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Bacillus anthracis is a bacterial species that could be used in a bioterrorist attack. We tested
a collection of isolates with a range of relevant antimicrobial compounds. All isolates
tested were susceptible to ciprofloxacin and doxycycline. Penicillin and amoxicillin, with
or without clavulanate, showed in vitro activity against all B. anthracis isolates. Ceftriax-
one demonstrated lower-level in vitro activity compared to penicillin-related compounds
against B. anthracis. In vitro data from this study are in keeping with available guidelines.
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Recent events have demonstrated the need to
improve our understanding of organisms such
as Bacillus anthracis, a species that can be used
as a bacterial warfare agent during a bioterrorist
attack. For B. anthracis, disease following inhala-
tion of aerosolized organisms is the likely course of
events following a bioterrorist attack. B. anthracis is
the causative agent of anthrax, a zoonotic disease
most commonly acquired via cutaneous entry [1].
Inhalation anthrax is the most severe form and is
usually fatal if not treated immediately. Antimi-
crobial resistance in this species has been reported
[2-4], and inappropriate antibiotic usage may select
for resistant isolates. Naturally occurring anthrax
strains are susceptible to penicillin and doxycycline,
and both drugs are approved by the Food and Drug
Administration (FDA) for the treatment of anthrax
disease. However, based on limited in vitro and
animal data, ciprofloxacin has emerged as a recom-
mended first-line agent for the treatment and pre-
vention of anthrax, since expert groups recommend
that anthrax strains should be assumed to be resis-
tant to penicillin and doxycycline until laboratory
results demonstrate otherwise [5]. Here we report
susceptibility test results from a collection of
B.anthracis strains and consider test data in the light
of the treatment guidelines available.

The strain collection (Table 1) included 12 iso-
lates of B. anthracis derived from various geo-
graphic locations in Europe and North America.
These included B. anthracis Ba 7700, a French
laboratory plasmid-less strain obtained by curing
the B. anthracis 7702 strain by nalidixic acid treat-
ment [6], and the strain B. anthracis Sterne, used as
live vaccine. B. anthracis strains RA3R and 7611R
were isolated from a recent French outbreak [7].
The Ames strain used in recent terrorist attacks in
the USA was not included. All organisms were
identified using standard laboratory techniques
that included biochemical [8] and genotypic iden-
tification, which included analysis of plasmid con-
tent (i.e. pXO1, pXO2) by a multiplex PCR assay to
confirm identity and virulence status [9]. For safety
reasons, only avirulent isolates were included in
this study (i.e. pXO1"/27, pXO17/2%, pXO17/2)).
Other methods, not used here, such as those utiliz-
ing antigen-specific ELISA [10] and various real-
time PCR protocols [11], have also been developed
to identify B. anthracis. All isolates were tested
for susceptibility to amoxicillin, amoxicillin—
clavulanate, azithromycin, ceftriaxone, ciproflox-
acin, doxycycline, erythromycin, and penicillin.
National Committee for Clinical Laboratory
Standards (NCCLS) recommended standard
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Table 1 Minimal inhibitory concentrations of antimicrobial agents for isolates of B. anthracis
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procedures have not been defined for these organ-
isms [12]. Antimicrobial susceptibility testing was
therefore conducted in accordance with NCCLS
guidelines for testing of non-fastidious facultative
aerobic organisms. As a guide to the interpretation
of antibiotic MICs for B. anthracis, NCCLS-defined
interpretive criteria for Staphylococcus aureus as a
representative Gram-positive species were used;
these are also commonly used by other authors,
including the Centers for Disease Control (CDC)
and Prevention, USA [13]. The distribution of
antimicrobial data in Bacillus species tends to be
in line with Staphylococcus MIC breakpoints used
in this study. Antimicrobial agents were tested
using broth microdilution on commercially pre-
pared dried panels (Trek Diagnostics, Westlake,
OH, USA), to determine the MIC of each agent
after incubation at 35-37 °C for 18-24 h. S. aureus
ATCC 29213 was used as a quality control strain. A
recent study by Mohammed et al. [13] showed no
variability between results produced by broth
microdilution and those produced by Etest gradi-
ent strips.

For anthrax, in the USA at least, the consensus is
that ciprofloxacin is effective in both prophylaxis
and curative treatment [14]. Doxycycline, penicil-
lin G and amoxicillin are also possible choices if
susceptibility testing predicts their efficacy. From
our collection, all B. anthracis strains (Table 1) were
susceptible to ciprofloxacin, with MICs ranging
from 0.03 to 0.25 mg/L, including the nalidixic
acid-resistant laboratory mutant strain Ba7700,
although for this strain the MIC of ciprofloxacin
was raised to 0.25 mg/L, which leads to concern
about the possibility of engineering ciprofloxacin-
resistant strains. Similarly, all isolates were sus-
ceptible to doxycycline, penicillin and amoxicillin,
with no increase in susceptibility provided
through the addition of clavulanic acid. Recent
data have also suggested that some strains of B.
anthracis express a penicillinase unlikely to be
inhibited by clavulanic acid, although we did
not detect any [15]. Using the S. aureus breakpoint
of 8 mg/L, all strains of B. anthracis tested were
susceptible to ceftriaxone except for BaA3 which
tested as intermediate, although previous reports
and a recent report from France [2,7,15,16] show
variable susceptibility in other strain collections
tested, and consensus opinion does not recom-
mend the use of non-penicillin B-lactams for the
treatment of anthrax. All strains also showed sus-
ceptibility to erythromycin and azithromycin.
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However, there are no clinical data available for
this compound class to enable any recommendation
for use. For these compounds and other protein
inhibitor compounds not tested here thatdisplayin
vitro activity, such as rifampin, chloramphenicol,
and aminoglycosides, combination therapy might
be useful in improving clinical outcome, although
again there is a lack of clinical data.

The susceptibility data presented here support
current recommendations for the use of ciproflox-
acin or doxycycline as empirical agents for the
treatment of anthrax, and penicillin as a first-line
agent if susceptibility is confirmed. However, a
recent report showed serially passaged isolates of
B. anthracis Sterne to have raised MICs of doxycy-
cline, macrolides, and ciprofloxacin, and thus
clearly resistant isolates are fairly easy to engineer
[4]. Additionally, another report also characterized
a strain of B. anthracis expressing resistance to
macrolides, lincosamides and streptogramins
through a single gene locus erm], presumably mak-
ing the in vitro genetic modification of a suscep-
tible strain straightforward [16]. For children or
pregnant women, susceptibility testing plays a
crucial role in allowing a switch to agents such
as penicillin (or amoxicillin) for anthrax. Websites
published by the CDC (http://www.cdc.gov/
mmwr/preview/mmwrhtml/mm5042al.htm), the
European Medicines Evaluation Agency (EMEA)
(http:/ /www .emea.eu.int/ htms/human /bioterror/
bioterror.htm) and the Public Health Labora-
tory Service (http://www.phls.org.uk/topics_az/
deliberate_release/menu.htm), respectively, pro-
vide treatment recommendations. The susceptibil-
ity data reported in this study would support the
recommendations published in these guidelines.
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