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INCE the mid-1990s, Bacillus anthracis, the

causative agent of anthrax, has been postulated

to be a likely agent of biological warfare or ter-
rorism because of its physical properties and its vir-
ulence factors. Several countries have been known to
have biologic-weapons programs that were focusing
on B. anthracis for potential military use. However, fa-
tal anthrax had not been encountered in the United
States as a weapon in an act of war or terror until the
index case we report was recognized!.

Anthrax is a rare bacterial infection acquired by in-
halation, ingestion, or cutaneous contact with the en-
dospores of B. anthracis.2 The organism is normally
a pathogen of large herbivorous mammals, and infec-
tion in humans normally results from contact with in-
fected animals or contaminated animal products, es-
pecially hides. Inhalational anthrax is particularly rare
and, in previous eras, has usually been fatal once the
disease is established. Of the few cases reported in the
United States, almost all have been associated with
occupational exposure to endospores. We present the
first case of inhalational anthrax to occur in the Unit-
ed States since 1978; it is an especially important
case because of its origin in an act of biologic ter-
rorism.

CASE REPORT

On October 2, 2001, a 63-year-old man was taken by his wife
to the emergency department of a Florida medical center after he
awoke from sleep with fever, emesis, and confusion. The patient
had fever, myalgias, and malaise for the preceding four days but
had not identified any localized symptoms. Specifically, he had
not had a sore throat, rhinorrhea, or other upper respiratory tract
symptoms. Because he was disoriented at the time of his presen-
tation at the hospital, he was unable to provide further relevant
information. Treatment with intravenous cefotaxime and vancomy-
cin was initiated for presumed bacterial meningitis while the pa-
tient awaited lumbar puncture.

The patient had a history of mild hypertension and placement
of a coronary stent for atherosclerotic heart disease. Otherwise,
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he had been in good health. His only regular medications were
daily metoprolol and aspirin.

The patient was a nonsmoker and an avid outdoorsman whose
pastimes were gardening and fishing. Four days before he was ad-
mitted to the hospital, the patient had been in good health and
had left for a brief recreational trip to North Carolina. Immediately
on his arrival in North Carolina, the first symptoms of illness de-
veloped; these included muscle aches, nausea, and fever. The symp-
toms waxed and waned for the duration of the three-day trip. The
day after he returned home, he was taken to the hospital for med-
ical evaluation. During the trip, he had spent time outdoors, but
he could identify no unusual exposure, including exposure to an-
imals or animal hides. The patient was employed as a photo editor
for a major tabloid newspaper and had been working until the day
he departed for North Carolina. His duties usually kept him in a
large office building in Florida, where he spent most of the day
reviewing photographs submitted by mail or over the Internet.

On physical examination, he was found to be lethargic and dis-
oriented. His temperature was 39°C (102.5°F), the blood pres-
sure was 150/80 mm Hg, the pulse was 110, and the respirations
were 18. No respiratory distress was noted; his arterial hemoglobin
saturation, as indicated by pulse oximetry while he was breathing
ambient air, was 97 percent. No evidence of trauma was noted on
examination of the head. Funduscopic examination was normal, as
were the conjunctiva. Examination of the ear, nose, and throat de-
tected no discharge or signs of inflammation. There was no discern-
able nuchal rigidity; Kernig’s and Brudzinski's signs were absent.
The trachea was at midline, and there was no edema of the cervical
or thoracic region. Chest examination revealed bibasilar rhonchi
without rales. No murmurs, rubs, or gallops were heard on cardiac
auscultation. The abdomen was soft, without rebound tenderness
or organomegaly. Examination of the joints, legs, and arms was es-
sentially normal. No lesions or rashes were noted on the skin. No
focal deficits were noted on neurologic examination; there were
no cranial-nerve palsies.

The results of the patient’s laboratory tests on hospital admis-
sion are shown in Table 1. The initial chest radiograph (Fig. 1) was
interpreted as showing basilar infiltrates and a widened mediasti-
num. The results of computed tomography of the head, performed
without intravenous contrast medium, were normal. A spinal tap
was performed under fluoroscopic guidance within hours after
presentation at the hospital and yielded cloudy cerebrospinal fluid
(Table 1). Gram’s staining of cerebrospinal fluid revealed many
polymorphonuclear white cells and many large gram-positive ba-
cilli, both singly and in chains (Fig. 2).

On the basis of the cerebrospinal fluid appearance, a diagnosis
of anthrax was considered, and high-dose intravenous penicillin G
was added to the antibiotic regimen. Within six hours after plating
on sheep’s-blood agar, the cultures of cerebrospinal fluid yielded
colonies of gram-positive bacilli (Fig. 3). The clinical laboratory of
the medical center presumptively identified the organism as B. an-
thracis within 18 hours after plating; this identification was con-
firmed by the Florida Department of Health laboratory on the
following day (Table 2).* Multiple blood cultures obtained on ad-
mission were also ultimately positive for B. anthracis.

Within hours after admission, the patient had a generalized grand
mal seizure and was intubated to protect his airway and so that ven-
tilatory assistance could be provided. After intubation, the arterial
blood gas values while the patient was receiving supplemental oxy-
gen (fraction of inspired oxygen, 50 percent) were as follows: a pH
of 7.31, a partial pressure of carbon dioxide of 37 mm Hg, and a
partial pressure of oxygen of 208 mm Hg. On the second hospital
day, hypotension and azotemia developed; although there was ini-
tially a response to vasopressor treatment, oliguric renal failure with
hyperkalemia and acidosis ensued. Continuous arterial-venous he-
moperfusion was begun. The patient remained consistently febrile
(maximal temperature, 40°C [104°F]) and tachycardic, and he nev-
er regained consciousness during the remaining course of hospital-
ization. On the third hospital day, despite aggressive medical treat-
ment, refractory hypotension developed, and the patient had an
asystolic cardiac arrest and died despite attempts at resuscitation.
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TABLE 1. INITIAL LABORATORY FINDINGS.*

VARIABLE VALUE
Hematologic
Hemoglobin (g/dl) 16.1
Hematocrit (%) 46
White-cell count (per mm?) 9,400
Differential count (%)
Polymorphonuclear cells 77
Lymphocytes 15
Monocytes 8
Platelet count (per mm3) 109,000
Serum chemical
Glucose (mg/dl) 174
Creatinine (mg/dl) 1.1
Urea nitrogen (mg/dl) 20
Sodium (mmol/liter) 132
Potassium (mmol/liter) 3.9
Chloride (mmol/liter) 97
Bicarbonate (mmol/liter) 23
Calcium (mg/dl) 8.7
Albumin (g/dl) 4.0
Total protein (g/dl) 7.3
Total bilirubin (mg/dl) 1.5
Alkaline phosphatase (U/liter) 61
Aspartate aminotransferase (U/liter) 30
Cerebrospinal fluid
Appearance of fluid Cloudy
Glucose (mg/dl) 57
Protein (mg/dl) 666
Red-cell count (per mms3) 1,375
White-cell count (per mm3) 4,750
Differential count (%)
Polymorphonuclear cells 81
Monocytes 19

*To convert the values for glucose to millimoles
per liter, multiply by 0.05551. To convert the value
for creatinine to micromoles per liter, multiply by
88.4. To convert the value for urea nitrogen to mil-
limoles per liter, multiply by 0.357. To convert the
value for calcium to millimoles per liter, multiply by
0.250. To convert the value for bilirubin to micro-
moles per liter, multiply by 17.1.

There was no disseminated intravascular coagulation during the
brief hospitalization, nor did cardiac arrhythmias or the acute res-
piratory distress syndrome occur.

An autopsy was performed (under the auspices of the Medical
Examiner’s office) and revealed generalized tissue edema with ex-
tensive collections of fluid from the peritoneal cavity. Partial col-
lapse of the lungs was noted, with areas of subpleural and perivas-
cular hemorrhage. No pulmonary parenchymal consolidation was
detected. In the mediastinum, there was an accumulation of 50
ml of gross blood. Several enlarged lymph nodes (1 to 2 cm) were
also noted; on cross-sectional examination, the lymph nodes were
hemorrhagic, but organisms were not detected on Gram’s staining.
There were no gross abnormalities of the heart, liver, or spleen. No
examination of the central nervous system was performed (Flanna-
gan L, District Medical Examiner, Palm Beach County, Fla.: person-
al communication).

DISCUSSION

The finding of hemorrhagic spinal fluid with gram-
positive bacilli yielded the earliest clue to the diag-
nosis of anthrax in this patient. The organism’s appear-
ance was not suggestive of listeria, which typically
appears small and slender on staining. Although the
appearance of the organism was certainly consistent

Figure 1. Anteroposterior Chest Radiograph Obtained on Ad-
mission, Showing the Widened Mediastinum That Is Character-
istic of Anthrax.

A chest radiograph obtained approximately one year before the
fatal iliness showed a normal mediastinal shadow.

with another bacillus species, such as B. cerens or
B. subtilis, these pathogens would not have been ex-
pected to be found in an otherwise healthy man. It
was evident that making a diagnosis of anthrax would
have serious ramifications. Although the case was re-
ported to local public health authorities when anthrax
was first suspected, final laboratory confirmation of
the diagnosis was awaited before a public announce-
ment was made.

The clinical manifestations of inhalational anthrax
in this case were typical. Several days of a nonspecific
prodrome of fever, malaise, and myalgia were followed
by a fulminant course characterized by seizures and
subsequent respiratory failure, although pneumonia
was notably absent, both clinically and at autopsy.
Hemorrhagic mediastinitis, initially suggested by a
widened silhouette on chest radiography and con-
firmed at autopsy, may have contributed to the res-
piratory failure. The time from the onset of symptoms
to death was six days — a period similar to the me-
dian interval of three days reported in a recent review.2
Meningitis, a complication reported in less than 5 per-
cent of cases of anthrax, accompanied septicemia in
this case.

Inhalational anthrax develops after the deposition
of pathogenic endospores of B. anthracis into the al-
veolar spaces. There, endospores are engulfed by mac-
rophages, are transported to mediastinal and peri-
bronchial lymph nodes, and then germinate, becoming
a vegetative form that causes toxemia and massive sep-
ticemia. When dispersed in the air as 1-to-5-um par-
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Figure 2. Cerebrospinal Fluid Specimen Containing Many Poly-
morphonuclear White Cells and Gram-Positive Bacilli (Gram's
Stain, X1000).

ticles, B. anthracis endospores may pose a risk even
over large geographic distances. After an accidental
release of endospores from a military biologic-weap-
ons facility in Sverdlovsk, Russia, cases of anthrax in
humans occurred as far as 4 km from the site, and
cases in animals occurred as far as 50 km away.5¢

Since the beginning of the 20th century, most cas-
es of inhalational anthrax in the United States have re-
sulted from occupational exposure to contaminated
animal hides. On the basis of data from experiments
in primates, the dose of inhaled anthrax that is likely
to be lethal in half of the humans infected is between
2500 and 55,000 endospores. But even among work-
ers in mills where goat hair is processed, who are ex-
posed regularly to high concentrations of endospores,’
few clinical cases have been observed. Studies sug-
gest that there is wide variation in individual suscep-
tibility to anthrax infection.

Oddly, the present case was also caused by occu-
pational exposure to anthrax, although not by a nat-
urally occurring means. The presence of anthrax en-
dospores in the patient’s work environment (e.g., in
the computer keyboard), as well as in asymptomatic

Figure 3. Colonial Growth of Bacillus anthracis on Sheep's-
Blood Agar, with Subterminal and Central Spores (Gram's
Stain, X1000).

TABLE 2. LABORATORY FINDINGS LEADING TO THE
IDENTIFICATION OF BACILLUS ANTHRACIS.*

Clinical-laboratory findings (level A)

Large, broad gram-positive bacillus

Rapid, aerobic growth

Central and subterminal spores

Nonhemolytic on sheep’s-blood agar

Nonmotile

Sensitive to penicillin (40-mm zone with 10-unit disk)
Reference-laboratory findings (level B)

Lysis by gamma phage

Capsular-specific staining

Polysaccharide-cell-wall antigen staining

*Identification of B. anthracis was performed according to
the protocols of the Laboratory Response Network for Bio-
terrorism, a network of laboratories established by the Cen-
ters for Discase Control and Prevention and the Association
of Public Health Laboratories to identify agents of bioterror-
ism safely and rapidly.? The medical center’s clinical labora-
tory performed the level A tests. The Florida Department of
Health laboratory performed the confirmatory level B tests.
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coworkers, confirmed the building as the site where
the infection had been acquired.” Extensive environ-
mental samples from the patient’s home and travel
destinations were negative for anthrax. Moreover, the
finding of B. anthracis in regional and local postal
centers that served the work site implicates one or
more mailed letters or packages as the probable source
of exposure. Coworkers report that the patient had
closely examined a suspicious letter containing pow-
der on September 19, approximately eight days before
the onset of illness. (This incubation period is highly
plausible, given the modal incubation period of 10
days reported in the Sverdlovsk outbreak.5) Since this
case was recognized, other cases of inhalational and
cutancous anthrax have been reported in several dif-
ferent states. To date, nearly all these cases have oc-
curred in persons with confirmed or suspected contact
with contaminated mail or in persons at high risk for
such contact (i.e., postal workers).> Epidemiologic
and criminal investigation of this biologic-terrorism—
related outbreak of anthrax is ongoing. This index case
highlights the importance of physicians” ability to rec-
ognize potential cases in the identification and treat-
ment of diseases associated with biologic terrorism.

Because of the medin attention that surrounded the occurrence of
this case, we realize that the patient's anonymity cannot be ensured.
We arve grateful to the patient’s wife, who permitted the presentation
of this case in order to advance medical knowledge. We are also indebt-
ed to Sharon Reuben for technical assistance in the prepavation of the
MANUSCYIpL.
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