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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 Uni ted Sta tes of Ame ri ca (USA), the an-
ti mic ro bi al sus cep ti bi lity of B. ant hra cis be ca me an
im por tant is su e ba sed on the con cern of bi o ter ro -
rism at tack with an an ti bi o tic re sis tant stra in.1

Ligh tfo ot et al re por ted the first ar tic le abo ut
the an ti mic ro bi al sus cep ti bi lity of B. ant hra cis and
Do ğa nay and Ay dın fol lo wed them.2,3 The re are se -
ve ral stu di es con cer ning the an ti bi o tic sus cep ti bi -
lity of B. ant hra cis in Tur key but the re are no
syste ma tic re vi ews to gu i de the tre at ment of hu -
man ant hrax ba sed on lo cal epi de mi o lo gi cal da ta.
In this study, the in ter na ti o nal ar tic les pub lis hed
in Tur key abo ut the an ti bi o tic sus cep ti bi liy of B.
ant hra cis we re re vi e wed to as sess lo cal the ra pe u tic
op ti ons.

Stu di es that eva lu a ted an ti mic ro bi al sus cep ti -
bi lity pat terns among hu man cli ni cal iso la tes of B.
ant hra cis in Tur key from 1990 to 2007 we re iden-
ti fi ed thro ugh the li te ra tu re se arch of in ter na ti o nal
and Tur kish MED LI NE (www.tur kish med li ne.com
and http://med li ne.plek sus.com.tr) da ta ba ses. The
se arch terms we re ant hrax, B. ant hra cis, sus cep ti -
bi lity and Tur key (the terms ‘anthrax, B. ant hra cis,
sensitivity, Tür ki ye’ we re used for Tur kish MED LI -
NE). The re fe ren ces of the ar tic les we re al so se arc -
hed when ne ces sary. Only full text ar tic les we re
inc lu ded in this study. The sus cep ti bi lity of pe ni -
cil lin G, doxyc ycli ne and cip rof lo xa cin we re in ter -
pre ted ac cor ding to the bre ak po int for B. ant hra cis
sug ges ted by the Cli ni cal La bo ra tory Stan dards In-
s ti tu te (CLSI).4

We we re ab le to iden tify 5 stu di es that eva lu -
a ted the an ti mic ro bi al sus cep ti bi lity of B. ant hra -
cis from 1990 to 2007. The an ti mic ro bi al
sus cep ti bi li ti es we re de ter mi ned by agar di lu ti on
in 2, both agar di lu ti on and disk dif fu si on in one,
Scep tor (Bec ton Dic kin son Di ag nos tic Ins tru ment
Systems, Tow son, MD) au to ma ted system in one
and disk dif fu si on in one study.3,5-8 Be ta-lac ta ma se
pro duc ti on of the stra ins was de tec ted by aci di -
met ric met hod or nit ro ce fin in 2 stu di es.3,7

A to tal of 138 cli ni cal iso la tes from hu man ca -
ses we re eva lu a ted. The iso la tes we re col lec ted
from cen tral and eas tern re gi ons of Tur key whe re
ant hrax is an en de mic di se a se. All of the 104 iso la -

tes tes ted aga inst pe ni cil lin G we re sus cep tib le.3,5,7,8

Be ta-lac ta ma se pro duc ti on was tes ted for 50 iso la -
tes and all we re ne ga ti ve.3,7 Doxcy cli ne, tet racy cli -
ne, eryt hromy cin and cip rof lo xa cin we re highly
ac ti ve aga inst all stra ins. Alt ho ugh the mi ni mal in-
hi bi tory con cen tra ti on (MIC) of ce fa zo lin was low,
ce fu ro xi me, cef tri a xo ne, ce fo ta xi me and cef ta zi di -
me had hig her MICs. The re sults of the stu di es we -
re sum ma ri zed in Tab le 1. Pe ni cil lin G
sus cep ti bi lity was eva lu a ted ac cor ding to the bre ak-
po int of the CLSI for thre e stu di es.3,5,7 Cip rof lo xa -
cin sus cep ti bi lity was as ses sed in 2 stu di es5 and
doxyc yli ne in one  study.3,5 Alt ho ugh CLSI pro vi -
ded stan dards for the sus cep ti bi lity of B. ant hra cis
af ter the pub li ca ti on of tho se stu di es, the re sults of
the stu di es that used di lu ti on met hods we re con-
cor dant with CLSI cut off va lu es for pe ni ci lin G,
doxyc ycli ne and cip rof lo xa cin (Tab le 2).

CLSI sug ges ted broth di lu ti on as a re fe ren ce
met hod for an ti mic ro bi al sus cep ti bi lity of B. anh -
tra cis re cently. All stu di es ex cept one used a di lu ti -
on met hod.3,5-7 Agar di lu ti on, broth mic ro di lu ti on,
E-test agar gra di ent met hod and au to ma ted systems
we re used in dif fe rent stu di es.1,9-13 Bre ak po ints for
staph ylo coc ci we re used in so me stu di es car ri ed out
be fo re CLSI pro vi ded va lu es for B. ant hra cis.9-11 The
re sults of the Tur kish stu di es in ter pre ted ac cor ding
to the bre ak po ints of the CLSI for B. ant hra cis se e -
med to be in ag re e ment with pre vi o us re ports. The
sus cep ti bi li ti es of pe ni cil lin G, doxyc ycli ne and cip -
rof lo xa cin, drugs that are re com men ded as first li ne
agents for the tre at ment of B. ant hra cis in fec ti ons in
dif fe rent stu di es we re sum ma ri zed in  Tab le 2.

B. ant hra cis iso la tes are sus cep tib le aga inst a
wi de ran ge of an ti bi o tics. Ho we ver, the ra te of pe -
ni cil lin re sis tan ce re ac hed 11.5% in a French study
that tes ted 96 iso la tes of B. ant hra cis. Alt ho ugh, 28
iso la tes we re from ani mal so ur ces and 67 we re
from the en vi ron ment, hu mans be co me in fec ted
from ani mal and en vi ron men tal so ur ces; thus the
sus cep ti bi li ti es of the se iso la tes are sig ni fi cant for
as ses sing tre at ment op ti ons.9 The ot her stu di es per-
for med out of Tur key al so re por ted pe ni cil lin as a
highly ac ti ve agent aga inst B. ant hra cis stra ins iso-
la ted from na tu rally ac qu i red hu man ant hrax ca -
ses.1,2,10-13 In our analy sis, all stra ins we re iso la ted
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from na tu rally ac qu i red hu man ant hrax ca ses. The -
re was no pe ni cil lin re sis tan ce in Tur kish stu di es.
Pe ni cil lin G is the first cho i ce of tre at ment wit ho -
ut any cli ni cal fa i lu re in re cent cu ta ne o us ant hrax
ca se se ri es in Tur key.8,14,15 The stra ins we re al so
sen si ti ve to am pi cil lin or amo xi cil lin with a MIC
ran ge of 0.015-0.03 mg/L. They co uld be used as
oral tre at ment op ti ons. 

Ligh tfo ot et al re por ted that be ta-lac ta ma se
pro duc ti on in thre e out of 70 B. ant hra cis iso la -
tes.2 Ho we ver, Co ker et al de tec ted no be ta-lac ta -
ma se in 3 pe ni cil lin re sis tant B. ant hra cis iso la tes.3

A MED LI NE se arch re ve a led only 2 re ports con-
cer ning the be ta-lac ta ma se pro duc ti on of B. ant -
hra cis in Tur key. No ne of the tes ted stra ins
sho wed be ta-lac ta ma se. CLSI do es not re com -
mend exa mi na ti on for be ta-lac ta ma se pro duc ti on
in ro u ti ne la bo ra tory set ting. In du cib le be ta-lac ta -
ma se pro duc ti on af ter ex po su re to su bin hi bi tory
con cen tra ti on of fluc lo xa cil lin in B. ant hra cis stra -
ins was re por ted.2 In du cib le be ta-lac ta ma ses
among B. ant hra cis iso la tes we re al so re por ted du -
ring ant hrax events in the USA.16 Ap prop ri a te do -
sing of pe ni cil lin G co uld play an im por tant ro le
to sol ve such prob lems.  

Cip rof lo xa cin has be co me an im por tant al ter -
na ti ve for the tre at ment of ant hrax af ter bi o ter ro -
rism at tack in 2001.16 The de ve lop ment of re du ced
sus cep ti bi lity of B. ant hra cis to of lo xa cin fol lo wed
by se qu en ti al sub cul tu re in sub in hi bi tory con cen -
tra ti ons was de mons tra ted.17 A va ri ant stra in of B.
ant hra cis re sis tant to am pi cil lin (MIC 512 mg/L), ri-
fam pi cin (MIC 128 mg/L), doxyc yli ne (MIC 64
mg/L), chlo ramp he ni col (MIC 64 mg/L), mac ro li des
and lin comy cin (MIC 128 mg/L) has al re ady be en

de ri ved in la bo ra tory con di ti ons by Rus si an in ves ti -
ga tors.18 Qu i no lo nes co uld be re ser ved for spe ci fic
con di ti ons to avo id the de ve lop ment of drug re sis -
tan ce. Doxyc ycli ne, eryt hromy cin, clin damy cin and
ce fa zo lin are pro mi sing tre at ment op ti ons with low
MICs whe re pe ni cil lin use is not ava i lab le.

Alt ho ugh CLSI did not pro vi de bre ak po ints for
se cond and 3rd ge ne ra ti on cep ha los po ri nes, the
MICs of ce fu ro xi me, ce fo ta xi me, cef tri a xo ne and
cef ta zi di me we re high in the stu di es re por ted from
Tur key. Si mi lar re sults we re re por ted for ce fu ro xi -
me, ce fo ta xi me1 and cef tri a xo ne in ot her stu di -
es.1,2,9-11 Tho se agents sho uld not be used for the
tre at ment of ant hrax. 

Pe ni cil lin and strep tomy cin synergy was re-
por ted for syste mic ant hrax.1 Gen ta mi cin, strep to-
my cin, ami ka cin, ne til mi cin and tob ramy cin had
go od in vit ro ac ti vity aga inst B. ant hra cis. The ad-
di ti on of an ami nogl yco si de as a 2nd drug in ca ses
with syste mic in vol ve ment co uld be a re a so nab le
ide a. A com bi na ti on of pe ni cil lin G and strep tomy -
cin is re com men ded par ti cu larly for the tre at ment
of gas tro in tes ti nal ant hrax in the cur rent gu i de li ne
of the World He alth Or ga ni za ti on.19

In conc lu si on, pe ni cil lin is still a re li ab le op-
ti on for the tre at ment of na tu rally ac qu i red hu man
ant hrax in Tur key. A com bi na ti on of pe ni cil lin G
and ot her an ti bi o tics ac ti ve aga inst B. ant hra cis
may be re com men ded in gas tro in tes ti nal, pul mo -
nary and cen tral ner vo us system ant hrax. Con ti -
nu o us sur ve il lan ce of re sis tan ce to cer ta in
an ti bi o tics that are com monly used in the tre at -
ment of hu man ant hrax wo uld help to cho o se the
ap prop ri a te an ti bi o tic re gi men.
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