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Bacillus Anthracis as an Agent of Bioterrorism
A Review Emphasizing Surgical Treatment
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Objective

To familiarize surgeons with the specific complications of cu-
taneous, gastrointestinal, inhalation, and systemic infection
with Bacillus Anthracis, which may require surgical treatment.

Summary Background Data

The recent cases of intentional exposure to Bacillus Anthracis
in the United States make familiarity with the basic microbiol-
ogy, clinical manifestations, diagnosis, treatment, and control
of this disease essential if mortality and morbidity is to be min-
imized, particularly following mass exposure. Although the
treatment of Bacillus Anthracis infection is primarily medical,
there are specific surgical complications with which the sur-
geon should be familiar.

Methods

A review of the literature was undertaken, utilizing electronic
databases on infection with Bacillus Anthracis, as well as con-
sultation with experts in this field. Emphasis was placed on
the diagnosis and treatment of complications of infection that
might require surgical intervention.

Results
Cutaneous anthrax infection results in eschar formation and
massive soft tissue edema. When involving the extremities,

increased compartment pressure requiring fasciotomy may
result. Primary infection of the gastrointestinal tract may result
in oropharyngeal edema and respiratory compromise requir-
ing a surgical airway. Direct involvement of the lower gastroin-
testinal tract can result in intestinal ulceration, necrosis, bleed-
ing, and perforation, which would require surgical exploration
and resection of affected segments. Systemic sepsis, most
often associated with inhalation anthrax, can cause massive
ascites, electrolyte derangements, and profound shock re-
quiring aggressive fluid resuscitation and careful hemody-
namic monitoring and respiratory support. Systemic anthrax
infection can also lead to gastrointestinal involvement by he-
matogenous dissemination, resulting in complications and
requiring surgical management similar to direct gastrointesti-
nal infection.

Conclusions

Cutaneous, gastrointestinal, inhalation and systemic infection
with Bacillus Anthracis can result in complications which
would require familiarity with the pathogenesis and manifesta-
tions of this disease in order to recognize and treat promptly
and successfully by surgical intervention.

The recent terrorist attacks in New Y ork City and Wash-
ington D.C. and the subsequent cases of anthrax exposure
and infection throughout the United States make the once-
theoretical risk of a bioterrorist attack with aerosolized
anthrax very real. It is estimated that 100 kg of anthrax
spores released upwind of Washington D.C. would result in
130,000 to 3 million deaths; many of these patients would
die undiagnosed and untreated.® In a covert, large-scale
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release of anthrax, the initia deaths would result from a
delay in recognizing the clinical manifestations of cutane-
ous, inhalation, or gastrointestinal disease and instituting
appropriate treatment. To reduce the death rate, knowledge
of the clinical manifestations, disease course, and medical
as well as surgical treatment of anthrax infection is
imperative.?

Data regarding the diagnosis and management of anthrax
comes from human case reports, mostly from foreign coun-
tries in which the disease is endemic, and experimental
animal studies. The closest incident to a large-scale bioter-
rorist attack with aerosolized anthrax was the accidental
release of the agent from a military microbiology facility at
Sverdlovsk in 1979, from which limited information is

9

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



10 Binkley and Others

available. There were at least 79 cases of anthrax infection,
resulting in 68 deaths.>* With such limited data and indi-
vidual clinical experience, not al recommendations are
rigorously evidence-based but rather have been clinically
derived, as well as based on established surgical and med-
ical practices.

The Centers for Disease Control and Prevention (CDC)
has begun a process of physician education to increase
familiarity with the clinical manifestations and treatment,
but there has been little discussion of the surgical aspects of
anthrax infection. Although the primary treatment of an-
thrax infection ismedical, surgical complications can occur,
particularly if a large number of individuals are infected.
Awareness of these complications and knowledge of their
treatment are critical if the deaths and complications are to
be limited. Aside from the surgical indications, it is likely
that in the case of a large-scale anthrax exposure, all phy-
sicians, including surgeons, would play a pivota role in
diagnosing and treating these patients. As such, areview of
intentional infection with aerosolized anthrax, emphasizing
surgical management, seems timely.

MICROBIOLOGY

Bacillus anthracis is a gram-positive aerobic bacillus,
with both a spore-forming and vegetative form. Anthrax
spores can survive in their dormant state, typically in soil,
for decades until they come into contact with a host through
cutaneous breaks, inhalation, or ingestion. After the exper-
imental release of anthrax spores by the British military on
Gruinard Island during World War 11, spores persisted and
remained viable for 36 years until decontamination began in
1979.>€ Anthrax spores are resistant to drying, heat, ultra-
violet light, gamma radiation, and many disinfectants.”
Spores are induced to germinate into their vegetative form
when they contact an environment rich in amino acids,
nucleosides, and glucose, with a temperature at least 37°C
and a CO, concentration of at least 5%, as is found in the
host animal or human.®® When nutrients are exhausted or
the environment is unfavorable, sporulation occurs.**

The pathogenicity of anthrax is due both to the exotoxins
it secretes and the capsule it forms, each encoded by a
separate plasmid (pXO01 and pX02, respectively). PX01
codes for three toxin elements (protective antigen, lethal
factor, and edema factor), which combine to form two
binary toxins, edema toxin (edema factor + protective an-
tigen) and lethal toxin (lethal factor + protective antigen).™
Edematoxin acts to upset cellular water homeostasis, which
results in the massive edema characteristic of the disease;
lethal toxin induces macrophage secretion of tumor necrosis
factor-alpha and interleukin-1-beta, which mediate the sys-
temic shock state.*>" The vegetative anthrax capsule, en-
coded by pX02, inhibits immune cell phagocytosis and is
itself weakly immunogenic, thus allowing the bacillus to
circumvent the natural immune response. Both factors are
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necessary for full virulence.®®* In addition, given the
capacity for genetic manipulation of strains that may be
used in bioterrorist attacks, antibiotic resistance may con-
tribute to its virulence.?® As such, the Working Group on
Civilian Biodefense recommended that when used as an
agent of bioterrorism, anthrax strains should be presumed
resistant to tetracycline and penicillin, and patients should be
treated with ciprofloxacin until antibiotic sensitivity can be
determined. The CDC, however, currently recommends either
ciprofloxacin or doxycydline as firgt-line treatment.>>3

CLINICAL MANIFESTATIONS
Cutaneous Anthrax

Cutaneous anthrax is the most common form of anthrax
infection, accounting for 90% to 95% of the cases world-
wide and all of the prior cases reported in the United States.
Many of the exposures have been occupational and resulted
from the handling of infected animals or laboratory mate-
rials.2*2" Spores are introduced through breaks in the skin;
within 3 to 5 days, the skin bears the primary lesion marked
by a painless, pruritic papule that 24 to 36 hours later forms
an ulcer with accompanying vesicles. The area goes on to
become necrotic, forming a black eschar resembling coal
(anthracos in Greek). Characteristic of anthrax, the in-
volved soft tissue becomes markedly edematous and indu-
rated, and regional lymphadenopathy may be noted®® (Fig.
1). The skin lesion may become secondarily infected, typ-
ically with staphylococci or streptococci, leading to puru-
lence and cellulitis.?® Diagnosis in the setting of bioterror-
ism would rely on a high index of suspicion as well as the
characteristic clinical presentation, with Gram stain and
culture of fluid from the vesicle providing confirmation.

Medical treatment of localized cutaneous anthrax in the
setting of bioterrorism, as recommended by the CDC, isord
ciprofloxacin or doxycycline. The Working Group on Ci-
vilian Biodefense recommends initial treatment with cipro-
floxacin until sensitivity to doxycycline is established, at
which time therapy can be adjusted. The recommended
course is 60 days to prevent presumed inhalation of con-
tacted spores, which appear to have prolonged latency in the
respiratory tract. Steroids may be used as adjunctive therapy
in patients with severe edema, especialy in the head and
neck region.>3

Although 80% to 90% of the cases of cutaneous anthrax
are self-limited, associated death results primarily from
systemic dissemination and elaboration of exotoxins.>3! In
cases of cutaneous anthrax with signs of systemic dissem-
ination, extensive edema, or head and neck involvement, the
CDC recommends treatment with intravenous ciprofloxacin
along with one or two additional agentswith in vitro activity
against anthrax, including rifampin, vancomycin, penicillin,
ampicillin, chloramphenicol, imipenem, clindamycin, or
clarithromycin. Penicillin and ampicillin should not be used
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Figure 1. (A) Cutaneous anthrax affecting
the hand with characteristic black eschar
and extensive edema. (B-D) Progressionin
a cutaneous anthrax lesion on the cheek
over a 7-day period. (B) Eschar formation
and edema is evident initially on day 0. (C)
Ulceration of the lesion with ongoing
edema on day 2. (D) Healing of the ulcer-
ated lesion and resolution of the edema on
day 7. (Dixon TC, Meselson M, Guillemin J,
et al. Anthrax. N Engl J Med 1999; 341:
815-826. Used with permission.)

alone to treat anthrax because of concerns about beta-
lactamase activity.”> When treated with antibiotics, the
death rate of cutaneous anthrax is less than 1%, increasing
to 10% to 20% without treatment.?

Apart from antibiotics, treatment of localized cutaneous
anthrax relies on routine local wound care with sterile moist
dressings changed regularly, as well as elevation of the
affected region to retard edemaformation. Surgical debride-
ment of the eschar is contraindicated until after the patient
has been adequately treated with antibiotics because of the
risk of systemic dissemination of the bacillus.*® Vesicular
fluid becomes sterile 5 to 24 hours after treatment with
antibiotics.3 After adequate medical treatment, excision of
the eschar with skin grafting may be carried out, athough
smaller lesions typically heal without scarring.®*=® Because
of the massive tissue edema associated with anthrax, large
and circumferential lesions on the extremities could lead to
compartment syndrome and vascular compromise.*” Any
invasive measurement of compartment pressures or fas-
ciotomy, if indicated, should avoid the primary lesion until
adequate antibiotic treatment has been administered.

Gastrointestinal Anthrax

Gastrointestinal anthrax accounts for approximately 2.5%
to 5% of naturally occurring cases worldwide and is asso-
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ciated with a death rate ranging from 25% to 609,238
The gastrointestinal tract can be affected directly by the
consumption of food contaminated with anthrax bacilli or
by hematogenous spread from systemic disease, usually
originating in the respiratory tract, as confirmed by autop-
sies performed on patients after accidental exposure at Sver-
dlovsk in 1979. In this series, 39 of the 42 patients had
multiple submucosal hemorrhagic lesions in the gastroin-
testinal tract, particularly the small bowel, stomach, and
colon. Mesenteric lymphadenitis was found in 9 of the 42.*
It is unknown how many other patients not included in the
series had either primary or secondary gastrointestinal in-
volvement, how many underwent surgery on the affected
gastrointestinal tract, and what the overall death rate asso-
ciated with gastrointestinal anthrax was in the Sverdlovsk
incident.

In cases of direct exposure, spores can germinate in the
oropharynx or the lower tract, with clinical manifestations
occurring 2 to 5 days after ingestion.*° In the oropharyngeal
form, the characteristic necrotic, ulcerated lesion with over-
lying eschar may be evident in the posterior pharynx, with
accompanying cervical edema and lymphadenopathy. Pha-
ryngeal edema may lead to dysphagia and airway
compromise.*=43

Similarly, in the lower gastrointestinal tract, spores can
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deposit at sites of mucosal disruption and germinate, usually
in the terminal ileum and cecum, although cases affecting
the stomach and duodenum have been reported.?®444> The
spore thus appears to be unaffected by gastric acid. Once
germination takes place in the wall of the gastrointestinal
tract, macrophages engulf the vegetative form and are taken
up by regiona lymph nodes, leading to necrotizing, hem-
orrhagic mesenteric lymphadenitis as well as hematogenous
and lymphatic dissemination. The primary point of entry
becomes ulcerated, hemorrhagic, and necrotic.***” Gastro-
intestinal manifestations caused by hematogenous dissemi-
nation from another site of primary infection are marked by
multifocal submucosal hemorrhages extending into the
muscularis propria and scattered throughout the intestinal
tract.*

Patients typically present with fever and diffuse abdom-
inal pain and tenderness. Rebound tenderness and signs of
an acute abdomen are often present.*®° Because of gastro-
intestinal ulceration and necrosis, hematemesis, coffee-
ground emesis, and bloody diarrhea often develop, and
intestinal perforation may occur.*%*+4959 Pgtients go on to
accumulate massive ascites within 2 to 4 days after the onset
of abdominal pain. The ascitic fluid may be clear, blood-
tinged, or turbid, and Gram stain demonstrates gram-posi-
tive bacilli. 2454849 gystemic dissemination of the organ-
ism is accompanied by sepsis and shock.*®49:51

Medical management of gastrointestinal anthrax consists
of early ingtitution of antibiotics, aggressive volume resus-
citation with both crystaloid and colloid, and prompt cor-
rection of electrolyte imbalances. In the setting of bioter-
rorism, the CDC recommends intravenous ciprofloxacin or
doxycycline and one or two additional antimicrobials, as
listed above. Therapy can be further adjusted as antibiotic
susceptibility data are available and the clinical situation
permits. The recommended course is 60 days, but patients
may be switched from intravenous to oral therapy once the
clinical condition improves or if resources available do not
alow for ongoing intravenous therapy.>2* Oral-pharyngeal
manifestations require airway management, with possible
intubation or establishment of a surgical airway if edema
precludes the former. Steroids may play arole in lessening
the extent of pharyngeal edema.®>>>3

Management of direct and hematogenous anthrax infec-
tions in the lower gastrointestinal tract involves both pri-
mary medical treatment and potential surgical resection of
affected areas. Most previously reported patients with lower
gastrointestinal tract anthrax have died of systemic shock
before surgery could be performed; however, there are cases
in which prompt recognition of peritonitisled to exploration
and resection of nonviable portions of the bowel 4445:48:49.51
In addition, autopsy findings in patients with gastrointesti-
nal anthrax have shown bowel perforation, gastric ulcer-
ation, and segments of necrotic intestine.*?®%° Thus, gas-
trointestinal anthrax demands treatment of both the primary
process and any resultant insults to the bowel.

Because there are scant data to direct specific principles,
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knowledge of the effects of anthrax on the gastrointestinal
tract and good surgical judgment must serve as the guidesto
management. Instances of ongoing sepsis or progressive
abdominal pain and tenderness in patients treated promptly
with antibiotics and restoration of intravascular volume
would certainly be suspicious for gastrointestinal injury and
should be managed as any other case of ischemic or perfo-
rated bowel. Also, progressive gastrointestinal bleeding re-
fractory to medical treatment should be managed by local-
ization of the bleeding source and surgical resection,
because blood loss will exacerbate the severe hypovolemia
characteristic of anthrax and will lead to an increased desth
rate.**48

Inhalation Anthrax

Inhalation anthrax accounts for 2.5% to 5% of the cases
occurring sporadically; however, it is believed that inhala-
tion anthrax will be the first manifestation to present after
the release of aerosolized spores.®3° All 42 patients re-
ported in the autopsy series after accidental aerosolized
release at Sverdlovsk showed evidence of inhalation an-
thrax, and 64 of the 79 patients with presumed inhalation
anthrax reported from the incident died, suggesting that it
may be a primary cause of death in a bioterrorist attack.>*
In other reports, inhalation anthrax was found to be nearly
uniformly fatal.?®>* The pulmonary system is the mode of
entry of the 1- to 5-um anthrax spores, but it is not the site
of primary pathology. Rather than causing a pneumonia, the
bacilli are taken up by aveolar macrophages and trans-
ported to mediastinal and peribronchial lymph nodes, where
germination continues, resulting in hemorrhagic mediasti-
nitis. From there, the vegetative form of the bacillus spreads
systemically.?8465455 A focus of hemorrhagic pneumonitis
often develops, possibly related to the portal of systemic
entry from the pulmonary system.

The incubation period from the time of exposure to the
development of first symptoms, usualy fever, nonproduc-
tive cough, myalgia, and malaise, is highly variable. Based
on the Sverdlovsk cases, the modal incubation period was
10 days, with symptoms developing 2 days to 6 weeks after
presumed exposure, suggesting prolonged viability of the
spore form in the lungs. It is estimated that the dose of
inhaled anthrax spores sufficient to result in 50% deaths
would be 2,500 to 55,000.¢ The pathognomonic sign on a
chest radiograph in a previously healthy patient with symp-
toms of inhalation anthrax is a widened mediastinum (Fig.
2). Pleural effusions may also be seen.>” With 1 to 3 days of
the onset of initial symptoms, patients go on to develop
symptoms of local progression and systemic dissemination
with dyspnea, stridor, diaphoresis, fever, chills, and frank
shock.22854 Death occurred a mean of 3 days after the onset
of symptoms in the Sverdiovsk series.

Diagnosis of inhaation anthrax in the setting of bioter-
rorism is based on a high index of suspicion as well as
nonspecific symptoms that mimic a viral upper respiratory
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Figure 2. Chest radiograph of a patient with inhalation anthrax. Lob-
ulated mediastinal widening (arrowheads) consistent with lymphade-
nopathy characteristic of inhalation anthrax. (Inglesby TV, Henderson
DA, Bartlett JG, et al. Anthrax as a biological weapon: medical and
public health management. JAMA 1999; 281:1735-1745. Used with
permission.)

infection and widened mediastinum on chest radiograph.
Although Gram stain and culture of sputum is unlikely to
yield the diagnosis, initial confirmation of clinical suspicion
can be obtained by Gram stain and culture of pleura fluid
showing gram-positive bacilli. Gram stain and culture of the
peripheral blood and/or cerebrospinal fluid may also yield a
diagnosis after systemic dissemination has occurred.?®>*
The CDC recommends intravenous ciprofloxacin or doxy-
cycline and one or two additional antimicrobials, as listed
above, for the treatment of inhalation anthrax in the setting
of bioterrorism. Therapy can be further adjusted as antibi-
otic susceptibility data are available and the clinical situa-
tion permits. The recommended course is 60 days, but
patients may be switched from intravenousto ora therapy once
the clinical condition improves or if resources available do not
allow for ongoing intravenous therapy. Postexposure pro-
phylaxis is based on the risk of exposure. Ciprofloxacin or
doxycycline administered orally is recommended by the
CDC until sensitivity can be determined. Prophylaxis
should be continued for 60 days.>**>®

Anthrax Sepsis and Shock

Systemic anthrax infection is marked by hypotension,
anoxia, and initial respiratory alkalosis followed by respi-
ratory and metabolic acidosis, all consistent with the shock
state. Also, electrolyte derangements include hypocal cemia,
hypoglycemia, and hyperkalemia?®%%®° |t is likely that
shock is mediated by toxin-induced macrophage secretion
of tumor necrosis factor-alpha and interleukin-1-beta. >’
Aggressive resuscitation with crystalloid and colloid, cor-
rection of electrolyte and acid—base abnormalities, and ad-
ministration of intravenous antibiotics are the foundations
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for treating systemic anthrax sepsis. Invasive hemodynamic
monitoring may be used to guide volume replacement and
ensure its adequacy. Pressor support may also play arolein
the management of anthrax sepsis as an adjunct to adequate
resuscitation. Many of these patients develop oliguric or
anuric rena failure and severe respiratory distress and
should be supported appropriately.>2®

In addition, patients should be monitored and treated for
secondary gastrointestinal or meningeal involvement. Inha-
lation anthrax is the typical primary source in patients
developing systemic dissemination that affects the gastro-
intestinal tract.* Anthrax meningitis more commonly occurs
after hematogenous or lymphatic dissemination from skin
infections, although it can also occur in the setting of
primary gastrointestinal or inhalation anthrax.*®* In the
autopsy series from Sverdlovsk, approximately half of the
patients had meningeal involvement, presumably after in-
halation anthrax.* Anthrax meningitis may present with
fever, fatigue, myalgia, nausea, vomiting, seizures, agita-
tion, and delirium. Rapid neurologic decline and death may
follow 1 to 6 days after the onset of illness.?®%2 The cere-
brospina fluid is often bloody and usually stains for gram-
positive bacilli, which can provide support for the clinical
diagnosis.®® Besides antibiotics, surviving patients have
also been treated with steroids.®*®°

DIAGNOSIS

Microbiologic studies are essential not only for confir-
matory diagnosis of anthrax but also for antibiotic suscep-
tibility testing in the setting of bioterrorism.> Gram stain of
fluid from vesicular lesions, ascitic fluid, pleural effusions,
cerebrospina fluid, and blood obtained after systemic dis-
semination will usually show gram-positive bacilli.>?3:66
Culture with appropriate bacteriologic testing can further
confirm the clinical diagnosis.®” The microbiology labora-
tory should be notified that anthrax is clinically suspected,
because identification of Bacillus species on Gram stain or
in cultures is usually regarded as a contaminant.®®

Serologic and immunologic testing using enzyme-linked
immunaosorbent assay or indirect microhemagglutination for
bacterial exotoxins or titers of antibody to protective antigen
and capsular components may be used, but antibodies are
not present until late in the course of the infection,>2%68-"1
A skin test using an extract from an attenuated strain of B.
anthracis is available and is diagnostic in 82% of patients 1
to 3 days and in 99% of patients 4 weeks after the onset of
symptoms.”>”® Polymerase chain reaction techniques used
to amplify markers specific to B. anthracis exist but are
not widely available outside research and government
|aboratories. #8748

VACCINATION

There are currently two vaccines available for immuni-
zation against anthrax: an inactivated cell-free extract pro-
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duced in the United States and a human live attenuated
vaccine produced and used in the former Soviet Union.
Because of the residual virulence of alive attenuated strain
of B. anthracis, this form has been deemed unsuitable for
use in the United States.*®2-8* Anthrax Vaccine Adsorbed
(AVA) is a noninfectious filtrate from the culture of an
attenuated strain of B. anthracis that uses the protective
antigen exotoxin to confer immunologic protection. The
vaccine was licensed by the U.S. Food & Drug Adminis-
tration in 1970 and has been used to vaccinate individuals
with high-risk occupational exposure to anthrax as well as
U.S. military forces.®*®° Six doses are required at 0, 2, and
4 weeks and 6, 12, and 18 months, with annua boosters
thereafter.*® Few serious adverse events have been asso-
ciated with the vaccine, with mild local reactions occurring
in approximately 30% of those receiving the vaccine and
systemic reactions consisting of malaise, lassitude, fever,
and chills in less than 0.2%.3* The efficacy of AVA has
been established largely from animal studies because the
high death rate associated with anthrax would preclude any
human challenge studies, although there is anecdotal data
from vaccinated and nonvaccinated individuals in high-risk
occupations. The cumulative data suggest that immuniza-
tion with AVA affords most subjects immunity against a
lethal challenge with aerosolized anthrax.2®=° Thereis cur-
rently no recommendation for mass immunization against
anthrax.?3°884 However, in the event of a bioterrorist event,
vaccination is recommended concurrently with antibiotics
for both prophylaxis and treatment.>28

INFECTION CONTROL

Human-to-human contagion has not been reported, sug-
gesting that the primary infectious form of anthrax is the
spore.?>?® From case reports of patients with anthrax un-
dergoing surgery, there is no evidence that specia precau-
tions were taken. 3448 In addition, there are no distinct
guidelines for protection of the surgical team while operat-
ing on patients with anthrax. Standard universal precautions
appear at this time adequate for protection. Instruments and
materials contaminated during an operation on a patient
with anthrax should be autoclaved or incinerated, as is the
usual practice. There is no specific recommendation of
antibiotic prophylaxis or vaccination for healthcare workers
exposed to patients with anthrax.22830

CONCLUSIONS

Although bioterrorism-associated anthrax infections re-
ported in the United States have to date been limited,
preparation for further isolated infections as well as possible
large-scale exposure seems essential. As such, surgeons
should be familiar with both the medical and more specific
surgical aspects of diagnosing and treating anthrax in its
localized and disseminated forms. Because there is no way
to detect an intentional, covert release of anthrax, only
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heightened clinical suspicion based on understanding the
pathogenesis of B. anthracis will be effective in combating
the disease.
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