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Determination of Escherichia coli and
Citrobacter koseri Isolates with

OXA-48 Carbapenemase in İstanbul

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee::  Today, carbapenems are used as almost last choice for the treatment of infections with ex-
tended spectrum β-lactamase (ESBL) producing pathogens. However, the prevalence of carbapenamase-producing
strains in Enterobacteriaceae has been increasing over the last decade. In this study, carbapenem-resistant Escherichia
coli and Citrobacter koseri isolates with OXA-48 carbapenemase obtained from hospitalized patients in different re-
gions of Istanbul were investigated. MMaatteerriiaall  aanndd  MMeetthhooddss::  The strains were identified by conventional methods and
VITEK 2 system. Antibiotic susceptibility test was performed using disc diffusion method, and extended-spectrum
β-lactamase production was investigated using the double-disc synergy and  cefotaxime/boronic acid- cefo-
taxime/boronic acid/clavulanic acid tests. VITEK 2 system was used for determination of minimum inhibitory con-
centration (MIC) of the antibiotics. The MICs of imipenem and meropenem for the clinical isolates were also
determined by E-tests. The carbapenemase production was investigated with modified Hodge test. β-lactamase genes
and plasmid mediated quinolone resistance (PMQR) determinants were screened by polymerase chain reaction (PCR).
The amplification products of blaOXA-48 genes were sequenced. Conjugation experiment was used for transferring β-
lactamase gene. RReessuullttss:: The clinical isolates and their transconjugants were positive for blaOXA-48, however, the iso-
lates lacked PMQR and other β-lactamase genes such as blaTEM, blaSHV, blaCTX-M, blaVIM, blaIMP and blaKPC. The
blaOXA-48 genes detected in both of the isolates were transferred to the recipient strain. The MICs were increased ap-
proximately two fold according to recipient strain in transconjugants for carbapenems. Additionally, the transcon-
jugants conferred resistance to ampicillin, amoxicillin-clavulanic acid, piperacillin-tazobactam and cefazolin.
CCoonncclluussiioonnss:: The carbapenemase-producing isolates may restrict the use of these valuable antibiotics. In Turkey, the
blaOXA-48 gene not only persists especially in Klebsiella pneumoniae but also it has spread among other species. The
presence of OXA-48 carbapenemase in rarely encountered species should also be considered.

KKeeyy  WWoorrddss::  Carbapenemase; Escherichia coli; Citrobacter koseri; oxacillinase

ÖÖZZEETT  AAmmaaçç:: Günümüzde, karbapenemler geniş spektrumlu β-laktamaz (ESBL) üreten patojenlerlerin neden olduğu
enfeksiyonların tedavisi için genellikle son tercih olarak kullanılmaktadır. Bununla birlikte Enterobacteriaceae içinde
karbapenemaz üreten türlerin prevalansı son on yılda artış göstermektedir. Bu çalışmada, İstanbul’un farklı böl-
gelerinde hastaneye yatmış olan hastalardan izole edilen, OXA-48 karbapenamazı üreten karbapenem dirençli Es-
cherichia coli ve Citrobacter koseri izolatları incelenmiştir. GGeerreeçç  vvee  YYöönntteemmlleerr::  Suşlar, konvansiyonel yöntemler ve
VITEK 2 sistemi ile identifiye edilmiştir. Antibiyotik duyarlılık testleri, disk difüzyon yöntemi kullanılarak uygu-
lanmış ve genişlemiş spektrumlu β-laktamaz üretimi, çift disk sinerji ve sefotaksim/boronik asit-sefotaksim/boronik
asit/klavulanik asit testleri kullanılarak araştırılmıştır. Antibiyotiklerin minimum inhibitor konsantrasyonunun (MİK)
saptanmasında VITEK 2 sistemi kullanılmıştır. Klinik izolatların imipenem ve meropenem için MİK’leri, E-test yön-
temi ile de saptanmıştır. Karbapenemaz üretimi, modifiye Hodge testi ile araştırılmıştır. β-laktamaz genleri ve plazmid
aracılı kinolon direnci (PMQR) determinanları, polimeraz zincir reaksiyonu ile taranmıştır. blaOXA-48 genlerinin am-
plifikasyon ürünleri sekanslanmıştır. β-laktamaz gen transferi için konjugasyon deneyi kullanılmıştır. BBuullgguullaarr::  Klinik
izolatlar ve transkonjuganlarında, blaOXA-48 geni pozitif bulunmuş ancak PMQR ve blaTEM, blaSHV, blaCTX-M, blaVIM,
blaIPM ve blaKPC gibi diğer β-laktamaz genleri saptanmamıştır. Heriki izolatta saptanan blaOXA-48 geni, alıcı bakteriye
aktarılmıştır. Trankonjuganlarda karbapenemler için saptanan MİK değerleri alıcı bakteriye göre iki kat daha yük-
sek bulunmuştur. Buna ek olarak transkonjuganlar ampisilin, amoksisilin-klavulanik asid, piperasilin-tazobaktam ve
sefazoline direnç gösterdiği saptanmıştır. SSoonnuuçç::  Karbapenemaz üreten suşlar karbapenemlerin kullanınımını sınır-
layabilmektedir. Türkiye’de OXA-48 geni özellikle Klebsiella pneumoniae suşlarında bulunmaya devam etmekte,
ayrıca diğer suşlar arasında da yayılmaktadır. OXA-48 karbapenemazının varlığı seyrek karşılaşılan türlerde de akla
getirilmelidir 
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he pre va len ce of car ba pe ne ma se-pro du cing
stra ins in En te ro bac te ri a ce a e has be en in cre -
a sing over the last de ca de. Car ba pe nem-

hydroly zing enz ymes can be clas si fi ed in mo le cu lar
Amb ler class A, B, or D (oxa cil li na ses). The OXA-
48 (Class D) was first re por ted in Kleb si el la pne u -
mo ni a e iso la ted in Tur key in 2001. The iso la te was
co-pro du cing TEM-1 and SHV-2a and was re sis tant
to all β-lac tams, inc lu ding car ba pe nems.1 Sin ce
then, se ve ral en te ro bac te ri al iso la tes pro du cing
OXA-48 ha ve be en re por ted mostly from Tur key,
al so from va ri o us co un tri es inc lu ding Bel gi um, Le -
ba non, In di a and Ar gen ti na and re cently from
Fran ce and Egypt.2-4 Ex ten ded-spec trum β-lac ta ma -
se (ESBL) en co ding ge nes lo ca ted on plas mids are
highly trans fe rab le and may har bor re sis tan ce ge -
nes to se ve ral dif fe rent gro ups of an ti bi o tics. To -
day, car ba pe nems are usually the last cho i ce for the
tre at ment of in fec ti ons with ESBL-pro du cing pat -
ho gens. The in cre a sing spre ad of plas mid me di a ted
qu i no lo ne re sis tan ce (PMQR) de ter mi nants with
car ba pe nem re sis tan ce ge nes con si de red as a ca u se
of con cern.

In this study, car ba pe nem-re sis tant Esc he ric -
hi a co li and Cit ro bac ter ko se ri iso la tes with OXA-
48 car ba pe ne ma se ob ta i ned from hos pi ta li zed
pa ti ents in dif fe rent re gi ons of İs tan bul we re in ves-
ti ga ted.

MA TE RI AL AND MET HODS

PA TI ENT AND BAC TE RI AL ISO LA TE

İs tan bul Uni ver sity İs tan bul Me di cal Fa culty (1 750
beds) is lo ca ted in the Eu ro pe an part of İs tan bul,
whi le the Gül ha ne Mi li tary Me di cal Aca demy
Hay dar pa şa Tra i ning Hos pi tal (1000 beds) is lo ca -
ted in the Asi an part of İs tan bul. Cli ni cal E. co li 406
stra in was iso la ted from a 43-ye ar-old fe ma le pa ti -
ent with re nal trans plan ta ti on in İs tan bul Uni ver -
sity İs tan bul Me di cal Fa culty in 2009. The stra in
was isolated from pe ri to ne al flu id. Cli ni cal C. ko se -
ri 86 stra in was iso la ted from a pa ti ent with pep tic
ul cer in Gül ha ne Mi li tary Me di cal Aca demy Hay-
dar paşa Tra i ning Hos pi tal in 2009. This 77-ye ar-
old ma le pa ti ent was hos pi ta li zed du e to se ve re
gas tro in tes ti nal ble e ding. Af ter gett ing wor se, the

pa ti ent was trans fer red to in ten si ve ca re unit. One
month la ter, cul tu re of blo od samp les yi el ded a
mul ti-drug re sis tant C. ko se ri iso la te. Both of the
iso la tes we re iden ti fi ed by the con ven ti o nal met h-
ods and VI TEK 2 System (bi oMéri e ux, Fran ce).

AN TI MIC RO BI AL SUS CEP TI BI LITY TES TING AND 
SYNERGY TES TING

In di vi du al stra ins we re tes ted ba sed on the re com -
men da ti ons of the Cli ni cal and La bo ra tory Stan-
dards Ins ti tu te (CLSI), by the Kirb y– Ba u er disc
dif fu si on met hod for sus cep ti bi lity.5 Do ub le disc
synergy test with ce fo ta xi me and cef ta zi di me and
ce fo ta xi me/bo ro nic acid- ce fo ta xi me/bo ro nic acid/
cla vu la nic acid test we re used for scre e ning the
ESBL pro duc ti on. Car ba pe ne ma se pro duc ti on was
in ves ti ga ted by mo di fi ed Hod ge test.

The fol lo wing an ti bi o tic discs (Oxo id, Hamp-
shi re, UK) we re purc ha sed and used as di rec ted by
the ma nu fac tu rer: Amo xi cil lin-cla vu la nic acid
(AMC, 20/10 mg), ce fo pe ra zo ne-sul bac tam (SCF,
75/30 mg), pi pe ra cil lin-ta zo bac tam (TZP, 100/10
mg), imi pe nem (IMP, 10 mg), me ro pe nem (MEM,
10 mg), ce fo ta xi me (30 mg), cef ta zi di me (30 mg),
gen ta mi cin (GN, 10 mg), norf lo xa cin (NOR, 10
mg), cip rof lo xa cin (CIP, 5 mg), co-tri mo xa zo le
(SXT, 1.25/23.75 mg), nit ro fu ran to in (NIT, 300
mg), fos fomy cin (FOS, 200 mg). E. co li 25922 was
used as a con trol stra in. MICs of am pi cil lin, amo -
xi cil lin-cla vu la nic acid, pi pe ra cil lin-cla vu la nic
acid, ce fa zo lin, ce fo xi tin, cef ta zi di me, cef tri a xo -
ne, er ta pe nem, imi pe nem, me ro pe nem, gen ta mi -
cin, le vof lo xa cin, ti gecy cli ne, and tri met hop rim/
sul fa met ho xa zo le we re de ter mi ned for cli ni cal iso-
la tes and the ir trans con ju gants by VI TEK 2 System.
The MICs of imi pe nem and me ro pe nem for the cli -
ni cal iso la tes we re al so de ter mi ned by E-test (bi o-
Méri e ux, Fran ce).

TRANS FE RA BI LITY OF BLA O XA-48 GE NES

Con ju ga ti on ex pe ri ments using an azi de-re sis tant
E. co li J53 (AzR) as the re ci pi ent we re per for med
in li qu id cul tu re me di a as des cri bed pre vi o usly.6

Trans con ju gants we re se lec ted on trypti ca se soy
agar pla tes con ta i ning so di um azi de (100 µg/ml)
for co un ter se lec ti on and amo xi cil lin (100 µg/ml),
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ce fo ta xi me (8 µg/ml) for se lec ti on of plas mid-
en co ded re sis tan ce. The pre sen ce of trans fer -
red bla O XA-48 ge nes we re con fir med by PCR 
(Fi gu re 1).

CHA RAC TE RI ZA TI ON OF BLA O XA-48 GE NES AND 
SE QU EN CING

DNA ex trac ti on was per for med as des cri bed pre vi -
o usly.7 Bri efly, bac te ri al co lo ni es we re sus pen ded
in 2 ml cen tri fu ge tu bes and then cen tri fu ged at 
12 000 g to ob ta in pel lets. Pel lets we re was hed in
750 ml of TE buf fer (10 mM Tris HCl, pH 8.0, 1
mM ED TA) and then bo i led for 10 mi nu tes in 500
ml of Tris-ED TA (TE) buf fer and cen tri fu ged. Su-
per na tants we re sto red at -20°C until sub se qu ent
DNA amp li fi ca ti on. The bla TEM, blaSHV, blaCTX-M,
bla O XA-48, bla VIM-1, bla VIM-2, bla IPM-1, bla IPM-2,
blaKPC ge nes we re in ves ti ga ted by PCR, as des cri -
bed pre vi o usly.8,9 A mul tip lex PCR was per for med
to de tect qnrA, qnrB and qnrS as des cri bed pre vi -
o usly by Cat to ir et al.10 PCR amp li fi ca ti on of qnrC,
qnrD, and qe pA and aac (6’)-Ib was car ri ed out
with spe ci fic pri mers and con di ti ons.11-13 The amp -
li fi ca ti on pro ducts of bla O XA-48 ge nes we re se qu en -

ced with App li ed Bi osy stem se qu en cer (ABI
PRISM 310 Ge ne tic Analy zer; App li ed Bi osy stems,
Fos ter City, CA, USA). The nuc le o ti de and ami no
acid se qu en ces we re analy zed and com pa red with
the BLAST com pu ter prog ram ava i lab le in the in-
ter net at the Na ti o nal Cen ter for Bi o tech no logy In-
for ma ti on web si te (www.ncbi.nlm.nih.gov).

RE SULTS 
The ro u ti ne an ti bi og ram with disc dif fu si on met -
hod re ve a led that both iso la tes we re re sis tant to
am pi cil lin, amo xi cil lin-cla vu la nic acid, ce fa zo lin,
and we re sus cep tib le to cef ta zi di me and gen ta mi -
cin. Ad di ti o nally, E. co li 406 was re sis tant to le v-
of lo xa cin and tri met hop rim-sul fa met ho xa zo le
and C. ko se ri was re sis tant to cef tri a xo ne. Alt ho -
ugh E. co li 406 was re sis tant to all tes ted car ba pe -
nems (imi pe nem: ≥16 mg/L, me ro pe nem: ≥16
mg/L, er ta pe nem: ≥8 mg/L), C. ko se ri iso la te was
re sis tant to er ta pe nem (≥8) but pre sen ted in ter me -
di a te sus cep ti bi lity to imi pe nem (8 mg/L) and me -
ro pe nem (8 mg/L) (Tab le 1). 

The MICs for imi pe nem and me ro pe nem we -
re al so de tec ted as ≥32 mg/L and 8 mg/L for E. co li
and C. ko se ri, res pec ti vely (Fi gu re 2). The car ba pe -
ne ma se pro duc ti on was de tec ted in both iso la tes by
mo di fi ed Hod ge test. ESBL pro duc ti on was not ob-
ser ved in both of the stra ins.

The cli ni cal iso la tes and the ir trans con ju gants
we re po si ti ve for bla o xa-48 ho we ver, the iso la tes lac -
ked ot her β-lac ta ma se ge nes such as bla TEM, blaSHV,
blaCTX-M, bla VIM, bla IPM and blaKPC.

The an ti bi og ram pat tern of trans con ju gants re-
ve a led re du ced sus cep ti bi lity to car ba pe nems. The
trans con ju gants of iso la tes we re sus cep tib le (≤0.25-
2 mg/L) to imi pe nem, me ro pe nem and er ta pe nem,
ho we ver MIC for imi pe nem in trans con ju gants of
E. co li 406 and C. ko se ri 86 we re in cre a sed two
fold. Ad di ti o nally, MIC for er ta pe nem in trans con -
ju gant of C. ko se ri 86 we re in cre a sed two fold. The
trans con ju gants con fer red re sis tan ce to am pi cil lin,
amo xi cil lin-cla vu la nic acid, pi pe ra cil lin-ta zo bac -
tam and ce fa zo lin. The re sis tan ce to β-lac tams was
not re du ced by ta zo bac tam and cla vu la nic acid
(Tab le 1).

FIGURE 1: PCR gel showing blaOXA-48 from E. coli and C. koseri strains.
406: E. co li 406, T406: Trans con ju gant of E. co li 406; 86: C. ko se ri 86, T86: Trans con -

ju gant of C. ko se ri 86; NC: ne ga ti ve con trol; PC: po si ti ve con trol (743 bp); MM-mo le cu -

lar mar ker (100 bp).
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DIS CUS SI ONS
The spre ad of car ba pe ne ma se-pro du cing En te ro -
bac te ri a ce a e iso la tes is an important thre at for the
ma na ge ment of no so co mi al in fec ti ons. This car ba -
pe nem re sis tan ce is ex tre mely im por tant since this
drug is a last re sort of the rapy and highly use ful
for many types of cli ni cal in fec ti ons. The class A
car ba pe ne ma ses, li ke KPC are pre sent in K. pne u -
mo ni a e stra ins and they are spre a ding ra pidly on a
worl dwi de sca le. This type car ba pe ne ma ses ha ve
be en re por ted in va ri o us spe ci es of En te ro bac te ri -
a ca e from se ve ral parts of the world inc lu ding

USA, Eu ro pe an co un tri es, So uth Ame ri ca, Asi a
and Midd le East.14 Plas mid en co ded class B me tal -
lo-β-lac ta ma ses such as IPM and VIM types are al -
so dis tri bu ted glo bally.15 Af ter the de tec ti on of first
iso la te of OXA-48 pro du cing K. pne u mo ni a e from
Tur key,1 ot her OXA-48 pro du cing iso la tes, mostly
K. pne u mo ni a e and a few E. co li, we re re por -
ted.16,17 Ho we ver, a re cent re port of an out bre ak
from İs tan bul in di ca ted that it is a re al thre at for
Tur key.18 The study de mons tra ted that dis se mi na -
ti on of the bla O XA-48 ge ne is not spre a ding by a sin-
g le K. pne u mo ni a e clo ne, but se ve ral
OXA-48-pro du cing clo nes wi dely dis tri bu ted in

MICs (mg/L) for

E. coli 406 E. coli J53 (p406) C. koseri 86 E. coli J53 (p86) 

Antibiotics blaOXA-48 (blaOXA-48) blaOXA-48 (blaOXA-48) E. coli J53

Ampicillin ≥32 ≥32 ≥32 ≥32 ≤2

Amoxicillin- clavulanic acid ≥32 ≥32 ≥32 ≥32 4

Piperacillin-tazobactam ≥128 ≥128 ≥128 ≥128 ≤4

Cefazolin ≥64 8 ≥64 32 ≤4

Ceftazidim ≤1 ≤1 4 ≤1 ≤1

Ceftriaxone 2 ≤1 8 ≤1 ≤1

Ertapenem ≥8 ≤0.5 ≥8 1 ≤0.5

Imipenem ≥16 2 8 2 ≤1

Meropenem ≥16 ≤0.25 8 ≤0.25 ≤0.25

Gentamicin 4 ≤1 ≤1 ≤1 ≤1

Levofloxacin ≥8 ≤0.12 4 ≤0.12 ≤0.12

Tigecycline ≤0.5 ≤0.5 1 ≤0.5 ≤0.5

Trimethoprim/Sulfamethoxazole ≥320 ≤20 20 ≤20 ≤20

TABLE 1: The resistance genes and antibiotic susceptibilities of Escherichia coli 406 and 
Citrobacter koseri 86 clinical isolates and their transconjugants.

*MICs of E.coli 406, C.koseri 86 and their transconjugants, E.coli 406 (p406), C.koseri 86 (p86) and E.coli J53 were indicated.

MIC: minimum inhibitory concentration.

FIGURE 2: The modified Hodge test (A) and E-test of the E. coli and C. koseri isolates (B). The arrow on the Figure 2A shows positive modify Hodge test.
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İs tan bul. In ad di ti on to the se fin dings, bla O XA-48
and ESBLs inc lu ding bla TEM, blaSHV, blaCTX and
bla VEB we re not car ri ed on the sa me plas mids. In
the pre sent study, si mi lar to the se fin dings, only
bla O XA-48 ge ne was de tec ted in both stra ins/the ir
trans con ju gants and it has be en spre a ding not only
in E. co li and K. pne u mo ni a e, but al so in anot her
spe ci es such as C. ko se ri.

This study emp ha si zed that, in ad di ti on to
class A and class B car ba pe ne ma ses, the class D
car ba pe ne ma se OXA-48 type might le ad sig ni fi -
cantly to car ba pe nem re sis tan ce in E. co li and C.
ko se ri. C. ko se ri 86 pre sen ted in ter me di a te sus-
cep ti bi lity to imi pe nem and me ro pe nem in con-
trast to er ta pe nem re sis tan ce. Ho we ver, the
trans con ju gants of the cli ni cal iso la tes pre sen ted
only re du ced sus cep ti bi lity to car ba pe nems. This
fin ding sug ges ted pre vi o us stu di o us. Sin ce OXA-
48-pro du cing iso la tes may be fo und sus cep tib le
to car ba pe nems when tes ted ac cor ding to CLSI
qu i de li nes, the de tec ti on of OXA-48-pro du cing
stra ins are dif fi cult for cli ni cal la bo ra to ri es. On

ac co unt of this fact, this re sis tan ce ge nes may be
mo re pre va lent than ex pec ted.2 Thus, anot her in-
cre a sing con cern is that the pos si bi lity of un de -
tec ted spre ad of bla O XA-48.

The co-exis ten ce of bla O XA-48 with ot her re sis -
tan ce ge nes such as PMQR de ter mi nants (aac(6’)-
Ib-cr, qnr and qe pA), to get her with the OXA-48
ge ne among no so co mi al pat ho gens may li mit al ter-
na ti ve agents for the tre at ment of mul ti-drug re sis -
tant stra ins. In a pre vi o us study, a qnrA-po si ti ve-
Cit ro bac ter fre un di i iso la te pro du cing bla VEB-1 and
bla O XA-48 has be en re por ted from İs tan bul.19 In the
pre sent study, no ad di ti o nal β-lac ta ma se ge nes and
PMQR de ter mi nants we re de tec ted in con trast to
pre vi o us stu di es. 

The pre sen ce and worl dwi de dis se mi na ti on
of OXA-48 car ba pe ne ma se are wor ri so me is su es
ac cor ding to the fact that car ba pe nems are of ten
the last cho i ce an ti bi o tics for tre a ting in fec ti ons
es pe ci ally du e to ESBL-pro du cing stra ins. The pre -
sen ce of OXA-48 car ba pe ne ma se in ra rely en co un -
te red spe ci es sho uld al so be con si de red.
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