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The Antimicrobial Susceptibility of
Bacillus anthracis Isolated from Human
Cases: A Review of the Turkish Literature

Insan Olgularindan Izole Edilen
Bacillus anthracis Suglarinin
Antimikrobiyal Duyarhiliklar::
Tirkiye Literatiiriiniin Gézden Gegirilmesi

ABSTRACT Anthrax is still an endemic disease in central parts of the world including Turkey. The
aim of this study was to assess the local therapeutic options by reviewing the articles published in
Turkey about the antibiotic susceptibility of Bacillus anthracis. A total of 138 clinical isolates from
human cases were evaluated in 5 studies from 1990 to 2007. All isolates tested against penicillin G
were susceptible. None of the strains produced beta-lactamase. Doxcycline, tetracycline, erythro-
mycin, aminoglycosides and ciprofloxacin were highly active against all strains. According to the
results of this analysis, penicillin G is still a reliable option for the treatment of naturally acquired
human anthrax in Turkey.

Key Words: Anthrax; anti-infective agents

OZET Sarbon Tiirkiyenin de iginde bulundugu diinyanin gesitli bolgelerinde halen endemiktir. Bu
yazinin amaci, Tiirkiye'de Bacillus anthracis'in antibiyotik duyarliligi konusunda yapilan ¢alisma-
larin degerlendirilmesi ve tedavi alternatiflerinin sunulmasidir. Literatiir taramas1 sonucu 1990-
2007 yillar1 arasinda insan olgularindan soyutlanan toplam 138 klinik izolat1 degerlendiren 5
caligmaya ulagildi. Penisilin G igin test edilen tiim izolatlar bu ajana duyarli idi. {zolatlarin higbiri
beta-laktamaz tiretmiyordu. Doksisiklin, tetrasiklin, eritromisin, aminoglikozidler ve siprofloksa-
sin tiim izolatlara karg1 yiiksek diizeyde aktif idi. Bu analizin sonuglarina gore Tiirkiye’de dogal yol-
dan olusan insan sarbonunda penisilin G halen giivenilir bir segenektir.

Anahtar Kelimeler: Sarbon; antimikrobiyal ajanlar
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acillus anthracis is the causative agent of anthrax which is an en-

demic zoonosis in some parts of the world. Despite the hard ef-

forts for the control of the spread of B. anthracis, human anthrax
is still endemic in some parts of Turkey. A total of 2510 cases were repor-
ted to the Turkish Ministry of Health between 2000-2006
(http://www.saglik.gov.tr/TR/istatistik/ 2006/tablo34.htm).

Due to effective control programs human anthrax is very rare in indus-
trialized countries and currently human anthrax cases occur mostly in agri-
cultural regions of the world where anthrax in animals is still prevalent.
Penicillin has been the drug of choice for treatment with rare clinical failu-
re and the interest on the antimicrobial susceptibility profile of B. anthracis
is small. However, after the ‘anthrax letter’ events of October and November
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2001 in the United States of America (USA), the an-
timicrobial susceptibility of B. anthracis became an
important issue based on the concern of bioterro-
rism attack with an antibiotic resistant strain.'

Lightfoot et al reported the first article about
the antimicrobial susceptibility of B. anthracis and
Doganay and Aydin followed them.?? There are se-
veral studies concerning the antibiotic susceptibi-
lity of B. anthracis in Turkey but there are no
systematic reviews to guide the treatment of hu-
man anthrax based on local epidemiological data.
In this study, the international articles published
in Turkey about the antibiotic susceptibiliy of B.
anthracis were reviewed to assess local therapeutic
options.

Studies that evaluated antimicrobial suscepti-
bility patterns among human clinical isolates of B.
anthracis in Turkey from 1990 to 2007 were iden-
tified through the literature search of international
and Turkish MEDLINE (www.turkishmedline.com
and http://medline.pleksus.com.tr) databases. The
search terms were anthrax, B. anthracis, suscepti-
bility and Turkey (the terms ‘anthrax, B. anthracis,
sensitivity, Tiirkiye’ were used for Turkish MEDLI-
NE). The references of the articles were also searc-
hed when necessary. Only full text articles were
included in this study. The susceptibility of peni-
cillin G, doxycycline and ciprofloxacin were inter-
preted according to the breakpoint for B. anthracis
suggested by the Clinical Laboratory Standards In-
stitute (CLSI).4

We were able to identify 5 studies that evalu-
ated the antimicrobial susceptibility of B. anthra-
cis from 1990 to 2007. The antimicrobial
susceptibilities were determined by agar dilution
in 2, both agar dilution and disk diffusion in one,
Sceptor (Becton Dickinson Diagnostic Instrument
Systems, Towson, MD) automated system in one
and disk diffusion in one study.>>® Beta-lactamase
production of the strains was detected by acidi-
metric method or nitrocefin in 2 studies.?’

A total of 138 clinical isolates from human ca-
ses were evaluated. The isolates were collected
from central and eastern regions of Turkey where
anthrax is an endemic disease. All of the 104 isola-
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tes tested against penicillin G were susceptible.>>78

Beta-lactamase production was tested for 50 isola-
tes and all were negative.®” Doxcycline, tetracycli-
ne, erythromycin and ciprofloxacin were highly
active against all strains. Although the minimal in-
hibitory concentration (MIC) of cefazolin was low,
cefuroxime, ceftriaxone, cefotaxime and ceftazidi-
me had higher MICs. The results of the studies we-
in Table 1. Penicillin G
susceptibility was evaluated according to the break-
point of the CLSI for three studies.*>” Ciprofloxa-
cin susceptibility was assessed in 2 studies® and

re summarized

doxycyline in one study.>*> Although CLSI provi-
ded standards for the susceptibility of B. anthracis
after the publication of those studies, the results of
the studies that used dilution methods were con-
cordant with CLSI cut off values for penicilin G,
doxycycline and ciprofloxacin (Table 2).

CLSI suggested broth dilution as a reference
method for antimicrobial susceptibility of B. anh-
tracis recently. All studies except one used a diluti-
on method.**7 Agar dilution, broth microdilution,
E-test agar gradient method and automated systems
were used in different studies."”!® Breakpoints for
staphylococci were used in some studies carried out
before CLSI provided values for B. anthracis.’!! The
results of the Turkish studies interpreted according
to the breakpoints of the CLSI for B. anthracis see-
med to be in agreement with previous reports. The
susceptibilities of penicillin G, doxycycline and cip-
rofloxacin, drugs that are recommended as first line
agents for the treatment of B. anthracis infections in
different studies were summarized in Table 2.

B. anthracis isolates are susceptible against a
wide range of antibiotics. However, the rate of pe-
nicillin resistance reached 11.5% in a French study
that tested 96 isolates of B. anthracis. Although, 28
isolates were from animal sources and 67 were
from the environment, humans become infected
from animal and environmental sources; thus the
susceptibilities of these isolates are significant for
assessing treatment options.’ The other studies per-
formed out of Turkey also reported penicillin as a
highly active agent against B. anthracis strains iso-
lated from naturally acquired human anthrax ca-
ses.l21013 Tn our analysis, all strains were isolated
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from naturally acquired human anthrax cases. The-
re was no penicillin resistance in Turkish studies.
Penicillin G is the first choice of treatment witho-
ut any clinical failure in recent cutaneous anthrax
case series in Turkey.®!*1> The strains were also
sensitive to ampicillin or amoxicillin with a MIC
range of 0.015-0.03 mg/L. They could be used as
oral treatment options.

Lightfoot et al reported that beta-lactamase
production in three out of 70 B. anthracis isola-
tes.2 However, Coker et al detected no beta-lacta-
mase in 3 penicillin resistant B. anthracis isolates.?
A MEDLINE search revealed only 2 reports con-
cerning the beta-lactamase production of B. ant-
hracis in Turkey. None of the tested strains
showed beta-lactamase. CLSI does not recom-
mend examination for beta-lactamase production
in routine laboratory setting. Inducible beta-lacta-
mase production after exposure to subinhibitory
concentration of flucloxacillin in B. anthracis stra-
ins was reported.” Inducible beta-lactamases
among B. anthracis isolates were also reported du-
ring anthrax events in the USA.'® Appropriate do-
sing of penicillin G could play an important role
to solve such problems.

Ciprofloxacin has become an important alter-
native for the treatment of anthrax after bioterro-
rism attack in 2001.'° The development of reduced
susceptibility of B. anthracis to ofloxacin followed
by sequential subculture in sub inhibitory concen-
trations was demonstrated.'” A variant strain of B.
anthracis resistant to ampicillin (MIC 512 mg/L), ri-
fampicin (MIC 128 mg/L), doxycyline (MIC 64
mg/L), chloramphenicol (MIC 64 mg/L), macrolides
and lincomycin (MIC 128 mg/L) has already been

derived in laboratory conditions by Russian investi-
gators.'® Quinolones could be reserved for specific
conditions to avoid the development of drug resis-
tance. Doxycycline, erythromycin, clindamycin and
cefazolin are promising treatment options with low
MICs where penicillin use is not available.

Although CLSI did not provide breakpoints for
second and 3rd generation cephalosporines, the
MICs of cefuroxime, cefotaxime, ceftriaxone and
ceftazidime were high in the studies reported from
Turkey. Similar results were reported for cefuroxi-
me, cefotaxime! and ceftriaxone in other studi-
es.12%11 Those agents should not be used for the
treatment of anthrax.

Penicillin and streptomycin synergy was re-
ported for systemic anthrax.! Gentamicin, strepto-
mycin, amikacin, netilmicin and tobramycin had
good in vitro activity against B. anthracis. The ad-
dition of an aminoglycoside as a 2nd drug in cases
with systemic involvement could be a reasonable
idea. A combination of penicillin G and streptomy-
cin is recommended particularly for the treatment
of gastrointestinal anthrax in the current guideline
of the World Health Organization."

In conclusion, penicillin is still a reliable op-
tion for the treatment of naturally acquired human
anthrax in Turkey. A combination of penicillin G
and other antibiotics active against B. anthracis
may be recommended in gastrointestinal, pulmo-
nary and central nervous system anthrax. Conti-
nuous surveillance of resistance to certain
antibiotics that are commonly used in the treat-
ment of human anthrax would help to choose the
appropriate antibiotic regimen.
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