BIOLOGICAL AGENTS

ANTHRAX (Bacillus Anthracis)

Overview 

Anthrax is an acute infectious disease caused by spore-forming bacterium. For centuries, anthrax has caused disease in animals and, uncommonly, serious illness in humans throughout the world. Research on anthrax as a biological weapon began more than 80 years ago. Today, at least 17 nations are believed to have offensive biological weapons programs; it is uncertain how many are working with anthrax. Iraq has acknowledged producing and weaponizing anthrax. Most experts concur that the manufacture of a lethal anthrax aerosol is beyond the capacity of individuals or groups without access to advanced biotechnology. However, autonomous groups with substantial funding and contacts may be able to acquire the required materials for a successful attack. Anthrax is most common in South and Central America, Southern and Eastern Europe, Asia, Africa, the Caribbean, and the Middle East. When anthrax affects humans, it is usually due to an occupational exposure to infected animals or their products. Anthrax in wild livestock has occurred in the United States.

Transmission

Anthrax infection can occur in three forms: cutaneous (skin), inhalation, and gastrointestinal. 

Anthrax spores live in soil and can survive there for many years. Humans can become infected by handling products from infected animals or by eating undercooked meat from infected animals. Contagion usually is not a problem since few of those stricken with Anthrax are likely to pass the disease on to others. Anthrax infection could also occur by inhaling anthrax spores. An anthrax aerosol would be odorless and invisible following release and would have the potential to travel many kilometers before disseminating. 

In 1970, a World Health Organization (WHO) expert committee estimated that casualties following the theoretical aircraft release of 110 lbs of anthrax over a developed urban population of 5 million would be 250,000, 100,000 of whom would be expected to die without treatment. A 1993 report by the US Congressional Office of Technology Assessment estimated that between 130,000 and 3 million deaths could follow the aerosolized release of 100 kg of anthrax spores upwind of the Washington, DC, area-lethality matching or exceeding that of a hydrogen bomb. 

One terrorist group, Aum Shinrikyo, responsible for the release of sarin in a Tokyo, Japan, subway station in 1995, dispersed aerosols of anthrax and botulism throughout Tokyo on at least 8 occasions. For unclear reasons, the attacks failed to produce illness. The accidental aerosolized release of anthrax spores from a military micro-biology facility in Sverdlovsk in the former Soviet Union in 1979 resulted in at least 79 cases of anthrax infection and 68 deaths and demonstrated the lethal potential of anthrax aerosols.

Symptoms

Symptoms vary, depending on how the disease was contracted, but usually occur within seven days. 

Inhalational: Initial symptoms may resemble a common cold. After several days, the symptoms may progress to severe breathing problems and shock. 

Cutaneous: Most (about 95 percent ) anthrax infections occur when the bacterium enters a cut or abrasion on the skin, such as when handling contaminated wool, hides, leather or hair products of infected animals. Skin infection begins as a raised itchy bump that resembles an insect bite but within 1-2 days develops into a vesicle and then a painless ulcer, usually 1-3 cm in diameter, with characteristic black area in the center where cells are dying. Lymph glands in the adjacent area may swell. About 20 percent of untreated cases of cutaneous anthrax will result in death. 

Intestinal: The intestinal disease form of anthrax may follow the consumption of contaminated meat and is characterized by an acute inflammation of the intestinal tract. Initial signs of nausea, loss of appetite, vomiting, fever are followed by abdominal pain, vomiting of blood, and severe diarrhea.

Diagnosis & Treatment

If untreated, anthrax in all forms can lead to septicemia and death. Anthrax is diagnosed by isolating the bacteria causing the disease from the blood, skin lesions, or respiratory secretions or by measuring specific antibodies in the blood. Doctors can prescribe effective antibiotics for cutaneous and intestinal infections. To be effective, treatment should be initiated early. If left untreated, the disease can be fatal. Inhalation anthrax is fatal in 90-100 percent of cases

Disease & Mortality

Inhalation anthrax is usually fatal. Deaths are rare with appropriate anti-microbial therapy in cases of cutaneous anthrax. Intestinal anthrax results in death in 25-60 percent of cases.

Prevention & Action 

An anthrax vaccine licensed for use in humans is reported to be 93 percent effective. The Advisory Committee on Immunization Practices has recommended anthrax vaccination for the following groups: 

• Persons who work directly with the organism in the laboratory 

• Persons who work with imported animal hides or furs in areas where standards are insufficient to prevent exposure to anthrax spores 

• Persons who handle potentially infected animal products in high-incidence areas 

• Military personnel deployed to areas with high risk for exposure to the organism (as when it is used as a biological warfare weapon). 

Because there is a high probability for use of anthrax in biologic terrorism, CDC is expanding its diagnostic laboratory capacities and technologies, including training for local and state health departments. In addition, there are gaps in our understanding of the immunology of anthrax and protection against anthrax via vaccination. Also, post-exposure prophylaxis against anthrax requires further investigation.

BOTULISM (Clostridium boulinum)

Overview 

Clostridium botulinum is a group of bacteria, commonly found in soil, that grow best in low oxygen conditions. The bacteria form spores, which allow them to survive in a dormant state until exposed to conditions that can support their growth. There are seven types of botulism toxin but only four cause illness in humans. Botulism is a rare but serious paralytic illness caused by a nerve toxin produced by clostridium botulinum. There are three main kinds of botulism. Foodborne botulism is caused by eating foods that contain the botulism toxin. Wound botulism is caused by toxin produced from a wound infected with Clostridium botulinum. Infant botulism is caused by consuming the spores of the botulinum bacteria, which then grow in the intestines and release toxin. All forms of botulism can be fatal and are considered medical emergencies. 

In the United States an average of 110 cases of botulism are reported each year. 

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 Shinrikyo. 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.

Transmission

Botulinum toxins are extremely poisonous for humans. Minute quantities acquired by ingestion, inhalation, or by absorption through the eye or a break in the skin can cause profound intoxication and death. Recently, the potential use of botulinum toxin by terrorist groups or in warfare has become a concern. 

It is estimated that a point-source aerosol release of botulinum toxin could incapacitate or kill 10 percent of persons within 0.3 miles down-wind. 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 out-breaks. 

With the economic difficulties in Russia after the demise of the Soviet Union, some of the thousands of scientists formerly employed by Russia's bioweapons program have been recruited by nations attempting to develop biological weapons. Four of the countries listed by the U.S. 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.

Symptoms

The classic symptoms of botulism include double vision, blurred vision, drooping eyelids, slurred speech, difficulty swallowing, dry mouth, and muscle weakness. Infants with botulism appear lethargic, feed poorly, are constipated, and have a weak cry and poor muscle tone. These are all symptoms of the muscle paralysis caused by the bacterial toxin. If untreated, these symptoms may progress to cause paralysis of the arms, legs, trunk and respiratory muscles. In foodborne botulism, symptoms generally begin 18 to 36 hours after eating a contaminated food, but they can occur as early as six hours or as late as 10 days.

Diagnosis & Treatment

Because many other diseases have similar symptoms, special tests are needed to confirm a diagnosis. These tests can be performed at some state health department laboratories and at the CDC. 

Respiratory failure and paralysis that occur with severe botulism may require a patient to be on a breathing machine for weeks, and need intensive medical and nursing care. After several weeks, the paralysis slowly improves. If diagnosed early, foodborne and wound botulism can be treated with an antitoxin, which can prevent symptoms from worsening. Antitoxin is not routinely given for treatment of infant botulism. Physicians may try to remove contaminated food still in the gut by inducing vomiting or by using enemas. Wounds should be treated, usually surgically, to remove the source of the toxin-producing bacteria.

Disease & Mortality

Botulism can result in death from respiratory failure. However, in the last 50 years the proportion of patients with botulism who die has fallen from about 50 to 8 percent. A patient with severe botulism may require a breathing machine as well as intensive medical and nursing care for several months. Patients who survive an episode of botulism poisoning may have fatigue and shortness of breath for years. Long-term therapy may be needed.

Prevention & Action

In collaboration with state health departments, the CDC maintains intensive surveillance for botulism in the United States. Every case of food-borne botulism is treated as a public health emergency, State health departments and the CDC have persons knowledgeable about botulism available to consult with physicians 24 hours a day. If antitoxin is needed, it can be quickly delivered to a physician anywhere in the country. Suspected outbreaks of botulism are quickly investigated, and if they involve a commercial product, the appropriate control measures are coordinated among public health and regulatory agencies.

PLAGUE (Yersinia Pestis)

Overview 

Plague is an infectious disease of animals and humans caused by bacteria. Wild rodents in certain areas around the world are infected with plague, and human outbreaks are usually associated with infected rats and rat fleas. 

In the United States, the last urban plague epidemic occurred in Los Angeles in 1924-25. Since then, human plague in the United States has occurred mostly as scattered cases in rural areas. Globally, the World Health Organization reports 1,000 to 3,000 cases of plague every year.

Transmission

Plague is transmitted from animal to animal and from animal to human by the bites of infected fleas or by handling an infected animal. Plague can also be transmitted by inhaling infected droplets expelled by an infected person's or animal's coughing. Transmission from person to person is uncommon and has not been observed in the United States since 1924. Today, modern antibiotics are effective against plague, but if an infected person is not treated promptly, the disease is likely to cause illness or death.

Symptoms

Bubonic plague: enlarged, tender lymph nodes, fever, chills and extreme exhaustion 

Septicemic plague: fever, chills, extreme exhaustion, abdominal pain, shock and bleeding into skin and other organs 

Pneumonic plague: fever, chills, cough and difficulty breathing; rapid shock and death if not treated early 

Onset of the most common form of plague, bubonic plague, is usually two to six days after a person is exposed. Once a human is infected, a progressive and potentially fatal illness generally results unless specific antibiotic therapy is given.

Diagnosis & Treatment

As soon as a diagnosis of suspected plague is made, the patient should be hospitalized, medically isolated, and local and state health departments should be notified. Confirmatory laboratory work should be initiated, including blood cultures and examination of lymph node specimen,s if possible. Antibiotic drug therapy should begin as soon as possible after the laboratory specimens are taken.

Disease & Mortality 

Rare, consequences of disseminated intravascular coagulation, lung damage

Mortality in 50 to 90 percent of untreated cases, 15 percent of cases diagnosed and treated

Prevention & Action

Attempts to eliminate wild rodent plague are costly and futile. Primary preventive measures are directed toward reducing the threat of infection in humans in high-risk areas through environmental management, public health education, preventive drug therapy, and vaccines.

SMALLPOX

Overview 

If used as a biological weapon, smallpox represents a serious threat to civilian populations because of the absence of a specific remedy and its fatality rate of 30 percent or more among unvaccinated persons. Routine vaccination throughout the United States ceased more than 25 years ago. In a now highly susceptible, mobile population, smallpox would be able to spread widely and rapidly throughout this country and the world.

Transmission

Smallpox spreads from person to person by direct contact or by droplet nuclei or aerosols expelled from infected persons. Contaminated clothing or bed linens can also spread the virus.

Symptoms

At the end of a 12- to 14-day incubation period, the patient typically experiences high fever, malaise, and extreme exhaustion with headache and backache. Severe abdominal pain and delirium are sometimes present. A rash then appears on the mouth and pharynx, face, and forearms, and spreads to the trunk and legs. Within a day or two, the rash becomes vesicular and, later, pustular. 

Although at least 90 percent of smallpox cases are clinically characteristic and readily diagnosed in endemic areas, hemorrhagic and malignant smallpox are difficult to diagnose. 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 exhausting illness with high fever and head, back, and abdominal pain. Soon after, a dark redness on the skin develops, followed by purplish spots and hemorrhages into the skin and mucous membranes. Death usually occurs by the fifth or sixth day after onset of rash.

Diagnosis & Treatment

Laboratory confirmation of the diagnosis is important. Specimens are collected by someone who has recently been vaccinated and wears gloves and a mask. 

Treatment of smallpox is limited to supportive therapy and antibiotics for secondary bacterial infections. There are no proven antiviral agents effective in treating smallpox. As a result, patients do not need hospitalization but should be kept isolated in the home or other non-hospital facility.

Disease & Mortality

Smallpox is fatal in 30 percent of cases. Those who survive may be disfigured by pitted scarring from the pox.

Prevention & Action 

The immune status of those who were vaccinated more than 29 years ago is not clear. Because the antibodies have been shown to decline substantially during a five- to ten-year period, even those who received the recommended single-dose vaccination as children do not have lifelong immunity. The U.S. has 15.4 million doses of vaccines, boxed and prepared to deliver if there is a breakout. Secretary of Health and Human Services Tommy Thompson has said 40 million new doses will be ready in 2002. The World Health Organization has about 500,000 doses.

TULAREMIA (Francisella Tularensis)

Overview 

The bacteria that causes tularemia is one of the most infectious pathogenic bacteria known, requiring inoculation or inhalation of as few as 10 organisms to cause disease. Humans become infected through diverse environmental exposures and can develop severe, and sometimes fatal, illnesses, but do not transmit infection to others. F tularensis could be a dangerous potential biological weapon because of its extreme infectivity, ease of dissemination, and substantial capacity to cause illness and death. 

Tularemia occurs throughout much of North America and Eurasia. In the United States, human cases have been reported from every state except Hawaii; in Eurasia, the disease is also widely endemic, although the greatest numbers of human cases are reported from northern and central Europe, especially Scandinavian countries and those of the former Soviet Union. Tularemia is almost entirely a rural disease. F tularensis is found in widely diverse animal hosts and habitats and can be recovered from contaminated water, soil, and vegetation. In the U.S., reported cases have dropped sharply from several thousand per year prior to 1950 to less than 200 per year in the 1990s.

Transmission

Humans can become infected by various modes, including bites by infected insects, handling infectious animal tissues or fluids, direct contact with or ingestion of contaminated water, food, or soil, and inhalation of infective aerosols. Although F tularensis is highly infectious and pathogenic, its transmission from person to person has not been proven. 

A weapon using airborne tularemia would likely result in an outbreak of acute illness three to five days later. Without treatment, the clinical course could progress to respiratory failure, shock, and death. 

Tularemia can infect humans through the skin, mucous membranes, gastrointestinal tract, and lungs. The major target organs are the lymph nodes, lungs and pleura, spleen, liver, and kidney. 

In 1969, a World Health Organization committee estimated that an aerosol dispersal of 110 lbs of virulent F tularensis over a metropolitan area with 5 million inhabitants would result in 250,000 incapacitating casualties, including 19,000 deaths. Illness would be expected to persist for several weeks and disease relapses to occur during the ensuing weeks or months.

Symptoms

The onset of tularemia is usually abrupt, with fever, headache, chills and shivering, generalized body aches (often prominent in the low back), cold symptoms, and sore throat and unexpected severe respiratory illness in otherwise healthy persons. Nausea, vomiting, and diarrhea sometimes occur. Sweats, fever and chills, progressive weakness, malaise, anorexia, and weight loss characterize the continuing illness.

Diagnosis & Treatment 

Identification and diagnosis of tularemia using routine laboratory procedures could take several weeks. Prompt treatment with antibiotics is recommended. Isolation is not recommended, given the lack of human-to-human transmission.

Disease & Mortality 

Studies of volunteers have shown that tularemia aerosol exposures can incapacitate some persons in the first day or two of illness, and significant impairment in performing tasks can continue for days after antibiotic treatment is begun. In untreated, tularemia symptoms often persist for several weeks and, sometimes, for months, usually with progressive muscle weakness. Any form of tularemia may be complicated by secondary pleuropneumonia, sepsis, and, rarely, meningitis. 

Prior to the advent of antibiotics, the overall mortality from infections with the more severe strains was in the range of 5 to 15 percent, and fatality rates as high as 30 to 60 percent were reported for untreated pneumonic and severe systemic forms of disease. Now, the overall fatality rate of reported cases in the U.S. is less than 2 percent. The less severe strains of the disease are rarely fatal.

Action & Prevention 

Given the short incubation period and incomplete protection of current vaccines, vaccination is not recommended for post-exposure prevention. The vaccine, which is recommended only for laboratory personnel routinely working with the bacteria, is under review by the US Food and Drug Administration.

HEMORRHAGIC FEVER

Overview 

The term viral hemorrhagic fever (VHF) refers to a group of illnesses that are caused by several distinct families of viruses: arenaviruses, filoviruses, bunyaviruses, and flaviviruses. All of the viruses associated with VHF are animal-borne viruses and are geographically restricted to the areas where their host species live. Humans are infected when they come into contact with infected hosts. However, humans can transmit some viruses to one another. Some of them are rare; others are quite common and cause frequently debilitating or fatal disease in many thousands of people annually. Taken together, the viruses that cause VHFs are distributed over much of the globe. However, because each virus is associated with one or more particular host species, the virus and the disease it causes are usually seen only where the host species lives. Occasionally, people become infected by a host that has been exported from its native habitat. While some types of hemorrhagic fever viruses cause relatively mild illnesses, many cause severe, life-threatening disease.

Transmission

For the most part, rodents and insects are the main carriers. However, the hosts of some viruses - Ebola and Marburg viruses are well-known examples - remain unknown. Humans usually contract the viruses after contact with urine, fecal matter, saliva, or other body excretions from infected rodents or livestock infected by the rodents. Viruses associated with insects are spread most often through mosquito or tick bites. Certain viruses that cause hemorrhagic fever can spread from one person to another, once an initial person has become infected. This type of secondary transmission can occur directly, through close contact with infected people or their body fluids. It can also occur indirectly, through contact with objects contaminated with infected body fluids.

Symptoms

Specific signs and symptoms vary by the type of VHF, but initial symptoms often include marked fever, fatigue, dizziness, muscle aches, loss of strength, and exhaustion. Patients with severe cases of VHF often show signs of bleeding under the skin, in internal organs, or from body orifices like the mouth, eyes, or ears. Although they may bleed from many sites around the body, patients rarely die because of blood loss. Severely ill patients may also show shock, nervous system malfunction, coma, delirium, and seizures. Some types of VHF are associated with kidney failure.

Diagnosis & Treatment

Generally, there is no treatment or established cure for VHFs. Ribavirin, an anti-viral drug, has been effective in treating some individuals with Lassa fever or hemorrhagic fever with renal syndrome.

Disease & Mortality

While some types of hemorrhagic fever viruses can cause relatively mild illnesses, many of these viruses cause severe, life-threatening disease.

Prevention & Action 

With the exception of yellow fever and Argentine hemorrhagic fever, for which vaccines have been developed, there is no protection against these diseases. Therefore, prevention must concentrate on avoiding contact with host species. For those hemorrhagic fever viruses that can be transmitted from person to person, avoiding close physical contact with infected people and their body fluids is the most important way of controlling the spread. Scientists and researchers are challenged with developing containment, treatment, and vaccine strategies for these diseases.

