalized and 
diagnosed with inhalation Anthrax.  Most of these cases occurred in special-risk groups, 
including goat hair mill or wool or tannery workers; two of them were laboratory associated.  

Anthrax cannot be spread directly from person to person, but a person's clothing and body may 
be contaminated with anthrax spores. Effective decontamination of people can be accomplished 
by a thorough wash-down with antimicrobial soap and water. Waste water should be treated with 
bleach or another antimicrobial agent. Effective decontamination of articles can be accomplished 
by boiling them in water for 30 minutes or longer. Chlorine bleach is ineffective in destroying 
spores and vegetative cells on surfaces, though formaldehyde is effective. Burning clothing is 
very effective in destroying spores. After decontamination, there is no need to immunize, treat, 
or isolate contacts of persons ill with anthrax unless they were also exposed to the same source 
of infection. 

Cutaneous anthrax is the most common naturally occurring form, comprising 95% of all anthrax 
cases. The disease typically follows exposure to anthrax-infected animals. The cutaneous anthrax 
death rate is 20 percent without antibiotic treatment and less than one percent with it.  
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Although gastrointestinal anthrax is uncommon, outbreaks are continually reported in Africa and 
Asia following ingestion of insufficiently cooked, contaminated meat. Two distinct syndromes 
are oral-pharyngeal and abdominal. Little information is available about the risks of direct 
contamination of food or water with B anthracis    spores. Experimental efforts to infect primates 
by direct gastrointestinal instillation of B anthracis spores have not been successful. 

Gastrointestinal infection would normally occur only after consumption of large numbers of 
vegetative cells, such as what might be found in raw or undercooked meat from an infected 
herbivore. However, in 2009 woman in Connecticut was diagnosed with gastrointestinal anthrax. 
The woman had participated in a drumming event the day before she became ill. The drums used 
at the event and were all tested for contamination with anthrax spores. Two animal skin drums 
were found to have anthrax spores on them. It seems the spores were on her hands, and entered 
her G.I. tract when she ate some food without washing first.  

Inhalational anthrax is expected to account for most serious morbidity and most mortality 
following the use of B anthracis   as an aerosolized biological weapon. Given the absence of 
naturally occurring cases of inhalational anthrax in the United States since 1976, the occurrence 
in Russia in 1979 and 2001 anthrax that was mailed is cause for concern. 

 

MICROBIOLOGY 
 

B anthracis   derives from the Greek word for coal, anthrakis, because of the black skin lesions it 
causes. B anthracis   is an aerobic, gram-positive, spore-forming, nonmotile Bacillus species. 
The nonflagellated vegetative cell is large (1-8 µm long, 1-1.5 µm wide). Spore size is 
approximately 1 µm. Spores grow readily on all ordinary laboratory media at 37°C, with a 
"jointed bamboo-rod" cellular appearance and a unique "curled-hair" colonial appearance. 
Experienced microbiologists should be able to identify this cellular and colonial morphology; 
however, few practicing microbiologists outside the veterinary community have seen B anthracis   
colonies beyond what they may have seen in published material. B anthracis spores germinate 
when they enter an environment rich in amino acids, nucleosides, and glucose, such as that found 
in the blood or tissues of an animal or human host. The rapidly multiplying vegetative B 
anthracis bacilli, on the contrary, will only form spores after local nutrients are exhausted, such 
as when anthrax-infected body fluids are exposed to ambient air. Vegetative bacteria have poor 
survival outside of an animal or human host; colony counts decline, becoming undetectable 
within 24 hours following inoculation into water. This contrasts with the environmentally hardy 
properties of the B anthracis spore, which can survive for decades in ambient conditions. 
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PATHOGENESIS AND CLINICAL MANIFESTATIONS 
 

Inhalational Anthrax 
  
Inhalational anthrax follows deposition into alveolar spaces of spore-bearing particles in the 1- to 
5-µm range. Macrophages then ingest the spores, some of which are lysed and destroyed. 
Surviving spores are transported via lymphatics to mediastinal lymph nodes, where germination 
occurs after a period of spore dormancy of variable and possibly extended duration.The trigger(s) 
responsible for the transformation of B anthracis spores to vegetative cells is not fully 
understood. In Sverdlovsk, cases occurred from 2 to 43 days after exposure. In experimental 
infection of monkeys, fatal disease occurred up to 58 days and 98 days after exposure. Viable 
spores were demonstrated in the mediastinal lymph nodes of 1 monkey 100 days after exposure. 

Once germination occurs, clinical symptoms follow rapidly. Replicating B anthracis bacilli 
release toxins that lead to hemorrhage, edema, and necrosis. In experimental animals, once toxin 
production has reached a critical threshold, death occurs even if sterility of the bloodstream is 
achieved with antibiotics. Extrapolations from animal data suggest that the human LD (i.e., dose 
sufficient to kill 50% of persons exposed to it) is 2500 to 55 000 inhaled B anthracis spores. The 
LD10 was as low as 100 spores in 1 series of monkeys. Recently published extrapolations from 
primate data suggest that as few as 1 to 3 spores may be sufficient to cause infection. The dose of 
spores that caused infection in any of the 11 patients with inhalational anthrax in 2001 could not 
be estimated although the 2 cases of fatal inhalational anthrax in New York City and Connecticut 
provoked speculation that the fatal dose, at least in some individuals, may be quite low. 

A number of factors contribute to the pathogenesis of B anthracis which makes 3 toxins  
protective antigen, lethal factor, and edema factor that combine to form 2 toxins: lethal toxin 
and edema toxin. The protective antigen allows the binding of lethal and edema factors to the 
affected cell membrane and facilitates their subsequent transport across the cell membrane. 
Edema toxin impairs neutrophil function in vivo and affects water homeostasis leading to edema, 
and lethal toxin causes release of tumor necrosis factor and interleukin 1, factors that are 
believed to be linked to the sudden death in severe anthrax infection. The molecular target of 
lethal and edema factors within the affected cell is not yet elucidated. In addition to these 
virulence factors, B anthracis has a capsule that prevents phagocytosis. Full virulence requires 
the presence of both an antiphagocytic capsule and the 3 toxin components. An additional factor 
contributing to B anthracis   pathogenesis is the high concentration of bacteria occurring in 
affected hosts. 

Inhalational anthrax reflects the nature of acquisition of the disease. The term anthrax 
pneumonia is misleading because typical bronchopneumonia does not occur. Postmortem 
pathological studies of patients from Sverdlovsk showed that all patients had hemorrhagic 
thoracic lymphadenitis, hemorrhagic mediastinitis, and pleural effusions. About half had 
hemorrhagic meningitis. None of these autopsies showed evidence of a bronchoalveolar 
pneumonic process although 11 of 42 patient autopsies had evidence of a focal, hemorrhagic, 
necrotizing pneumonic lesion analogous to the Ghon complex associated with tuberculosis.  

These findings are consistent with other human case series and experimentally induced 
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inhalational anthrax in animals. A recent reanalysis of pathology specimens from 41 of the 
Sverdlovsk patients was notable primarily for the presence of necrotizing hemorrhagic 
mediastinitis; pleural effusions averaging 1700 mL in quantity; meningitis in 50%; arteritis and 
arterial rupture in many; and the lack of prominent pneumonitis. B anthracis was recovered in 
concentrations of up to 100 million colony-forming units per milliliter in blood and spinal fluid. 

Historical Data 
Early diagnosis of inhalational anthrax is difficult and requires a high index of suspicion. Prior to 
the 2001 attacks, clinical information was limited to a series of 18 cases reported in the 20th 
century and the limited data from Sverdlovsk. The clinical presentation of inhalational anthrax 
had been described as a 2-stage illness. Patients reportedly first developed a spectrum of 
nonspecific symptoms, including fever, dyspnea, cough, headache, vomiting, chills, weakness, 
abdominal pain, and chest pain. Signs of illness and laboratory studies were nonspecific. This 
stage of illness lasted from hours to a few days. In some patients, a brief period of apparent 
recovery followed. Other patients progressed directly to the second, fulminant stage of illness. 

This second stage was reported to have developed abruptly, with sudden fever, dyspnea, 
diaphoresis, and shock. Massive lymphadenopathy and expansion of the mediastinum led to 
stridor in some cases. A chest radiograph most often showed a widened mediastinum consistent 
with lymphadenopathy. Up to half of patients developed hemorrhagic meningitis with 
concomitant meningismus, delirium, and obtundation. In this second stage, cyanosis and 
hypotension progressed rapidly; death sometimes occurred within hours. 

In the 20th-century series of US cases, the mortality rate of occupationally acquired inhalational 
anthrax was 89%, but the majority of these cases occurred before the development of critical care 
units and, in most cases, before the advent of antibiotics. At Sverdlovsk, it had been reported that 
68 of the 79 patients with inhalational anthrax died. However a separate report from a hospital 
physician recorded 358 ill with 45 dead; another recorded 48 deaths among 110 patients. A 
recent analysis of available Sverdlovsk data suggests there may have been as many as 250 cases 
with 100 deaths. Sverdlovsk patients who had onset of disease 30 or more days after release of 
organisms had a higher reported survival rate than those with earlier disease onset. Antibiotics, 
antianthrax globulin, corticosteroids, mechanical ventilation, and vaccine were used to treat some 
residents in the affected area after the accident, but how many were given vaccine and antibiotics 
is unknown, nor is it known which patients received these interventions or when. It is also 
uncertain if the B anthracis strain (or strains) to which patients was exposed were susceptible to 
the antibiotics used during the outbreak. However, a community-wide intervention about the 
15th day after exposure did appear to diminish the projected attack rate. In fatal cases, the 
interval between onset of symptoms and death averaged 3 days. This is similar to the disease 
course and case fatality rate in untreated experimental monkeys, which have developed rapidly 
fatal disease even after a latency as long as 58 days. 

2001 Attacks Data 
The anthrax attacks of 2001 resulted in 11 cases of inhalational anthrax, 5 of whom died. Several 
clinical findings from the first 10 patients with inhalational anthrax deserve emphasis.  Malaise 
and fever were presenting symptoms in all 10 cases. Cough, nausea, and vomiting were also 
prominent. Drenching sweats, dyspnea, chest pain, and headache were also seen in a majority of 
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patients. Fever and tachycardia were seen in the majority of patients at presentation, as were 
hypoxemia and elevations in transaminases. 

Importantly, all 10 patients had abnormal chest x-ray film results: 7 had mediastinal widening; 7 
had infiltrates; and 8 had pleural effusions. Chest computed tomographic (CT) scans showed 
abnormal results in all 8 patients who had this test: 7 had mediastinal widening; 6, infiltrates; 8, 
pleural effusions. 

Data are insufficient to identify factors associated with survival although early recognition and 
initiation of treatment and use of more than one antibiotic have been suggested as possible 
factors. For the 6 patients for whom such information is known, the median period from 
presumed time of exposure to the onset of symptoms was 4 days (range, 4-6 days). Patients 
sought care a median of 3.5 days after symptom onset. All 4 patients exhibiting signs of 
fulminant illness prior to antibiotic administration died. Of note, the incubation period of the 2 
fatal cases from New York City and Connecticut is not known. 

The Anthrax threat as posed to the United States in 2001-2 was focused on the use of the mail to 
deliver these dangerous weapons. According to an article in September of 2002 entitled:  
Can These Boxes Be Locked Against Terror? By Andrew C. Revkin:  
 
U.S. postal authorities scramble to strengthen security of the mail, they face a daunting 
realization: the process will take years, it will cost at least a billion dollars and until it is finished 
the nation is probably even more vulnerable than it was last fall, when anthrax-tainted letters 
killed five people, sickened at least 17 more and caused widespread disruption and fear. 

Engineers are rushing to devise steps to deter bioterrorist mailings, or to speed detection of any 
such attacks. They are reconsidering almost every step in the chain that moves 200 billion pieces 
of mail a year — from the design of the 350,000 street-corner mailboxes to the way postage 
stamps are printed and sold. Meanwhile, though, the postal system stands revealed as a potent 
tool for terrorism. 

"We cannot believe that whoever did this is the only one capable or willing to do this," said 
Thomas G. Day, the Postal Service's vice president for engineering. The attacks last year served 
as a blueprint, he said. "Clearly anyone who hadn't thought of it now fully understands it." 

In fact, despite their toll, some postal authorities view last year's attacks as a close call, not a true 
disaster. For one thing, the tainted letters were apparently designed to affect only the mail 
recipients. Their seams were carefully taped and they were precisely addressed. But as they 
passed through high-speed machinery, they spewed a trail of spores that infected postal workers 
and, apparently, people who received other mail moving through the system at the same time. 

"If such an incident was repeated on a larger scale, the consequence to the economic health of 
the entire nation could be truly incalculable," said Patrick R. Donahoe, the Postal Service's senior 
vice president for operations, in an August letter to the General Accounting Office. That mindset 
has changed, Mr. Donahoe said. Mr. Donahoe, who was the Postal Service’s chief operating 
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officer during the 2001 anthrax attacks, said the mail system spends about $15 million per-year 
on measures to keep the mail safe from another bioterrorism attack. 

Nobody was charged with the anthrax attacks though Bruce Ivins, a biodefense researcher for the 
government, killed himself in 2008 as the FBI prepared to file charges against him. Still, the 
FBI’s conclusion that he was responsible remains a point of contention. 

The Postal Service, consulting with several federal agencies, contractors, scientists, and the 
Royal Mail and other postal agencies overseas, is proceeding with the first stages of a long-term 
plan to secure its sprawling system, in which almost every collection box is an unguarded portal. 
Since the attacks, postal inspectors have investigated 51,000 unknown or suspicious items in the 
mail. And each of the hundreds of mail processing facilities across the country now have early 
warning systems using air sampling technology to detect biohazardous material. 

 

Despite the billions of dollars spent across the federal government on bioterrorism preparedness 
since 2001, an alert health-care clinician will likely be the first to warn the nation if another 
bioterrorism attack is under way, according to the physician who diagnosed the first case of 
anthrax in 2001. “In considering whether we as a nation are now better prepared, it is important 
to remember that identification of the U.S. index case of anthrax bioterrorism was made possible 
through the “on-the-ground” ability of individual clinicians and laboratory personnel to 
recognize a potential case of bioterrorism,” Dr. Larry M. Bush and co-author Dr. Maria T. Perez 
wrote in a recent article in the Annals of Internal Medicine. 

Private corporations and government agencies that are potential targets or that handle floods of 
mail, among them Pitney Bowes and the Internal Revenue Service, are also conducting their own 
searches for ways to defuse biological threats without impeding their work. The only mail being 
routinely irradiated with bacteria-killing electron beams or X-rays is that bound for government 
agencies in Washington, leaving other offices, like the many addresses for paying tax bills, 
unsecured. 

The mail network — linking every address in America in a chain of boxes, trucks, letter sorters, 
750,000 letter carriers and other postal workers — will never be immune to terror, postal 
officials and experts say. But a number of steps could reduce the threat. Some efforts focus on 
reducing the volume of anonymous mail, which now constitutes about 17 percent of the daily 
flow of some 680 million items.  

For example, the Postal Service plans eventually to change most stamps from uniform bits of 
sticky paper to personalized, encrypted records that would provide the postal equivalent of caller 
ID. This would make it harder for someone to send a malicious letter anonymously. Letters, 
either the postage itself or a return address label, would be imprinted with a box containing a 
dense checkered pattern that encodes far more information than a conventional bar code, 
according to the postal security plan. 
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Such postage is already being sold over the Internet by companies like Stamps.com to consumers 
seeking convenience. But the Postal Service and private mail companies are considering a vast 
expansion of this technology, even offering it door to door. 

Letter carriers may eventually wield hand-held printers — somewhat like those used by workers 
checking in rental cars — that can spit out personalized postage for each outgoing letter. Any 
concerns about reduced privacy would most likely be outweighed, officials and experts said, by 
the knowledge that such mail would be in the fast lane — in the same way that proposed special 
identification cards for frequent travelers might someday allow them to pass airport checkpoints. 
Besides serving as a deterrent, the data-containing postage — read by sorting machinery all 
along a letter's path — would allow investigators of an attack to more easily trace an envelope 
back to its point of origin or sender. 

With adequate security and screening of employees, such mail could be deemed "safe," postal 
officials say, cutting the volume of mail bound for biohazard detection systems or subject to 
irradiation. The number of blue mailboxes has been reduced as a cost cutting measure, and those 
that remain may eventually be monitored by video cameras and have replaceable plastic liners 
that will prevent any contamination from spreading. Other efforts focus on detecting the presence 
of pathogens in the mail. 

At two mail-sorting hubs in Virginia, postal engineers and the National Institute for Occupational 
Safety and Health say they successfully tested new systems that check the dust that arises from 
sorting machinery as the mail moves through it. The checks, performed hourly using a process 
called polymerase chain reaction, would bathe dust samples in enzymes that cause DNA to 
explosively replicate, allowing quick comparisons to a library of known DNA sequences from 
anthrax, bubonic plague or other pathogens. 

In theory, if DNA from one of the threats were present in the dust, the system would detect it and 
contaminated mail could be stopped before the first trucks rolled. Detection systems are 
important, postal experts say, because even a single contaminated envelope can spread pathogens 
widely. This potential was vividly demonstrated in recent tests run on postal machinery 
assembled at the Edgewood Chemical Biological Center, the Army's main research center for 
testing chemical and biological defenses, in Aberdeen, Md. 

Video cameras recorded close-up images as test envelopes containing spores of a harmless 
anthrax cousin moved through the machinery. "It's amazing how much comes out even when the 
corners on the envelope are taped shut," Mr. Day said. 

Meanwhile, companies like Lockheed Martin are developing more sophisticated detection 
systems for vulnerable agencies and businesses. These would set off extra biochemical tests if 
they detected particularly minute particles with the signature of bacterial spores. In the end, 
however, the last line of defense will simply be mail handlers and recipients on the alert for 
suspicious envelopes or contents, and health workers alert to symptoms of exposure to biological 
or chemical weapons. 
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Cutaneous Anthrax 
  
Historically, cutaneous anthrax has been known to occur following the deposition of the 
organism into skin; previous cuts or abrasions made one especially susceptible to infection.  

Areas of exposed skin, such as arms, hands, face, and neck, were the most frequently affected. In 
Sverdlovsk, cutaneous cases occurred only as late as 12 days after the original aerosol release; no 
reports of cutaneous cases appeared after prolonged latency. 

After the spore germinates in skin tissues, toxin production results in local edema. An initially 
pruritic macule or papule enlarges into a round ulcer by the second day. Subsequently, 1- to 3-
mm vesicles may appear that discharge clear or serosanguinous fluid containing numerous 
organisms on Gram stain. Development of a painless, depressed, black eschar follows, often 
associated with extensive local edema. The anthrax eschar dries, loosens, and falls off in the next 
1 to 2 weeks. Lymphangitis and painful lymphadenopathy can occur with associated systemic 
symptoms. Differential diagnosis of eschars includes tularemia, scrub typhus, rickettsial spotted 
fevers, rat bite fever, and ecthyma gangrenosum. Noninfectious causes of eschars include 
arachnid bites and vasculitides. Although antibiotic therapy does not appear to change the course 
of eschar formation and healing, it does decrease the likelihood of systemic disease. Without 
antibiotic therapy, the mortality rate has been reported to be as high as 20%; with appropriate 
antibiotic treatment, death due to cutaneous anthrax has been reported to be rare. 

Gastrointestinal Anthrax 
  
Some think gastrointestinal anthrax occurs after deposition and germination of spores in the 
upper or lower gastrointestinal tract. However, considering the rapid transit time in the 
gastrointestinal tract, it seems more likely that many such cases must result from the ingestion of 
large numbers of vegetative bacilli from poorly cooked infected meat rather than from spores. In 
any event, the oral-pharyngeal form of disease results in an oral or esophageal ulcer and leads to 
the development of regional lymphadenopathy, edema, and sepsis. Disease in the lower 
gastrointestinal tract manifests as primary intestinal lesions occurring predominantly in the 
terminal ileum or cecum, presenting initially with nausea, vomiting, and malaise and progressing 
rapidly to bloody diarrhea, acute abdomen, or sepsis. Massive ascites has occurred in some cases 
of gastrointestinal anthrax. Advanced infection may appear similar to the sepsis syndrome 
occurring in either inhalational or cutaneous anthrax. Some authors suggest that aggressive 
medical intervention as would be recommended for inhalational anthrax may reduce mortality. 
Given the difficulty of early diagnosis of gastrointestinal anthrax, however, mortality may be 
high. Postmortem examinations in Sverdlovsk showed gastrointestinal submucosal lesions in 39 
of 42 patients, but all of these patients were also found to have definitive pathologic evidence of 
an inhalational source of infection. There were no gastrointestinal cases of anthrax diagnosed in 
either the Sverdlovsk series or following the anthrax attacks of 2001, except for the previously 
described case of the woman who was exposed after playing drums on infected drum skins in 
2009. 
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DIAGNOSIS 

Given the rarity of anthrax infection, the first clinical or laboratory suspicion of an anthrax 
illness must lead to early initiation of antibiotic treatment pending confirmed diagnosis and 
should provoke immediate notification of the local or state public health department, local 
hospital epidemiologist, and local or state public health laboratory. In the United States, the 
Laboratory Response Network (LRN) was established by the Department of Health and Human 
Services, Centers for Disease Control and Prevention (CDC) in accordance with Presidential 
Decision Directive 39, which outlined national anti-terrorism policies and assigned specific 
missions to federal departments and agencies. 

Through a collaborative effort involving LRN founding partners, the Federal Bureau of 
Investigation and the Association of Public Health Laboratories, the LRN became operational in 
August 1999. Its objective was to ensure an effective laboratory response to bioterrorism by 
helping to improve the nation's public health laboratory infrastructure, which had limited ability 
to respond to bioterrorism. 

Today, the LRN is charged with the task of maintaining an integrated network of state and local 
public health, federal, military, and international laboratories that can respond to bioterrorism, 
chemical terrorism and other public health emergencies. The LRN is a unique asset in the 
nation's growing preparedness for biological and chemical terrorism. The linking of state and 
local public health laboratories, veterinary, agriculture, military, and water- and food-testing 
laboratories is unprecedented. 

The determination of individual patient exposure to B anthracis on the basis of environmental 
testing is complex due to the uncertain specificity and sensitivity of rapid field tests and the 
difficulty of assessing individual risks of exposure. A patient (or patients) seeking medical 
treatment for symptoms of inhalational anthrax will likely be the first evidence of a clandestine 
release of B anthracis as a biological weapon. The appearance of even a single previously 
healthy patient who becomes acutely ill with nonspecific febrile illness and symptoms and signs 
consistent with those described here and whose condition rapidly deteriorates should receive 
prompt consideration for a diagnosis of anthrax infection. The recognition of cutaneous cases of 
anthrax may also be the first evidence of an anthrax attack. 

The likely presence of abnormal findings on either chest x-ray film or chest CT scan is 
diagnostically important. Although anthrax does not cause a classic bronchopneumonia 
pathologically, it can cause widened mediastinum, massive pleural effusions, air bronchograms, 
necrotizing pneumonic lesions, and/or consolidation, as has been noted above. The result can be 
hypoxemia and chest imaging abnormalities that may or may not be clinically distinguishable 
from pneumonia. In the anthrax attacks of 2001, each of the first 10 patients had abnormal chest 
x-ray film results and each of 8 patients for whom CT scans were obtained had abnormal results. 
These included widened mediastinum on chest radiograph and effusions on chest CT scan. Such 
findings in a previously healthy patient with evidence of overwhelming febrile illness or sepsis 
would be highly suggestive of advanced inhalational anthrax. 
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The bacterial burden may be so great in advanced inhalational anthrax infection that bacilli are 
visible on Gram stain of peripheral blood, as was seen following the 2001 attacks. The most 
useful microbiologic test is the standard blood culture, which should show growth in 6 to 24 
hours. Each of the 8 patients who had blood cultures obtained prior to initiation of antibiotics had 
positive blood cultures. However, blood cultures appear to be sterilized after even 1 or 2 doses of 
antibiotics, underscoring the importance of obtaining cultures prior to initiation of antibiotic 
therapy (J. Gerberding, oral communication, March 7, 2002). If the laboratory has been alerted to 
the possibility of anthrax, biochemical testing and review of colonial morphology could provide 
a preliminary diagnosis 12 to 24 hours after inoculation of the cultures. Definitive diagnosis 
could be promptly confirmed by an LRN laboratory. However, if the clinical laboratory has not 
been alerted to the possibility of anthrax, B anthracis may not be correctly identified. Routine 
procedures customarily identify a Bacillus species in a blood culture approximately 24 hours 
after growth, but some laboratories do not further identify Bacillus species unless specifically 
requested. This is because the isolation of Bacillus species most often represents growth of the 
common contaminant Bacillus cereus. Given the possibility of future anthrax attacks, it is 
recommended that routine clinical laboratory procedures be modified, so B anthracis is 
specifically excluded after identification of a Bacillus species bacteremia unless there are 
compelling reasons not to do so. If it cannot be excluded then the isolate should be transferred to 
an LRN laboratory. 

Sputum culture and Gram stain are unlikely to be diagnostic of inhalational anthrax, given the 
frequent lack of a pneumonic process. Gram stain of sputum was reported positive in only one 
case of inhalational anthrax in the 2001 series. If cutaneous anthrax is suspected, a Gram stain 
and culture of vesicular fluid should be obtained. If the Gram stain is negative or the patient is 
taking antibiotics already, punch biopsy should be performed, and specimens sent to a laboratory 
with the ability to perform immunohistochemical staining or polymerase chain reaction assays.  

Blood cultures should be obtained and antibiotics should be initiated pending confirmation of the 
diagnosis of inhalational or cutaneous anthrax. 

Nasal swabs were obtained in some persons believed to be at risk of inhalational anthrax 
following the anthrax attacks of 2001. Although a study has shown the presence of B anthracis   
spores in nares of some monkeys following experimental exposure to B anthracis spores for 
some time after exposure, the predictive value of the nasal swab test for diagnosing inhalational 
anthrax is not recommended, as noted in the 2015 Merck Manual. It is not known how quickly 
antibiotics make spore recovery on nasal swab tests impossible. One patient who died from 
inhalational anthrax had a negative nasal swab. Thus, the CDC advised in the fall of 2001 that the 
nasal swab should not be used as a clinical diagnostic test. If obtained for an epidemiological 
purpose, nasal swab results should not be used to rule out infection in a patient. Persons who 
have positive nasal swab results for B anthracis should receive a course of postexposure 
antibiotic prophylaxis since a positive swab would indicate that the individual had been exposed 
to aerosolized B anthracis. 

Antibodies to the protective antigen (PA) of B anthracis, termed anti-PA IgG, have been shown 
to confer immunity in animal models following anthrax vaccination. Anti-PA IgG serologies 
have been obtained from several of those involved in the 2001 anthrax attacks, but the results of 
these assays are not yet published. Given the lack of data in humans and the expected period 
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required to develop an anti-PA IgG response, this test should not be used as a diagnostic test for 
anthrax infection in the acutely ill patient but may be useful for epidemiologic purposes. 

Postmortem findings are especially important following an unexplained death. Thoracic 
hemorrhagic necrotizing lymphadenitis and hemorrhagic necrotizing mediastinitis in a 
previously healthy adult are essentially pathognomonic of inhalational anthrax Hemorrhagic 
meningitis should also raise strong suspicion of anthrax infection. However, given the rarity of 
anthrax, a pathologist might not identify these findings as caused by anthrax unless previously 
alerted to this possibility. 

If only a few patients present contemporaneously, the clinical similarity of early inhalational 
anthrax infection to other acute febrile respiratory infections may delay initial diagnosis although 
probably not for long. The severity of the illness and its rapid progression, coupled with unusual 
radiological findings, possible identification of B anthracis in blood or cerebrospinal fluid, and 
the unique pathologic findings should serve as an early alarm. The index case of inhalational 
anthrax in the 2001 attacks was identified because of an alert clinician who suspected the disease 
on the basis of large gram-positive bacilli in cerebrospinal fluid in a patient with a compatible 
clinical illness, and as a result of the subsequent analysis by laboratory staff who had recently 
undergone bioterrorism preparedness training. 

 
 VACCINATION 
 

The US anthrax vaccine, named anthrax vaccine adsorbed (AVA), is an inactivated cell-free 
product, licensed in 1970, and produced by Bioport Corp, Lansing, Mich. The vaccine is licensed 
to be given in a 5-dose series. In 1997, it was mandated that all US military active- and reserve-
duty personnel receive it. The vaccine is made from the cell-free filtrate of a nonencapsulated 
attenuated strain of B anthracis. Based on limited but sound evidence, the vaccine protects 
against both cutaneous (skin) and inhalation anthrax. 

Anthrax vaccine is recommended for certain people 18 through 65 years of age who might be 
exposed to large amounts of B. anthracis bacteria on the job, including: 

 certain laboratory or remediation workers 
 some people handling animals or animal products 
 some military personnel, as determined by the Department of Defense 

These people should get 5 doses of vaccine (in the muscle): the first dose when risk of a potential 
exposure is identified, and the remaining doses at 4 weeks and 6, 12, and 18 months after the 
first dose. Annual booster doses are recommended for ongoing protection. If a dose is not given 
at the scheduled time, the series does not have to be started over. Resume the series as soon as 
practical. 

Anthrax vaccine is also recommended for unvaccinated people who have been exposed to 
anthrax in certain situations. These people should get 3 doses of vaccine  subcutaneously, with 
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the first dose as soon after exposure as possible, and the 2nd and 3rd doses given 2 and 4 weeks 
after the first. 

Like any medicine, a vaccine could cause a serious problem, such as a severe allergic reaction. 
Anthrax is a very serious disease, and the risk of serious harm from the vaccine is extremely 
small. According to the CDC, mild problems are as follows: 

 Reactions on the arm where the shot was given:  
o Tenderness (about 1 person out of 2) 
o Redness (about 1 out of 7 men and 1 out of 3 women) 
o Itching (about 1 out of 50 men and 1 out of 20 women) 
o Lump (about 1 out of 60 men and 1 out of 16 women) 
o Bruise (about 1 out of 25 men and 1 out of 22 women) 

 Muscle aches or temporary limitation of arm movement (about 1 out of 14 men and 1 out 
of 10 women). 

 Headaches (about 1 out of 25 men and 1 out of 12 women). 
 Fatigue (about 1 out of 15 men, about 1 out of 8 women). 

Serious allergic reactions are very rare – less than once in 100,000 doses. As with any vaccine, 
other severe problems have been reported. But these don’t appear to occur any more often among 
anthrax vaccine recipients than among unvaccinated people. There is no evidence that anthrax 
vaccine causes long-term health problems. Independent civilian committees have not found 
anthrax vaccination to be a factor in unexplained illnesses among Gulf War veterans. Severe 
reactions may include: 

 A very high fever, or behavior changes. 
 Hives, swelling of the face and throat, difficulty breathing, a fast heartbeat, dizziness, and 

weakness. These would start a few minutes to a few hours after the vaccination. 

 Any severe reaction should be treated as an emergency. Call 911 and get immediate 
treatment. Afterward, medical personnel or the patient should report the reaction to the 
Vaccine Adverse Event Reporting System (VAERS). This can be done through the 
VAERS website, or by calling 1-800-822-7967. 

When the U. S. military began to administer the vaccine, then extended a plan for the mandatory 
vaccination of all U. S. service members, some raised concerns about the safety and efficacy of 
AVA and the manufacture of the vaccine. In response to these and other concerns, Congress 
directed the Department of Defense to support an independent examination of AVA. The 
Anthrax Vaccine: Is It Safe? Does It Work? reports the study’s conclusion that the vaccine is 
acceptably safe and effective in protecting humans against anthrax. The standard of reasonable 
safety does not mean that no adverse events are associated with AVA; indeed, local adverse 
events including tenderness, erythema, nodules, and some swelling are fairly common and seem 
to be more frequent in women than in men. Flu-like symptoms and malaise/fatigue have been 
reported by up to 10% of those who have received the vaccine. 
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Live spore vaccine has been produced and used in countries of the former Soviet Union. In the 
Western world, live attenuated vaccines have been considered unsuitable for use in humans 
because of safety concerns. The U.S. uses the acellular vaccine. 

Emergent BioSolutions signed follow-on contract with CDC valued at up to $911 million to 
supply to the Strategic National Stockpile (SNS) approximately 29.4 million doses of BioThrax 
through September 2021. BARDA issued notice of intent to separately procure approximately 
$100 million of BioThrax for the SNS over twenty-four months from contract award, which is 
expected sometime in 2017. These actions, together with the recently awarded BARDA contract 
for NuThrax, reflect the U.S. government’s intention to transition the stockpile of anthrax 
vaccines from BioThrax to NuThrax.  

 

TREATMENT 
 

Given the rapid course of symptomatic inhalational anthrax, early antibiotic administration is 
essential. A delay of antibiotic treatment for patients with anthrax infection may substantially 
lessen chances for survival. Given the difficulty in achieving rapid microbiologic diagnosis of 
anthrax, all persons in high-risk groups who develop fever or evidence of systemic disease 
should start receiving therapy for possible anthrax infection as soon as possible while awaiting 
the results of laboratory studies. 

Since the 2001 attacks in the United States, antitoxin therapies have been developed. Instead of 
going after the bacteria that causes the disease, these medications help eliminate the toxins 
caused by the infection.  

U.S. Food and Drug Administration (FDA) has approved raxibacumab in 2012 for the treatment 
of adult and pediatric patients with inhalational anthrax due to Bacillus anthracis in combination 
with appropriate antibacterial drugs and for prophylaxis of inhalational anthrax when alternative 
therapies are not available or are not appropriate. The effectiveness of raxibacumab is based 
solely on efficacy studies in animal models as it is not ethical or feasible to conduct controlled 
clinical trials with intentional exposure of humans to anthrax.  The safety of raxibacumab has 
been studied in healthy adult volunteers, however, there have been no studies of raxibacumab in 
the pediatric population. Dosing in pediatric patients was derived using modeling based on data 
in adults. Raxibacumab does not have direct antibacterial activity. Raxibacumab does not cross 
into the brain and does not prevent or treat anthrax meningitis. Raxibacumab should be used in 
combination with appropriate antibacterial drugs.  An allergic reaction may include: itching or 
hives, swelling in the face or hands, swelling or tingling of the mouth or throat, or chest tightness 
and trouble breathing. 

Anthrax immune globulin, trade name Anthrasil, is a human immune globulin that is used in 
combination with antibiotics to treat anthrax. It was developed by Cangene and purchased in 
2011. On 24 March 2015 it was granted approval by the United States Food and Drug 
Administration for use in treating inhalation anthrax in conjunction with antibiotics Anthrasil is 
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manufactured from the plasma of individuals vaccinated against anthrax. The plasma contains 
antibodies that neutralize toxins produced by the anthrax bacteria. Survival in anthrax-infected 
monkeys treated with Anthrasil ranged from 36 to 70 percent compared to 0 percent survival in 
the placebo group with a trend toward increased survival at higher doses of Anthrasil. Rabbits 
treated with a moderate dose of Anthrasil after infection exhibited 26 percent survival compared 
to 2 percent survival in the placebo group. Another study in rabbits showed that a combination of 
Anthrasil and antibiotics resulted in 71 percent survival compared to 25 percent survival in 
animals treated with antibiotics alone. 

The safety of all three of these new therapies has been studied in healthy humans. The most 
common side-effects were headache, back pain, nausea and infusion site pain and swelling. 

 
 

All types of anthrax infection can be treated with antibiotics, including intravenous antibiotics. If 
someone has symptoms of anthrax, it’s important to get medical care as quickly as possible to 
have the best chances of a full recovery. The standard treatment for anthrax is a 60-day course of 
an antibiotic, such as ciprofloxacin (Cipro) or doxycycline (Monodox, Vibramycin, others). 
Which single antibiotic or combination of antibiotics will be most effective for you depends on 
how you were infected with anthrax, your age, your overall health and other factors. Treatment is 
most effective when started as soon as possible. Although some cases of anthrax respond to 
antibiotics, advanced inhalation anthrax may not. By the later stages of the disease, the bacteria 
have often produced more toxins than drugs can eliminate. 

 

Cutaneous Anthrax 

Most anthrax cases are cutaneous (95%); the remaining cases are inhalational (5%) and 
gastrointestinal (< 1%). Treatment includes 7-14 days of outpatient therapy with oral 
doxycycline, or any quinolone (e.g., ciprofloxacin, levofloxacin) in patients who are unable to 
take penicillin Treatment generally prevents progression to systemic disease although it does not 
prevent the formation and evolution of the eschar. Without treatment, up to 20% of people with 
cutaneous anthrax may die. However, with proper treatment, almost all patients with cutaneous 
anthrax survive. Topical therapy is not useful. 

Inhalation anthrax is considered to be the most deadly form of anthrax. Infection usually 
develops within a week after exposure, but it can take up to 2 months. Without treatment, only 
about 10 – 15% of patients with inhalation anthrax survive. However, with aggressive treatment, 
about 55% of patients survive. Anthrax spores are formed by anthrax bacteria that occur 
naturally in soil in most parts of the world. The spores can remain dormant for years until they 
find their way into a host. Common hosts for anthrax include wild or domestic livestock, such as 
sheep, cattle, horses and goats. Although rare in the United States, anthrax is still common 
throughout the developing world, such as in Iran, Iraq, Turkey, Pakistan and sub-Saharan Africa. 
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Postexposure Prophylaxis (PEP) 

Four antibiotics are FDA-approved for use for PEP following exposure to aerosolized spores of 
B. anthracis: doxycycline, ciprofloxacin, levofloxacin, and parenteral procaine penicillin G. 

Levofloxacin was approved for PEP for anthrax in 2004 for adults and in 2008 for children. 
Controlled human efficacy studies involving anthrax are not possible, so FDA approval of the 
inhalational anthrax PEP indications was based on animal efficacy studies and the large safety 
database for these antibiotics in humans. 

For adults ages 18 to 65 who have potentially been exposed to aerosolized spores of B. anthracis, 
the Centers for Disease Control and Prevention (CDC) recommends 60 days of treatment with 
either ciprofloxacin or doxycycline plus a three-dose series of anthrax vaccine adsorbed (AVA) 
starting as soon as possible after exposure. The CDC recommends that levofloxacin be reserved 
as a second-line agent, as safety data on its use in treatment for longer than 28 days are limited. 
Levofloxacin should be used only when treatment with first-line therapies is hampered by patient 
drug tolerance issues or antimicrobial resistance patterns. For children, ciprofloxacin or 
doxycycline also is used for first-line antimicrobial PEP. Because of the potential for serious 
adverse events, however, CDC recommends off-label use of amoxicillin as the preferred PEP 
agent if the anthrax strain is proven to be susceptible to that drug. Additional challenges of 
administering anthrax PEP to children include limited data on appropriate dosing and palatability 
of drug formulations. There is currently no recommendation for use of AVA in children; 
however, as of 2010 its use for those under age 18 is currently being considered 
  
Management of Special Groups 
  
Consensus recommendations for special groups as set forth herein reflect the clinical and 
evidence-based judgments of the working group and at this time do not necessarily correspond 
with FDA-approved use, indications, or labeling. 

Pregnant Women 

Although it is not clear whether pregnancy places a woman at a higher risk of acquiring any form 
of B. anthracis infection or of developing more severe disease, it is known that anthrax is 
associated with maternal and fetal deaths. Given the severity of anthrax, pregnant, post-partum, 
and lactating (P/PP/L) women should receive the same postexposure prophylaxis (PEP) and 
treatment regimens as nonpregnant adults, unless there are compelling reasons for these 
recommendations to differ. These regimens would include antimicrobial drug treatment and 
vaccine for P/PP/L women who have had direct exposure to anthrax spores and antimicrobial 
drug treatment for women with a clinical or laboratory diagnosis of anthrax. 

Immunosuppressed Persons 
Antibiotic treatment or postexposure prophylaxis for anthrax among those who are 
immunosuppressed has not been studied in human or animal models of anthrax infection. 
However, because of the seriousness of the disease, and the fact that vaccine is a killed virus, the 
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CDC recommends administering antibiotics in the same regimens recommended for all adults 
and children. 

 

INFECTION CONTROL 

There are no data to suggest that patient-to-patient transmission of anthrax occurs and no person-
to-person transmission occurred following the anthrax attacks of 2001. Standard barrier isolation 
precautions are recommended for hospitalized patients with all forms of anthrax infection, but 
the use of high-efficiency particulate air filter masks or other measures for airborne protection 
are not indicated. There is no need to immunize or provide prophylaxis to patient contacts (egg, 
household contacts, friends, coworkers) unless a determination is made that they, like the patient, 
were exposed to the aerosol or surface contamination at the time of the attack. 

In addition to immediate notification of the hospital epidemiologist and state health department, 
the local hospital microbiology laboratories should be notified at the first indication of anthrax so 
that safe specimen processing under biosafety level 2 conditions can be undertaken as is 
customary in most hospital laboratories. A number of disinfectants used for standard hospital 
infection control, such as hypochlorite, are effective in cleaning environmental surfaces 
contaminated with infected bodily fluids. 

Proper burial or cremation of humans and animals that have died because of anthrax infection is 
important in preventing further transmission of the disease. Serious consideration should be 
given to cremation. Embalming of bodies could be associated with special risks. If autopsies are 
performed, all related instruments and materials should be autoclaved or incinerated. The CDC 
can provide advice on postmortem procedures in anthrax cases.  

 

DECONTAMINATION 

In the setting of an announced alleged anthrax release, any person coming in direct physical 
contact with a substance alleged to be anthrax should perform thorough washing of the exposed 
skin and articles of clothing with soap and water.  Further decontamination of directly exposed 
individuals or of others is not indicated.  In addition, any person in direct physical contact with 
the alleged substance should receive post-exposure antibiotic prophylaxis until the substance is 
proved not to be anthrax.  If the alleged substance is proved to be anthrax, immediate 
consultation with experts at the CDC should be obtained. 
 

If an environmental surface is proved to be heavily contaminated with anthrax spores in the 
immediate area of a spill or close proximity to the point of release of an anthrax aerosol, 
decontamination of that area may decrease the slight risk of acquiring anthrax by secondary 
aerosolization. However, decontamination of large urban areas or even a building following an 
exposure to an anthrax aerosol would be extremely difficult and is not indicated. Although the 
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risk of disease caused by secondary aerosolization would be extremely low, it would be difficult 
to offer absolute assurance that there was not risk whatsoever. 

Anthrax spores can survive for very long periods of time in the environment after release. 
Chemical methods for cleaning anthrax-contaminated sites or materials may use oxidizing agents 
such as peroxides, ethylene oxide, Sandia Foam, chlorine dioxide (used in the Hart Senate Office 
Building), peracetic acid, ozone gas, hypochlorous acid, sodium persulfate, and liquid bleach 
products containing sodium hypochlorite. Nonoxidizing agents shown to be effective for anthrax 
decontamination include methyl bromide, formaldehyde, and metam sodium. These agents 
destroy bacterial spores. All of the above anthrax decontamination technologies have been 
demonstrated to be effective in laboratory tests conducted by the US EPA or others. A bleach 
solution for treating hard surfaces has been approved by the EPA. Chlorine dioxide has emerged 
as the preferred biocide against anthrax-contaminated sites, having been used in the treatment of 
numerous government buildings over the past decade. Its chief drawback is the need to have the 
reactant on demand. 

Using the catalyst method, a complete destruction of all anthrax spores can be achieved in under 
30 minutes. A standard catalyst-free spray destroys fewer than half the spores in the same 
amount of time. Cleanups at a Senate office building, several contaminated postal facilities, and 
other US government and private office buildings showed decontamination to be possible, but it 
is time-consuming and costly. Clearing the Senate office building of anthrax spores cost 
$27 million, according to the Government Accountability Office. Cleaning the Brentwood postal 
facility in Washington cost $130 million and took 26 months. Since then, newer and less costly 
methods have been developed. 

Much has been written about the technical difficulty of decontaminating an environment 
contaminated with B anthracis spores. A classic case is the experience at Gruinard Island, 
Scotland. During World War II, British military undertook explosives testing with B anthracis   
spores. Spores persisted and remained viable for 36 years following the conclusion of testing. 
Decontamination of the island occurred in stages, beginning in 1979 and ending in 1987 when 
the island was finally declared fully decontaminated. The total cost is unpublished, but materials 
required included 280 tons of formaldehyde and 2000 tons of seawater. 

 

Cleanup of anthrax-contaminated areas on ranches and in the wild is much more problematic. 
Carcasses may be burned, though it often takes up to three days to burn a large carcass and this is 
not feasible in areas with little wood. Carcasses may also be buried, though the burying of large 
animals deeply enough to prevent resurfacing of spores requires much manpower and expensive 
tools. Carcasses have been soaked in formaldehyde to kill spores, though this has environmental 
contamination issues. Block burning of vegetation in large areas enclosing an anthrax outbreak 
has been tried; this, while environmentally destructive, causes healthy animals to move away 
from an area with carcasses in search of fresh grass. Some wildlife workers have experimented 
with covering fresh anthrax carcasses with shadecloth and heavy objects. This prevents some 
scavengers from opening the carcasses, thus allowing the putrefactive bacteria within the carcass 
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to kill the vegetative B. anthracis cells and preventing sporulation. This method also has 
drawbacks, as scavengers such as hyenas are capable of infiltrating almost any enclosure. 

A variety of rapid assay kits are available to detect B anthracis spores on environmental surfaces. 
None of these kits has been independently evaluated or endorsed by the CDC, FDA, or 
Environmental Protection Agency, and their functional characteristics are not known. Many 
false-positive results occurred following the anthrax attacks of 2001. Biological agent field test 
kits are, at this time, not sufficiently accurate for on-scene decision making in the field.  Besides 
the high number of false positive results, hand-held assays also yield negative results on samples 
that are truly positive (false negatives).  In formal terms, the sensitivity of such assays is in the 
range of 100,000 spores whereas a culture may detect one spore. 

In contrast to situations with chemical exposure where rapid decision making (minutes) can be 
crucial to the protection and treatment of individuals, there are no examples of biological 
exposure where decision-making cannot wait for the results of validated laboratory procedures 
(1-2 days).  Any perceived benefit of using currently available hand-held assays fall short of the 
costs of unnecessary remedial actions and amplified public concern. No Federal agency certifies 
or approves these devices.   

FAQs regarding Anthrax 
 

What is anthrax?  

Anthrax is an infectious disease caused by a spore-forming bacterium called 
Bacillus anthracis. Anthrax is most often seen in hoofed mammals, but may also 
infect humans.  

Are there different types of anthrax?  

There are four different types of anthrax infections that can occur in humans. 
These are: inhalation (breathing in spores), cutaneous (deposit of spores into skin 
that has cuts or abrasions, or by injection), intestinal (deposit of spores in 
intestinal tract due to the eating of contaminated meat), and a newly discovered 
type—injection anthrax (from injecting heroin). 

How often is anthrax disease observed in the U.S?  

Anthrax was primarily an occupational disease. It is occasionally identified in 
individuals exposed to dead animals and animal products or individuals who 
handle the hides of animals (e.g. farmers) and has been called “wool sorter’s 
disease.” However, the greatest threat now is from the possibility of a bioterrorist 
attack or by biological warfare. Anthrax does not spread from person to person 
and is not considered contagious. 
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Anthrax is now rare in humans in the United States and developed countries. It 
still occurs today, largely in countries lacking public-health regulations that 
prevent exposure to infected goats, cattle, sheep, and horses and their products. 
Anthrax among humans is most common in Africa and central and Southern Asia. 
It also occurs fairly regularly in Southern Europe, but is uncommon in Northern 
Europe and North America 

What are the symptoms of anthrax?  

The symptoms of anthrax are different depending on how the disease was 
contracted. Symptoms will generally occur within seven days after exposure, 
however it may take as long as sixty days.  

Specific symptoms are as follows:  

 Inhalation anthrax: initial symptoms may resemble the flu and 
can include cough, headache, vomiting, chills and general 
weakness. This can last from a few hours to a few days. The 
second stage of the illness may occur directly after the first, or 
following a short recovery period. The second stage develops with 
sudden fever, shortness of breath, perspiration and shock.  

 Cutaneous anthrax: areas of exposed skin, such as arms, hands 
and face are most frequently affected. Skin infection begins as a 
raised itchy bump that resembles an insect bite but within 1-2 days 
develops into a fluid filled bump and then a painless ulcer, usually 
1-3 cm in diameter, with a characteristic black necrotic (dying) 
area in the center.  

Gastrointestinal anthrax: Initial signs of the disease include 
nausea, loss of appetite, vomiting, fever are followed by abdominal 
pain, vomiting of blood, and severe diarrhea  

Injection anthrax: The symptoms depend on the type of infection 
and can take anywhere from one day to more than two months to 
appear.  All types of anthrax have the potential, if untreated, to 
spread throughout the body and cause severe illness and even 
death. This type of anthrax has been seen in northern Europe in 
people injecting heroin. So far, no cases of injection anthrax have 
been reported in the United States.  

 

How is anthrax diagnosed?  
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For people who have been exposed to anthrax, laboratory testing must be 
conducted to perform an accurate diagnosis.  

 Skin testing. A sample of fluid from a suspicious lesion on your skin or a small tissue 
sample (biopsy) may be tested in a lab for signs of cutaneous anthrax. 

 Blood tests. You may have a small amount of blood drawn that's checked in a lab for 
anthrax bacteria. 

 Chest X-ray or computerized tomography (CT) scan. Your doctor may request a chest 
X-ray or CT scan to help diagnose inhalation anthrax. 

 Stool testing. To diagnose gastrointestinal anthrax, your doctor may check a sample of 
your stool for anthrax bacteria. 

 Spinal tap (lumbar puncture). In this test, your doctor inserts a needle into your spinal 
canal and withdraws a small amount of fluid. A spinal tap is usually done only to confirm 
a diagnosis of anthrax meningitis. 

Nasal swabs can be used to detect anthrax spores that may be resting in the nose. 
Swabs may document exposure, but cannot rule it out, even if they are negative. 
Nasal swabs are useful to provide clues regarding exposure for investigative 
purposes, but are not a definitive measure.  

How is anthrax spread?  

The inhalation form of anthrax is contracted by breathing in spores. The 
cutaneous form is spread by contact of spores with a break in the skin, such as a 
scratch. The intestinal form is by eating contaminated meat.  

Person to person transmission of anthrax is extremely rare and has only been 
reported with cutaneous anthrax. Spread of the disease is not a concern in 
managing or visiting patients with inhalation anthrax.  

 

 

What is the treatment for anthrax?  

The standard treatment for anthrax is a 60-day course of an antibiotic, such as ciprofloxacin 
(Cipro) or doxycycline (Monodox, Vibramycin, others). Which single antibiotic or combination 
of antibiotics will be most effective for you depends on how you were infected with anthrax, 
your age, your overall health and other factors. Treatment is most effective when started as soon 
as possible. 

Although some cases of anthrax respond to antibiotics, advanced inhalation anthrax may not. By 
the later stages of the disease, the bacteria have often produced more toxins than drugs can 
eliminate. 
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Since the 2001 attacks in the United States, antitoxin therapies have been developed. Instead of 
going after the bacteria that causes the disease, these medications help eliminate the toxins 
caused by the infection. These medications are still considered experimental. 

Some cases of injection anthrax were successfully treated with the surgical removal of infected 
tissue. 

   

I don't have any reason to believe I've been exposed to anthrax but I'm still worried. 
Should I get tested?  

No. People without symptoms are given antibiotics preventively only if they were 
in the area where anthrax was present. Nasal swabs can show that someone was 
exposed, but a negative swab does not mean someone was not exposed. These 
tests are given mostly to help authorities determine a pattern of exposure, not to 
diagnose individuals.  

 

Should I get antibiotics from my doctor in case of an attack?  

No, this is not a good idea. Taking antibiotics because you are afraid of an attack 
can cause more harm than good. It may lead to antibiotic resistance of other 
bacteria. People who take antibiotics when they are not needed may develop a 
resistance to the drugs, which may not be effective when they are needed to treat 
an actual disease in the future. 

Should I stock up on antibiotics just in case I need them later?  

No. Federal officials say there are plenty available, and they plan to stockpile 
even more. They also are advising doctors against prescribing antibiotics to 
people who do not need them.  

Should I buy a mask to protect myself from anthrax exposure?  

It is strongly discouraged to purchase a gas mask for protection against a 
biological agent. Gas masks are intended for short term use and would only 
provide protection if worn at the time of a known release. Additionally, gas masks 
are useless unless properly fit tested. Unless a mask was worn all the time, it 
would not protect against the covert release of anthrax. Improper use of gas masks 
can cause serious injury or even death by accidental suffocation. Masks are not 
effective post exposure.  

Can my heating and ventilation system prevent anthrax exposure?  
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Information on the effectiveness of air cleaning devices is dependent on many 
factors, including the air flow rate, the proximity of the source, capture efficiency, 
filtration efficiency, as well as other factors.  

 

.  

SMALLPOX AS A BIOLOGICAL WEAPON 

Smallpox, a disease caused by variola virus, is considered one of the biggest killers in terms of 
diseases in human history. Its eradication culminated a decade-long World Health Organization 
effort which began despite serious doubt and skepticism and succeeded to overcome serious 
obstacles occasioned by floods, famine, civil war and bureaucratic inertia. Nevertheless, recent 
world events have raised concerns that smallpox could fall into the hands of questionable 
individuals or groups who might attempt to use the virus as a weapon. Publications from the 
Centers for Disease Control and Prevention reveal that the threat of smallpox being deliberately 
released by bioterrorists groups is presently considered as a possibility. 

 

HISTORY AND POTENTIAL AS A BIOWEAPON 

Smallpox probably was first used as a biological weapon during the French and Indian Wars 
(1754-1767) by British forces in North America. Soldiers distributed blankets that had been used 
by smallpox patients with the intent of initiating outbreaks among American Indians. Epidemics 
occurred, killing more than 50% of many affected tribes. With Edward Jenner's demonstration in 
1796 that an infection caused by cowpox protected against smallpox and the rapid diffusion 
worldwide of the practice of cowpox inoculation (i.e., vaccination), the potential threat of 
smallpox as a bioweapon was greatly diminished. 

United States Army began germ warfare research in 1942 as a response to intelligence about 
similar programs in Berlin and Tokyo. In 1956, the US government found out about existence of 
the Soviet bioweapons program, which resulted in the shift of emphasis from bacterial to viral 
pathogens. In 1969, then president of the United States Richard Nixon ended America’s 
biological warfare program. His administration led the world in advocating the first multilateral 
disarmament treaty in 1972, which banned possession of such agents except for research into 
vaccines and treatments. 

But when the World Health Organization (WHO) declared a global eradication of smallpox in 
1980, Soviet officials recognized the potential of this agent as an exceptional biological weapon. 
The American government was unaware of the tremendous scale on which the Soviet 
government pursued its bioweapons operations until October 1989. In response, US warfare 
projects began once again, 10 years after the Soviet Union’s and on a much smaller scale. At its 
peak production level, the Soviet Union annually produced 100 metric tons of variola virus, 
whereas the United States never mass-produced this virus (or any other biological agent for that 
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matter). 
 

 TRANSMISSION 

Smallpox spreads from person to person, primarily by droplet nuclei or aerosols expelled from 
the oropharynx of infected persons and by direct contact. Contaminated clothing or bed linens 
can also spread the virus. There are no known animal or insect reservoirs or vectors. 

Historically, the rapidity of smallpox transmission throughout the population was generally 
slower than for such diseases as measles or chickenpox. Patients spread smallpox primarily to 
household members and friends; large outbreaks in schools, for example, were uncommon. This 
finding was accounted for in part by the fact that transmission of smallpox virus did not occur 
until onset of rash. By then, many patients had been confined to bed because of the high fever 
and malaise of the prodromal illness. Secondary cases were thus usually restricted to those who 
came into contact with patients, usually in the household or hospital. 

The seasonal occurrence of smallpox was similar to that of chickenpox and measles its 
incidence was highest during winter and early spring. This pattern was consonant with the 
observation that the duration of survival of orthopoxviruses in the aerosolized form was 
inversely proportional to both temperature and humidity. Likewise, when imported cases 
occurred in Europe, large outbreaks sometimes developed during the winter months, rarely 
during the summer. 

The patient was most infectious from onset of rash through the first 7 to 10 days of rash. As 
scabs formed, infectivity waned rapidly. Although the scabs contained large amounts of viable 
virus, epidemiological and laboratory studies indicate that they were not especially infectious, 
presumably because the virions were bound tightly in the fibrin matrix. 

The age distribution of cases depended primarily on the degree of smallpox susceptibility in the 
population. In most areas, cases predominated among children because adults were protected by 
immunity induced by vaccination or previous smallpox infection. In rural areas that had seen 
little vaccination or smallpox, the age distribution of cases was similar to the age distribution of 
the population. The age distribution pattern of cases in the United States presumably would be 
such if smallpox were to occur now because vaccination immunity in the population has waned 
so substantially.  

 

MICROBIOLOGY 

Smallpox, a DNA virus, is a member of the genus orthopoxvirus. The orthopoxviruses are among 
the largest and most complex of all viruses. The virion is characteristically a brick-shaped 
structure with a diameter of about 200 nm. Three other members of this genus (monkeypox, 
vaccinia, and cowpox) can also infect humans, causing cutaneous lesions, but only smallpox is 
readily transmitted from person to person. Monkeypox, a zoonotic disease, presently is found 
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only in tropical rain forest areas of central and western Africa and is not readily transmitted 
among humans. Vaccinia and cowpox seldom spread from person to person. 

 

PATHOGENESIS AND CLINICAL PRESENTATION 

Natural infection occurs following implantation of the virus on the oropharyngeal or respiratory 
mucosa. The infectious dose is unknown but is believed to be only a few virions. After the 
migration of virus to and multiplication in regional lymph nodes, an asymptomatic viremia 
develops on about the third or fourth day, followed by multiplication of virus in the spleen, bone 
marrow, and lymph nodes. A secondary viremia begins on about the eighth day and is followed 
by fever and toxemia. The virus, contained in leukocytes, then localizes in small blood vessels of 
the dermis and beneath the oral and pharyngeal mucosa and subsequently infects adjacent cells. 

At the end of the 12- to 14-day incubation period (range, 7-17 days), the patient typically 
experiences high fever, malaise, and prostration with headache and backache. Severe abdominal 
pain and delirium are sometimes present. A maculopapular rash then appears on the mucosa of 
the mouth and pharynx, face, and forearms, and spreads to the trunk and legs. Within 1 to 2 days, 
the rash becomes vesicular and, later, pustular. The pustules are characteristically round, dense, 
and deeply embedded in the dermis; crusts begin to form on about the eighth or ninth day of 
rash. As the patient recovers, the scabs separate and characteristic pitted scarring gradually 
develops. The scars are most evident on the face and result from the destruction of sebaceous 
glands followed by shrinking of granulation tissue and fibrosis. 

The lesions that first appear in the mouth and pharynx ulcerate quickly because of the absence of 
a stratum corneum, releasing large amounts of virus into the saliva. Virus titers in saliva are 
highest during the first week of illness, corresponding with the period during which patients are 
most infectious. Although the virus in some instances can be detected in swabs taken from the 
oropharynx as many as 5 to 6 days before the rash develops, transmission does not occur during 
this period. 

Except for the lesions in the skin and mucous membranes and reticulum cell hyperplasia, other 
organs are seldom involved. Secondary bacterial infection is not common, and death, which 
usually occurs during the second week of illness, most likely results from the toxemia associated 
with circulating immune complexes and soluble variola antigens. Encephalitis sometimes ensues 
that is indistinguishable from the acute perivascular demyelination observed as a complication of 
infection due to vaccinia, measles, or varicella. 

Neutralizing antibodies can be detected by the sixth day of rash and remain at high titers for 
many years. Hemagglutinin-inhibiting antibodies can be detected on about the sixth day of rash, 
or about 21 days after infection, and complement-fixing antibodies appear approximately 2 days 
later. Within 5 years, hemagglutinin-inhibiting antibodies decline to low levels and complement-
fixing antibodies rarely persist for longer than 6 months. 
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Although at least 90% of smallpox cases are clinically characteristic and readily diagnosed in 
endemic areas, two other forms of smallpox are difficult to recognize hemorrhagic and 
malignant. Hemorrhagic cases are uniformly fatal and occur among all ages and in both sexes, 
but pregnant women appear to be unusually susceptible. Illness usually begins with a somewhat 
shorter incubation period and is characterized by a severely prostrating prodromal illness with 
high fever and head, back, and abdominal pain. Soon thereafter, a dusky erythema develops, 
followed by petechiae and frank hemorrhages into the skin and mucous membranes. Death 
usually occurs by the fifth or sixth day after onset of rash. 

In the frequently fatal malignant form, the abrupt onset and prostrating constitutional symptoms 
are similar. The confluent lesions develop slowly, never progressing to the pustular stage but 
remaining soft, flattened, and velvety to the touch. The skin has the appearance of a fine-grained, 
reddish-colored crepe rubber, sometimes with hemorrhages. If the patient survives, the lesions 
gradually disappear without forming scabs or, in severe cases, large amounts of epidermis might 
peel away. 

Historically, smallpox has an overall fatality rate of about 30 percent; however, the malignant 
and hemorrhagic forms are usually fatal. 

The illness associated with variola minor is generally less severe, with fewer constitutional 
symptoms and a sparse rash. A milder form of disease is also seen among those who have 
residual immunity from previous vaccination. In partially immune persons, the rash tends to be 
atypical and more scant and the evolution of the lesions more rapid. 

There is little information about how individuals with different types of immune deficiency 
responded to natural smallpox infection. Smallpox was eradicated before human 
immunodeficiency virus (HIV) was identified and before suitable techniques became available 
for measuring cell-mediated immunity. However, it is probable that the underlying cause of 
some cases of malignant and hemorrhagic smallpox resulted from defective immune responses. 
Vaccination of immune-deficient persons sometimes resulted in a continually spreading primary 
lesion, persistent viremia, and secondary viral infection of many organs. 

 
 
DIAGNOSIS 

When smallpox was common, an experienced clinician could make the diagnosis simply by 
looking at the rash and examining the patient. Any case that occurs now will likely be a result of 
bioterrorism or biological warfare. In that event, misdiagnosis or delays in diagnosis could cause 
the infection to spread. Thus, it is still important for clinicians to be able to diagnose smallpox. 
The CDC has a protocol for clinicians to use to determine a smallpox diagnosis, and the 
measures to take if it is detected. 

First determine if a patient has: Ask your patient detailed questions about: 
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 Any symptoms preceding rash onset, including prodromal symptoms and clinical features 
in the 1 to 4 days before rash onset 

 Contact with any ill individuals (especially those with a rash illness) 
 Recent travel history 
 Contact with ill or exotic animals 
 Medical history including medications 
 History of prior varicella or herpes zoster 
 History of varicella vaccination (vaccine available since 1995) 

Major criteria for diagnosing smallpox would include determining: 

 Febrile prodrome occurring 1 to 4 days before rash onset:  
o Fever ≥101°F (38.3°C) AND at least one of the following:  

 prostration 
 headache 
 backache 
 chills 
 vomiting 
 severe abdominal pain 

 Classic smallpox lesions: deep-seated, firm/hard, round, well-circumscribed vesicles or 
pustules. As they evolve, lesions may become umbilicated or confluent. 

 Lesions in the same stage of development (e.g., all are vesicles or all are pustules) on any 
ONE part of the body (e.g., the face, arms). 

A probable smallpox case would be treated as a medical and public health emergency. 

There have been no naturally occurring cases of smallpox anywhere in the world since 1977. A 
high risk case of smallpox is a public health and medical emergency All suspected cases must be 
reported immediately (without waiting for lab results) to hospital infection control and applicable 
public health department. 

The majority of smallpox cases present with a characteristic rash that is centrifugal in 
distribution, i.e., most dense on the face and extremities. The lesions appear during a 1- to 2-day 
period and evolve at the same rate. On any given part of the body, they are generally at the same 
stage of development. In varicella (chickenpox), the disease most frequently confused with 
smallpox, new lesions appear in crops every few days and lesions at very different stages of 
maturation (i.e., vesicles, pustules, and scabs) are found in adjacent areas of skin. Varicella 
lesions are much more superficial and are almost never found on the palms and soles. The 
distribution of varicella lesions is centripetal, with a greater concentration of lesions on the trunk 
than on the face and extremities. 

The signs and symptoms of both hemorrhagic and malignant smallpox were such that smallpox 
was seldom suspected until more typical cases were seen and it was recognized that a smallpox 
outbreak was in progress. Hemorrhagic cases were most often initially identified as 
meningococcemia or severe acute leukemia. Malignant cases likewise posed diagnostic 
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problems, most often being mistaken for hemorrhagic chickenpox or prompting surgery because 
of severe abdominal pain. 

Laboratory confirmation of the diagnosis in a smallpox outbreak is important. Specimens should 
be collected by someone who has recently been vaccinated (or is vaccinated that day) and who 
wears gloves and a mask. To obtain vesicular or pustular fluid, it is often necessary to open 
lesions with the blunt edge of a scalpel. The fluid can then be harvested on a cotton swab. Scabs 
can be picked off with forceps. Specimens should be deposited in a vacutainer tube that should 
be sealed with adhesive tape at the juncture of stopper and tube. This tube, in turn, should be 
enclosed in a second durable, watertight container. State or local health department laboratories 
should immediately be contacted regarding the shipping of specimens. Laboratory examination 
requires high-containment (BL-4) facilities and should be undertaken only in designated 
laboratories with the appropriate training and equipment. Once it is established that the epidemic 
is caused by smallpox virus, clinically typical cases would not require further laboratory 
confirmation. 

Smallpox infection can be rapidly confirmed in the laboratory by electron microscopic 
examination of vesicular or pustular fluid or scabs 

PREEXPOSURE PREVENTIVE VACCINATION 

The first successful vaccine to be developed was introduced by Edward Jenner in 1796. He 
followed up his observation that milkmaids who had previously caught cowpox did not later 
catch smallpox, by showing that inoculated cowpox protected against inoculated smallpox. The 
word "vaccine" is derived from Variolae vaccinae (i.e. smallpox of the cow). Initially, the terms 
vaccine/vaccination referred only to smallpox, but in 1881 Louis Pasteur proposed that to honour 
Jenner the terms be widened to cover the new protective inoculations being introduced. 

Before 1972, smallpox vaccination was recommended for all US children at age 1 year. Most 
states required that each child be vaccinated before school entry. The only other requirement for 
vaccination was for military recruits and tourists visiting foreign countries. Most countries 
required that the individual be successfully vaccinated within a 3-year period prior to entering 
the country. Routine vaccination in the United States stopped in 1972 and since then, few 
persons younger than 27 years have been vaccinated. The US Census Bureau reported that in 
1998, approximately 114 million persons, or 42% of the US population, were aged 29 years or 
younger. 

The vaccine is made from a virus called vaccinia. The similarity between these two names 
(vaccine and vaccinia) is not coincidental because smallpox was the first disease to be prevented 
by vaccination. In 2007, a second-generation smallpox vaccine (ACAM2000) was licensed. The 
vaccine contains live Vaccinia virus but does not contain any smallpox virus. It is not a shot and 
is administered in a unique manner: a sharp, pronged piece of metal is dipped in the vaccine and 
then used to prick the skin of the recipient. This is done several times. If successful, the site of 
vaccination will develop small blisters that scab and heal, leaving a scar. This process is called 
scarification. While the blisters are active, the site should be kept clean, dry and covered to 
prevent the Vaccinia virus from spreading to others. 
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Many older adults still have a vaccine scar on their arms from being vaccinated when they were 
younger. Smallpox vaccine teaches the body's immune system to remember how to make 
antibodies. Past experience indicates that the first dose of the vaccine offers protection from 
smallpox for 3 to 5 years, with decreasing immunity thereafter. If a person is vaccinated again 
later, immunity lasts longer. There may still be a level of protection, even decades after 
vaccination. However, revaccination would be recommended in the event of a smallpox 
exposure. Interestingly, vaccination after exposure provides some protection against severe 
disease. 

Vaccination is no longer recommended for the general population because the disease has been 
eradicated. Currently, the vaccine is given only to selected military personnel and laboratory 
workers who handle the smallpox virus. 

The smallpox vaccine contains the "live" Vaccinia virus—not dead virus like many other 
vaccines. For that reason, the vaccination site must be cared for carefully to prevent the virus 
from spreading. Also, the vaccine can have side effects. Currently, the United States has a big 
enough stockpile of smallpox vaccine to vaccinate everyone in the U.S. in the event of a 
smallpox emergency. 

Starting in early 2003, the United States government quietly started vaccinating 500,000 
volunteer health care professionals, throughout the country. Vaccinees were healthcare workers 
in emergency departments, intensive care units, anesthesiologists, and health care workers in 
other settings who would be crucial first-line responders in the event of a bioterrorist attack using 
smallpox. Many healthcare workers refused, worried about vaccine side effects, but many others 
volunteered. It is unclear how many actually received the vaccine. In 2002, the Israeli army, in a 
similar attempt at mass vaccination, found many soldiers unwilling to volunteer. 

In May 2007, the Vaccines and Related Biological Products Advisory Committee of the FDA 
voted unanimously that a new live virus vaccine produced by Acambis, ACAM2000, is both 
safe and effective for use in persons at high risk of exposure to smallpox virus. However, due 
to the high rate of serious adverse effects, the vaccine will only be made available to the 
CDC (a part of the United States Department of Health and Human Services) for the 
Strategic National Stockpile. The plan is to deliver critical medical resources to the site of a 
national emergency when local public health resources would likely be or have already been 
overwhelmed by the magnitude of the medical emergency. The Strategic National Stockpile 
is equipped to respond to be emergencies resulting from a major earthquake, pandemic flu, a 
smallpox event, and terrorist events of chemical, biological, radiological/nuclear, or 
explosive incidents. They also would have actionable intelligence indicating an impending 
chemical, biological, radiological/nuclear, or large explosive attack or an overwhelming 
public health disaster. They can even respond a sentinel event, such as a single case of 
smallpox. 
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POSTEXPOSURE THERAPY 
 

Once a person has been exposed to smallpox, they need to be isolated. If symptoms occur, 
supportive treatment, including fluid replacement and antibiotics for secondary skin infections 
would be needed. 

Although smallpox vaccines have been developed, they cannot completely prevent disease or 
attenuate the illness if given too late following exposure. The vaccine must be given within three 
days following exposure to the virus, and it may protect against contracting smallpox. If a person 
does develop smallpox, it may be a much milder case as opposed to an unvaccinated person. If 
given within four to seven days after exposure, it will likely give some protection.  

As of 2016, antiviral drugs have been approved by the FDA after many years of testing. 
Tecovirimat, Cidofovir and Brincidofovir have been shown to be effective against the virus that 
causes smallpox. In laboratory settings this drug was effective in treating animals which had 
diseases similar to smallpox. None of these drugs have not been tested in people who are sick 
with smallpox, but it has been given to healthy people. Test results showed that it is safe and 
causes only minor side effects. Test results indicate that Brincidofovir may cause fewer side 
effects than Cidofovir, which can be toxic to kidneys. 

Because these drugs were not tested in people sick with smallpox, it is not known if a person 
with smallpox would benefit from treatment with them. However, their use may be considered 
if there ever is an outbreak of smallpox. Tecovirimat and Cidofovir are currently stockpiled in 
the US Strategic National Stockpile, which has medicine and medical supplies to protect the 
American public if there is a public health emergency, including one involving smallpox. 

POSTEXPOSURE INFECTION CONTROL 

A suspected case of smallpox is a public health emergency which requires prompt notification to 
state health official. Due to the dissemination of smallpox by fine particle aerosol, the home 
setting or a nonhospital facility are recommended treatment sites. Widespread smallpox 
transmission within the hospital environment is a serious threat. Quarantine measures and mass 
vaccination programs would be necessary in a smallpox epidemic. All health care personnel 
involved in the care of patients with smallpox would be required to have the vaccination before 
exposure. All essential disaster response personnel such as police, firefighters, military 
personnel, public health staff, emergency management workers, and mortuary staff would 
require vaccination. All patient contacts with the infected individual should be vaccinated and 
placed under surveillance as well. Contacts are defined as those in the same household as the 
infected individual or who have had face to face contact with the patient after onset of fever. 
Vaccination administered within 4 days of exposure offers some protection against acquiring 
infection. 

Since isolation of contacts is often not logistically practical, it is advised that contacts check their 
temperature daily during a 17-day period after exposure. Temperature greater than 101 degrees F 
following exposure would be cause for isolation. 
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Precautions, including using gloves, gowns, shoe covers, eye shields, and masks, should be 
observed by those caring for patients infected with smallpox. If patients are hospitalized, they 
need isolation rooms which have specific ventilation systems that provide high-efficiency 
particulate air filtration. All laundry and waste should be placed in biohazard bags and 
autoclaved before being laundered or incinerated. Rooms of expired patients require specific 
decontamination procedures defined by the CDC. Patients who die of smallpox should be 
cremated whenever possible. 

In the event of an aerosol release of smallpox and a subsequent outbreak, the rationale for 
vaccinating patients suspected to have smallpox at this time is to ensure that some with a 
mistaken diagnosis are not placed at risk of acquiring smallpox. Vaccination administered within 
the first few days after exposure and perhaps as late as 4 days may prevent or significantly 
ameliorate subsequent illness.  

Vaccination administered within 4 days of first exposure has been shown to offer some 
protection against acquiring infection and significant protection against a fatal outcome. Those 
who have been vaccinated at some time in the past will normally exhibit an accelerated immune 
response. Thus, it would be prudent, when possible, to assign those who had been previously 
vaccinated to duties involving close patient contact. 

It is important that discretion be used in identifying contacts of patients to ensure, to the extent 
that is possible, that vaccination and adequate surveillance measures are focused on those at 
greatest risk. Specifically, it is recommended that contacts be defined as persons who have been 
in the same household as the infected individual or who have been in face-to-face contact with 
the patient after the onset of fever. Experience during the smallpox global eradication program 
showed that patients did not transmit infection until after the prodromal fever had given way to 
the rash stage of illness. 

Smallpox is so contagious that just one infected person can launch an epidemic. As soon as the 
first symptoms of the disease appear, an infected person can spread the virus by coughing, 
sneezing, or even talking. This expels tiny virus-packed drops of moisture into the air. When a 
healthy person breathes in these drops, the virus finds a new home. Less often, touching patients' 
sores or even just their bed linens or clothes can spread the infection. Smallpox is typically most 
contagious during the first week of illness. Outbreaks of the disease in a community have tended 
to occur at 2 to 3-week intervals.  

Isolation of all contacts of exposed patients would be logistically difficult and, in practice, should 
not be necessary. Because contacts, even if infected, are not contagious until onset of rash, a 
practical strategy calls for all contacts to have temperatures checked at least once each day, 
preferably in the evening. Any increase in temperature higher than 38°C (101°F) during the 17-
day period following last exposure to the case would suggest the possible development of 
smallpox and be cause for isolating the patient immediately, preferably at home, until it could be 
determined clinically and/or by laboratory examination whether the contact had smallpox. All 
close contacts of the patients should be promptly vaccinated. 
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Although cooperation by most patients and contacts in observing isolation could be ensured 
through counseling and persuasion, there may be some for whom forcible quarantine will be 
required. Some states and cities in the United States, but not all, confer broad discretionary 
powers on health authorities to ensure the safety of the public's health and, at one time, this 
included powers to quarantine. Under epidemic circumstances, this could be an important power 
to have. Thus, each state and city should review its statutes as part of its preparedness activities. 

 

HOSPITAL EPIDEMIOLOGY AND INFECTION CONTROL 

Smallpox transmission within hospitals has long been recognized as a serious problem. For this 
reason, separate hospitals for smallpox patients were used for more than 200 years. Throughout 
the 1970s, both England and Germany had fully equipped standby hospitals in case smallpox 
should be imported. Infections acquired in hospitals may occur as the result of droplets spread 
from patients to staff and visitors in reasonably close contact or by a fine particle aerosol. In one 
such occurrence in Germany, a smallpox patient with a cough, although isolated in a single 
room, infected persons on 3 floors of a hospital. Persons with the usually fatal hemorrhagic or 
malignant forms of the disease pose a special problem because they often remain undiagnosed 
until they are near death and extremely contagious. A number of outbreaks have occurred in 
laundry workers who handled linens and blankets used by patients. The working group 
recommends that in an outbreak setting, all hospital employees as well as patients in the hospital 
be vaccinated. For individuals who are immunocompromised or for whom vaccination is 
otherwise contraindicated, Vaccinia Immune Globulin (VIG) should be provided, if available. If 
it is not available, a judgment will have to be made regarding the relative risks of acquiring the 
disease in contrast with the risks associated with vaccination. 

In the event of a limited outbreak with few cases, patients should be admitted to the hospital and 
confined to rooms that are under negative pressure and equipped with high-efficiency particulate 
air filtration. In larger outbreaks, home isolation and care should be the objective for most 
patients. However, not all will be able to be so accommodated and, to limit nosocomial 
infections, authorities should consider the possibility of designating a specific hospital or 
hospitals for smallpox care. All persons isolated as such and those caring for them should be 
immediately vaccinated. Employees for whom vaccination is contraindicated should be 
furloughed. 

Standard precautions using gloves, gowns, and masks should be observed. All laundry and waste 
should be placed in biohazard bags and autoclaved before being laundered or incinerated. A 
special protocol should be developed for decontaminating rooms after they are vacated by 
patients. 

Laboratory examination requires high-containment (BL-4) facilities and should be undertaken 
only in designated laboratories with the appropriate trained personnel and equipment. Specific 
recommendations for safe specimen transport are described in the section on "Differential 
Diagnosis and Diagnostic Tests." 
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Protecting against the explosive spread of virus from the hemorrhagic or malignant case is 
difficult. Such cases occurring during the course of an outbreak may be detected if staff is alert to 
the possibility that any severe, acute, prostrating illness must be considered smallpox until 
proven otherwise. 

Patients who die of smallpox should be cremated whenever possible and mortuary workers 
should be vaccinated. 

VACCINE ADMINISTRATION AND COMPLICATIONS 

Smallpox vaccine is currently approved by the US Food and Drug Administration (FDA) for use 
only in persons in special-risk categories, including laboratory workers directly involved with 
smallpox or closely related orthopoxviruses. Under epidemic circumstances, widespread 
vaccination would be indicated, as recommended by the working group. 

Vaccination has been successfully and safely administered to persons of all ages, from birth 
onward. However, there are certain groups for whom elective vaccination has not been 
recommended because of the risk of complications. Under epidemic circumstances, however, 
such contraindications will have to be weighed against the grave risks posed by smallpox. If 
available, VIG can be administered concomitantly with vaccination to minimize the risk of 
complications in these persons. 

Vaccination is normally performed using the bifurcated needle. A sterile needle is inserted into 
an ampoule of reconstituted vaccine and, on withdrawal, a droplet of vaccine sufficient for 
vaccination is held by capillarity between the 2 tines. The needle is held at right angles to the 
skin; the wrist of the vaccinator rests against the arm. Fifteen perpendicular strokes of the needle 
are rapidly made in an area of about 5 mm in diameter. The strokes should be sufficiently 
vigorous so that a trace of blood appears at the vaccination site after 15 to 30 seconds. After 
vaccination, excess vaccine should be wiped from the site with gauze that should be discarded in 
a hazardous waste receptacle. The site should be covered with a loose, nonocclusive bandage to 
deter the individual from touching the site and perhaps transferring virus to other parts of the 
body. 

After about 3 days, a red papule appears at the vaccination site and becomes vesicular on about 
the fifth day. By the seventh day, it becomes the typical Jennerian pustule whitish, umbilicated, 
multilocular, containing turbid lymph and surrounded by an erythematous areola that may 
continue to expand for 3 more days. Regional lymphadenopathy and fever is not uncommon. As 
many as 70% of children have one or more days of temperature higher than 39°C (100°F) 
between days 4 and 14. The pustule gradually dries, leaving a dark crust, which normally falls off 
after about 3 weeks. 

A successful vaccination for those with partial immunity may manifest a gradient of responses. 
These range from what appears to be a primary take (as described herein) to an accelerated 
reaction in which there may be little more than a papule surrounded by erythema that reaches a 
peak between three and seven days. A response that reaches a peak in erythema within 48 hours 
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represents a hypersensitivity reaction and does not signify that growth of the Vaccinia virus has 
occurred. Persons exhibiting such a reaction should be revaccinated. 

Complications 
  
The frequency of complications associated with use of the New York Board of Health strain (the 
strain used throughout the United States and Canada for vaccine) is the lowest for any 
established Vaccinia virus strain, but the risks are not inconsequential. Complications occurred 
most frequently among primary vaccinees. A large number of studies were done in and around 
the 1960’s, and not many since due to the few numbers of people currently being vaccinated. 
However, in 2003 the CDC concluded that the decision to resume smallpox vaccination depends 
on weighing the likelihood of a smallpox attack and its anticipated mortality against expected 
harm from a mass immunization program. Smallpox vaccine has a higher complication rate than 
any other vaccine currently being used. Careful prevaccination exclusion of high-risk individuals 
and their close contacts would be essential to minimize complications of a mass vaccination 
campaign, although such exclusions necessarily mean that some proportion of the population 
will remain susceptible to smallpox. 

Accidental Transmission 

After vaccination, care must be taken to prevent autoinoculation or transmission to contacts. 
Vaccinees are infectious from about the third day after vaccine receipt until the scab falls off, 
which may take three to four weeks. Vaccinees should be educated not to touch the actual 
vaccine site or allow others to touch it. After intentional or accidental contact with the site, 
vaccinees should wash their hands with soap and water or an alcohol-based (more than 60 
percent) hand rinse. The vaccination site should remain covered, and the dressing should be 
changed every one to three days. No creams, ointments, or topical antibiotics should be applied 
to the site. Contaminated dressings should be handled like infectious waste. Vaccinees' clothing, 
towels, and bed linen should be kept separate from those of unvaccinated contacts. While 
vaccinees have no restrictions on food preparation or travel, they should avoid public swimming 
or bathing. 

Encephalitis Postvaccinial 
 
Postvaccinial encephalitis occurred at a rate of 1 case per 300,000 vaccinations and was observed 
only in primary vaccinees; one fourth of these cases were fatal and several had permanent 
neurological residua. Between 8 and 15 days after vaccination, encephalitic symptoms 
developed fever, headache, vomiting, drowsiness, and, sometimes, spastic paralysis, meningitic 
signs, coma, and convulsions. Cerebrospinal fluid usually showed a pleocytosis. Recovery was 
either complete or associated with residual paralysis and other central nervous system symptoms 
and, sometimes, death. After two soldiers were diagnosed with postvaccinial encephalitis in 
2002, they were treated early with intravenous Immunoglobulin, high-dose steroids, and vaccinia 
immunoglobulin. Both survived, one fully and one with some lower extremity weakness. 
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Progressive Vaccinia (Vaccinia Gangrenosa). 
Progressive vaccinia (PV), previously known as vaccinia necrosum, vaccinia gangrenosum, or 
disseminated vaccinia, is a rare, often fatal adverse event after vaccination with smallpox vaccine 
Cases of progressive vaccinia occurred both among primary vaccinees and revaccinees. It was a 
frequently fatal complication among those with immune deficiency disorders. The vaccinial 
lesion failed to heal and progressed to involve adjacent skin with necrosis of tissue, spreading to 
other parts of the skin, to bones, and to viscera. Vaccinia immune globulin was used for this 
problem. One case in a soldier with acquired immunodeficiency syndrome was successfully 
treated with VIG and ribavirin. These treatment strategies were off-label and would be 
considered experimental. 

Eczema Vaccinatum. 
A sometimes serious complication, eczema vaccinatum occurred in some vaccinees and contacts 
with either active or healed eczema. Disrupted skin permits viral implantation. Once the virus is 
implanted, it spreads from cell to cell producing extensive lesions. The skin lesions appear 
identical to a primary smallpox vaccination. Confluent lesions often cover the entire face, as well 
as other parts of the body. Bacterial and fungal invasion may occur as a late stage of untreated 
eczema vaccinatum. Vaccinial skin lesions extended to cover all or most of the area once or 
currently afflicted with eczema. Vaccinia immune globulin was therapeutic. 

Generalized Vaccinia. 
A secondary eruption almost always following primary vaccination, generalized vaccinia 
resulted from blood-borne dissemination of virus. Lesions emerged between 6 and 9 days after 
vaccination and were either few in number or generalized. This complication was usually self-
limited. In severe cases, Vaccinia Immune Globulin (VIG) was indicated. Without VIG, death is 
a real possibility. 

Inadvertent Inoculation. 
Transmission to close contacts or autoinoculation to sites such as face, eyelid, mouth, and 
genitalia sometimes occurred. Most lesions healed without incident, although VIG was useful in 
some cases of periocular implantation. 

Miscellaneous. 
Many different rashes have been associated with vaccination. Most common are erythema 
multiforme and variously distributed urticarial, maculopapular, and blotchy erythematous 
eruptions, which normally clear without therapy. 

Groups at Special Risk for Complications 
  
Consensus recommendations for special-risk groups as set forth herein reflect the best clinical 
and science-based judgment of the working group and do not necessarily correspond to FDA-
approved uses. 

Five groups of persons are ordinarily considered at special risk of smallpox vaccine 
complications: (1) persons with eczema or other significant exfoliative skin conditions; (2) 
patients with leukemia, lymphoma, or generalized malignancy who are receiving therapy with 
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alkylating agents, antimetabolites, radiation, or large doses of corticosteroids; (3) patients with 
HIV infection; (4) persons with hereditary immune deficiency disorders; and (5) pregnant 
women. If persons with contraindications have been in close contact with a smallpox patient or 
the individual is at risk for occupational reasons, VIG, if available, may be given simultaneously 
with vaccination in a dose of 0.3 mL/kg of body weight to prevent complications. This does not 
alter vaccine efficacy. If VIG is not available, vaccine administration may still be warranted, 
given the far higher risk of an adverse outcome from smallpox infection than from vaccination. 

VIG Therapy for Complications 
  
Vaccinia immune globulin is valuable in treating patients with progressive vaccinia, eczema 
vaccinatum, severe generalized vaccinia, and periocular infections resulting from inadvertent 
inoculation. It is administered intramuscularly in a dose of 0.6 mL/kg of body weight. Because 
the dose is large (e.g., 42 mL for a person weighing 70 kg), the product is given intramuscularly 
in divided doses over a 24- to 36-hour period and may be repeated, if necessary, after 2 to 3 days 
if improvement is not occurring. In 2011, the government stockpiled sufficient amounts of VIG 
at various military facilities around the world to treat serious side effects of the vaccine.  This is 
in addition the United States’ Strategic National Stockpile supply. Vaccinia immune globulin, as 
well as vaccinia vaccine, is made available by the CDC through state health departments. 
Consultative assistance in the diagnosis and management of patients with complications can be 
obtained through state health departments. 

DECONTAMINATION 

Vaccinia virus, if released as an aerosol and not exposed to UV light, may persist for as long as 
24 hours or somewhat longer under favorable conditions. It is believed that variola virus would 
exhibit similar properties. However, by the time patients had become ill and it had been 
determined that an aerosol release of smallpox virus had occurred, there would be no viable 
smallpox virus in the environment. Vaccinia virus, if released as an aerosol, is almost completely 
destroyed within 6 hours in an atmosphere of high temperature (87°F-91°F) and humidity (80%). 
In cooler temperatures (50°F-52°F) and lower humidity (20%), nearly two thirds of a vaccinia 
aerosol survives for as long as 24 hours. It is believed that variola would behave similarly. 

The occurrence of smallpox infection among personnel who handled laundry from infected 
patients is well documented and it is believed that virus in such material remains viable for 
extended periods. Thus, special precautions need to be taken to ensure that all bedding and 
clothing of smallpox patients first bagged and labeled as such, and then autoclaved or laundered 
in hot water to which bleach has been added. Hot air drying is also a must. Disinfectants that are 
used for standard hospital infection control, such as hypochlorite and quaternary ammonia, are 
effective for cleaning surfaces possibly contaminated with virus. 

Virus in scabs is more durable. At a temperature of 95°F and 65% relative humidity, the virus 
has persisted for 3 weeks. At cooler temperatures (79°F), the virus has survived for 8 weeks at 
high relative humidity and 12 weeks at a relative humidity less than 10%. Dutch investigators 
demonstrated that it was possible to isolate variola virus from scabs that had been sitting on a 
shelf for 13 years. It is unlikely, however, that the smallpox virus, bound in the fibrin matrix of a 
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scab, is infectious in humans. This is borne out by studies conducted during the eradication 
program and by surveillance for cases in newly smallpox-free areas. It was reasoned that if the 
virus were able to persist in nature and infect humans, there would be cases occurring for which 
no source could be identified. Cases of this type were not observed. Rather, when cases were 
found, there were antecedent human cases with whom they had direct contact.  

 

RESEARCH 

The goal of smallpox research is to address three areas that are essential for public health: 

 Finding better antiviral drugs to treat smallpox disease. 
 Making safer vaccines. 
 Improving tests to detect variola virus. 

This unique characteristic of variola virus makes it an important virus to study and help us learn 
more about infectious diseases. Research using variola virus continues to expand our 
understanding of how viruses infect cells and how the immune system responds to infection. 
Vaccine development for a disease that does not naturally exist is full of challenges and 
limitations. Determinants of immunity remain undefined, and the newer vaccines cannot be field-
tested to demonstrate efficacy in human beings 

The CDC tells us that all research using variola virus is overseen by the World Health 
Organization (WHO). The WHO Advisory Committee on Variola virus Research reviews the 
research that is proposed each year. There are two WHO-designated sites where stocks of variola 
virus are stored and used for research: Centers for Disease Control and Prevention, Atlanta, 
Georgia, United States, and the Russian State Centre for Research on Virology and 
Biotechnology, Koltsovo, Novosibirsk Region, Russian Federation. 

As of 2016, there is no licensed drug treatment for smallpox disease. Antivirals are needed fight 
smallpox. Some antivirals that may help to treat smallpox or prevent it from getting worse 
include tecovirimat, cidofovir, and brincidofovir. However, these drugs have not been tested in 
people sick with smallpox, so it is not known if a person with smallpox will benefit from 
treatment with any one of them. The CDC continues to collaborate with researchers to find new 
and existing drugs that can reduce the harmful effects of variola virus. 

CDC also is collaborating with vaccine manufacturers to make new, safer vaccines and 
determine how well they work. Since these safer vaccines have never been used in an area with 
widespread smallpox disease, scientists cannot directly study their ability to prevent smallpox. 
Instead, scientists measure the effectiveness of new smallpox vaccines using indirect methods. 
They conduct clinical trials in which volunteers agree to be vaccinated with the new vaccines 
and provide blood samples. Scientists then take the blood samples, remove serum, and test the 
serum’s ability to inactivate variola virus in laboratory. 
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And lastly, they are also is conducting research to develop better lab tests to detect pox-like 
viruses more accurately, because this would help diagnose smallpox in patients. If a smallpox 
emergency occurred, public health officials would need these tests to rapidly confirm a diagnosis 
of smallpox. 

SUMMARY 

The specter of resurgent smallpox is ominous, especially given the enormous efforts that have 
been made to eradicate what has been characterized as the most devastating of all the pestilential 
diseases. Unfortunately, the threat of an aerosol release of smallpox is real and the potential for a 
catastrophic scenario is great unless effective control measures can quickly be brought to bear.  

Early detection, isolation of infected individuals, surveillance of contacts, and a focused selective 
vaccination program are the essential items of a control program. Educating health care 
professionals about the diagnostic features of smallpox should permit early detection; advance 
regionwide planning for isolation and care of infected individuals in their homes as appropriate 
and in hospitals when home care is not an option will be critical to deter spread. Ultimately, 
success in controlling a burgeoning epidemic will depend on the availability of adequate supplies 
of vaccine and VIG. An adequate stockpile of those commodities are important to offer a 
safeguard against tragedy. 

 
  

SMALLPOX UPDATE 
As of 2017, the CDC has a plan in place for a smallpox emergency. It is as follows: 
 
 
Identify, Diagnose, and Isolate Cases 
 

Medical providers will contact their state health department if they suspect a patient of theirs 
might have smallpox. CDC will also consult with state or local public health departments and the 
patient’s medical team to confirm or rule out the disease, especially for the first patient(s) who 
present with a rash illness suggestive of smallpox.  

Take steps now to ensure your department and local healthcare providers will communicate and 
collaborate easily in an emergency. 

 Document contact information for the different roles needed during an outbreak. Identify 
individuals, if possible. Distribute the list and include email addresses and phone 
numbers. Make sure this list includes the best way to contact key individuals during non-
business hours. Schedule regular reviews to make sure this list stays up-to-date. 

 Inventory the number, location, and typical availability of Airborne-Infection Isolation 
Rooms (AIIR) in the community. Also determine the surge capacity of the healthcare 
facilities with AIIRs.  
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 Work with healthcare facilities to determine procedures to ensure probable or confirmed 
smallpox patients could be isolated in an AIIR or transferred to a facility with an 
available AIIR as quickly as possible. 

Enhanced Surveillance and Case Reporting 
 

Federal and state public health authorities will use the information gathered through enhanced 
surveillance and case reporting to monitor the success of control efforts. Enhanced surveillance 
plans should include how to: 

 Ensure rapid identification and reporting of additional cases after an initial case is 
confirmed (within jurisdiction or elsewhere). 

 Conduct epidemiological analysis to estimate the population at risk, identify unexpected 
epidemiological features of the outbreak, and evaluate the characteristics and extent of 
the outbreak to develop the most effective containment and communication strategies. 

 Increase laboratory testing capabilities to quickly diagnose cases of smallpox and 
differentiate suspected cases from other illnesses and adverse reactions to the vaccine. 

 Monitor and report serious adverse events to vaccination. 

Local public health departments with jurisdiction over an area with confirmed smallpox cases 
will need to report information about cases to their state public health departments. Public health 
authorities will use this information to make informed decisions about the best course of action 
to stop the outbreak. 

The extent of the outbreak and the resources available will affect the level of investigation and 
reporting of smallpox cases. At minimum, public health departments should submit aggregate 
reports of cases and deaths by age group.  

Prepare for effective surveillance by: 

 Educating medical and public health workers on the case definitions and case 
classifications for smallpox and chickenpox (varicella), the disease most often confused 
with smallpox. 

 Establishing capability to do rapid diagnostic tests for varicella zoster virus infections 
(both varicella and disseminated herpes zoster). 

 Developing information management systems to monitor calls and reports received. 
 Building capability for enhanced rash illness surveillance. 
 Designating case reporting mechanisms. 
 Designating a centralized location for reporting suspect smallpox cases with 24/7 

capability. 
 Identifying and testing after hours and emergency notification systems and ensuring that 

on-call staff has appropriate access to communication resources, such as cell phones and 
laptops. 

 Developing data management and reporting procedures for cases of disease and for 
serious adverse events from vaccination. 
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Epidemiological Investigation 
 

 Monitor Outcome of Confirmed Cases 
 

After the diagnosis of a patient with smallpox in a community, especially if it is the first case 
confirmed in the United States, the state epidemiologist or designee should coordinate an 
epidemiological investigation in collaboration with federal authorities and law enforcement. The 
investigation will determine the initial source of the outbreak, the population at risk, and the 
epidemiological features of the outbreak. If indicated, this investigation may be performed 
alongside contact identification and verification activities. Work with medical providers to 
monitor the outcome of patients with confirmed smallpox. Report aggregate data to the state 
epidemiologist or designee. 

Contact Tracing 

The Clinical Guidance for Smallpox Vaccine Use in a Postevent Vaccination Program -defines a 
contact of a smallpox patient as: 

 Household family members of the smallpox patient 
 Others spending ≥3 hours in the household since the patient’s onset of fever 
 Non-household members with ≥3 hours of contact <2 meters (<6.5 feet) from a patient 

with a rash 

Start contact tracing activities as soon as possible after a patient has been diagnosed with 
smallpox. 

 Interview the patient – Review the patient’s travel history for the previous 2 to 3 weeks. 
If more people are diagnosed with smallpox, this information will help determine a 
common source of exposure. Identifying the source of exposure will help to estimate the 
number of people at risk for illness.  Also identify other people the patient has had close 
contact with since their symptoms began (when the patient became infectious). The 
interviewers should be vaccinated prior to, or within 72 hours (preferably within 24 
hours), of their first contact with the patient and wear appropriate personal 
protective equipment (PPE). If there is suspicion the smallpox emergency is the result 
of a deliberate release of the virus, the Federal Bureau of Investigation (FBI) and law 
enforcement agencies may need to collaborate on these interviews. 

 Identify contacts of the patient and their own close household contacts – Interview 
and assess contacts for symptoms. If any show symptoms of smallpox, arrange for their 
transport to the healthcare facility in the community designated to care for suspected 
smallpox cases. As long as those being interviewed do not show symptoms or have a 
fever, interviewing personnel do not need to wear PPE. 

 Vaccinate contacts and their household contacts – Give all contacts and their 
respective close household contacts information about where and when they can get the 
smallpox vaccination. Arrange for transportation to the place to receive the vaccination, if 
necessary. Provide a time and place for a vaccine “take” reading 6 to 8 days after 



 
 

47

vaccination. Also provide vaccinated contacts with a way to report their temperatures to 
designated public health officials. 

 Monitor vaccinated contacts for 14 to 18 days – Establish a dedicated phone line or 
other method for vaccinated contacts to report their temperature readings each day (fever 
surveillance). Contacts who do not have symptoms should take their temperatures twice 
every day (every 12 hours) for 18 days after their last contact with the smallpox patient, 
or 14 days after being vaccinated, whichever comes first. Contacts should report their 
temperatures to the designated public health official daily. If the contact develops a fever 
≥101°F (38.3°C) for 2 successive readings, they should notify health department 
personnel and remain at home until transportation to the healthcare facility in the 
community designated to care for suspected smallpox cases can be arranged. Designate 
personnel to follow up with contacts who do not report regularly. Provide contacts 
information about how to seek care for and report adverse events to vaccination. 

 Monitor unvaccinated contacts for 18 days – Any contact or other person deemed as 
high risk for developing smallpox who refuses vaccination should undergo fever 
surveillance and remain at home for 18 days after their last known exposure to the 
smallpox virus. 

Vaccination Strategies 
In a smallpox emergency, the first-line vaccination strategy will be ring vaccination. This 
strategy was used to successfully eradicate smallpox in the late 20th century. If there are not 
enough personnel to trace and vaccinate all contacts quickly enough, public health authorities 
may augment ring vaccination with a mass vaccination (community-wide) strategy. CDC has 
stockpiled enough smallpox vaccine to vaccinate every person in the United States. In a 
smallpox emergency, CDC will coordinate with the Medical Countermeasures (MCM) 
coordinator or the preparedness office in the state or territorial health department. The MCM 
coordinator will allocate vaccine to local areas, depending upon the circumstances of the 
emergency. 

Key Points for Vaccination Plans 

There are three different smallpox vaccines that each require distinct implementation 
considerations in a smallpox emergency vaccination strategy: ACAM2000®, APSV, and 
Imvamune. 

 ACAM2000® is licensed by the U.S. Food and Drug Administration (FDA) and will be 
used if there is ever a smallpox emergency. APSV has a similar safety profile to 
ACAM2000® and is also held by the Strategic National Stockpile for use in a smallpox 
emergency. 

 ACAM2000® and APSV are both administered as a single dose by the percutaneous 
route using the multiple puncture technique. Medical and public health personnel will 
likely not be familiar with this administration technique, so both advance and just-in-time 
training will be needed. Training for this unfamiliar method of vaccination may take a 
couple of hours, even among experienced medical personnel. 



 
 

48

 

 

 Imvamune (MVA-BN) is a replication-deficient smallpox vaccine currently under 
development and seeking FDA approval. Unlike ACAM2000® and APSV, Imvamune is 
an attenuated live virus vaccine. As a replication-deficient vaccine, it would be 
recommended for persons with certain immune deficiencies or conditions. Should a 
smallpox emergency occur, Imvamune would be made available for use under an EUA 
for persons of all ages with a diagnosis of HIV or atopic dermatitis during a post-event, 
pre-exposure setting. Unlike ACAM2000® and APSV, Imvamune is administered 
subcutaneously as two doses separated by 4 weeks (one dose at week 0 and a second dose 
at week 4) for primary vaccinees. Individuals previously vaccinated against smallpox 
receive one dose. 

 

ACAM2000® and APSV are live virus vaccines containing Vaccinia virus. Those vaccinated 
with either of these vaccines who do not properly care for their vaccination site may spread the 
Vaccinia virus to other parts of their body or to other people, and therefore require vigilant 
vaccination site care from the day of vaccination until the scab falls off, which usually happens 
about 14 to 21 days later. 

Educate vaccinees on how to care for their vaccination sites properly, what a “take” should look 
like, and how to seek care for and report any serious adverse events to vaccination. Full 
immunity is achieved after the confirmation of a “take” 6 to 8 days after vaccination. 

For those vaccinated with ACAM2000® or APSV: Identify a time and place for vaccinees to 
have their vaccination site evaluated. Use the number of people vaccinated and the days on 
which they were vaccinated to determine the number and timing of staff needed for the follow-
up evaluations. Include plans for revaccinating those with non-takes. Follow-up on vaccinees 
who do not come in for a take evaluation. 

For those vaccinated with Imvamune: Identify a time and place for primary vaccinees to receive 
their second dose of Imvamune, 4 weeks after the first dose. Include plans for following-up on 
vaccinees who do not come in for their second dose of vaccine. 

 

BOTULISM AS A BIOTERROR WEAPON 

Botulism, or as it is also known, Botulinum toxin, poses a major bioweapon threat because of its 
extreme potency and lethality; its ease of production, transport, and misuse; and the need for 
prolonged intensive care among affected persons. An outbreak of botulism constitutes a medical 
emergency that requires prompt provision of botulinum antitoxin and, often, mechanical 
ventilation, and it constitutes a public health emergency that requires immediate intervention to 
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prevent additional cases. Timely recognition of a botulism outbreak begins with an astute 
clinician who quickly notifies public health officials. 

Botulinum toxin is the most poisonous substance known.  Terrorists could use the botulism toxin 
to strike many people at one time. Botulism toxin can be spread to people in three ways: 

1. It can be released into the air 
2. It can be added to food 
3. It can be added to water 

It is regrettable that Botulinum toxin still needs to be considered as a bioweapon at the historic 
moment when it has become the first biological toxin to become licensed for treatment of human 
disease. In the United States, Botulinum toxin is currently licensed for treatment of cervical 
torticollis, strabismus, and blepharospasm associated with dystonia. It is also used "off label" for 
a variety of more prevalent conditions that include migraine headache, chronic low back pain, 
stroke, traumatic brain injury, cerebral palsy, achalasia, and various dystonias. 

HISTORY OF CURRENT THREAT 

Terrorists have already attempted to use Botulinum toxin as a bioweapon. Aerosols were 
dispersed at multiple sites in downtown Tokyo, Japan, and at US military installations in Japan 
on at least 3 occasions between 1990 and 1995 by the Japanese cult Aum Shinriky. These attacks 
failed, apparently because of faulty microbiological technique, deficient aerosol-generating 
equipment, or internal sabotage. The perpetrators obtained their C botulinum from soil that they 
had collected in northern Japan. 

Botulinum toxins have been developed into biological weapons agents for its extreme potency 
and lethality. In 1939, Sir Frederick Banting included Botulinum toxins in the Canadian 
biological weapons arsenal. The agent was known as Agent X to the allies. It proved unstable 
and difficult to mass produce. Seven pounds of the biological agent was produced, but US field 
tests at Horn Island proved the agent to be a failure.  

During World War II, the US feared that Germany had developed botulinum for battlefield use. 
Intelligence information indicated that the Germans were attempting to develop Botulinum 
toxin as a cross-channel weapon to be used against invasion forces. The US manufactured more 
than 1 million doses of the botulinum vaccine for troop preparing for the D-Day landings. The 
United States eliminated its stockpile of Botulinum toxins when it destroyed its biological 
weapons program between May 1971 and May 1972.  

Although the 1972 Biological and Toxin Weapons Convention prohibited offensive research and 
production of biological weapons, signatories Iraq and the Soviet Union subsequently produced 
Botulinum toxin for use as a weapon. Botulinum toxin was 1 of several agents tested at the Soviet 
site Aralsk-7 on Vozrozhdeniye Island in the Aral Sea. A former senior scientist of the Russian 
civilian bioweapons program reported that the Soviets had attempted splicing the Botulinum 
toxin gene from C botulinum into other bacteria. With the economic difficulties in Russia after 
the demise of the Soviet Union, some of the thousands of scientists formerly employed by its 
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bioweapons program have been recruited by nations attempting to develop biological weapons. 
Four of the countries listed by the US government as "state sponsors of terrorism" (Iran, Iraq, 
North Korea, and Syria) have developed, or are believed to be developing, Botulinum toxin as a 
weapon. 

After the 1991 Persian Gulf War, Iraq admitted to the United Nations inspection team to having 
produced 19,000 liters of concentrated Botulinum toxin, of which approximately 10,000 liters 
were loaded into military weapons. These 19,000 L of concentrated toxin are not fully accounted 
for and constitute approximately 3 times the amount needed to kill the entire current human 
population by inhalation. In 1990, Iraq deployed specially designed missiles with a 600-km 
range; 13 of these were filled with Botulinum toxin, 10 with aflatoxin, and 2 with anthrax spores. 
Iraq also deployed special 400-lb (180-kg) bombs for immediate use; 100 bombs contained 
Botulinum toxin, 50 contained anthrax spores, and 7 contained aflatoxin. It is noteworthy that 
Iraq chose to weaponize more Botulinum toxin than any other of its known biological agents. 

Some contemporary analyses discount the potential of Botulinum toxin as a bioweapon because 
of constraints in concentrating and stabilizing the toxin for aerosol dissemination. However, 
these analyses pertain to military uses of Botulinum toxin to immobilize an opponent. In contrast, 
deliberate release of Botulinum toxin in a civilian population would be able to cause substantial 
disruption and distress. For example, it is estimated that a point-source aerosol release of 
Botulinum toxin could incapacitate or kill 10% of persons within 0.5 km downwind. In addition, 
terrorist use of Botulinum toxin might be manifested as deliberate contamination of food. Misuse 
of toxin in this manner could produce either a large botulism outbreak from a single meal or 
episodic, widely separated outbreaks. In the United States, the Centers for Disease Control and 
Prevention (CDC) maintains a well-established surveillance system for human botulism based on 
clinician reporting that would promptly detect such events. 

MICROBIOLOGY AND VIRULENCE FACTORS 

Clostridium botulinum is a rod-shaped, gram positive bacteria that produces heat and chemical 
resistant endospores. The bacterium is a soil dwelling anaerobe that produces a potent 
neurotoxin. The toxin produced by this bacteria is one of the most deadly naturally produced 
substances known to man. A single gram of toxin from Clostridium botulinum is a lethal dose for 
200,000 mice, and a cup of the toxin in its pure form would be enough to depopulate the entire 
earth!  

The symptoms of botulism were first described by Justinus Kerner in the early 1820's. Kerner 
named the disease botulism after the Latin word for sausage, owing to the fact that much of the 
food poisoning was attributed to the undercooked breakfast meat. There are seven identified 
toxins produced by seven of strains of the C. botulinum, types A-G. Each strain when cultured 
has produced toxins of different specificities. The neurotoxin of Clostridium botulinum is also 
used medicinally and can be quite effective. It is the first biological toxin which is licensed for 
treatment of human diseases. 

The neurotoxins of Clostridium botulinum (C botulinum) cause paralysis and ailments such as 
infant botulism, wound botulism, and botulism poisoning. The causes of botulism tend to be 
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slightly different in adults and infants. C botulinum spores may contaminate meats and 
vegetables that undergo packaging in cans. Within the anaeorbic environment of the can the 
spores can germinate, grow, and elaborate the botulinum exotoxin. Thus disease in adults is 
caused by ingestion of the pre-formed botulinum exotoxin while the actual bacteria may be dead. 
With infants food contaminated with C. botulinum spores, especially honey products, is ingested. 
The spores germinate inside the infant's GI system, grow, and elaborate botulinum exotoxin. 
Thus disease in infants is caused by growing bacteria within the GI system which are actively 
elaborating exotoxin. 

Infant botulism most frequently is caused by the ingestion of honey by neonatals under one year 
of age.  

Wound botulism is much rarer and similar in its symptoms to tetanus, it is often found among 
users of heroin.  

Botulism poisoning is the most common form, and occurs through food poisoning. Factors that 
encourage this reproduction include an anaerobic environment, a pH of 4.6 or higher, warm 
temperatures, an elevated moisture content, and a lack of competing bacteria. Vegetables with 
low acid contents like okra and asparagus make good hosts for Botulinum toxin, as are 
incorrectly prepared meats and canned goods. 

The lethal dose of Botulinum toxin for humans is not known but can be estimated from primate 
studies. By extrapolation, the lethal amounts of crystalline type A toxin for a 70-kg human would 
be approximately 0.09-0.15 µg intravenously or intramuscularly, 0.70-0.90 µg inhalationally, 
and 70 µg orally. Therapeutic botulinum toxin represents an impractical bioterrorist weapon 
because a vial of the type A preparation currently licensed in the United States contains only 
about 0.3% of the estimated human lethal inhalational dose and 0.005% of the estimated lethal 
oral dose. 

 

PATHOGENESIS AND CLINICAL MANIFESTATIONS 

Three forms of naturally occurring human botulism exist: food borne, wound, and intestinal 
(infant and adult). As of 2015, fewer than 200 cases of all forms of botulism are reported 
annually in the United States. All forms of botulism result from absorption of Botulinum toxin 
into the circulation from either a mucosal surface (gut, lung) or a wound. Botulinum toxin does 
not penetrate intact skin. Wound botulism and intestinal botulism are infectious diseases that 
result from production of Botulinum toxin by C botulinum either in devitalized (i.e., anaerobic) 
tissue or in the intestinal lumen, respectively. Neither would result from bioterrorist use of 
Botulinum toxin. 

A fourth, man-made form that results from aerosolized Botulinum toxin is inhalational botulism. 
This mode of transmission has been demonstrated experimentally in primates,  has been 
attempted by bioterrorists, and has been the intended outcome of at least one country's specially 
designed missiles and artillery shells. In the 1990s, the Aum Shinrikyo cult in Japan attempted 
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three times to use aerosolized Botulinum toxins as a weapon of terror. They obtained the 
Clostridium botulinum bacteria from soil samples from northern Japan. In 1995, authorities 
arrested a man suspected of possessing Botulinum toxins as he crossed the Canadian border. 

Once Botulinum toxin is absorbed, the bloodstream carries it to peripheral cholinergic synapses, 
principally, the neuromuscular junction, where it binds irreversibly. The toxin is then 
internalized and enzymatically blocks acetylcholine release. Accordingly, all forms of human 
botulism display virtually identical neurologic signs. However, the neurologic signs in naturally 
occurring food borne botulism may be preceded by abdominal cramps, nausea, vomiting, or 
diarrhea. These gastrointestinal symptoms are thought to be caused by other bacterial metabolites 
also present in the food and may not occur if purified Botulinum toxin is intentionally placed in 
foods or aerosols. 

Botulism is an acute, afebrile, symmetric, descending flaccid paralysis that always begins in 
bulbar musculature. It is not possible to have botulism without having multiple cranial nerve 
palsies. Disease manifestations are similar regardless of Botulinum toxin type. However, the 
extent and pace of paralysis may vary considerably among patients. Some patients may be mildly 
affected, while others may be so paralyzed that they appear comatose and require months of 
ventilatory support. The rapidity of onset and the severity of paralysis depend on the amount of 
toxin absorbed into the circulation. Recovery results from new motor axon twigs that sprout to 
enervate paralyzed muscle fibers, a process that, in adults, may take weeks or months to 
complete. 

Patients with botulism typically present with difficulty seeing, speaking, and/or swallowing. 
Prominent neurologic findings in all forms of botulism include ptosis, diplopia, blurred vision, 
often enlarged or sluggishly reactive pupils, dysarthria, dysphonia, and dysphagia. The mouth 
may appear dry and the pharynx injected because of peripheral parasympathetic cholinergic 
blockade. Sensory changes are not observed except for infrequent circumoral and peripheral 
paresthesias from hyperventilation as a patient becomes frightened by onset of paralysis. 

As paralysis extends beyond bulbar musculature, loss of head control, hypotonia, and 
generalized weakness become prominent. Dysphagia and loss of the protective gag reflex may 
require intubation and, usually, mechanical ventilation. Deep tendon reflexes may be present 
initially but diminish or disappear in the ensuing days, and constipation may occur. In untreated 
persons, death results from airway obstruction (pharyngeal and upper airway muscle paralysis) 
and inadequate tidal volume (diaphragmatic and accessory respiratory muscle paralysis). 

Because botulism is an intoxication, patients remain afebrile unless they also have acquired a 
secondary infection (e.g., aspiration pneumonia). Prominent bulbar palsies typically include 
diplopia, dysarthria, dysphonia, and dysphagia (the so-called 4 Ds). Pupillary dilatation and 
subsequent blurry vision may also be present. The symmetric descending paralysis usually 
begins in the upper extremities and then progresses down the trunk and to the lower extremities, 
highlighted by the loss of deep tendon reflexes. Finally, respiratory muscle paralysis occurs. 
Features that discriminate botulism from other paralyses include the following: 
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 Patients are afebrile 
 Mental status remains clear 
 Sensory deficits are not observed 
 Neurologic findings are symmetric 

 

EPIDEMIOLOGY 

Early recognition of outbreaks of botulism, whether natural or intentional, depends on 
heightened clinical suspicion. Aerosol dissemination may not be difficult to recognize because a 
large number of cases will share a common temporal and geographical exposure and will lack a 
common dietary exposure. However, identification of the common exposure site initially may be 
difficult because of the mobility of persons exposed during the incubation period. Botulism and 
Botulinum toxin are not contagious and cannot be transmitted from person to person. In contrast, 
a microbe intentionally modified to produce Botulinum toxin might be contagious. 

No instances of waterborne botulism have ever been reported. Although the potency of 
Botulinum toxin has led to speculation that it might be used to contaminate a municipal water 
supply, this scenario is unlikely for at least 2 reasons. First, Botulinum toxin is rapidly inactivated 
by standard potable water treatments (e.g., chlorination, aeration). Second, because of the slow 
turnover time of large-capacity reservoirs, a comparably large (and technically difficult to 
produce and deliver) inoculum of Botulinum toxin would be needed. In contrast with treated 
water, Botulinum toxin may be stable for several days in untreated water or beverages. Hence, 
such items should be investigated in a botulism outbreak if no other vehicle for toxin can be 
identified. 

If food were deliberately used as a vehicle for the toxin, the outbreak would need to be 
distinguished from naturally occurring food borne botulism. During the past 20 years, the 
epidemiology of food borne botulism has expanded beyond its traditional association with home-
preserved foods and now includes nonpreserved foods and public eating places, features that 
could make terrorist use of Botulinum toxin more difficult to detect. Characteristics of outbreaks 
of botulism include: 

Incubation Period 
  
The rapidity of onset and severity of botulism depend on the rate and amount of toxin absorption. 
Symptoms of food borne botulism may begin as early as 2 hours or as long as 8 days after 
ingestion of toxin. Typically cases present 12 to 72 hours after the implicated meal. In one large 
food borne outbreak, new cases presented during the ensuing 3 days at a fairly even rate before 
decreasing. The time to onset of inhalational botulism cannot be stated with certainty because so 
few cases are known. Monkeys showed signs of botulism 12 to 80 hours after aerosol exposure 
to 4 to 7 multiples of the monkey median lethal dose. The 3 known human cases of inhalational 
botulism had onset of symptoms approximately 72 hours after exposure to an unknown but 
probably small amount of re-aerosolized toxin. 
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Age and Sex 
  
Persons of all ages are potentially susceptible to botulism. There are no sex differences in 
susceptibility. 

Agent and Vehicles 
  
Botulinum toxin in solution is colorless, odorless, and, as far as is known, tasteless. The toxin is 
readily inactivated by heat ( 85°C for 5 minutes). Thus, food borne botulism is always 
transmitted by foods that are not heated, or not heated thoroughly, before eating. Almost every 
type of food has been associated with outbreaks of botulism, but the most commonly implicated 
foods in the United States are vegetables, particularly "low-acid" (i.e., higher pH) vegetables 
such as beans, peppers, carrots, and corn. 

A novel epidemiological development is the occurrence of food borne botulism after eating 
various nonpreserved foods in restaurants or delicatessens. Foil-wrapped baked potatoes are now 
known to be capable of causing restaurant-associated food borne botulism when held at room 
temperature after baking and then served plain, as in potato salad or as a Mediterranean-style dip.  

Other outbreaks that originated in restaurants resulted from contaminated condiments such as 
sautéed onions, garlic in oil, and commercial cheese sauce. Additional examples of notable 
commercial foods that have caused botulism outbreaks include inadequately eviscerated fish,  

yogurt, cream cheese, and jarred peanuts. 

Incidence and Outbreak Size 
  
Naturally occurring food borne botulism is a rare disease. Approximately 9 outbreaks of food 
borne botulism and a median of 24 cases occur annually in the United States. The mean outbreak 
size has remained constant over the years at approximately 2.5 cases per outbreak. The largest 
outbreak of food borne botulism in the United States in the last 100 years occurred in Michigan 
in 1977; 59 cases resulted from eating home-preserved jalapeño peppers at a restaurant.  

However, only 45 of the 59 patients had clinically evident weakness and hypotonia. 

Toxin Types 
  
Botulinum is the most acutely lethal toxin known to date. 

There are eight types of Botulinum toxin, named type A–H. Type A and B are capable of causing 
disease in humans, and are also used commercially and medically. Types C–G are less common; 
types E and F can also cause disease in humans, while the other types cause disease in other 
animals. Type H is considered the deadliest substance in the world - an injection of only 2-
billionths of a gram can cause death to an adult. Research is ongoing, because Type H is the only 
type with no known antitoxin. Botulinum toxin types A and B are used in medicine to treat 
various muscle spasms and diseases characterized by overactive muscle.  
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The following table represents cases from 1990-2000 in the United States. (CDC) 

Toxin type No. cases (%) No. events (%) 

A 130 (50) 80 (50) 

B 27 (10) 23 (14) 

E 97 (37) 52 (33) 

F 3 (1) 3 (1) 

Unknown 6 (2) 5 (2) 

Total 263 (100) 160 (100) 

 

 

Distribution 
  
 

States with five or more food borne botulism cases, 1990–2000 (CDC) 

State No. cases Incidence/1,000,000a 

Alaska 103 19 

California 37 0.1 

Texas 20 0.1 

Washington 18 0.3 

New Jersey 10 0.1 

Georgia 8 0.1 

Idaho 7 0.6 

Oregon 6 0.2 

Ohio 5 <0.1 

Improper food handling practices that permit germination and growth of C. botulinum with 
subsequent toxin elaboration were identified in the events outlined in the tables above. Examples 
include: 

 Salsa made with raw vegetables that were placed in nonrefrigerated airtight plastic 
containers 

 Home-bottled garlic-in-oil 
 Investigators have suggested that failure to refrigerate freshly made home-cooked foods 

not normally associated with botulism 
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 Potatoes that were baked in aluminum foil wrapping, then left wrapped in the foil at 
ambient temperature for several days 

Bioterrorism Considerations 
  
Any outbreak of botulism should bring to mind the possibility of bioterrorism, but certain 
features would be particularly suggestive. The availability and speed of air transportation 
mandate that a careful travel and activity history, as well as a careful dietary history, be taken. 
Patients should also be asked whether they know of other persons with similar symptoms. 
Absence of a common dietary exposure among temporally clustered patients should suggest the 
possibility of inhalational botulism. 

DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS 

Clinical diagnosis of botulism is confirmed by specialized laboratory testing that often requires 
days to complete. Routine laboratory test results are usually unremarkable. Therefore, clinical 
diagnosis is the foundation for early recognition of and response to a bioterrorist attack with 
Botulinum toxin. 

Any case of suspected botulism represents a potential public health emergency because of the 
possibility that a contaminated food remains available to others or that Botulinum toxin has been 
deliberately released. In these settings, prompt intervention by civil authorities is needed to 
prevent additional cases. Consequently, clinicians caring for patients with suspected botulism 
should notify their local public health department and hospital epidemiologist immediately to 
coordinate shipment of therapeutic antitoxin, laboratory diagnostic testing, and epidemiological 
investigation. In most jurisdictions of the United States, botulism suspected on clinical grounds 
alone by law must be reported immediately by telephone to local public health authorities. The 
attending clinician needs to be both prompt and persistent in accomplishing this notification. 

Differential Diagnosis 
  
Botulism is frequently misdiagnosed, most often as a polyradiculoneuropathy (Guillain-Barré or 
Miller-Fisher syndrome), myasthenia gravis, or a disease of the central nervous system. In the 
United States, botulism is more likely than Guillain-Barré syndrome, intoxication, or 
poliomyelitis to cause a cluster of cases of acute flaccid paralysis. Botulism differs from other 
flaccid paralyses in its prominent cranial nerve palsies disproportionate to milder weakness and 
hypotonia below the neck, in its symmetry, and in its absence of sensory nerve damage. 

A large, unintentional outbreak of food borne botulism caused by a restaurant condiment in 
Canada provides a cautionary lesson about the potential difficulties in recognizing a covert, 
intentional contamination of food. During a 6-week period in which the condiment was served, 
28 persons in 2 countries became ill, but all were misdiagnosed. The 28 were identified 
retrospectively only after correct diagnoses in a mother and her 2 daughters who had returned to 
their home more than 2000 miles away from the restaurant. Four (14%) of the cases had been 
misdiagnosed as having psychiatric disease, including "factitious" symptoms. It is possible that 



 
 

57

hysterical paralysis might occur as a conversion reaction in the anxiety that would follow a 
deliberate release of Botulinum toxin. 

Diagnostic Testing 
  
Laboratory tests are not helpful in the routine diagnosis of botulism. WBC counts and 
erythrocyte sedimentation rates are normal. Cerebrospinal fluid is normal, except for occasional 
mild elevations in protein concentration. Toxin may be identified in serum, stool, vomitus, 
gastric aspirate, and suspected foods. C botulinum may be grown on selective media from 
samples of stool or foods. Note that the specimens for toxin analysis should be refrigerated, but 
culture samples of C botulinum should not be refrigerated. Isolation of the organism from food 
without toxin is insufficient grounds for the diagnosis. Only experienced personnel who have 
been immunized with botulinum toxoid should handle the specimens. Because the toxin may 
enter the blood stream through the eye or via small breaks in the skin, precaution is warranted. 

There are several diagnostic tests used to confirm botulism that can be ordered by your 
physician. One or all of them can confirm the infection.  

 Lab: Positive culture of vomit, saliva, nasogastric secretions, stool, or blood or suspicious 
food for the bacteria, C Botulinum. 

 Electromyography: An electromyelogram will demonstrate neuromuscular findings and 
assist in confirming the diagnosis. The EMG usually has two parts: a nerve conduction 
study, which uses electrodes taped to skin to evaluate motor neurons and a needle 
electrode exam, which uses a small needle inserted into muscles to evaluate the muscles’ 
electrical activity. 

 Radiography: Abdominal radiographs will show a paralytic ileus, which results in the 
distention of the small bowel. A spinal tap may also be needed to rule out other causes of 
a patient's symptoms. 

A botulism diagnosis can also be difficult, because the lab test used to make a diagnosis can take 
up to 4 days to complete, and is available in only a few laboratories. As botulism is a life-
threatening condition, a rapid diagnosis is required for successful therapy. Apart from the clinical 
manifestation and patient history, the diagnosis is based on positive laboratory findings. Of these, 
detection of toxin in the patient's serum and/or feces remains the standard method. The detection 
of C. botulinum in patient samples, such as feces, gastric and intestinal contents, and wound 
swabs and tissues, supports the diagnosis. 

While the mouse lethality assay has remained the standard test for the detection of botulinum 
neurotoxins, there has been tremendous progress in the development of alternative tests during 
the past decade. The latest advances in assay development have successfully aimed at rapidity 
and sensitivity; the fastest tests are now performed in 20 min, and the test sensitivities have 
surpassed that of the mouse bioassay. However, further research is warranted to gain speed and 
sensitivity with a single test that would optimally detect all seven neurotoxin types 
simultaneously. Furthermore, many of the recently developed test systems have been targeted to 
the medical industry for testing the potencies of therapeutic preparations of purified Botulinum 
toxins, and validations on foods or clinical materials have not been done. Components of 



 
 

58

complex matrices, such as feces, blood, pus, and foods, may interfere with test reactions, and 
high concentrations of competitive microbes in many sample materials can retard the growth of 
and toxin production by C. botulinum. Therefore, there is a need for systematic validation of 
Botulinum toxin detection tests in clinical sample materials and foods.  

At present, laboratory diagnostic testing for botulism in the United States is available only at the 
CDC and approximately 20 state and municipal public health laboratories. The laboratory should 
be consulted prospectively about specimen collection and processing. Samples used in diagnosis 
of botulism include serum ( 30 mL of blood in "tiger"-top or red-top tubes from adults, less from 
children), stool, gastric aspirate, and, if available, vomitus and suspect foods. Serum samples 
must be obtained before therapy with antitoxin, which nullifies the diagnostic mouse bioassay. 
Gastric aspirates and, perhaps, stool may be useful for detecting inhaled aerosolized Botulinum 
toxin released in a bioterrorist attack. A list of the patient's medications should accompany the 
diagnostic samples because anticholinesterases, such as pyridostigmine bromide, and other 
medicines that are toxic to mice can be dialyzed from samples before testing. All samples should 
be kept refrigerated after collection. 

The standard laboratory diagnostic test for clinical specimens and foods is the mouse bioassay,  in 
which type-specific antitoxin protects mice against any Botulinum toxin present in the sample. 
The mouse bioassay can detect as little as 0.03 ng of Botulinum toxin and usually yields results in 
1 to 2 days (range, 6-96 hours). Fecal and gastric specimens also are cultured anaerobically, with 
results typically available in 7 to 10 days. Toxin production by culture isolates is confirmed by 
the mouse bioassay. 

An electromyogram with repetitive nerve stimulation at 20 to 50 Hz can sometimes distinguish 
between causes of acute flaccid paralysis. The characteristic electromyographic findings of 
botulism include normal nerve conduction velocity, normal sensory nerve function, a pattern of 
brief, small-amplitude motor potentials, and, most distinctively, an incremental response 
(facilitation) to repetitive stimulation often seen only at 50 Hz. Immediate access to 
electrophysiological studies may be difficult to obtain in an outbreak of botulism. 

Foods suspected of being contaminated should be refrigerated until retrieval by public health 
personnel. The US Food and Drug Administration and the US Department of Agriculture can 
assist other public health laboratories with testing of suspect foods by using methods similar to 
those applied to clinical samples. 

 
THERAPY 

The mortality and sequelae associated with botulism have diminished with contemporary 
therapy. In the United States, the percentage of persons who died of food borne botulism 
decreased from 25% during 1950-1959 to 6% during 1990-1996, with a similar reduction for 
each Botulinum toxin type. Despite this increase in survival, the paralysis of botulism can persist 
for weeks to months with concurrent requirements for fluid and nutritional support, assisted 
ventilation, and treatment of complications. 
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Therapy for botulism consists of supportive care and passive immunization with equine 
antitoxin. Optimal use of botulinum antitoxin requires early suspicion of botulism. Timely 
administration of passive neutralizing antibody will minimize subsequent nerve damage and 
severity of disease but will not reverse existent paralysis. Antitoxin should be given to patients 
with neurologic signs of botulism as soon as possible after clinical diagnosis. Treatment should 
not be delayed for microbiological testing. Antitoxin may be withheld at the time of diagnosis if 
it is certain that the patient is improving from maximal paralysis. 

In the United States, botulinum antitoxin is available from the CDC via state and local health 
departments. The licensed trivalent antitoxin contains neutralizing antibodies against Botulinum 
toxin types A, B, and E, the most common causes of human botulism. Another heptavalent 
antitoxin (effective against seven neurotoxins: A, B, C, D, E, F, and G) may be available from 
the U.S. Army or FEMA. However, HBAT (botulinum antitoxin, heptavalent) is replacing other 
antitoxins and is available from the CDC Emergency Operations Center; call 770-488-7100 for 
information and supplies. However, the time required for correct toxin typing and subsequent 
administration of heptavalent antitoxin would decrease the utility of this product in an outbreak. 

The dose and safety precautions for equine botulinum antitoxin have changed over time. 
Clinicians should review the package insert with public health authorities before using antitoxin. 
At present, the dose of licensed botulinum antitoxin is a single 10-mL vial per patient, diluted 
1:10 in 0.9% saline solution, administered by slow intravenous infusion. One vial provides 
between 5500 and 8500 IU of each type-specific antitoxin. The amount of neutralizing antibody 
in both the licensed and the investigational equine antitoxins far exceeds the highest serum toxin 
levels found in food borne botulism patients, and additional doses are usually not required. If a 
patient has been exposed to an unnaturally large amount of Botulinum toxin as a biological 
weapon, the adequacy of neutralization by antitoxin can be confirmed by retesting serum for 
toxin after treatment. 

Adverse reactions in clinical studies revealed fewer than 5% of the participants experienced 
headache, nausea, puritus, and uticartia. Fewer than 1% reported pyrexia, chills, rash, nausea, 
and edema. When the US Army's investigational heptavalent antitoxin was given to 50 
individuals in a large Egyptian outbreak of type E food borne botulism in 1991, 1 recipient (2%) 
displayed serum sickness, and 9 (18%) had mild reactions. To screen for hypersensitivity, 
patients are given small challenge doses of equine antitoxin before receiving a full dose. Patients 
responding to challenge with a substantial wheal and flare may be desensitized over 3 to 4 hours 
before additional antitoxin is given. During the infusion of antitoxin, diphenhydramine and 
epinephrine should be on hand for rapid administration in case of adverse reaction. Although 
both equine antitoxins have been partially despeciated by enzymatic cleavage of the allogenic Fc 
region, each contains a small residual of intact antibody that may sensitize recipients to 
additional doses. 

Botulism patients require supportive care that often includes feeding by enteral tube or parenteral 
nutrition, intensive care, mechanical ventilation, and treatment of secondary infections. Patients 
with suspected botulism should be closely monitored for impending respiratory failure. In 
nonventilated infants with botulism, a reverse Trendelenburg positioning with cervical vertebral 
support has been helpful, but applicability of this positioning to adults with botulism remains 
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untested. This tilted, flat-body positioning with neck support may improve ventilation by 
reducing entry of oral secretions into the airway and by suspending more of the weight of the 
abdominal viscera from the diaphragm, thereby improving respiratory excursion. In contrast, 
placing a botulism patient in a supine or semirecumbent position (trunk flexed 45° at the waist) 
may impede respiratory excursion and airway clearance, especially if the patient is obese. The 
desired angle of the reverse Trendelenburg position is 20° to 25°. 

Botulism patients should be assessed for adequacy of gag and cough reflexes, control of 
oropharyngeal secretions, oxygen saturation, vital capacity, and inspiratory force. Airway 
obstruction or aspiration usually precedes hypoventilation in botulism. When respiratory 
function deteriorates, controlled, anticipatory intubation is indicated. The proportion of patients 
with botulism who require mechanical ventilation has varied from 20% in a food borne outbreak 
to more than 60% in infant botulism. In a large outbreak of botulism, the need for mechanical 
ventilators, critical care beds, and skilled personnel might quickly exceed local capacity and 
persist for weeks or months.  

Antibiotics have no known direct effect on Botulinum toxin. However, secondary infections 
acquired during botulism often require antibiotic therapy.  

SPECIAL POPULATIONS 

Based on limited information, there is no indication that treatment of children, pregnant women, 
and immunocompromised persons with botulism should differ from standard therapy. Despite 
the risks of immediate hypersensitivity and sensitization to equine proteins, both children  and 
pregnant women have received equine antitoxin without apparent short-term adverse effects. The 
risks to fetuses of exposure to equine antitoxin are unknown. Treatment with human-derived 
neutralizing antibody would decrease the risk of allergic reactions posed by equine botulinum 
antitoxin. In 2003, the FDA approved human botulinum immune globulin (BabyBIG) for the 
treatment of infant botulism, which can be only obtained from the California Department of 
Public Health.  

PROPHYLAXIS 

Botulism can be prevented by the presence of neutralizing antibody in the bloodstream. Passive 
immunity can be provided by equine botulinum antitoxin or by specific human hyperimmune 
globulin, while endogenous immunity can be induced by immunization with botulinum toxoid. 

Use of antitoxin for postexposure prophylaxis is limited by its scarcity and its reactogenicity. 
Because of the risks of equine antitoxin therapy, it is less certain how best to care for persons 
who may have been exposed to Botulinum toxin but who are not yet ill. In a small study of 
primates exposed to aerosolized toxin in which supportive care was not provided, all 7 monkeys 
given antitoxin after exposure but before the appearance of neurologic signs survived, while 2 of 
4 monkeys treated with antitoxin only after the appearance of neurologic signs died. Moreover, 
all monkeys infused with neutralizing antibody before exposure to toxin displayed no signs of 
botulism. In a balance between avoiding the potential adverse effects of equine antitoxin and 
needing to rapidly neutralize toxin, it is current practice in food borne botulism outbreaks to 
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closely monitor persons who may have been exposed to Botulinum toxin and to treat them 
promptly with antitoxin at the first signs of illness. To facilitate distribution of scarce antitoxin 
following the intentional use of Botulinum toxin, asymptomatic persons who are believed to have 
been exposed should remain under close medical observation and, if feasible, near critical care 
services. 

In the United States, an investigational pentavalent (ABCDE) botulinum toxoid is distributed by 
the CDC for laboratory workers at high risk of exposure to Botulinum toxin and by the military 
for protection of troops against attack. A recombinant vaccine is also in development.  The 
pentavalent toxoid has been used for more than 30 years to immunize more than 3000 laboratory 
workers in many countries. Immunization of the population with botulinum toxoid could in 
theory eliminate the hazard posed by Botulinum toxins A through E. However, mass 
immunization is neither feasible nor desirable for reasons that include scarcity of the toxoid, 
rarity of natural disease, and elimination of the potential therapeutic benefits of medicinal 
Botulinum toxin. Accordingly, preexposure immunization currently is neither recommended for 
nor available to the general population. Botulinum toxoid induces immunity over several months 
and, so, is ineffective as postexposure prophylaxis. 

 
DECONTAMINATION 
 
Despite its extreme potency, Botulinum toxin is easily destroyed. Heating to an internal 
temperature of 85°C for at least 5 minutes will detoxify contaminated food or drink.  All foods 
suspected of contamination should be promptly removed from potential consumers and 
submitted to public health authorities for testing. 

Persistence of aerosolized Botulinum toxin at a site of deliberate release is determined by 
atmospheric conditions and the particle size of the aerosol. Extremes of temperature and 
humidity will degrade the toxin, while fine aerosols will eventually dissipate into the 
atmosphere. Depending on the weather, aerosolized toxin has been estimated to decay at less 
than 1% to 4% per minute. At a decay rate of 1% per minute, substantial inactivation ( 13 logs) 
of toxin occurs by 2 days after aerosolization. 

Recognition of a covert release of finely aerosolized Botulinum toxin would probably occur too 
late to prevent additional exposures. When exposure is anticipated, some protection may be 
conferred by covering the mouth and nose with clothing such as an undershirt, shirt, scarf, or 
handkerchief. In contrast with mucosal surfaces, intact skin is impermeable to Botulinum toxin. 

After exposure to Botulinum toxin, clothing and skin should be washed with soap and water. 

Contaminated objects or surfaces should be cleaned with 0.1% hypochlorite bleach solution if 
they cannot be avoided for the hours to days required for natural degradation. 
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INFECTION CONTROL 

Medical personnel caring for patients with suspected botulism should use standard precautions. 
Patients with suspected botulism do not need to be isolated, but those with flaccid paralysis from 
suspected meningitis require droplet precautions.  

RESEARCH NEEDS 

There is currently no approved pharmacological treatment for botulinum neurotoxin (BoNT) 
intoxication, but the growing concern for the potential use of BoNTs as biological weapons and 
the need to prevent botulism outbreaks has stimulated research aimed at developing a range of 
agents to prevent and/or treat botulism. 

According to CIDRAP (Center for Infectious Disease Research and Policy), scientists have 
discovered the first new type of Botulinum toxin, since 1970. Clostridium botulinum was known 
to produce seven types of toxins, all of which cause paralysis by blocking neurotransmitters in 
humans and animals. The researchers discovered the new toxin, called botulinum neurotoxin 
type H, or BoNT/H, as a result of a case of infant botulism.  Although it is an unusual path to 
take, they are keeping the toxin's genetic sequence data secret for now so that no one can make it 
in a lab before an effective antitoxin can be developed. 

They reported the discovery in two 2013 articles published in the Journal of Infectious Diseases 
(JID). Because antitoxins are available for the seven other Botulinum toxin types, but not for the 
new one, they are keeping the genetic sequence data secret in the interest of national and world 
safety. 

Currently, the mouse bioassay remains the gold standard to detect botulism. Additional research 
in diagnosis and treatment of botulism is required to minimize its threat as a weapon. Rapid 
diagnostic and toxin typing techniques currently under development would be useful for 
recognizing and responding to a bioterrorist attack. Although polymerase chain reaction assays 
can detect the Botulinum toxin gene, they are unable, as yet, to determine whether the toxin gene 
is expressed and whether the expressed protein is indeed toxic. Assays that exploit the enzymatic 
activity of Botulinum toxin have the potential to supplant the mouse bioassay as the standard for 
diagnosis, but in not yet at that desired level. Despite enormous progress in the development of 
alternative in vitro methods for botulinum neurotoxin detection, the mouse lethality assay has 
remained the only accepted standard test to confirm active BoNTs (Botulinum neurotoxin).  

Detection of Botulinum toxin in aerosols by enzyme-linked immunosorbent assay is a component 
of the US military's Biological Integrated Detection System for rapid recognition of biological 
agents in the battlefield. 

Currently, the therapies available for botulism patients are supportive intensive care, such as 
mechanical ventilation, and antibody treatment postintoxication with equine antitoxins or a 
botulinum immunoglobulin (BabyBIG) human antibody. Drawbacks of those therapies are 
serious side effects such as serum sickness and anaphylaxis for the use of equine antitoxins and 
the limited availability of the human antibody product. Neither treatment reverses paralysis 
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completely nor immediately, since they act by neutralizing toxin in the circulation. Thus, both 
must be administered relatively early before toxin uptake by neurons in order to be effective. 
Ongoing research is needed for better treatments and protection. 

The distribution of botulinum antitoxin to local hospitals from regional depots takes several 
hours. In contrast, standard detoxification techniques can be applied immediately. Studies are 
needed to assess whether activated charcoal and osmotic catharsis can prevent gastrointestinal 
tract absorption or reduce circulating levels of Botulinum toxin. Enteral detoxification may be 
less useful in inhalational botulism than in food borne disease. 

 

  

Box 1. Features of an Outbreak That Would Suggest a Deliberate Release of Botulinum 
toxin  

Outbreak of a large number of cases of acute flaccid paralysis with prominent bulbar palsies 

Outbreak with an unusual Botulinum toxin type (i.e., type C, D, F, or G, or type E toxin not 
acquired from an aquatic food) 

Outbreak with a common geographic factor among cases (e.g., airport, work location) but 
without a common dietary exposure (i.e., features suggestive of an aerosol attack) 

Multiple simultaneous outbreaks with no common source 

Note: A careful travel and activity history, as well as dietary history, should be taken in any 
suspected botulism outbreak. Patients should also be asked if they know of other persons with -
similar symptoms. 
 

 
  
 
  

Box 2. Clinicians Caring for Patients With Suspected Botulism Should Immediately 
Contact Their:  

(1) Hospital epidemiologist or infection control practitioner 

      and 

(2) Local and state health departments 

Call your state public health department immediately. If there is no answer, contact CDC 24/7 at 
800-232-4636. If the local and state health departments are unavailable, contact the Centers for 
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Disease Control and Prevention: 404-498-0030. 
 

 
   
 
 

PLAGUE AS A BIOLOGICAL WEAPON  
 

HISTORY AND POTENTIAL AS A BIOTERRORIST AGENT 

In AD 541, the first recorded plague pandemic began in Egypt and swept across Europe with 
attributable population losses of between 50% and 60% in North Africa, Europe, and central and 
southern Asia. The second plague pandemic, also known as the black death or great pestilence, 
began in 1346 and eventually killed 20 to 30 million people in Europe, one third of the European 
population. Plague spread slowly and inexorably from village to village by infected rats and 
humans or more quickly from country to country by ships. The pandemic lasted more than 130 
years and had major political, cultural, and religious ramifications. The third pandemic began in 
China in 1855, spread to all inhabited continents, and ultimately killed more than 12 million 
people in India and China alone. Small outbreaks of plague continue to occur throughout the 
world. 

Advances in living conditions, public health, and antibiotic therapy make future pandemics 
improbable. However, plague outbreaks following use of a biological weapon are a plausible 
threat. In World War II, a secret branch of the Japanese army, Unit 731, is reported to have 
dropped plague-infected fleas over populated areas of China, thereby causing outbreaks of 
plague. In the ensuing years, the biological weapons programs of the United States and the Soviet 
Union developed techniques to aerosolize plague directly, eliminating dependence on the 
unpredictable flea vector. In 1970, the World Health Organization (WHO) reported that, in a 
worst-case scenario, if 50 kg of Y pestis were released as an aerosol over a city of 5 million, 
pneumonic plague could occur in as many as 150,000 persons, 36,000 of whom would be 
expected to die. The plague bacilli would remain viable as an aerosol for one hour for a distance 
of up to 10 km. Significant numbers of city inhabitants might attempt to flee, further spreading 
the disease. 

Plague is still an issue in the world today. In 2017, Madagascar was struck by a fast-spreading 
outbreak of plague, creating panic and prompting the World Health Organization to send over 
one million doses of antibiotics to that nation. Since August, 2017, the country has reported over 
200 infections and 33 deaths. Madagascar typically has about 400 cases of plague each year 
between September and April, but they usually occur in the central highlands, spread by rats in 
rice-growing areas. This outbreak is unusually worrying because most new cases were in cities 
and were pneumonic plague, the form transmitted by coughing. 

While US scientists had not succeeded in making quantities of plague organisms sufficient to use 
as an effective weapon by the time the US offensive program was terminated in 1970, Soviet 
scientists were able to manufacture large quantities of the agent suitable for placing into 
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weapons. More than 10 institutes and thousands of scientists were reported to have worked with 
plague in the former Soviet Union. In contrast, few scientists in the United States study this 
disease. 

There is little published information indicating actions of autonomous groups or individuals 
seeking to develop plague as a weapon. However, in 1995 in Ohio, a microbiologist with suspect 
motives was arrested after fraudulently acquiring Y pestis by mail. New antiterrorism legislation 
was introduced in reaction. 

 

EPIDEMIOLOGY 
 

Naturally Occurring Plague 
  
Human plague most commonly occurs when plague-infected fleas bite humans who then develop 
bubonic plague. As a prelude to human epidemics, rats frequently die in large numbers, 
precipitating the movement of the flea population from its natural rat reservoir to humans. 
Although most persons infected by this route develop bubonic plague, a small minority will 
develop sepsis with no bubo, a form of plague termed primary septicemic plague. Neither 
bubonic nor septicemic plague spreads directly from person to person. A small percentage of 
patients with bubonic or septicemic plague develop secondary pneumonic plague and can then 
spread the disease by respiratory droplet. Persons contracting the disease by this route develop 
primary pneumonic plague. 

Plague remains an enzootic infection of rats, ground squirrels, prairie dogs, and other rodents on 
every populated continent except Australia. Worldwide, Plague epidemics have occurred in 
Africa, Asia, and South America but most human cases since the 1990s have occurred in Africa. 
Almost all of the cases reported from 2005-2015 have occurred among people living in small 
towns and villages or agricultural areas. Between 1,000 and 2,000 cases each year are reported to 
the WHO, though the true number is likely much higher. It is hard to assess the mortality rate of 
plague in developing countries, as relatively few cases are reliably diagnosed and reported to 
health authorities. WHO cites mortality rates of 8–10%, however some studies (WHO, 2004) 
suggest that mortality may be much higher in some plague endemic areas. On average in the last 
50 years, 1700 cases have been reported annually. Between 1900 and 2012, 1006 confirmed or 
probable human plague cases occurred in the United States according to the CDC. Over 80% of 
United States plague cases have been the bubonic form. In recent decades, an average of seven 
human plague cases has been reported each year. Plague has occurred in people of all ages 
(infants up to age 96), though 50% of cases occur in people ages 12–45.  

Although pneumonic plague has rarely been the dominant manifestation of the disease, large 
outbreaks of pneumonic plague have occurred. In an outbreak in Manchuria in 1910-1911, as 
many as 60,000 persons developed pneumonic plague; a second large Manchurian pneumonic 
plague outbreak occurred in 1920-1921. As would be anticipated in the pre-antibiotic era, nearly 
100% of these cases were reported to be fatal. Reports from the Manchurian outbreaks suggested 
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that indoor contacts of affected patients were at higher risk than outdoor contacts and that cold 
temperature, increased humidity, and crowding contributed to increased spread. In northern 
India, there was an epidemic of pneumonic plague with 1400 deaths reported at about the same 
time. While epidemics of pneumonic plague of this scale have not occurred since, smaller 
epidemics of pneumonic plague have occurred recently. In 1997 in Madagascar, one patient with 
bubonic plague and secondary pneumonic infection transmitted pneumonic plague to 18 persons, 
8 of whom died. 

The CDC outlines the three forms of plague: 

 Bubonic plague: Patients develop sudden onset of fever, headache, chills, and weakness 
and one or more swollen, tender and painful lymph nodes (called buboes). This form is 
usually the result of an infected flea bite. The bacteria multiply in the lymph node closest 
to where the bacteria entered the human body. If the patient is not treated with 
appropriate antibiotics, the bacteria can spread to other parts of the body. 

 Septicemic plague: Patients develop fever, chills, extreme weakness, abdominal pain, 
shock, and possibly bleeding into the skin and other organs. Skin and other tissues may 
turn black and die, especially on fingers, toes, and the nose. Septicemic plague can occur 
as the first symptoms of plague, or may develop from untreated bubonic plague. This 
form results from bites of infected fleas or from handling an infected animal. 

 Pneumonic plague: Patients develop fever, headache, weakness, and a rapidly 
developing pneumonia with shortness of breath, chest pain, cough, and sometimes bloody 
or watery mucous. Pneumonic plague may develop from inhaling infectious droplets or 
from untreated bubonic or septicemic plague that spreads to the lungs. The pneumonia 
may cause respiratory failure and shock. Pneumonic plague is the most serious form of 
the disease and is the only form of plague that can be spread from person to person (by 
infectious droplets). 

 

Plague Following Use of a Biological Weapon 
  
The epidemiology of plague following its use as a biological weapon would differ substantially 
from that of naturally occurring infection. Intentional dissemination of plague would most 
probably occur via an aerosol of Y pestis, a mechanism that has been shown to produce disease in 
nonhuman primates. A pneumonic plague outbreak would result with symptoms initially 
resembling those of other severe respiratory illnesses. The size of the outbreak would depend on 
factors including the quantity of biological agent used, characteristics of the strain, 
environmental conditions, and methods of aerosolization. Symptoms would begin to occur 1 to 6 
days following exposure, and people would die quickly following onset of symptoms.  Indications 
that plague had been artificially disseminated would be the occurrence of cases in locations not 
known to have enzootic infection, in persons without known risk factors, and in the absence of 
prior rodent deaths. 
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MICROBIOLOGY AND VIRULENCE FACTORS 

Yersinia pestis is a small, Gram-negative, rod-shaped bacterium that causes plague. Gram-
negative refers to Yersinia having a cell wall with a thin peptidoglycan layer and an outer 
membrane, making these cells appear red in the classic Gram stain. Interestingly, with a careful 
staining procedure, Yersinia cells stain very heavily on each end and take up very little stain at 
the center, giving the cells a unique 'safety pin' appearance.  

Yersinia pestis is a natural pathogen of rats. Most rats that carry the bacteria develop plague and 
die very quickly. There are a small percentage of rats, though, that are immune to plague. These 
rats become chronic carriers, capable of spreading the disease to many other rats, rodents, 
mammals, and even humans. While rats are considered the natural host of Yersinia pestis, rat 
fleas are considered a plague vector. A vector is an organism that transmits a disease from an 
infected host to a susceptible host. When a rat flea bites an infected rat, it ingests the Yersinia 
bacteria in the rat's blood. Once in the flea's stomach, the bacteria multiply, making millions of 
copies of itself, which eventually blocks the flea's digestive system.  

This blockage results in starvation and aggressive feeding behavior by the fleas, which 
repeatedly attempt to clear their blockage by regurgitation. The result is thousands of plague 
bacteria being flushed into the feeding site, infecting the host. Every time it bites, it swallows 
some blood, but since the flea's stomach is so full of bacteria, it vomits up the blood along with 
some Yersinia cells. The cells get injected into the new host.  

 

PATHOGENESIS AND CLINICAL MANIFESTATIONS 
 

Naturally Occurring Plague 
  
In most cases of naturally occurring plague, the bite by a plague-infected flea leads to the 
inoculation of up to thousands of organisms into a patient's skin. The bacteria migrate through 
cutaneous lymphatics to regional lymph nodes where they are phagocytosed but resist 
destruction. They rapidly multiply, causing destruction and necrosis of lymph node architecture 
with subsequent bacteremia, septicemia, and endotoxemia that can lead quickly to shock, 
disseminated intravascular coagulation, and coma. 

Patients typically develop symptoms of bubonic plague 2 to 8 days after being bitten by an 
infected flea. There is sudden onset of fever, chills, and weakness and the development of an 
acutely swollen tender lymph node, or bubo, up to one day later. The bubo most typically 
develops in the groin, axilla, or cervical region and is often so painful that it prevents patients 
from moving the affected area of the body. Buboes are 1 to 10 cm in diameter, and the overlying 
skin is erythematous. They are extremely tender, nonfluctuant, and warm and are often 
associated with considerable surrounding edema, but seldom lymphangitis. Rarely, buboes 
become fluctuant and suppurate. In addition, pustules or skin ulcerations may occur at the site of 
the flea bite in a minority of patients. A small minority of patients infected by fleas develop Y 
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pestis septicemia without a discernable bubo, the form of disease termed primary septicemic 
plague. Septicemia can also arise secondary to bubonic plague. Septicemic plague may lead to 
disseminated intravascular coagulation, necrosis of small vessels, and purpuric skin lesions. 
Gangrene of acral regions such as the digits and nose may also occur in advanced disease, a 
process believed responsible for the name black death in the second plague pandemic. However, 
the finding of gangrene would not be expected to be helpful in diagnosing the disease in the early 
stages of illness when early antibiotic treatment could be lifesaving. 

Secondary pneumonic plague develops in a minority of patients with bubonic or primary 
septicemic plague approximately 12% of total cases in the United States over the last 50 years.  

This process, termed secondary pneumonic plague, develops via hematogenous spread of plague 
bacilli to the lungs. Patients commonly have symptoms of severe bronchopneumonia, chest pain, 
dyspnea, cough, and hemoptysis. 

Primary pneumonic plague resulting from the inhalation of plague bacilli occurs rarely in the 
United States. In 2007, a wildlife biologist died of pneumonic plague in Grand Canyon National 
Park after doing a necropsy on an infected mountain lion. In Colorado, four people contracted 
plague after contact with a dog died of the disease. 

Less common plague syndromes include plague meningitis and plague pharyngitis. Plague 
meningitis follows the hematogenous seeding of bacilli into the meninges and is associated with 
fever and meningismus. Plague pharyngitis follows inhalation or ingestion of plague bacilli and 
is associated with cervical lymphadenopathy. 

Plague Following Use of a Biological Weapon 
  
The pathogenesis and clinical manifestations of plague following a biological attack would be 
notably different than naturally occurring plague. Inhaled aerosolized Y pestis bacilli would 
cause primary pneumonic plague. The time from exposure to aerosolized plague bacilli until 
development of first symptoms in humans and nonhuman primates has been found to be 1 to 6 
days and most often, 2 to 4 days. The first sign of illness would be expected to be fever with 
cough and dyspnea, sometimes with the production of bloody, watery, or less commonly, 
purulent sputum. Prominent gastrointestinal symptoms, including nausea, vomiting, abdominal 
pain, and diarrhea, might be present. 

The ensuing clinical findings of primary pneumonic plague are similar to those of any severe 
rapidly progressive pneumonia and are quite similar to those of secondary pneumonic plague. 
Clinicopathological features may help distinguish primary from secondary pneumonic plague. In 
contrast to secondary pneumonic plague, features of primary pneumonic plague would include 
absence of buboes (except, rarely, cervical buboes) and, on pathologic examination, pulmonary 
disease with areas of profound lobular exudation and bacillary aggregation. Chest radiographic 
findings are variable but bilateral infiltrates or consolidation are common. 

Laboratory studies may reveal leukocytosis with toxic granulations, coagulation abnormalities, 
aminotransferase elevations, azotemia, and other evidence of multiorgan failure. All are 
nonspecific findings associated with sepsis and systemic inflammatory response syndrome. 
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The time from respiratory exposure to death in humans is reported to have been between 2 to 6 
days in epidemics during the preantibiotic era, with a mean of 2 to 4 days in most epidemics. 

DIAGNOSIS 

The National Institute of Allergy and Infectious Diseases (NIAID) conducts and supports 
research on the diagnosis, prevention, and treatment of infections caused by microbes, including 
those that have the potential for use as biological weapons. NIAID-funded scientists have 
developed a rapid diagnostic test for pneumonic plague that can be used in most hospitals. This 
will allow health care providers to quickly identify and isolate the pneumonic plague patient 
from other patients and enable health care providers to use appropriate precautions to protect 
themselves. 

Given the rarity of plague infection and the possibility that early cases are a harbinger of a larger 
epidemic, the first clinical or laboratory suspicion of plague must lead to immediate notification 
of the hospital epidemiologist or infection control practitioner, health department, and the local 
or state health laboratory. Definitive tests can thereby be arranged rapidly through a state 
reference laboratory or, as necessary, the Diagnostic and Reference Laboratory of the CDC and 
early interventions instituted. 

The early diagnosis of plague requires a high index of suspicion in naturally occurring cases and 
even more so following the use of a biological weapon. There are no effective environmental 
warning systems to detect an aerosol of plague bacilli. 

The first indication of a clandestine terrorist attack with plague would most likely be a sudden 
outbreak of illness presenting as severe pneumonia and sepsis. If there are only small numbers of 
cases, the possibility of them being plague may be at first overlooked given the clinical similarity 
to other bacterial or viral pneumonias and that few Western physicians have ever seen a case of 
pneumonic plague. However, the sudden appearance of a large number of previously healthy 
patients with fever, cough, shortness of breath, chest pain, and a fulminant course leading to 
death should immediately suggest the possibility of pneumonic plague or inhalational anthrax.  

The presence of hemoptysis in this setting would strongly suggest plague. 

There are no widely available rapid diagnostic tests for plague. Tests that would be used to 
confirm a suspected diagnosis antigen detection, IgM enzyme immunoassay, immunostaining, 
and polymerase chain reaction are available only at some state health departments, the CDC, 
and military laboratories. The routinely used passive hemagglutination antibody detection assay 
is typically only of retrospective value since several days to weeks usually pass after disease 
onset before antibodies develop. 

If plague is suspected, treatment should start immediately. Never wait for laboratory 
confirmation. Diagnosis is made by taking samples from the patient, especially blood or part of a 
swollen lymph gland, and submitting them for laboratory testing. 

Cultures of sputum, blood, or lymph node aspirate should demonstrate growth approximately 24 
to 48 hours after inoculation. The Center for Disease Control and Prevention (CDC) may test 
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samples with more sophisticated procedures. Typically, the CDC and the local Department of 
Health attempt to identify the source of the plague and begin procedures for preventing a 
potential plague epidemic.  

Antibiotic susceptibility testing should be performed at a reference laboratory because of the lack 
of standardized susceptibility testing procedures for Y pestis. A process establishing criteria and 
training measures for laboratory diagnosis of this disease is being undertaken jointly by the 
Association of Public Health Laboratories and the CD 

VACCINATION 

Vaccines have been and will continue to be an important line of defense for those who work with 
the toxin (at-risk workers) and a select population of the military, law enforcement, and first 
responders. The US-licensed formaldehyde-killed whole bacilli vaccine was discontinued by its 
manufacturers in 1999 and is no longer available. A Pentavalent botulinum toxoid (PBT) vaccine 
in service today is administered under an Investigational New Drug (IND) application held by 
the CDC. NIAID is also working with the U.S. Department of Defense, the Centers for Disease 
Control and Prevention, and the U.S. Department of Energy to develop a vaccine that protects 
against inhalationally acquired pneumonic plague. 

 

THERAPY 
 

In the United States during the last 50 years, 4 of the 7 reported primary pneumonic plague 
patients died. Fatality rates depend on various factors including time to initiation of antibiotics, 
access to advanced supportive care, and the dose of inhaled bacilli. The fatality rate of patients 
with pneumonic plague when treatment is delayed more than 24 hours after symptom onset is 
extremely high. 

When an infection with the bacteria that causes plague is suspected, the person is typically 
hospitalized and placed in isolation. Even before lab tests come back, treatments will be started- 
usually involving antibiotics and supportive care. It also important that people who have been in 
close contact with the infected person be identified and evaluated for possible treatment. 
 

In the past, streptomycin (15 mg/kg, up to 1 g intramuscularly every 12 h) has been the drug of 
choice.  However, in the United States, supplies of streptomycin are scarce. An in vitro 
comparison demonstrated that gentamicin (5 mg/kg intravenously or intramuscularly once daily) 
is comparable to or superior to streptomycin. Gentamicin has been used successfully in the 
treatment of human plague, is inexpensive, and can be dosed once daily. Doxycycline is a 
recommended alternative in patients who cannot take aminoglycosides or in the event of a mass 
casualty scenario, making parenteral therapy unachievable.  
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Management of Special Groups 
  
Consensus recommendations for special groups as set forth in the following reflect the clinical 
and evidence-based judgments of the working group and do not necessarily correspond to FDA 
approved use, indications, or labeling. 

Children 

The treatment of choice for plague in children in the U.S. is gentamicin. Levofloxacin, 
ciprofloxacin, and doxycycline can also be used.  

Pregnant Women 

It is recommended that pregnant women receive gentamicin. If it is not available, doxycycline or 
ciproflaoxacin can be used. 

Breastfeeding women and their babies should take the same antibiotic based on what is most safe 
and effective for the infant: gentamicin in the contained casualty setting and doxycycline in the 
mass casualty setting. Fluoroquinolones would be the recommended alternative. 

Immunosuppressed Persons 

The antibiotic treatment or postexposure prophylaxis for pneumonic plague among those who are 
immunosuppressed has not been studied in human or animal models of pneumonic plague 
infection. Therefore, the consensus recommendation is to administer antibiotics according to the 
guidelines developed for immunocompetent adults and children. 

 
POSTEXPOSURE PROPHYLAXIS RECOMMENDATIONS 

Presumptive therapy consists of a 7-day course of oral doxycycline and ciprofloxacin. 
Chloramphenicol may be used as an alternative. Levofloxacin may be prescribed as a 10-14 day 
regimen for either treatment or postexposure prophylaxis. Specific treatment recommendations 
following a biological attack with plague will depend on several factors, including antibiotic 
susceptibility of the strain. 

Antibiotic treatment should be initiated within 24 hours for patients showing symptoms of 
pneumonic infection, and should be continued for 10 days. Prophylactic antibiotics may be 
administered to protect people who have had known direct contact with infected patients, and 
should be continued for 7 days. People with suspected exposure to pneumonic plague should be 
placed under surveillance and monitored for symptoms. If symptoms develop, antibiotic therapy 
should be initiated immediately and continued for 10 days. In addition to antibiotic prophylaxis, 
people with established ongoing exposure to a patient with pneumonic plague should use 
standard respiratory droplet precautions. In a community experiencing a pneumonic plague 
epidemic, individuals with a temperature of 38.5°C or higher or newly onset cough should 
promptly receive parenteral antimicrobial therapy.  
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INFECTION CONTROL 

Previous public health guidelines have advised strict isolation for all close contacts of patients 
with pneumonic plague who refuse prophylaxis. In the modern setting, however, pneumonic 
plague has not spread widely or rapidly in a community, and therefore isolation of close contacts 
refusing antibiotic prophylaxis is not recommended by the working group. Instead, persons 
refusing prophylaxis should be carefully watched for the development of fever or cough during 
the first 7 days after exposure and treated immediately should either occur. 

Modern experience with person-to-person spread of pneumonic plague is limited; few data are 
available to make specific recommendations regarding appropriate infection control measures. 
The available evidence indicates that person-to-person transmission of pneumonic plague occurs 
via respiratory droplets; transmission by droplet nuclei has not been demonstrated. In large 
pneumonic plague epidemics earlier this century, pneumonic plague transmission was prevented 
in close contacts by wearing masks. Commensurate with this, existing national infection control 
guidelines recommend the use of disposable surgical masks to prevent the transmission of 
pneumonic plague. 

Given the available evidence, the working group recommends that, in addition to beginning 
antibiotic prophylaxis, persons living or working in close contact with patients with confirmed or 
suspect pneumonic plague that have had less than 48 hours of antimicrobial treatment should 
follow respiratory droplet precautions and wear a surgical mask. Further, the working group 
recommends avoidance of unnecessary close contact with patients with pneumonic plague until 
at least 48 hours of antibiotic therapy and clinical improvement has taken place. Other standard 
respiratory droplet precautions (gown, gloves, and eye protection) should be used as well. 

The patient should remain isolated during the first 48 hours of antibiotic therapy and until 
clinical improvement occurs. If large numbers of patients make individual isolation impossible, 
patients with pneumonic plague may be cohorted while undergoing antibiotic therapy. Patients 
being transported should also wear surgical masks. Hospital rooms of patients with pneumonic 
plague should receive terminal cleaning in a manner consistent with standard precautions, and 
clothing or linens contaminated with body fluids of patients infected with plague should be 
disinfected as per hospital protocol. 

Microbiology laboratory personnel should be alerted when Y pestis is suspected. Four laboratory-
acquired cases of plague have been reported in the United States. Simple clinical materials and 
cultures should be processed in biosafety level 2 conditions. Only during activities involving 
high potential for aerosol or droplet production (e.g., centrifuging, grinding, vigorous shaking, 
and animal studies) are biosafety level 3 conditions necessary. 

Bodies of patients who have died following infection with plague should be handled with routine 
strict precautions. Contact with the remains should be limited to trained personnel, and the safety 
precautions for transporting corpses for burial should be the same as those when transporting ill 
patients. Aerosol-generating procedures, such as bone-sawing associated with surgery or 
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postmortem examinations, would be associated with special risks of transmission and are not 
recommended. If such aerosol-generating procedures are necessary, then high-efficiency 
particulate air filtered masks and negative-pressure rooms should be used as would be customary 
in cases in which contagious biological aerosols, such as Mycobacterium tuberculosis, are 
deemed a possible risk. 

ENVIRONMENTAL DECONTAMINATION 

There is no evidence to suggest that residual plague bacilli pose an environmental threat to the 
population following the dissolution of the primary aerosol. There is no spore form in the Y 
pestis life cycle, so it is far more susceptible to environmental conditions than sporulating 
bacteria such as Bacillus anthracis. Moreover, Y pestis is very sensitive to the action of sunlight 
and heating and does not survive long outside the host. Although some reports suggest that the 
bacterium may survive in the soil for some time, there is no evidence to suggest environmental 
risk to humans in this setting and thus no need for environmental decontamination of an area 
exposed to an aerosol of plague. In the WHO analysis, in a worst case scenario, a plague aerosol 
was estimated to be effective and infectious for as long as one hour. In the setting of a 
clandestine release of plague bacilli, the aerosol would have dissipated long before the first case 
of pneumonic plague occurred. 

ADDITIONAL RESEARCH 
 

Improving the medical and public health response to an outbreak of plague following the use of a 
biological weapon will require additional knowledge of the organism, its genetics, and 
pathogenesis. In addition, improved rapid diagnostic and standard laboratory microbiology 
techniques are necessary. An improved understanding of prophylactic and therapeutic antibiotic 
regimens would be of benefit in defining optimal antibiotic strategy. 
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Figure 1. Peripheral Blood Smear From Patient With Septicemic Plague 
  
Smear shows characteristic bipolar staining of Yersinia pestis bacilli (Wright-Giemsa stain; 
magnification, 1000). Figure from Centers for Disease Control and Prevention, Division of 
Vector-Borne Infectious Diseases, Fort Collins, Colo. 
 
 
  
  

 
  
Figure 2. Patients With Naturally Occurring Plague 
  
A, Cervical bubo in patient with bubonic plague; B, petechial and ecchymotic bleeding into the 
skin in patient with septicemic plague; and C, gangrene of the digits during the recovery phase of 
illness of patient shown in B. In plague following the use of a biological weapon, presence of 
cervical bubo is rare; purpuric skin lesions and necrotic digits occur only in advanced disease 
and would not be helpful in diagnosing the disease in the early stages of illness when antibiotic 
treatment can be lifesaving. Figures from Centers for Disease Control and Prevention, Division 
of Vector-Borne Infectious Diseases, Fort Collins, Colo. 
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Figure 3. Chest Radiograph of Patient With Primary Pneumonic Plague 
  
Radiograph shows extensive lobar consolidation in left lower and left middle lung fields. Figure 
from Centers for Disease Control and Prevention, Division of Vector-Borne Infectious Diseases, 
Fort Collins, Colo. 
 
  
  

 
HEALTH ALERT NETWORK 

The CDC’s Health Alert Network (HAN) is a national program providing information about 
urgent public health incidents with public information officers; federal, state, territorial, and local 
public health practitioners; clinicians; and public health laboratories. HAN collaborates with its 
partners to develop protocols and stakeholder relationships to ensure a robust platform for the 
rapid distribution of public health information. 

Individuals can sign up on the CDC website to receive HAN E-mail Update alerts. 
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HAN Message Types 

The HAN Messaging System currently directly and indirectly transmits information to over one 
million recipients. Message types are categorized by the level of urgency of the information. 

 Health Alert: provides vital, time-sensitive information for a specific incident or 
situation; warrants immediate action or attention by health officials, laboratorians, 
clinicians, and members of the public; and conveys the highest level of importance 

 Health Advisory: provides important information for a specific incident or situation; 
contains recommendations or actionable items to be performed by public health officials, 
laboratorians, and/or clinicians; may not require immediate action 

 Health Update: provides updated information regarding an incident or situation; unlikely 
to require immediate action 

 Info Service: provides general public health information; unlikely to require immediate 
action 
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INCIDENT INDICATIONS AND FIRST RESPONDER CONCERNS 
 
 
NOTE: Extensive additional information on weapons of mass destruction (WMD) hazards and 
response, including information addressing first responder concerns, is available from various 
commercial publishers. 
 
A. BIOLOGICAL 
 

1. Indications. Indicators that a WMD incident involving biological agents has taken 
place may take days or weeks to manifest themselves, depending on the biological 
toxin or pathogen involved. The Centers for Disease Control and Prevention (CDC) 
recently developed the following list of epidemiologic clues that may signal a 
bioterrorist event:  
 
a. Large number of ill persons with a similar disease or syndrome.  
 
b. Large numbers of unexplained disease, syndrome, or deaths. 
 
c. Unusual illness in a population. 
 
d. Higher morbidity and mortality than expected with a common disease or 

syndrome. 
 
e. Failure of a common disease to respond to usual therapy. 
 
f. Single case of disease caused by an uncommon agent. 
 
g. Multiple unusual or unexplained disease entities coexisting in the same patient 

without other explanation. 
 
h. Disease with an unusual geographic or seasonal distribution. 
 
i. Multiple atypical presentations of disease agents. 
 
j. Similar genetic type among agents isolated from temporally or spatially distinct 

sources. 
 
k. Unusual, atypical, genetically engineered, or antiquated strain of agent. 
 
l. Endemic disease with unexplained increase in incidence. 
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m. Simultaneous clusters of similar illness in noncontiguous areas, domestic or 
foreign. 

n. Atypical aerosol, food, or water transmission. 
 
o. Ill people presenting near the same time. 
 
p. Deaths or illness among animals that precedes or accompanies illness or death 

in humans. 
 
q. No illness in people not exposed to common ventilation systems, but illness 

among those people in proximity to the systems. 
 

2. First Responder Concerns 
 

a. The most practical method of initiating widespread infection using biological 
agents is through aerosolization, where fine particles are sprayed over or 
upwind of a target where the particles may be inhaled. An aerosol may be 
effective for some time after delivery, since it will be deposited on clothing, 
equipment, and soil. When the clothing is used later, or dust is stirred up, 
responding personnel may be subject to “secondary” contamination. 

 
b. Biological agents may be able to use portals of entry into the body other than 

the respiratory tract. Individuals may be infected by ingestion of contaminated 
food and water, or even by direct contact with the skin or mucous membranes 
through abraded or broken skin. Use protective clothing or commercially 
available Level C clothing. Protect the respiratory tract through the use of a 
mask with biological high-efficiency particulate air (HEPA) filters.  

 
c. Exposure to biological agents, as noted above, may not be immediately 

apparent. Casualties may occur minutes, hours, days, or weeks after an exposure 
has occurred. The time required before signs and symptoms are observed is 
dependent on the agent used. While symptoms will be evident, often the first 
confirmation will come from blood tests or by other diagnostic means used by 
medical personnel.  

 
B. CHEMICAL 
 

1. Indications. The following may indicate a potential chemical WMD has been 
released. There may be one or more of these indicators present. 

 
a. An unusually large or noticeable number of sick or dead wildlife. These may 

range from pigeons in parks to rodents near trash containers. 
 
b. Lack of insect life. Shorelines, puddles, and any standing water should be 

checked for the presence of dead insects. 
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c. Considerable number of persons experiencing water-like blisters, weals (like 
bee-stings), and/or rashes. 

 
d. Numbers of individuals exhibiting serious health problems, ranging from 

nausea, excessive secretions (saliva, diarrhea, vomiting), disorientation, and 
difficulty breathing to convulsions and death.  

 
e. Discernable pattern to the casualties. This may be “aligned” with the wind 

direction or related to where the weapon was released (indoors/outdoors). 
 
f. Presence of unusual liquid droplets, e.g., surfaces exhibit oily droplets or film or 

water surfaces have an oily film (with no recent rain). 
 
g. Unscheduled spraying or unusual application of spray. 
 
h. Abandoned spray devices, such as chemical sprayers used by landscaping 

crews. 
 
i. Presence of unexplained or unusual odors (where that particular scent or smell 

is not normally noted). 
 
j. Presence of low-lying clouds or fog-like condition not compatible with the 

weather. 
 
k. Presence of unusual metal debris—unexplained bomb/munitions material, 

particularly if it contains a liquid. 
 
l. Explosions that disperse or dispense liquids, mists, vapors, or gas. 
 
m. Explosions that seem to destroy only a package or bomb device. 
 
n. Civilian panic in potential high-profile target areas (e.g., government buildings, 

mass transit systems, sports arenas, etc.). 
 
o.  Mass casualties without obvious trauma. 
 

2. First Responder Concerns. The first concern must be to recognize a chemical event 
and protect the first responders. Unless first responders recognize the danger, they 
will very possibly become casualties in a chemical environment. It may not be 
possible to determine from the symptoms experienced by affected personnel which 
chemical agent has been used. Chemical agents may be combined and therefore 
recognition of agents involved becomes more difficult. 
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C. NUCLEAR/RADIOLOGICAL 
 

1. Indications. Radiation is an invisible hazard. There are no initial characteristics or 
properties of radiation itself that are noticeable. Unless the nuclear/radiological 
material is marked to identify it as such, it may be some time before the hazard has 
been identified as radiological. 

 
2. First Responder Concerns. While there is no single piece of equipment that is 

capable of detecting all forms of radiation, there are several different detectors for 
each type of radiation. Availability of this equipment, in addition to protective 
clothing and respiratory equipment, is of great concern to first responders. 
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POTENTIAL AREAS OF VULNERABILITY 
 
 
Areas at risk may be determined by several points: population, accessibility, criticality (to 
everyday life), economic impact, and symbolic value. The identification of such vulnerable areas 
should be coordinated with the Federal Bureau of Investigation (FBI).  
 

Traffic Determine which roads/tunnels/bridges carry large 
volumes of traffic. 

Identify points of congestion that could impede response 
or place citizens in a vulnerable area. 

Note time of day and day of week this activity occurs. 

Trucking and Transport Activity Note location of hazardous materials (HazMat) cargo 
loading/unloading facilities. 

Note vulnerable areas such as weigh stations and rest 
areas this cargo may transit. 

Waterways Map pipelines and process/treatment facilities (in 
addition to dams already mentioned). 

Note berths and ports for cruise ships, roll-on/roll-off 
cargo vessels, and container ships. 

Note any international (foreign) flagged vessels (and 
cargo they carry) that conduct business in the area. 

NOTE: The Harbor and Port Authorities, normally 
involved in emergency planning, should be able to 
facilitate obtaining information on the type of vessels and 
the containers they carry. 

Airports Note information on carriers, flight paths, and airport 
layout. 

Annotate location of air traffic control (ATC) tower, 
runways, passenger terminal, and parking areas. 

Trains/Subways Note location of rails and lines, interchanges, terminals, 
tunnels, and cargo/passenger terminals. 

Note any HazMat material that may be transported via 
rail. 
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Government Facilities Note location of Federal/State/local government offices. 

Include locations of post office, law enforcement 
stations, fire/rescue, town/city hall, and local 
mayor/governor’s residences. 

Note judicial offices and courts as well. 

Recreation Facilities Map sports arenas, theaters, malls, and special interest 
group facilities. 

Other Facilities Map location of financial institutions and the business 
district. 

Make any notes on the schedule business/financial 
district may follow. 

Determine if shopping centers are congested at certain 
periods. 

Military Installations Note location and type of military installations.  

HazMat Facilities, Utilities, and 
Nuclear Facilities 

Map location of these facilities. 

NOTE: Security and emergency personnel representing all of the above facilities should work 
closely with local and State personnel for planning and response.  
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DEFINITIONS 
 
 

Aerosol – Fine liquid or solid particles suspended in a gas, for example, fog or smoke. 
 
Biological Agents – Living organisms or the materials derived from them that cause 

disease in or harm to humans, animals, or plants or cause deterioration of material. 
Biological agents may be used as liquid droplets, aerosols, or dry powders.  

 
Chemical Agent – A chemical substance that is intended to kill, seriously injure, or 

incapacitate people through physiological effects. Generally separated by severity of 
effect: lethal, blister, and incapacitating.  

 
Consequence Management – Measures to protect public health and safety, restore 

essential government services, and provide emergency relief to governments, 
businesses, and individuals affected by the consequences of terrorism. State and local 
governments exercise primary authority to respond to the consequences of terrorism.  
The Federal Emergency Management Agency (FEMA) has been designated the Lead 
Federal Agency (LFA) for consequence management to ensure that the Federal 
Response Plan is adequate to respond to terrorism. Additionally, FEMA supports the 
Federal Bureau of Investigation (FBI) in crisis management.  

 
Crisis Management – This is the law enforcement aspect of an incident that involves 

measures to identify, acquire, and plan the resources needed to anticipate, prevent, 
and/or resolve a threat of terrorism. The FBI is the LFA for crisis management for 
such an incident. (Source: FBI) During crisis management, the FBI coordinates 
closely with local law enforcement authorities to provide successful law enforcement 
resolution to the incident. The FBI also coordinates with other Federal authorities, 
including FEMA. 

 
Decontamination – The process of making people, objects, or areas safe by absorbing, 

destroying, neutralizing, making harmless, or removing the HazMat. 
 
Federal Response Plan (FRP) – The FRP establishes a process and structure for the 

systematic, coordinated, and effective delivery of Federal assistance to address the 
consequences of any major disaster or emergency declared under the Robert T. 
Stafford Disaster Relief and Emergency Assistance Act, as amended (42 U.S. Code 
[USC], et seq.). The FRP Terrorism Incident Annex defines the organizational 
structures used to coordinate crisis management with consequence management. 

 
Lead Agency – The Federal department or agency assigned lead responsibility under 

U.S. law to manage and coordinate the Federal response in a specific functional area. 
The FBI is the lead agency for crisis management and FEMA is the lead agency for 
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consequence management. Lead agencies support the overall Lead Federal Agency 
(LFA) during all phases of the response. 

 
Lead Federal Agency (LFA) – The agency designated by the President to lead and 

coordinate the overall Federal response is referred to as the LFA and is determined by 
the type of emergency. In general, an LFA establishes operational structures and 
procedures to assemble and work with agencies providing direct support to the LFA 
in order to provide an initial assessment of the situation, develop an action plan, 
monitor and update operational priorities, and ensure each agency exercises its 
concurrent and distinct authorities under U.S. law and supports the LFA in carrying 
out the President’s relevant policy. Specific responsibilities of an LFA vary according 
to the agency’s unique statutory authorities. 

 
Mitigation – Those actions (including threat and vulnerability assessments) taken to reduce 

the exposure to and detrimental effects of a WMD incident. 
 
Nonpersistent Agent – An agent that, upon release, loses its ability to cause casualties 

after 10 to 15 minutes. It has a high evaporation rate, is lighter than air, and will 
disperse rapidly. It is considered to be a short-term hazard; however, in small, 
unventilated areas, the agent will be more persistent. 

 
Persistent Agent – An agent that, upon release, retains its casualty-producing effects for an 

extended period of time, usually anywhere from 30 minutes to several days. A 
persistent agent usually has a low evaporation rate and its vapor is heavier than air; 
therefore, its vapor cloud tends to hug the ground. It is considered to be a long-term 
hazard. Although inhalation hazards are still a concern, extreme caution should be 
taken to avoid skin contact as well. 

 
Plume – Airborne material spreading from a particular source; the dispersal of particles, 

gases, vapors, and aerosols into the atmosphere. 
 
Preparedness – Establishing the plans, training, exercises, and resources necessary to 

achieve readiness for all hazards, including WMD incidents. 
 
Radiation – High-energy particles or gamma rays that are emitted by an atom as the 

substance undergoes radioactive decay. Particles can be either charged alpha or beta 
particles or neutral neutron or gamma rays. 

 
Recovery – Recovery, in this document, includes all types of emergency actions dedicated 
to the continued protection of the public or promoting the resumption of normal activities 
in the affected area. 
 
 
Response – Executing the plan and resources identified to perform those duties and 

services to preserve and protect life and property as well as provide services to the 
surviving population. 
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Terrorism – The unlawful use of force or violence against persons or property to 

intimidate or coerce a government, the civilian population, or any segment thereof, in 
furtherance of political or social objectives. Domestic terrorism involves groups or 
individuals who are based and operate entirely within the United States and 
U.S. territories without foreign direction and whose acts are directed at elements of 
the U.S. government or population. 

 
Toxicity – A measure of the harmful effects produced by a given amount of a toxin on a 

living organism.  
 
Weapons-Grade Material – Nuclear material considered most suitable for a nuclear 

weapon. It usually connotes uranium enriched to above 90 percent uranium-235 or 
plutonium with greater than about 90 percent plutonium-239. 

 
Weapons of Mass Destruction – Any explosive, incendiary, or poison gas, bomb, 
grenade, rocket having a propellant charge of more than 4 ounces, or a missile having an 
explosive incendiary charge of more than 0.25 ounce, or mine or device similar to the 
above; poison gas; weapon involving a disease organism; or weapon that is designed to 
release radiation or radioactivity at a level dangerous to human life. 
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APPENDIX 

 

HOTLINES AND ONLINE RESOURCES 
 

Note: The Internet sites listed here are current as of December 
2017. Users of this Tab should be aware that the Internet is a 
changing environment. New sites are added frequently. Sites 
also may be relocated or discontinued. Updated information on 
online resources will be provided through the FEMA web site, 
http://www.fema.gov. 

 
 

A. TELEPHONE HOTLINES 

 

Agency for Toxic Substances and Disease Registry (770.488.7100) 24 hours. ATSDR 
Emergency Response Teams are available 24 hours a day, and are comprised of toxicologists, 
physicians, and other scientists available to assist during an emergency involving hazardous 
substances in the environment. 

CHEMTREC (800.424.9300) 24 hours. Public service hotline for emergency responders. 
CHEMTREC® is part of the American Chemistry Council. 
 
Federal Bureau of Investigation (FBI) (202.324.3000) (Headquarters) 

Contains resources for citizens and others to prepare for and respond to a terrorist event, 
including victim assistance, training, incident reporting, and understanding threat levels.. 

 
National Response Center (USCG) (800.424.8802) Federal point of contact for reporting oil 
and chemical spills; hotline for chemical & biological weapons of mass destruction incidents.  
. 
 
 
 
B. INTERNET REFERENCE ADDRESSES 
 
 
Centers for Disease Control and Prevention (CDC) (http://www.bt.cdc.gov) Information for the 

public and emergency responders on how to stay safe during public health emergencies 
 
Soldier and Biological Chemical Command (SBCCOM) (http://www.apgea.army.mil) 

Information on chemical/biological defense equipment and chemical agents. 
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EPA. https://www.epa.gov/emergency-response. EPA responds to oil spills, chemical, biological, 

radiological releases, and large-scale national emergencies 
 
 
U.S. Army Medical Research Institute of Infectious Diseases 

(http://www.usamriid.army.mil/aboutpage.htm) Provides links to Medical Command 
(MEDCOM), Ebola site, outbreak reporting site, CDC, Defense Technical Information 
Center (DTIC), U.S. Army, and more. 
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Bioterrorism 608 Test: 50 Questions 
 

Examination  
 
  
1. Anthrax is an infectious disease caused by a _______ bacterium called Bacillus anthracis. 
 
a. tricyclic 
b. pneumonic 
c. spore-forming 
d. none of the above 
 
   
2. The different types of anthrax infections that can occur in humans include:  
 
a. inhalation (breathing in spores)  
b. cutaneous (deposit of spores into skin that has cuts or abrasions) 
c. intestinal (deposit of spores in intestinal tract due to the eating of contaminated meat) 
d. all of the above 
 
   
3. Person to person transmission of anthrax is extremely rare and has only been reported with 
_______ anthrax. 
 
a. inhalation 
b. cutaneous 
c. intestinal 
d. all the above 
 
   
4. For centuries, B anthracis has caused disease in animals and serious illness in humans. 

Naturally occurring anthrax in humans is a disease acquired from contact with: 
 
a. anthrax-infected animals or anthrax-contaminated animal products 
b. plants grown in soil which contains anthrax 
c. anthrax infected food 
d. inhaled anthrax 
   
5. Effective decontamination of items know to be contaminated with anthrax spores can be 
accomplished in all the following ways except: 
 
a. boil articles in water for 30 minutes or longer 
b. use chlorine bleach in destroying spores and vegetative cells on surfaces 
c. use formaldehyde on surfaces to destroy spores and vegetative cells 
d. decontaminate people with a thorough wash-down with antimicrobial and water 
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6. _________ anthrax is the most common naturally occurring form of anthrax, comprising 95% 
of all cases. 
 
a. inhaled 
b. ingested 
c. injected 
d. cutaneous 
 
   
7. In fatal cases of inhalation anthrax, the interval between onset of symptoms and death 
averaged _________. 
 
a. one week 
b. 24 hours 
c. three days. 
d. one month 
 
   
8. Sputum culture and Gram stain are unlikely to be diagnostic of inhalational anthrax, given the 
frequent lack of a _______ process. 
 
a. pneumonic 
b. spore-tracing 
c. cyclic 
d. none of the above 
 
   
9. Anthrax vaccine is recommended for certain people 18 through 65 years of age who might be 
exposed to large amounts of B. anthracis bacteria on the job. These should be given in the 
following way: 
 
a. 5 dose series 
b. 1 time dose 
c. 2 dose series 
d. 4 dose series 
 
   
10. Recommendations for _______ and vaccine use in the setting of an aerosolized B anthracis 
attack are conditioned by a very small series of cases in humans, a limited number of studies in 
experimental animals, and the possible necessity of treating large numbers of casualties. 
 
a. quinine 
b. antibiotics 
c. fungicides 
d. antivirals 
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11. Since the 2001 anthrax attacks in the United States, antitoxin therapies have been developed. 
Antitoxin: 
 
a. eliminates need for antibiotics 
b. attacks the bacteria that causes toxins 
c. helps eliminate toxins caused by the infection.  
d. all of the above 
 
   
12. Four antibiotics are FDA-approved for use for PEP (Post-exposure Prophylaxis) following 
exposure to aerosolized spores of B. anthracis: 
 
a. tetracycline, gentamicin, tetracycline, and streptomycin 
b. gentamicin, cephalexin, tetracycline, and penicillin 
c. cephalexin, ciprofloxacin, tetracycline, and streptomycin 
d. doxycycline, ciprofloxacin, levofloxacin, and parenteral procaine penicillin G. 
 
   

13. In 2015 ______ was granted approval by the United States Food and Drug Administration for 
use in treating inhalation anthrax in conjunction with antibiotics 

 
a. Variolae vaccinae 
b. Brincidofovir 
c. Zithromax 
d. Anthrax immune globulin 
 
   
 
 
 
14. It is unsafe to treat the following groups, after an exposure to anthrax. 
 
a. pregnant/lactating women 
b. the statement is false, all people exposed to anthrax can be treated 
c. children under 16 years of age 
d. immunosuppressed people 
 
   
 
15. The first indication of a clandestine terrorist attack with plague would most likely be: 
 
a. a sudden outbreak of illness presenting as severe pneumonia and sepsis 
b. a large number of dead birds in one area 
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c. people presenting with high fever, fatigue, head and back aches, followed in two to three days      
by the rash. 
d. people presenting with symptoms that are vague and nonspecific 
  
 
16. Proper burial or cremation of humans and animals who have died because of anthrax 
infection is most important in _______. 
 
a. preventing further transmission of the disease 
b. terms of giving family and pet owners closure 
c. demonstrating respect for those taken by this horrific disease 
d. not drawing attention to this frightening infection 
 
   
 
 
 
17. As has been demonstrated in environmental decontamination efforts following the anthrax 
attacks of 2001, decontamination of buildings or parts of buildings following an anthrax attack is 
_______. 
 
a. done solely for employees peace of mind 
b. a fairly straight-forward process 
c. technically difficult 
d. none of the above 
 
   

18. Although anthrax is not commonly seen the U.S., it is still common throughout the 
developing world, such as in Iran, Iraq, Turkey, Pakistan and sub-Saharan Africa. Common hosts 
for anthrax include: 

 
a. prairie dogs and hyenas 
b. birds of prey 
c. rats 
d. wild or domestic livestock, such as sheep, cattle, horses and goats 
 
 
   
 
19. In 1969, then president of the United States, _______ ended America’s biological warfare 
program. His administration led the world in advocating the first multilateral disarmament treaty 
in 1972, which banned possession of such agents except for research into vaccines and 
treatments. 
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a. John Kennedy 
b. Richard Nixon 
c. Lyndon Johnson 
d. F. D. Roosevelt 
 
20. The first know use of smallpox as a biological weapon occurred by distributing infected 
blankets during _______ . 
 
a. the French and Indian Wars (1700s) 
b. World War I  
c. World War II 
d. the Gulf War 
 
   
21. A global campaign, begun in 1967 by the World Health Organization (WHO), succeeded in 
eradicating smallpox in ____. The WHO committee later recommended that all virus stocks be 
destroyed in June 1999. 
 
a. 1970  
b. 1977 
c. 1980 
d. 1987 
 
   
22. Although smallpox vaccines have been developed, they cannot completely prevent disease or 
attenuate the illness if given too late following exposure. The vaccine must be given _______ 
following exposure to the virus, and it may protect against contracting smallpox 
 
a. within the first 24 hours 
b. within a month 
c. within a week 
d. within 3 days 
 
   
23. Smallpox spreads from person to person, primarily by _______expelled from the oropharynx 
of infected persons and by direct contact. Contaminated clothing or bed linens can also spread 
the virus. 
 
a. droplet nuclei or aerosols 
b. liquid masses  
c. saliva 
d. animal or insect reservoirs or vectors 
 
   
24. The smallpox patient is most infectious from onset of rash through the first _______of rash.  

As scabs formed, infectivity waned rapidly. 
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a. 2 to 3 
b. 7 to 10 days 
c. three weeks 
d. 60 days 
 
   
25. Smallpox, a DNA virus, is a member of the _______, which are among the largest and most 
complex of all viruses. 
 
a. Ghon complex 
b. B anthracis family 
c. genus orthopoxvirus 
d. genus serosanguinous 
 
 
26. Natural infection occurs following implantation of the smallpox virus on the oropharyngeal 
or respiratory mucosa. The infectious dose is unknown but is believed to be  ______ virions. 
 
a. 3,000 
b. 300 
c. 30 
d. only a few 
 
   
27. Regarding the smallpox incubation period, at the end of the _______, the patient typically 
experiences high fever, malaise, and prostration with headache and backache. 
 
a. 4 to 6 day incubation period (range 2-8 days) 
b. 12- to 14-day incubation period (range, 7-17 days) 
c. 18 to 28 day incubations period (range 2-35 days) 
d. 30 to 60 day incubation period (range 20-70 days) 
 
   
28. Although at least _____% of smallpox cases are clinically characteristic and readily 
diagnosed in endemic areas, while the other two forms of smallpox are difficult to recognize
hemorrhagic and malignant. 
 
a. 60  
b. 70 
c. 90 
d. 98  
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29. The discovery of (a) _______ of smallpox must be treated as an international health 
emergency and be brought immediately to the attention of national officials through local and 
state health authorities. 

a. more than five confirmed 
b. more than twenty suspected 
c. single suspected case 
d. multiple confirmed exposures  
 
 
 
30.   _______ of the diagnosis in a smallpox outbreak is vitally important. 
 
a. Laboratory confirmation  
b. Field reports  
c. Clinical observation 
d. Radiographic evidence 
 
   
31. The frequency of complications associated with use of the New York Board of Health strain 
(the strain used throughout the United States and Canada for vaccine) is the lowest for any 
established vaccinia virus strain, but the risks are not inconsequential. Complications may 
include all except: 
 
a. postvaccinial encephalitis 
b. accidental transmission of smallpox before the site has scabbed over 
c. eczema vaccinatum 
d. radioactivity   
 
   
 
32. Vaccinia virus, if released as an aerosol and not exposed to UV light, may persist for as long 
as _______ or somewhat longer under favorable conditions. 
 
a. 24 hours 
b. 4 days 
c. a week 
d. two weeks 
 
   
 
33. Regarding smallpox, _______ and a focused selective vaccination program are the essential 
items of a control program. 
 
a. Early detection 
b. Isolation of infected individuals 
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c. Surveillance of contacts 
d. All of the above 
 
   
34. State and local public health authorities should notify the CDC for any of the following:  
 
a. a suspected case of smallpox with request for clinical specimen testing 
b. an outbreak of illness that is clinically compatible with smallpox 
c. a request to test an environmental sample, package, distribution device, or other device 
associated with potential human exposure for smallpox virus  
d. all of the above 
 
 
35. Botulism, or as it is also known, _______, poses a major bioweapon threat because of its 
extreme potency and lethality; its ease of production, transport, and misuse; and the need for 
prolonged intensive care among affected persons. 
 
a. B anthracis 
b. Eschars toxin 
c. Botulinum toxin 
d. Y pestis 
   
 
36. Botulinum toxin is the most poisonous substance known. It is also: 
 
a. completely eradicated 
b. licensed for treatment of human disease 
c. found primarily in honey 
d. known to cause migraine headache, chronic low back pain, stroke, traumatic brain injury, 
cerebral palsy, achalasia, and various dystonia’s 
   
 
37. Aerosols were dispersed at multiple sites in downtown Tokyo, Japan, and at US military 
installations in Japan on at least 3 occasions between 1990 and 1995 by the Japanese cult Aum 
Shinriky. These attacks failed, apparently because of faulty microbiological technique, deficient 
aerosol-generating equipment, or internal sabotage. They obtained their C botulinum from: 
 
a. soil that they had collected in northern Japan. 
b. national store of botulism 
c. bad sausages that contained botulism 
d. prisoners they had injected with C botulinum 
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38. Clostridium botulinum is a rod-shaped, gram positive bacteria that produces heat and 
chemical resistant endospores. All the following is true except: 
 
a. Clostridium botulinum cells stain very heavily on each end and take up very little stain at the 
center, giving the cells a unique 'safety pin' appearance. 
b. The bacterium is a soil dwelling anaerobe that produces a potent neurotoxin 
c. The toxin produced by this bacteria is one of the most deadly naturally produced substances 
known to man 
d. A single gram of toxin from Clostridium botulinum is a lethal dose for 200,000 mice, and a 
cup of the toxin in its pure form would be enough to depopulate the entire earth!  
 
 
39. In the early 1820's, Justinus Kerner named the disease botulism after the Latin word for: 
 
a. pig 
b. sausage 
c. gas 
d. stored meat 
 
40. Once botulinum toxin is absorbed, the bloodstream carries it to peripheral cholinergic 
synapses, principally, the neuromuscular junction, where it _______. 
 
a. is excreted through the urinary tract 
b. temporarily (1-3 hours) binds 
c. binds irreversibly 
d. becomes inert 
   
 
41. The rapidity of onset and severity of botulism depends on the rate and amount of toxin 
absorption. Symptoms of foodborne botulism may begin as early as 2 hours or as long as _____ 
days after ingestion of toxin.  
 
a. 2 
b. 4 
c. 6 
d. 8 
 
   
42. Clinical diagnosis of botulism is confirmed by specialized laboratory testing that _______. 
 
a. can be done within minutes of presentation of the sample 
b. takes only a few hours to complete 
c. often requires days to complete 
d. can take up to three weeks to complete 
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43. Botulism is frequently misdiagnosed, often as _______. 
 
a. myasthenia gravis 
b. a polyradiculoneuropathy (Guillain-Barré or Miller-Fisher syndrome) 
c. a disease of the central nervous system 
d. all of the above 
 
   
44. Optimal use of botulinum antitoxin requires early suspicion of botulism. Therapy for 
botulism consists of supportive care and_______.   
a. immediate antibiotic treatment  
b. post-exposure vaccination with AVA 
c. passive immunization with equine antitoxin 
d. active immunization with equine antitoxin 
   
 
45. Botulism patients require supportive care that often includes _______. 
 
a. feeding by enteral tube or parenteral nutrition 
b. mechanical ventilation 
c. treatment of secondary infections 
d. all of the above 
 
  
46. Botulism can be prevented by the presence of _______ in the bloodstream.  
 
a. antibiotics 
b. ciproflaxin 
c. neutralizing antibody 
d. none of the above  
 
 
 
 
47. Despite its extreme potency, a botulinum toxin infection is easily avoided by: 
 
a. heating to an internal temperature of 85°C for at least 5 minutes to detoxify contaminated food 
or drink. 
b. promptly removing all foods suspected of contamination from potential consumers 
c. submitting suspected foods to public health authorities for testing. 
d. all the above 
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48. Human plague most commonly occurs when _______ bite humans who then develop 
bubonic plague. 
 
a. plague-infected rats 
b. plague-infected fleas 
c. rabid bats 
d. rabid or plague-infected dogs  
 
   
49. The three types of plague include all except: 
 
a. poliomyelitis plague 
b. bubonic plague 
c. septicemic plague 
d. pneumonic plague 
 
   
50. The plague was also called the Black Death because: 
 
a. gangrene of the digits and nose sometimes occured 
b. the body of a plague victim would turn black 
c. the word death was associated with death 
d. they thought the disease came from the devil 
 
 

 


