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Efficacy of Single and Combined Antibiotic Treatments of Anthrax in
Rabbits
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Respiratory anthrax is a fatal disease in the absence of early treatment with antibiotics. Rabbits are highly susceptible to infec-
tion with Bacillus anthracis spores by intranasal instillation, succumbing within 2 to 4 days postinfection. This study aims to test
the efficiency of antibiotic therapy to treat systemic anthrax in this relevant animal model. Delaying the initiation of antibiotic
administration to more than 24 h postinfection resulted in animals with systemic anthrax in various degrees of bacteremia and
toxemia. As the onset of symptoms in humans was reported to start on days 1 to 7 postexposure, delaying the initiation of treat-
ment by 24 to 48 h (time frame for mass distribution of antibiotics) may result in sick populations. We evaluated the efficacy of
antibiotic administration as a function of bacteremia levels at the time of treatment initiation. Here we compare the efficacy of
treatment with clarithromycin, amoxicillin-clavulanic acid (Augmentin), imipenem, vancomycin, rifampin, and linezolid to the
previously reported efficacy of doxycycline and ciprofloxacin. We demonstrate that treatment with amoxicillin-clavulanic acid,

imipenem, vancomycin, and linezolid were as effective as doxycycline and ciprofloxacin, curing rabbits exhibiting bacteremia
levels of up to 10° CFU/ml. Clarithromycin and rifampin were shown to be effective only as a postexposure prophylactic treat-
ment but failed to treat the systemic (bacteremic) phase of anthrax. Furthermore, we evaluate the contribution of combined
treatment of clindamycin and ciprofloxacin, which demonstrated improvement in efficacy compared to ciprofloxacin alone.

Bacillus anthracis, the causative agent of anthrax, is a Gram-
positive aerobic spore-forming bacillus (1). The exact disease
caused by this virulent bacterium depends on the route of infec-
tion (2, 3). Cutaneous exposure causes a local disease with typical
lesions that without treatment might develop into systemic dis-
ease. Oral consumption of spores can lead to an oropharyngeal or
gastrointestinal infection, which can be fatal. In contrast, respira-
tory exposure to spores leads directly to a fulminant systemic dis-
ease which is fatal without treatment (4, 5). In respiratory anthrax
in humans, the incubation time from infection until the onset of
symptoms is estimated to be 1 to 7 days. The disease begins with
nonspecific flu-like symptoms lasting 2 to 3 days, with a sudden
progression to severe respiratory distress and shock leading to
death within 24 to 36 h. In experimental animal models, there are
no preceding physiological symptoms, even with bacteremia, un-
til the development of severe respiratory distress at the late stage in
close proximity to death (6). Therefore, disease progression is
characterized by levels of blood bacteremia and protective antigen
(PA) concentrations, two closely correlated markers considered a
reliable measure of disease severity in animal models (7).

The importance of timely and effective treatment was demon-
strated in the 2001 anthrax bioterrorism attack in the United
States, when 5 of the 10 inhalational anthrax patients died in spite
of massive antibiotic administration, probably due to the use of
ineffective antibiotic therapy and/or delayed treatment initiation
(i.e., during the fulminating stage of the disease) (8, 9). Effective
postexposure therapy protocols preventing the establishment of
fatal anthrax disease have been reported in the literature. Postex-
posure treatment with penicillin (10-12), doxycycline (10), cip-
rofloxacin (10, 13), and levofloxacin (13) efficiently protected
rhesus monkeys following inhalation of lethal doses of virulent B.
anthracis spores. In guinea pigs, treatment with penicillin (14),
doxycycline (15), tetracycline (16), ciprofloxacin (15, 16), and
erythromycin (16) protected the animals, but upon treatment ter-
mination, the animals died due to anthrax relapse (12, 15, 16). To
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develop improved/alternative treatment protocols for systemic
anthrax, we previously evaluated the efficacy of antibiotic treat-
ment at different stages based on bacteremia levels (17). In rabbits,
treatment with ciprofloxacin (17), levofloxacin (18), or doxycy-
cline (17) was efficient in preventing the death of animals with
systemic anthrax. Furthermore, combination of anti-PA antibod-
ies with either ciprofloxacin or levofloxacin therapy demonstrated
improved efficacy compared to the single-antibiotic treatment
(17, 19).

Recently, the Centers for Disease Control and Prevention (CDC)
updated the guidelines for prevention and treatment of anthrax, des-
ignating three treatment protocols for the disease: postexposure pro-
phylaxis, systemic anthrax without meningitis, and systemic anthrax
with suspected or confirmed meningitis (20). The current version
emphasizes combination antimicrobial therapy for systemic anthrax
with three or more drugs. Optional antimicrobials include the follow-
ing: ciprofloxacin, levofloxacin, moxifloxacin, doxycycline, amoxi-
cillin, clindamycin, meropenem, penicillin or ampicillin, linezolid,
chloramphenicol, rifampin, and vancomycin. It should be men-
tioned that only in vitro sensitivity data are available for the majority
of the suggested antimicrobial drugs (21), while there is a substantial
gap in knowledge regarding their individual in vivo efficacy, as well as
the efficacy of combined therapy.
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TABLE 1 Pharmacokinetics of tested antibiotics in rabbits®

Trade name or product name Administration Dose
(company) Antibiotic agent(s) route (mg/kg) Conax (SIC) Thax () T i (h)
Augmentin Amoxicillin-clavulanic acid Lv. 150° 125 1 12
s.C. 100 125 1 9
Vancomycin (Mylan) Vancomycin iv. 40 55 1 7
s.c. 30 2 12
Tienam Imipenem-cilastatin iv. 20 12 0.5 2.5
s.C. 12 0.5 4
Rifadin Rifampin p.o. 50 13 0.5 6
Kalcid* Clarithromycin p.o. 80 8 2 12
Zyvoxid Linezolid p.o. 50 30 3 6

@ Abbreviations: C,,,,,, maximum concentration of drug in serum; SIC, serum inhibitory concentration; T,,,,,, time to maximum concentration of drug in serum, T,,;,, time to

minimum concentration of drug in serum.
b Concentration of amoxicillin.
¢ Pharmacokinetic data for Kalcid are from Shirtliff et al. (30).

Herein, we tested single- or dual-antibiotic administration in
order to evaluate their efficacy, in a relevant animal model, both as
postexposure prophylaxis and as systemic anthrax therapy (char-
acterized by the presence of both bacteria and toxins in the circu-
lation system).

MATERIALS AND METHODS

B. anthracis strain. The B. anthracis strain used in this study was ATCC
14578 (Vollum) (Tox™ Cap™) from the Israel Institute for Biological Re-
search (IIBR) collection (22).

Animals. New Zealand White rabbits (2.5 to 3.5 kg) were obtained
from Charles River (USA). The animals received food and water ad libi-
tum. The animals were inoculated via the respiratory route by intranasal
(i.n.) instillation. The estimation of a 50% lethal dose (LDs,) adminis-
tered i.n. in rabbits is 2 X 10* CFU (23).

This study was carried out in strict accordance with the recommenda-
tions of the Guide for the Care and Use of Laboratory Animals of the Na-
tional Research Council (24). The protocols were approved by the Com-
mittee on the Ethics of Animal Experiments of the IIBR.

Exposure and treatment regimens. Groups of 12 to 30 rabbits were
inoculated i.n. with 2 X 10° to 6 X 10° (100 LDs,) B. anthracis Vollum
spores. For single-antibiotic treatments, 32 h postinoculation, blood sam-
ples were drawn from the rabbit’s ear vein to determine the level of bac-
teremia, and the animals were immediately treated with antibiotics. For
dual-antibiotic treatment with ciprofloxacin and clindamycin, blood
samples were drawn from the ear vein starting at 30 h, and every 2 h
afterwards for determination of serum PA levels by immune assay. For
each animal, the individual treatment initiation time was defined accord-
ing to the blood PA level (>40 ng/ml). Single-antibiotic treatment con-
tinued twice daily for a period of 14 days, and combined treatment con-
tinued for 3 days (due to known toxicity of clindamycin to rabbits)
followed by single treatment with ciprofloxacin alone for 11 days. After-
wards, the animals were monitored for survival for an additional 30 days.
To test the effect of treatment on the development of specific protective
immune response, the surviving animals were tested for acquired protec-
tive immunity by subcutaneous injection of 2 X 10* (1,000 LD5,) Vollum
spores (23).

ELISA for PA. Serum levels of PA were determined as previously re-
ported (17). Briefly, PA levels were determined by direct enzyme-linked
immunosorbent assay (ELISA) in 96-well microtiter plates (Nunc, Rosk-
ilde, Denmark), using purified PA as the reference standard. The wells in
the plates were coated with 100 wg/ml of diluted rabbit serum anti-PA in
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NaHCO; buffer (50 mM, pH 9.6), and the reaction was subsequently
blocked with 5% skim milk (Becton Dickinson, Sparks, MD). The wells
were washed with phosphate-buffered saline containing 0.05% Tween 20
(PBST) and incubated with the tested sera (diluted 1:2 in 0.5% skim milk)
for 1 h at 37°C. For the standard curve, known concentrations of purified
PA in 50% serum were used. The wells were washed with PBST and incu-
bated with diluted rabbit anti-PA serum. After the wells were rinsed with
PBST, the plates were developed with alkaline phosphatase-conjugated
goat anti-rabbit immunoglobulin G (IgG) (Sigma, St. Louis, MO) as the
detecting reagent and p-nitrophenyl phosphate (Sigma, St. Louis, MO) as
the substrate. Absorbance at 405 nm was determined using a Spectramax
190 microplate reader (Molecular Devices, Sunnyvale, CA). The endpoint
was defined as the highest dilution at which the absorbance was >3 stan-
dard deviations above that of the negative control. The sensitivity of this
assay was determined as 10 ng/ml PA.

In vitro toxin secretion assays. The level of PA secretion in response
to different concentrations of ciprofloxacin and clindamycin was deter-
mined by a broth microdilution test. The antibiotic was diluted in NBY-
HCO; medium (8 g nutrient broth, 3 g yeast extract, 5 g glucose, 9 g
NaHCOs; in 1 liter medium), and the B. anthracis Vollum vegetative bac-
teria were added to a final concentration of 5 X 10°> CFU/ml. The plates
were incubated at 37°C in 10% CO, atmosphere for 16 h. The PA concen-
tration was determined by an ELISA, and the bacterial concentration was
determined by serial dilution and colony counts on tryptose agar plates.

Determination of bacteremia. Bacterial levels in blood were deter-
mined as previously reported (16). Briefly, each blood sample was plated
undiluted and after serial dilutions in saline. The plates were incubated for
16 h at 37°C, and bacteremia was determined by colony counting. The
lower limit of detection was 5 CFU/ml.

Pharmacokinetics of the antibiotics in rabbits. The pharmacokinet-
ics of each antibiotic used in this work are presented in Table 1. Blood
samples were drawn from rabbits at various time points after antibiotic
administration, and the concentration of the antibiotic in serum was de-
fined by determining the highest serum dilution that inhibits the growth
of B. anthracis VollumApXO1ApXO2. The serum inhibitory concentra-
tion (SIC) is presented as the reciprocal of the maximal inhibitory dilu-
tion. All the antibiotics tested, administered by different routes, showed
significant serum inhibitory concentration, lasting for several hours.

Statistical analysis. The statistical significance of the differences in
survival rates between treated groups and untreated controls and differ-
ences in bacteremia and time to treatment was determined by Fisher’s
exact test, two tailed, using Prism 6 software (Graphpad, USA).
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FIG 1 Efficacy during and after treatment with cell wall synthesis inhibitors (A) and nucleic acid synthesis inhibitors (B). The rabbits were infected by i.n.
instillation of B. anthracis Vollum spores, and treatment was initiated 32 h postinfection. (Top) Bacteremia level of each individual rabbit at treatment initiation
and the outcome of the treatment (during the antibiotic administration; live [circle] or dead [x]). The animals that received prophylactic treatment (sterile at
treatment initiation) are shown in blue. Rabbits with bacteremia in the range of 10 to 10° CFU/ml are shown in red. Rabbits with bacteremia higher than 10°
CFU/ml are shown in black. Each symbol represents the value for an individual animal. (Bottom) Survival rate with time. Treatment of the groups is indicated
by color as follows: black, untreated animals; blue, prophylactic treatment; red, treatment of bacteremic animals with bacteremia of 10 to 10° CFU/ml. The gray
boxes indicate the duration of antibiotic treatment. Dotted lines indicate the highest bacteremia levels included in the lower panels.

RESULTS

Efficacy of single-antibiotic treatments. In this study, we evalu-
ated the efficiency of different antibiotic agents, which are available in
hospitals or in community health care centers, to treat experimentally
induced respiratory anthrax. The antibiotics tested were selected ac-
cording to their mechanism of action. Amoxicillin-clavulanic acid
(Augmentin) (B-lactams), vancomycin (glycopeptides), and imi-
penem (carbapenems) represent the cell wall synthesis inhibitory
agents. Rifampin was tested as an RNA inhibitor, and from the pro-
tein synthesis inhibitors, clarithromycin (macrolides) and linezolid
(oxazolidinone) were used. Treatment efficacy was studied using our
previously reported rabbit model (17), in which bacteremia levels
serve as a marker for systemic disease progression following intrana-
sal instillation of B. anthracis Vollum spores. Based on our experi-
ence, we defined 32 h postexposure as the time point to determine
the bacteremia level and administer antibiotics, allowing for a
wide range of bacteremia levels for treatment. In all experiments,
the inoculation dose was 100 to 200 LD, of Vollum spores, and
antibiotic treatment started 32 h postinjection and continued
twice daily for 14 days. To ensure rapid systemic antibiotic disper-
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sion, the first dose was administered intravenously (i.v.) (when the
adequate product was available) and the following doses were ad-
ministered subcutaneously (s.c.).

Cell wall synthesis inhibitor treatment regimens initiated with
an i.v. antibiotic administration and were followed by s.c. antibi-
otic injections (Table 1). The antibiotic treatment was given to
groups of 21, 23, and 19 rabbits (for amoxicillin-clavulanic acid,
vancomycin, and imipenem, respectively). As demonstrated in
Fig. 1A (top panels), all the cell wall inhibitors were very effective
as postexposure prophylaxis, preventing the development of an-
thrax when the treatment started before the onset of bacteremia
(blue symbols). Those antibiotics were also very effective in curing
highly bacteremic rabbits (red symbols) with bacteremia loads of
up to 10° CFU/ml (amoxicillin-clavulanic acid [Augmentin] and
imipenem) and 10°> CFU/ml (vancomycin). After the cessation of
antibiotic treatment, all the surviving animals were monitored for
an additional period of 14 days. Our findings demonstrate that
except for one animal (treated with imipenem), all the animals
were cured (Fig. 1A, bottom panels). Seroconversion was ob-
served in all the bacteremic animals that were treated with vanco-
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FIG 2 Efficacy during and after treatment with protein synthesis inhibitors.
The rabbits were infected by i.n. instillation of B. anthracis Vollum spores, and
treatment was initiated 32 h postinfection. (Top) Bacteremia level of each
individual rabbit at treatment initiation and the outcome of the treatment
(during the antibiotic administration; live [circle] or dead [x]). The animals
that received prophylactic treatment (sterile at treatment initiation) are shown
in blue. Rabbits with bacteremia in the range of 10 to 10° CFU/ml are shown in
red. Rabbits with bacteremia higher than 10° CFU/ml are shown in black.
(Bottom) Survival rate with time. Treatment of the groups is indicated by color
as follows: black, untreated animals; blue, prophylactic treatment; red, treat-
ment of bacteremic animals with bacteremia of 10 to 10° CFU/ml. The gray
boxes indicate the duration of antibiotic treatment. Dotted lines indicate the
highest bacteremia levels included in the lower panels.

mycin and imipenem (data not shown). It should be mentioned
that after cessation of treatment with amoxicillin-clavulanic acid,
the rabbits developed severe, non-anthrax-related diarrhea that
caused death in five animals.

Treatment with the RNA inhibitor rifampin was conducted on
20 infected rabbits, and treatment was administered per os (p.o.)
twice daily (Table 1). Prophylactic treatment was given to five
rabbits, whereas the rest were bacteremic at treatment initiation.
As can be clearly seen from the data presented in Fig. 1B (top and
bottom panels), rifampin failed to cure bacteremic animals or
even delay the time to death and was effective only as a prophy-
lactic treatment. No relapse of the disease was observed in the
group given rifampin prophylactically (Fig. 1B, bottom panel).

The treatment regimen for protein synthesis inhibitors in-
cluded p.o. administration of clarithromycin or linezolid (Table
1). Our data demonstrate that these two antibiotics were effective
as prophylactic treatments (Fig. 2, blue symbols and lines) and
that linezolid was very efficient in curing highly bacteremic ani-
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mals, with bacteremia levels of 10° to 10° CFU/ml (Fig. 2. red
symbols and lines). Clarithromycin, on the other hand, failed to
cure animals even at very low bacteremia levels (Fig. 2, red sym-
bols and lines) and was effective only as a prophylactic treatment
(Fig. 2, blue symbols and lines).

Efficacy of combined antibiotic treatment. In a previous
study (17), we had demonstrated that ciprofloxacin treatment was
effective for treating animals with bacteremia levels of up to 10°
CFU/ml. We were also able to demonstrate the added benefit of
combined treatment of ciprofloxacin with anti-PA antibodies in
animals that had bacteremia levels in the range between 10° and
10° CFU/ml. Therefore, we decided to evaluate the efficacy of
combined treatment with ciprofloxacin and clindamycin, a com-
bination that was recommended by the CDC (20), in animals with
bacteremia levels of 10° to 10’ CFU/ml. In order to determine
when each individual animal was in the required bacteremia range
for treatment initiation, levels of PA in the sera were used to pre-
dict the level of bacteremia (7). For that purpose, 32 animals were
inoculated with 100 to 200 LDs,, B. anthracis Vollum spores. Blood
was drawn from the ear vein, and serum PA levels were deter-
mined by a rapid immunoassay, starting 30 h postinfection and
every 2 h thereafter. Antibiotic treatment was initiated when the
infected animals had serum PA levels higher than 40 ng/ml. The
initial combined treatment, with ciprofloxacin (60 mg/kg of body
weight, p.o.) and clindamycin (60 mg/kg, i.v.), was given to 15
animals and was compared to single-antibiotic treatment (only
ciprofloxacin) that was given to 16 animals (one animal died be-
fore antibiotics were administered). The combined treatment was
continued for 3 days (with clindamycin administered subcutane-
ously), and from days 4 to 14, both groups were treated with
ciprofloxacin only. As seen in Fig. 3, both groups were statistically
identical, exhibiting similar bacteremia ranges and treated at sim-
ilar time points after infection. Whereas the ciprofloxacin treat-
ment cured only 33% of the animals (4/12), the combined treat-
ment of animals with initial bacteremia of up to 10° CFU/ml
exhibited an impressive statistically significant improvement (P =
0.0102) by curing 100% of the treated animals (10/10). No
monotreatment experiment using clindamycin was preformed
due to known toxicity to rabbits.

In an attempt to elucidate the mechanisms underlying this ob-
servation, we studied the effects of the two antibiotics on the pro-
liferation of the bacteria and on the release of the toxins (PA), both
invitro and in vivo. As can be seen in Fig. 4A (in vitro experiments),
ciprofloxacin exhibits strong inhibition of bacterial proliferation,
accompanied by a significant increase in toxin concentration. In
contrast, clindamycin showed a strong reduction in toxin secre-
tion, even at concentrations subinhibitory for proliferation.
Therefore, we can assume that clindamycin’s contribution to the
increased curative effect of the combined treatment relies on its
ability to inhibit the increased toxin secretion. This conclusion is
substantiated by the in vivo studies (Fig. 4B), where our data sug-
gest an increased effect of the combined antibiotic treatment on
the toxin secretion, but not on bacterial proliferation in compar-
ison to single-antibiotic treatments with ciprofloxacin or clinda-
mycin.

DISCUSSION

Rapid initiation of antimicrobial therapy is crucial in the manage-
ment of severe infection and sepsis. Proper selection of an antimi-
crobial treatment regimen against the infectious agent, with opti-
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FIG 3 Efficacy during and after combined treatment. (Top) Bacteremia level of each individual rabbit at treatment initiation and the outcome of the treatment
(live [circle] or dead [x]). Rabbits with bacteremia in the range of 10 to 10° CFU/ml are shown in red. Rabbits with bacteremia higher than 10° CFU/ml are shown
in black. (Bottom) Survival rate with time. Treatment of the groups is indicated by color as follows: black, untreated; red, treatment of bacteremic animals with
bacteremia of 10 to 10° CFU/ml. The gray boxes indicate the duration of antibiotic treatment. Dotted lines indicate the highest bacteremia levels included in the

lower panels.

mal pharmacokinetic and pharmacodynamic characteristics, is
highly important (25). The same principles are important in the
case of systemic anthrax, for which the delay in antibiotic treat-
ment is tightly associated with increased mortality. The recom-
mendations for antibiotic treatment of inhalational anthrax are
mainly based on in vitro susceptibility testing, in vivo animal stud-
ies, and fragmented clinical experience, as no clinical human stud-
ies of these infections are available. Previous studies of animal
models and reports on the treatment of systemic anthrax in hu-
mans have demonstrated that ciprofloxacin treatment is highly
efficient (26). Current CDC guidelines recommend single treat-
ment with a fluoroquinolone or tetracycline as postexposure pro-
phylaxis and combination therapy for the established disease. For
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patients with proven or suspected meningitis, the recommended
combination includes a fluoroquinolone (ciprofloxacin or levo-
floxacin), a bactericidal cell wall-acting agent (e.g., meropenem),
and a protein synthesis inhibitor (e.g., linezolid). If meningitis is
ruled out, treatment can include a fluoroquinolone and a protein
synthesis inhibitor only (e.g., linezolid or clindamycin). Combi-
national antimicrobial treatment is not usually recommended for
most infectious diseases due to possible unexpected antagonistic
effects of the antibiotics. It has, however, an important role for
specific indications, including broad coverage of polymicrobial
infections, empirical coverage for agents with suspected antibac-
terial resistance, and in cases of synergistic effects of the individual
components. Limited in vitro testing has been done to evaluate
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combination therapy for B. anthracis. In a study by Athamna et al.
(27), most combinations have shown no synergism, including the
recommended combinations of ciprofloxacin with linezolid, clin-
damycin, and rifampin, and some combinations were even antag-
onistic. Only the combination of rifampin and clindamycin was
shown to be synergistic (27). Brook et al. (28) have examined the
effect of combination treatment in an irradiated mouse model
with B. anthracis Sterne infection. The addition of clindamycin to
ciprofloxacin actually increased mortality (28). Clinically, retro-
spective studies have shown that combination treatment was as-
sociated with decreased mortality (29).

In this article, we report on our studies of rabbits, determining
the efficacy of treatment with single antibiotics on anthrax in dif-
ferent stages of the disease from postexposure prophylaxis to ad-
vanced systemic disease (highly bacteremic animals). As can be
seen, all the antibiotics tested were effective as prophylactic treat-
ments for as long as the drugs were given. Prophylactic treatment
with vancomycin and clarithromycin failed to prevent disease
upon cessation of treatment. Antibiotic treatment does not elim-
inate all the spores from the lungs, and residual spores can initiate
the development of the disease. This can be prevented by either
prolonged treatment or combining treatment with the adminis-
tration of active-PA-based vaccines.

In previous publications, we and others have shown in several
animal models that established systemic anthrax can be treated with
antibiotics. In this study, we tested additional antibiotics demonstrat-
ing their relative efficacy. Whereas the cell wall synthesis inhibitors
amoxicillin-clavulanic acid, vancomycin, and imipenem were very
efficient in treating systemic anthrax, the RNA inhibitor rifampin
failed to cure rabbits. Imipenem and rifampin, with similar SICs and
kinetics, achieve a completely different treatment outcome, indicat-
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ing a possible difference between their in vivo and in vitro efficacies.
The protein synthesis inhibitors show variations in their efficacy, as
linezolid did cure bacteremic rabbits, while clarithromycin com-
pletely failed to save them. A possible reason for the discrepancy in
this case relies on the fact that clarithromycin’s MIC for B. anthracis
(0.25t0 0.5 wg/ml) is in the upper borderline of the sensitive range
(as determined for staphylococcus) (www.medsafe.govt.nz/Profs
/datasheet/k/klacidtabsuspivinj.pdf), whereas all the other protein
synthesis inhibitors are in the sensitive range.

The beneficial effect of the combination of antibiotics with
different mechanisms of action is demonstrated in the ciprofloxa-
cin-clindamycin experiments. The reduction in toxin secretion
induced by clindamycin seems to contribute to the increased cu-
rative effect of the combined antibiotic treatment. Further studies
should be carried out to demonstrate that the suggested mecha-
nism underlies the additive effect.

Herein, we report the efficacy of single-antibiotic treatments
on different stages of systemic anthrax. These data can contribute
to the building of a robust experimental base for crafting better
recommendations for efficient prevention and treatment of an-
thrax.
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