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Anthrax is caused by a large, gram positive, aerobic, non-motile, spore-forming bacillus: Bacillus anthracis.  Anthrax derives its name from the Greek word for coal (anthrakis), because the disease is commonly associated with black, coal-like, cutaneous eschars.

Biological warfare and bioterrorism:  Anthrax has been used on a very limited basis as either a biological warfare or bioterrorism agent.   In World War I, German agents reportedly tried to infect allied horses as they were being shipped to the European front, although other accounts discount this.  Japan reportedly used anthrax against China during World War II.  In 1993 the Japanese terrorist group Aum Shinnnrikyo dispersed aerosols of anthrax and botulism throughout Tokyo on at least eight occasions, but these attacks failed to produce illness, apparently in part because the terrorists mistakenly used a harmless anthrax strain developed for vaccines.  In 2001, anthrax has been used as a bioterrorism agent in the U.S., with several deaths, more than 20 cases, and over 32,000 individuals receiving post-exposure prophylaxis resulting from anthrax delivered through the U.S. mail. 

Anthrax has been developed as a biological warfare agent by at least 7 countries.  It remains a significant bioweapons threat, and is considered the most likely biological warfare agent, because it is stable in spore form and can be stored for prolonged periods, it is easy and cheap to produce, there is no natural immunity in industrialized nations, it can be dispersed in air, the inhalational form is highly lethal, and the agent is difficult to detect.  Nevertheless, aerosolized anthrax has not yet been used on the battlefield, possibly in part because of “moral repugnance” of biological weapons, potential retaliation in kind, delayed manifestations following use, and uncertain effects depending on weather conditions.  Indeed, the uncertainties of such weapons are demonstrated by the Sverdlovsk incident in the USSR in 1979, which involved the accidental release of an estimated 10 kilograms of weapons-grade anthrax spores: this accident produced a total of only 66 fatalities among a potentially exposed population of 1.2 million people. 

Offensive anthrax bioweapons were initially manufactured as slurries of highly concentrated bacteria.  While easy and safe to manufacture, such slurries had to be refrigerated for storage and were difficult to disseminate.  Later, freeze-dried powder formulations of anthrax spores were developed as bioweapons that, although technically difficult and dangerous to manufacture, were thermally stable without refrigeration and were easily disseminated.  Bioweapon anthrax may also be modified to be multi-drug resistant and may be stabilized with other substances (e.g., silica) to decrease electrostatic charges imparted by the milling process and thereby keep the particles from clumping.  The latter issue is critical, because biowarfare agents are most effectively delivered as an aerosol of particles from 1 to 5 microns in size.  Particulates in this size range behave similar to a gas and are taken into bronchioles and alveoli during respiration, whereas larger particles are much more difficult to disperse, rapidly fall to ground, or become trapped in the upper airway.  Anthrax aerosols are invisible, odorless, colorless, and tasteless.  


Epidemiologic clues to the use of an anthrax bioweapon include (1) an outbreak or multiple, simultaneous outbreaks with large numbers of patients complaining of respiratory symptoms; (2) high case fatality; (3) sick or dead animals of different species; (4) multi-drug-resistant pathogens.  A World Health Organization report estimated that release of 50 kg of anthrax spores upwind of a city of 500,000 population would result in 125,000 infections and nearly 95,000 deaths.  A report by the U.S. Congressional Office of Technology Assessment estimated between 130,000 and 3 million deaths following aerosolized release of 100 kg of anthrax spores upwind of Washington, D.C..  

The Biological Weapons Convention:  In 1972, the U.S., the United Kingdom, and the U.S.S.R. signed the Convention on the Prohibition of the Development, Production, and Stockpiling of Bacteriological (Biological) and Toxin Weapons and on Their Destruction.  This treaty prohibits research, development, and stockpiling of biological agents for offensive military purposes.  Although this biological weapons treaty has since been ratified by more than 140 countries, biological warfare research and the development of biological weapons continued in many countries, including the U.S.S.R and Iraq.

U.S. bioweapons Program:  The U.S. began research on offensive bioweapons in 1943 at Camp Detrick (now Fort Detrick) in Frederick, Maryland.  In the 1960s, to assess the risk of covert biological attacks, the army conducted large-scale covert tests at various civilian sites (e.g., National Airport and Greyhound Terminal in Washington, D.C., and the New York City subway) using the anthrax simulant Bacillus globigii.  The U.S. bioweapons program, which included development of weaponized anthrax, was terminated in 1969 following an Executive Order by President Richard Nixon.  All stockpiles of biological agents were destroyed by May 1972.  There is no evidence that these U.S. weapons were ever deployed.


Soviet bioweapons program: The Soviet bioweapons program began before World War II under the auspices of Biopreparat, their bioweapons agency.   This program continued until the 1990s, despite the Biological Weapons Convention.  By the 1980s Biopreparat could produce thousands of tons of weaponized anthrax annually.  Biopreparat also developed antibiotic-resistent anthrax using recombinant DNA techniques.  

In April 1979, accidental release of anthrax spores occurred at a military bioweapons factory (Military Compound 19) in Sverdlovsk in the former Soviet Union (now Yekaterinburg, Russia).  This resulted in at least 66 human deaths (among the 77 patients identified) in a narrow zone up to 4 kilometers downwind from the facility, as well as outbreaks of anthrax in livestock up to 50 kilometers downwind.  Although the Soviet Ministry of Health initially blamed the deaths on cutaneous and gastrointestinal anthrax occurring from consumption of contaminated meat, this scenario was doubted by military sources in the West.   In 1992, Russian President Boris Yeltsin confirmed that this outbreak was a result of “military developments”, and clinical and epidemiologic studies documented inhalational anthrax from a mixture of different Bacillus anthracis strains as the cause.


Iraq bioweapons program:  In 1991, in the aftermath of the Gulf War, Iraq acknowledged to the United Nations Special Commission Team 7 that it had conducted biological weapons research on a number of agents, including Bacillus anthracis.  Further details were uncovered in 1995.  Iraq had extensive research facilities at multiple sites, including Salman Park on the Tigris River.  Iraq conducted field trials with Bacillus subtilis (an anthrax simulant) and various biowarfare agents using various delivery systems, including rockets, aerial bombs, sprayers attached to helicopters, and possibly unmanned drones.  To reduce particle size in order to maximize the delivered dose of anthrax, Iraq used sequential filters in an arrangement reportedly similar to that used at Camp Detrick in the 1950s.  Iraq produced 8500 liters of concentrated anthrax, of which 6500 liters were placed into R400 bombs, Al Hussein (SCUD) warheads, and other devices.  

Bioterrorism:  Because of the complexities of development and dispersal of an anthrax bioweapon, it had been anticipated that small-scale sabotage or attempts at personal murder were more likely than large-scale attempts at inflicting mass casualties with anthrax, and that crude dispersal in a close area was the most likely mode of attack.  In the recent U.S. outbreak of anthrax acquired through intentional contamination of mail (so-called “Trojan-horse correspondence”), most cases were in media employees or visitors to media companies, employees working for public officials, and mail handlers, but several cases in low-profile citizens remain unexplained. 

Clinical manifestations:  There are three principal clinical forms of anthrax: cutaneous, gastrointestinal, and inhalational.


Cutaneous anthrax is the predominant clinical form in naturally acquired anthrax.  Cutaneous anthrax typically develops from 2 to 12 days after endospores are introduced into minor skin abrasions.  Pruritic, erythematous papules from 1 to 2 cm in size progress to a vesicle or vesicles containing serosanguinous fluid and then evolve to a painless necrotic ulcer with a black eschar, associated with progressive regional edema and lymphadenitis.  


Gastrointestinal anthrax occurs from 2 to 7 days following ingestion of large numbers of anthrax endospores, usually associated with eating undercooked contaminated meat.  Initial symptoms may include fever, anorexia, nausea, vomiting, abdominal pain, bloody diarrhea, and sometimes ascites.  Toxins destroy the mesenteric lymph nodes and the blood supply to the small bowel, producing bowel ischemia, peritonitis, and septicemia.  


Inhalational anthrax typically develops from 2 to 10 days of respiratory exposure to aerosolized anthrax endospores, but cases may present up to 6 or 7 weeks after exposure.  Initial symptoms usually resemble a viral respiratory illness and may include fever, chills, diaphoresis, headache, myalgias, dyspnea, sore throat, cough (usually non-productive), a feeling of heaviness in the chest, pleuritic pain, malaise, and weakness.  Some may present with symptoms suggestive of a gastroenteritis or cholecystitis, with nausea, vomiting, diarrhea, and abdominal pain before developing more serious respiratory symptoms.  Some may present with chest pain of sufficient acuteness and severity to suggest myocardial infarction.  Apparent clinical improvement over several days may be followed by abrupt worsening, with severe respiratory distress, septic shock, and death within 36 hours.  About half ultimately develop hemorrhagic meningitis.  Physical findings are usually nonspecific.  


Meningoencephalitis may develop with any clinical type of anthrax, including cutaneous, gastrointestinal, mixed gastrointestinal and cutaneous, and inhalational.   Meningitis is most common among cases of inhalational anthrax, where it may occur in up to half of cases; however, among the 10 cases of confirmed or suspect inhalational anthrax as of late November 2001 in the bioterrorist outbreak in the U.S., only the index case had reported meningitis.  Meningitis develops in 5% or fewer of cases of cutaneous anthrax; however, most cases of anthrax meningitis develop from cutaneous anthrax, because the vast majority of naturally acquired cases of anthrax are cutaneous.  Meningitis may occur rarely without a clinically apparent primary focus.  

Anthrax meningoencephalitis generally presents with fever, headache, vomiting, and confusion or agitation, but there may be as well symptoms related to the source of infection (e.g., cutaneous, gastrointestinal, or inhalational).  Many patients present in extremis following a prodromal period of 1 to 6 days, and 2/3 die within 24 hours of admission.  Clinical signs on presentation frequently include fever (39.5-41 C), malaise, meningeal signs, hyperreflexia often with bilateral Babinski signs, and delirium or stupor.  Other clinical findings may include focal or generalized seizures, myoclonus, fasciculations, generalized rigidity possibly progressing to trismus and opisthotonos, lateralizing signs including unilateral fixed and dilated pupil with contralateral hemiplegia, and decerebrate posturing.  Pathologic findings include hemorrhagic meningitis, with extensive edema, inflammatory infiltrates, and numerous gram-positive rods.  The extensive hemorrhage of the leptomeninges gives them a dark red appearance on gross examination at autopsy, a finding referred to as a “cardinal’s cap”.  

Pathophysiology:  Following inhalation, anthrax spores are phagocytized by alveolar macrophages where they germinate.  The bacteria are transported to tracheobronchial lymph nodes, where local toxin production causes a necrotizing edematous lymphadenitis, progressing to mediastinitis and pulmonary edema, possibly with a bloody pleural effusion.  About half of the cases of inhalational anthrax develop a concurrent hemorrhagic meningoencephalitis with bloody, purulent spinal fluid.  Septicemia, toxic shock, and death rapidly follow in less than 48 hours.


Bacterial toxins have long been felt to play a major role in clinical anthrax, because many effects of Bacillus anthracis cannot be attributed to microscopically evident tissue changes.  By the time that clinical symptoms appear, deadly toxins are produced and it may be too late for antibiotics to alter the outcome.  Full virulence of Bacillus anthracis requires an antiphagocytic capsule and 3 toxin proteins: protective antigen, edema factor, and lethal factor.  Protective antigen serves as an essential carrier molecule for edema factor and lethal factor, and enables penetration of the toxins into cells.  Edema factor is a calmodulin-dependent adenylate cyclase that combines with protective antigen to form edema toxin; edema toxin acts to increase cyclic AMP and produce local edema and impair neutrophil function.  Lethal factor is a zinc metallopretease that combines with protective antigen form lethal toxin; lethal toxin stimulates macrophages to release large quantities of pro-inflammatory cytokine molecules (i.e., tumor necrosis factor α and interleukin-1β), resulting in shock.  Among other actions, these toxins collectively depress cerebral cortical electrical activity, depress central respiratory center activity, cause bleeding and destruction of the brain and vital organs in the chest, and induce cardiovascular collapse.  

Epidemiology:  Anthrax is endemic in sheep, cattle, goats, and horses in a number of countries, particularly in Africa, Asia, and the Middle East.  Spores can remain dormant in some types of soil for many decades.  Animals acquire spores through direct contact with contaminated soil.  Humans may become infected by contact with, ingestion, or inhalation or spores from infected animals or their products (e.g., wool).  Cutaneous anthrax most commonly results when spores from contaminated animal products enter breaks in the skin, whereas “woolsorter’s disease” is an occupational inhalation anthrax infection acquired by wool mill workers.  Human-to-human transmission of anthrax has not been documented.  

Naturally acquired anthrax is rarely found in most developed countries because of vaccines for animals and at-risk people. There has been a dramatic reduction in livestock and human cases of anthrax in the U.S. since 1900, in part as a result of livestock and at-risk human immunization, proper disposal of infected animals, and restriction of imported wool, hides, and other products.  There were only 18 cases of naturally acquired inhalational anthrax over the last century, with most occurring in special occupational risk groups.  

Prevention:  Vaccination of livestock in endemic areas is the most effective method of preventing naturally-acquired anthrax in animals and people.  Management of anthrax in livestock includes quarantine of the herd, removal of the herd from contaminated pastures, vaccination of livestock, treatment of affected livestock, and incineration and then burial of infected carcasses, bedding, and other material found around the carcasses.

Bioterrorism:  Prevention of anthrax in civilians as a result of bioterrorist activity is limited to prevention of exposure and post-exposure prophylaxis (post-exposure prophylaxis is considered under management).  In military personnel and selected at-risk populations, prevention also includes vaccination.  Although previous CDC guidance indicated that anthrax vaccine can be requested through the CDC, such vaccine has apparently not been provided to civilians during the 2001 U.S. bioterrorist outbreak.  

Mail transmission:  Some characteristics of suspicious packages and letters include the following: excessive postage; excessive weight; a lopsided or uneven envelope; excessive packaging material (e.g., tape or string); strange return address or no return address; city or state postmark not matching the return address; restrictive statements (e.g., “personal” or “confidential”); incorrect position titles or a title without a name in the address; misspellings of common words; oily stains, discoloration, or odor.   Terrorists have become aware of such warnings, however, and have modified their tactics: the initial anthrax-contaminated letters sent on or around September 18, 2001 did not have a return address, but the letter sent to Senator Tom Daschle on October 9 did have a return address, as did a later contaminated letter sent to Senator Patrick Leahy.

Suspicious letters or packages should not be shaken, opened, carried, or shown to others.  If a letter or package is opened and a substance is visible or has spilled out, no attempts should be made to clean it up, and other individuals in the area should not be called over to inspect the material; instead, the package should be gently put down and covered with anything available, the 911 system should be activated, the room should be vacated, other individuals should be kept away from the area, anyone who touched the package or its contents should wash their hands with soap and water, and if possible the ventilation system should be shut off.  Some earlier recommendations and practice (prior to the 2001 U.S. bioterrorist outbreak) included cutaneous decontamination with sodium hypochlorite solutions, particularly in prehospital settings, but sodium hypochlorite is not recommended for decontamination of human skin.  It seems reasonable to remove and discard clothing and shower with soap and water, although this recommendation has not been included in some recent CDC guidance.  A list of people in the room and a list of people who may have handled the package or letter should be generated and provided to local public health authorities and law enforcement officials.  Persons with exposure or contact with either an item or an environment known, or suspected, to be contaminated with Bacillus anthracis should be started on antimicrobial prophylaxis, regardless of test results. 

High-speed mail sorting machines can force highly-refined anthrax spores through sealed envelopes, resulting in exposures to postal employees.  Preliminary recommendations from the CDC for reducing the risk of acquired anthrax in mail handlers include use of personal protective devices (e.g., impermeable gloves, long-sleeved clothing and long pants, and use of respirators for persons working near machinery that may aerosolize particles), administrative controls (e.g., limiting the number of individuals entering or working around areas where aerosolized particles may be generated), housekeeping controls (e.g., avoiding dry sweeping, using HEPA-equiped vacuum cleaners), and engineering controls (e.g., placing exhaust hoods over mail-sorting machines, and equipping postal facility ventilation systems with HEPA filters).  The U.S. Postal Service is also acquiring electron-beam purification systems for eight major mail processing centers.  

Vaccination:  A cell-free, non-infectious anthrax vaccine prepared from a noncapsulating, nonproteolytic anthrax strain was licensed by the FDA in 1970 for soldiers, at-risk scientists and laboratory workers (i.e., those working with anthrax), at-risk veterinarians and livestock handlers, and at-risk wool mill workers.  The vaccine contains protective antigen.  It requires a series of six 0.5 ml injections at 0, 2, and 4 weeks and then 6, 12, and 18 months, followed by annual boosters for persons with continuing potential exposure risk.  The Department of Defense Anthrax Vaccine Immunization Program, announced in 1997 and instituted in 1998, administered 1.4 million doses of the vaccine to nearly 400,000 servicemen between March 1998 and January 2000.  Bioport Corporation of Lansing, Michigan is presently the sole manufacturer of the vaccine, and it suspended production in 2000 after failing several FDA inspections.  The vaccine is associated with frequent local reactions, but only rare serious side effects sufficient to require hospitalization (approximately once per 200,000 doses).  

A re-evaluation of the current anthrax vaccine policy is likely in the U.S. in light of recent cases and exposures: in particular, law officers, probable first responders to bioterrorism, laboratory workers, decontamination workers, and mailhandlers may be considered for anthrax vaccination.  The U.S. is also currently exploring overseas sources of anthrax vaccine in the event that production problems cannot be resolved at Bioport.  In addition to the U.S., three countries are known to produce a human anthrax vaccine: Britain, China, and Russia.  Britain and China have vaccines derived from toxins filtered from a bacterial culture, while Russia’s involves inoculation of live spores of a weakened strain of anthrax originally developed for livestock vaccines in the 1930’s.  At least a dozen countries manufacture anthrax vaccines for livestock, which are similar to the Russian vaccine for people.  A new vaccine, based on highly-purified, genetically-engineered protective factor administered with a modern adjuvant is currently in development but is not expected to be available for a decade in the U.S..  

Differential diagnosis:  A high index of suspicion is essential for prompt diagnosis of inhalational anthrax, especially in identified or likely at-risk groups (i.e., employees of public figures, media employees, mailhandlers, and those with known or likely exposure).  Inhalational anthrax does not typically cause nasal congestion, rhinorrhea, or sore throat like the common cold or most other influenza-like respiratory viruses, although it can.  Early cases of inhalational anthrax may resemble viral respiratory illness, or in some cases gastroenteritis.  In the only twentieth-century outbreak of inhalational anthrax in the U.S., which occurred in a textile mill in 1957, clinical diagnoses among the 4 (of 5) cases in which a diagnosis was listed included influenza (2), a severe cold or possible bronchitis (1), and possible cholecystitis (1).  In the Sverdlovsk outbreak in the USSR in 1979, cases of inhalational anthrax were most commonly felt to be cases of pneumonia, but in some cases severe chest pain resulting from hemorrhagic thoracic lymphadenitis and mediastinitis resulted in clinical diagnoses of myocardial infarction.  Other possible considerations in the differential diagnosis of inhalational anthrax include viral pneumonia, mycoplasma pneumonia, Legionaire’s disease, histoplasmosis, coccidiodomycosis, psittacosis, tularemia, and Q fever.  Both tularemia and anthrax may produce similar mediastinal lymphadenopathy.

Cutaneous anthrax has been confused with a brown recluse spider bite, and may also be confused with staphylococcal or streptococcal furuncles, ecthyma gangrenosum, cutaneous tuberculosis, ulceroglandular tularemia, plague, and other skin infections.  

Gastrointestinal anthrax must be differentiated from other causes of acute abdomen, including peritonitis, acute gastroenteritis, mechanical obstruction, peptic or duodenal ulcer, typhoid fever, and tularemia.


The differential diagnosis of anthrax meningoencephalitis includes subarachnoid and intracerebral hemorrhage, non-anthrax bacterial or aseptic meningitis, herpes simplex virus encephalitis, other forms of infectious meningoencephalitis in immunocompromised individuals, and cerebral malaria.  Listeria monocytogenes is the only common gram-positive rod causing meningitis, and it does not produce a hemorrhagic meningitis and is rarely seen on gram stain.  

Diagnostic workup:  Treatment should not be delayed pending a diagnostic workup for possible anthrax as no rapid screening test is available to diagnose inhalational anthrax in the early stages.  Rapid tests to detect conditions with similar clinical presentations (e.g., group A beta-hemolytic streptococcal infections, influenza infections, and respiratory synsychial virus infections in infants) have been encouraged.  White blood cell counts may be elevated with anthrax, but are generally normal (or possibly low) with influenza and other respiratory viral infections.  Gram stain and culture of blood, CSF, or pleural fluid can establish the diagnosis of anthrax, but these are late clinical findings.  Sputum gram stain is not often positive.  Enzyme-linked immunosorbent assay (ELISA), immunohistology, serum serology (with sequential blood samples at least a week apart), and polymerase chain reaction demonstration of Bacillus anthracis DNA can be used to confirm the diagnosis, but are of little help clinically, as these typically must be performed at a reference laboratory and the results are generally not available in time to affect the clinical outcome.  Nasal swabs can help establish exposure, but anthrax spores are rapidly cleared so an exposed person may have a negative swab; nasal swabs are not indicated to diagnose anthrax, to determine risk of exposure and need for antimicrobial prophylaxis, or to determine when antimicrobial prophylaxis may be stopped.  With inhalational anthrax, a chest x-ray may demonstrate hilar or mediastinal adenopathy, a widened mediastinum, pleural effusions, or infiltrates.  Anthrax should be diagnosed if a chest x-ray demonstrates a widened mediastinum in the setting of fever and other constitutional symptoms, in the absence of another obvious cause (e.g., severe blunt chest trauma or post-surgical infection).

Meningitis:  Hemorrhagic meningitis should raise strong suspicion of anthrax infection.  In the index case in the 2001 U.S. bioterrorist outbreak, the initial diagnosis was made from CSF.  CSF findings that are fairly consistent across reported cases.  CSF in anthrax may appear cloudy, with yellowish or pinkish coloration, or may be grossly bloody; evolution across this spectrum has been reported in serial lumbar punctures in an individual patient.  The supernatant is frequently xanthochromic.  Opening pressure may be normal or increased (300 to 500 mm of CSF).   Hypoglycorrhachia is common with CSF glucose frequently from 20 to 40 mg/dl.  CSF protein is generally elevated, with initial CSF protein values from 120 to 1150 mg/dl (median 400 mg/dl) and with maximum reported values of 1333 mg/dl.  CSF is frequently hemorrhagic, but early there may be no red cells; the range of red cell concentration on initial lumbar puncture is from 0 to 1375 cells per cubic mm (median 400) with maximum reported values as high as 120,000 cells per cubic mm.  There is a polymorphonuclear CSF pleocytosis with a range of 560 to 4750 white cells per cubic mm on initial lumbar puncture (median 2500) and with maximum reported values as high as 58,000; the percentage of polymorphonuclear cells ranges from 67% to 95% (median 81%).  CSF cultures are usually positive, but CSF may be sterile after several days of antibiotics.  Gram stain generally shows numerous polymorphonuclear leukocytes, and many large gram positive rods, either singly or in short or long chains; indeed, virtually all case reports of anthrax meningitis that give gram stain results report these findings.  Serial lumbar punctures may document an evolution from cloudy to grossly bloody CSF, with increasing protein concentration, numbers of red cells and polymorphonuclear leukocytes, and proportion of polymorphonuclear leukocytes among white cells.


Other laboratory findings in patients with anthrax meningoencephalitis include elevated white blood cell counts (up to 80,000) with a left shift, positive blood cultures in approximately 75%, positive skin biopsy cultures in patients with skin lesions, and frequently abnormal chest x-rays in patients with respiratory symptoms.


Electroencephalogram results have rarely been reported, even though seizures are fairly common.  In part, this reflects the moribund state of most of these patients.  In one patient with reported myoclonus and fasciculations, EEG showed disorganized, low-amplitude, slow waves (1 to 7 Hz).


Computed tomography or magnetic resonance imaging of the head in patients with anthrax meningoencephalitis may demonstrate focal intracerebral hemorrhage, subarachnoid hemorrhage, intraventricular hemorrhage, diffuse cerebral edema, and prominent leptomeningeal enhancement.  Parenchymal cerebral enhancement has not been reported.  Findings may progress rapidly on serial brain imaging studies.

Prognosis and complications:  Untreated, the case fatality from cutaneous anthrax is about 20-30%, compared to 25-60% with gastrointestinal anthrax, and nearly 100% with inhalational anthrax.  With treatment, mortality is less than 1%  with cutaneous anthrax, whereas mortality remains high, even with aggressive treatment, with gastrointestinal or inhalational anthrax.  Inhalational anthrax was generally thought to be fatal in from 80% to over 90% of cases, but the mortality in the recent U.S. outbreak has been much better than anticipated (approximately 60% as of mid-November 2001) with the use of aggressive treatment and intensive care unit support, including mechanical ventilation and dialysis as necessary.  

Anthrax meningoencephalitis is usually rapidly fatal with roughly 2/3 of affected patients dying within 24 hours of presentation, although there are at least 8 reported survivals following anthrax meningoencephalitis.  There is limited information on long-term outcomes among the few survivors, but several cases were reported to have fully recovered.  

Management:  Naturally occurring Bacillus anthracis is generally susceptible to many antibiotics, including ciprofloxacin and other fluoroquinolones (e.g., levofloxacin, ofloxacin, gatifloxacin), doxycycline and other tetracyclines, penicillins (including penicillin G, amoxicillin, and extended-spectrum penicillins), macrolides (including erythromycin, clarithromycin, and azithromycin), rifampin, vancomycin, aminoglycosides, imipenum, clindamycin, chloramphenicol, cefazolin and other first-generation cephalosporins.  It is not susceptible to aztreonam, trimethoprim-sulfamethoxalole, or third-generation cephalosporins.  Naturally occurring penicillin resistance is rare, and tetracycline resistance has only been reported in genetically engineered strains.  Fluoroquinolone resistance has not been reported.

Postexposure prophylaxis of inhalational anthrax:  For postexposure prophylaxis of inhalational anthrax following intentional exposure to Bacillus anthracis, the CDC recommends initial treatment with ciprofloxacin or doxycycline until antibiotic susceptibility is determined, with total therapy for 60 days.  Dosing of ciprofloxacin for prophylaxis in adults is 500 mg orally twice a day and in children is 10-15 mg/kg orally every 12 hours (not to exceed 1 gram per day).  Ciprofloxacin is the drug of choice in pregnant women.  Dosing of doxycycline in adults (and children older than 8 years and weighing more than 45 kg) is 100 mg orally twice a day, whereas in children 8 years or age or younger or in children weighing 45 kg or less dosing is 2.2 mg/kg orally every 12 hours.   When penicillin susceptibility of the responsible organism has been confirmed, prophylactic therapy for children should be changed to amoxicillin 80mg/kg per day, administered orally in 3 divided doses every 8 hours (not to exceed 500 mg three times daily).  Aztreonam, trimethoprim-sulfamethoxalole, or third-generation cephalosporins should not be used.  If exposure to Bacillus anthracis is confirmed and anthrax vaccine is available (e.g., military personnel), 3 doses of the vaccine should be administered at 0, 2, and 4 weeks, and antibiotics should be continued throughout the 4-week period, otherwise antibiotics should be continued for 60 days.  

Treatment of inhalational anthrax:  There are no controlled trials in humans of potential treatments for inhalational anthrax.  Based on studies in non-human primates, other animal and in vitro data, and limited clinical experience in people, intravenous ciprofloxacin or doxycycline should be included as essential components of initial therapy until antimicrobial susceptibility is established.  Ciprofloxacin is the drug of choice in pregnant women.  Because of the high mortality associated with inhalational anthrax, and because both ciprofloxacin and doxycycline have poor penetration into the central nervous system, the CDC now recommends combination therapy with at least two drugs predicted to be effective.  Thus, initial therapy for inhalational (or gastrointestinal or oropharyngeal) anthrax should include ciprofloxacin or doxycycline and one or two additional antibiotics with in vitro activity against Bacillus anthracis (e.g., ciprofloxacin, rifampin, and vancomycin; ciprofloxacin, rifampin, and clindamycin; etc.).  Initial dosing of ciprofloxacin in adults is 400 mg intravenously every 12 hours, whereas in children dosing is 10-15 mg/kg every 12 hours (not to exceed 1 gm/d).  Initial dosing of doxycycline in adults (or children over 8 years of age and over 45 kg in weight) is 100 mg intravenously every 12 hours, whereas in younger or smaller children dosing is 2.2 mg/kg intravenously every 12 hours.  Initial therapy may be altered based on the clinical course and antimicrobial susceptibility; one or two antibiotics administered orally (e.g., ciprofloxacin or doxycycline) may be sufficient if the patient improves.  Because of the presence of constitutive or inducible beta-lactamases in Bacillus anthracis isolates from the recent U.S. outbreak, penicillin alone (e.g., penicillin G or amoxicillin) is not recommended as therapy.  Aztreonam, trimethoprim-sulfamethoxalole, or third-generation cephalosporins should not be used.    Corticosteroids should be considered as adjunctive therapy for inhalational anthrax associated with either extensive edema, respiratory compromise, or meningitis.  If anthrax vaccine is available (e.g., military personnel), 3 doses of the vaccine should be administered at 0, 2, and 4 weeks, and antibiotics should be continued throughout the 4-week period, otherwise antibiotics should be continued for 60 days.  Although previous CDC guidance indicated that anthrax vaccine can be requested through the CDC, such vaccine has apparently not been provided to civilians during the 2001 U.S. bioterrorist outbreak.  Because the disease is not spread by respiratory secretions, standard precautions are adequate.

Treatment of cutaneous anthrax:  For cutaneous anthrax, ciprofloxacin and doxycycline are also first-line agents, but, in contrast to inhalational or gastrointestinal anthrax, generally oral administration of antibiotics is adequate.  Intravenous therapy with a multidrug regimen is recommended for cutaneous anthrax with extensive edema, lesions of the head or neck, or evidence of systemic involvement.  Corticosteroids should also be considered as adjunctive therapy for cutaneous anthrax associated with extensive edema of the head and neck region.  Although cutaneous anthrax has generally been treated with antibiotics for 7 to 10 days, cases occurring as part of the recent bioterrorism attack in the U.S. should be treated for 60 days, because the risk of simultaneous aerosol exposure is high.

Treatment of anthrax meningoencephalitis:  There are no specific guidelines available on the management of anthrax meningoencephalitis.  In the last 40 years, only two cases of survival following anthrax meningoencephalitis have been reported.  An 8-year-old boy was initially treated with sulfonamide, chloramphenicol, and penicillin until the organism was identified at which time the patient was switched to intravenous penicillin and corticosteroids.  In addition, a 6-year-old boy treated with intravenous penicillin plus intramuscular streptomycin (but without corticosteroids) survived; however, his 2-year-old sister, who was treated with the same regimen, died.  Although antitoxin was utilized early in the 20th century to treat anthrax meningitis with some success either alone or in combination with penicillin, it is not presently available.  

Because both ciprofloxacin and doxycycline penetrate poorly into the CSF in patients with meningitis, it is important to treat anthrax meningoencephalitis with a poly-drug antibiotic regimen, utilizing additional agents that have good CSF penetration in meningitis and that provide good antibacterial coverage for Bacillus anthracis.  Possible additional antibiotics include intravenous vancomycin, rifampin, ampicillin combined with the beta-lactamase inhibitor sulbactam sodium, penicillin G, and chloramphenicol, and aminoglycosides.  Vancomycin plus rifampin would be a reasonable choice for addition to ciprofloxacin or doxycyline in the initial treatment of anthrax meningoencephalitis.  Because of concerns about beta-lactamase activity in some anthrax strains (and expectations that this may be likely with bioengineered bioweapons agents), ampicillin (even combined with sulbactam) and penicillin G may not be the best choice for initial therapy of anthrax meningoencephalitis prior to antibiotic sensitivity results from culture. 

Corticosteroids have been recommended as an adjunct to treatment of meningitis in children, and are thought to reduce neurophil migration across the blood-CSF barrier, decrease neutrophil lysosome release in the subarachnoid space, and facilitate reconstitution of the blood-CSF barrier.  Use of corticosteroids in adults with meningitis is controversial and often contraindicated, but steroids have been recommended for consideration as adjunctive agents without any age restriction in anthrax meningitis; nevertheless, they should generally be avoided if the antibiotic regimen includes vancomycin, because CSF vancomycin levels may be decreased by corticosteroids.  


In addition to antibiotic management, patients with anthrax meningoencephalitis may require aggressive intensive care unit care, including respiratory support and dialysis.  Seizures, increased intracranial pressure, subarachnoid and intracerebral hemorrhage, electrolyte disturbances, hypotension, shock, disseminated intravascular coagulation, and other complications may all require targeted management.


Adverse effects of treatment:  All of the recommended antibiotic agents for post-exposure prophylaxis or treatment of anthrax may be associated with allergic reactions, and all are likely to cause side effects when administered for 60 days, although the penicillins are likely to be the best tolerated.  Fluoroquinolones, including ciprofloxacin, can cause a number of side effects including nausea, vomiting, abdominal pain, diarrhea, anorexia, dizziness, headache, insomnia, mood changes, tremor, restlessness, confusion, and rarely psychosis, hallucinations, seizures, and Achilles tendon rupture; in children, they may cause permanent cartilage damage and arthropathy.  Tetracyclines, including doxycycline, frequently cause gastrointestinal disturbances, can cause photosensitivity reactions, and may cause staining and deformity of the teeth in children up to 8 years of age or when administered in utero after the fourth month of pregnancy.  In pregnant women, doxycycline should be reserved for cases where there are clear contraindications to other appropriate antimicrobial drugs.  Amoxycillin can cause diarrhea.  In a small survey of 490 persons taking post-exposure prophylaxis antibiotics in Florida, approximately 20% reported adverse events attributed to the antibiotics after only 1 to 2 weeks, including symptoms of itching , breathing problems, and swelling of the face, neck, or throat.  Vancomycin requires dosage adjustment and close monitoring in patients with renal failure.  

Selected references:

Abramova FA, Grinberg LM, Tampolskaya OV, Walker DH.  Pathology of inhalational anthrax in 42 cases from the Sverdlovsk outbreak of 1979.  Proc Natl Acad Sci U S A 1993;90:2291-2294.

Albrink WS, Brooks SM, Biron RE, Kopel M.  Human inhalation anthrax: a report of three fatal cases.  Am J Pathol 1960;36:457-468.

Bonventure PF, Sueoka W, True CW, Klein F, Lincoln R.  Attempts to implicate the central nervous system as a primary site of action for Bacillus anthracis lethal toxin.  Fed Proc 1967;26:1549-1553.

Brachman PS.  Human anthrax in the United States.  Antimicrobial Agents Chemother 1965;5:111-114.

Brachman PS.  Inhalation anthrax.  Ann NY Acad Sci 1980;353:83-93.

Brachman PS, Kaufmann AF, Dalldorf FG.  Industrial inhalation anthrax.  Bacteriol Rev 1966;30:646-659.

Brachman PS, Plotkin SA, Bumford FH, Atchison MM.  An epidemic of inhalation anthrax: the first in the twentieth century: II. epidemiology.  Am J Hyg 1960;72:6-23.

Bush LM, Abrams BH, Beall A, Johnson CC.  Index case of fatal inhalational anthrax due to bioterrorism in the United States.  N Engl J Med 2001;345:1607-1610.

Centers for Disease Control.  Bioterrorism alleging use of anthrax and interim guidelines for management – United States, 1998.  MMWR Morbid Mortal Wkly Rep 1999;48:69-74.

Centers for Disease Control.  CDC Health Advisory: how to handle anthrax and other biological agent threats.  October 12, 2001.  CDC 2001.  [http://www.bt.cdc.gov/DocumentsApp/Anthrax/10122001Handle/10122001Handle.asp]

Centers for Disease Control.  Investigation of anthrax associated with intentional exposure and interim public health guidelines, October 2001.  MMWR 2001;50:889-893.

Centers for Disease Control.  Update: investigation of bioterrorism-related anthrax and interim guidelines for exposure management and antimicrobial therapy, October 2001.  MMWR 2001;50:909-919.

Centers for Disease Control.  CDC health advisory: CDC interim recommendations for protecting workers from exposure to Bacillus anthracis in work sites where mail is handled or processed.  October 31, 2001.  CDC 2001.

[http://www.bt.cdc.gov/DocumentsApp/Anthrax/10312001/han51.asp]

Centers for Disease Control.  Investigation of bioterrorism-related anthrax and interim guidelines for clinical evaluation of persons with possible anthrax.  MMWR 2001;50:941-948.

Centers for Disease Control.  Updated recommendations for antimicrobial prophylaxis among asymptomatic pregnant women after exposure to Bacillus anthracis.  MMWR 2001;50:960.

Centers for Disease Control.  Interim recommendations for protecting workers from exposure to Bacillus anthracis in work sites in which mail is handled or processed.  MMWR 2001;50:961.

Centers for Disease Control.  Investigation of bioterrorism-related anthrax and adverse events from antimicrobial prophylaxis.  MMWR 2001;50:973-976.

Centers for Disease Control.  Considerations for distinguishing influenza-like illness from inhalational anthrax.  MMWR 2001;50:984-986.

Centers for Disease Control.  Interim guidelines for investigation of and response to Bacillus anthracis exposures.  MMWR 2001;50:987-990.

Compton B, Stewart-Craig E, Doak M (eds).  SBCCOM domestic preparedness training program: hospital provider course: instructor guide.  Version 8.0.  U.S. Army Edgewood Research, Development and Engineering Center, 1999.

Dixon TC, Meselson M, Guillemin J, Hanna PC.  Anthrax.  N Engl J Med 1999;341:815-826.

Domímguez E, Bustos C, García M, Recio S.  Anthrax meningoencephalitis: radiologic findings.  Am J Roentgenol 1997;169:317.

Dutz W, Kohout E.  Anthrax.  Pathol Annu 1971;6:2009-248.

Eitzen E Jr., Takafuji ET.  Historical overview of biological warfare.  In, Sidell FR, Takafuji ET, Franz DR (eds.).  Textbook of military medicine: medical aspects of chemical and biological warfare.  Washington, D.C.: Office of the Surgeon General, 1997:415-436.

Friedlander AM.  Anthrax.  In, Sidell FR, Takafuji ET, Franz DR (eds.).  Textbook of military medicine: medical aspects of chemical and biological warfare.  Washington, D.C.: Office of the Surgeon General, 1997:467-478.

Fritz DL, Jaax NK, Lawrence WB, Davis KJ, Pitt MLM, Ezzell JW, Friedlander AM.  Pathology of experimental inhalation anthrax in the rhesus monkey.  Lab Invest 1995;73:691-702.

Garcia AG, Jiminez RR.  Bacillus anthracis meningitis.  N Engl J Med 1999;341:814.

Gleiser CA, Berdjis CC, Hartman HA, Gochenour WS.  Pathology of experimental repiratory anthrax in Macaca Mulatta.  Br J Exp Pathol 1963;44:416-423.

Haight  TH.  Anthrax meningitis: review of literature and report of two cases with autopsies.  Am J Med Sci 1952;224:57-69.

Inglesby TV, Henderson DA, Bartlett JG, Ascher MS, et al.  Anthrax as a biological weapon: medical and public health management.  JAMA 1999;281:1735-1745.

Jackson PJ, Hugh-Jones ME, Adair DM, Green G, et al.  PCR analysis of tissue samples from the 1979 Sverdlovsk anthrax victims: the presence of multiple Bacillus anthracis strains in different victims.  Proc Natl Acad Sci U S A 1998;95:1224-1229.

Klein F, Lincoln RE, Dobbs JP, Mahlandt BG, Remmele NS, Walker JS.  Neurological and physiological responses of the primate to anthrax infection.  J Infect Dise 1968;118:97-103.

Lanska DJ.  Anthrax meningoencephalitis.  Neurology 2002;59:327-334.  [See also editorial pgs 300-301]

Meselson M, Guillemin J, Hugh-Jones M, Langmuir A, et al.  The Sverdlovsk anthrax outbreak of 1979.  Science 1994;266:1202-1208.

Office of Technology Assessment, U.S. Congress.  Proliferations of weapons of mass destruction.  Pub. OTA-ISC-559.  Washington, D.C.: U.G. Government Printing Office, 1993:53-55.

Paica J.  Anthrax outbreak in Soviet Union due to natural causes?  Nature 1988;332:674.

Plotkin SA, Brachman PS, Utell M, Bumford FH, Atchison MM.  An epidemic of inhalation anthrax, the first in the twentieth century: I. clinical features.  Am J Med 1960;29:992-1001.

Smart JK.  History of chemical and biological warfare: an American perspective.  In, Sidell FR, Takafuji ET, Franz DR (eds.).  Textbook of military medicine: medical aspects of chemical and biological warfare.  Washington, D.C.: Office of the Surgeon General, 1997:9-86.

Swartz MN.  Recognition and management of anthrax – an update.  N Engl J Med 2001;345:1621-1626.

U.S. Army Medical Research Institute of Infectious Diseases.  Medical management of biological casualties handbook.  Fourth edition.  2001.

[http://www.nbc-med.org/SiteContent/HomePage/WhatsNew/MedManual/Feb01/handbook.htm]

U.S. Department of Defense.  Surveillance for adverse events associated with anthrax vaccination – U.S. Department of Defense, 1998-2000.  MMWR 2000;49:341-345.

