MEDICAL PROGRESS

Review Article

Medical Progress

ANTHRAX

TerrY C. DixoN, B.S., MATTHEW MESELSON, PH.D.,
JEANNE GUILLEMIN, PH.D., AND PHILIP C. HANNA, PH.D.

NTHRAX is an often fatal bacterial infection

that occurs when Bacillus anthracis endo-

spores enter the body through abrasions in
the skin or by inhalation or ingestion.! It is a zoono-
sis to which most mammals, especially grazing her-
bivores, are considered susceptible. Human infec-
tions result from contact with contaminated animals
or animal products, and there are no known cases of
human-to-human transmission. Human anthrax is not
common, and only one of us has seen a case. Cuta-
neous anthrax, the most common form, is usually
curable. A small percentage of cutaneous infections
become systemic, and these can be fatal. Systemic in-
fection resulting from inhalation of the organism has
a mortality rate approaching 100 percent, with death
usually occurring within a few days after the onset
of symptoms.2 The rate of mortality among persons
with infection resulting from ingestion is variable,
depending on the outbreak, but it may also approach
100 percent. Whatever the portal of entry, systemic
anthrax involves massive bacteremia and toxemia with
nondescript initial symptoms until the onset of hy-
potension, shock, and sudden death. Manifestations
of advanced disease, including shock and sudden
death, are believed to result from the action of the
exotoxin complex secreted by anthrax bacilli.l3 The
efficacy of therapy, if initiated during the incubation
period, and the rapid course of the disease once
symptoms appear make early intervention an abso-
lute necessity. Inglesby et al. have provided a de-
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scription of the policies and strategies for dealing
with anthrax as a biologic weapon.* The goal of this
article is to familiarize physicians with the current
understanding of the pathogenesis, diagnosis, pre-
vention, and treatment of anthrax.

PATHOGENESIS

Anthrax infections are initiated by endospores of
B. anthracis, a gram-positive soil organism. Anthrax
endospores do not divide, have no measurable me-
tabolism, and are resistant to drying, heat, ultravio-
let light, gamma radiation, and many disinfectants.5
In some types of soil, anthrax spores can remain
dormant for decades. Their hardiness and dormancy
have allowed anthrax spores to be developed as bio-
logic weapons by a number of nations, although their
only known use in war was by the Japanese army in
Manchuria in the 1940s.¢ All known anthrax viru-
lence genes are expressed by the vegetative form of
B. anthracis that results from the germination of
spores within the body.

The course of infection and clinical manifestations
are depicted in Figure 1. Endospores introduced into
the body by abrasion, inhalation, or ingestion are
phagocytosed by macrophages and carried to re-
gional lymph nodes. Endospores germinate inside
the macrophages and become vegetative bacteria”s;
the vegetative bacteria are then released from the
macrophages, multiply in the lymphatic system, and
enter the bloodstream, until there are as many as
107 to 108 organisms per milliliter of blood, causing
massive septicemia. Once they have been released
from the macrophages, there is no evidence that an
immune response is initiated against vegetative bacil-
li. Anthrax bacilli express virulence factors, including
toxin and capsule.! The resulting toxemia has sys-
temic effects that lead to the death of the host.

The major virulence factors of B. anthracis are en-
coded on two virulence plasmids, pXO1 and pXO2.
The toxin-bearing plasmid, pXOl, is 184.5 kilobase
pairs (kbp) in size and codes for the genes that make
up the secreted exotoxins. The toxin-gene complex
is composed of protective antigen, lethal factor, and
edema factor.? The three exotoxin components com-
bine to form two binary toxins. Edema toxin consists
of edema factor, which is a calmodulin-dependent
adenylate cyclase,!!! and protective antigen, the bind-
ing moiety that permits entry of the toxin into the
host cell. Increased cellular levels of cyclic AMP up-
set water homeostasis and are believed to be respon-
sible for the massive edema seen in cutaneous anthrax.
Edema toxin inhibits neutrophil function in vitro,!?
and neutrophil function is impaired in patients with
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