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CTX-M-15 Carried On Incn-Type
Plasmids in Klebsiella pneumoniae

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee::  The aim of this study was to characterize the CTX-M genes in clinical 
isolates of Klebsiella pneumoniae, particularly, the plasmid types that carry them. MMaatteerriiaall  aanndd
MMeetthhooddss:: Antimicrobial susceptibilities were determined by the agar dilution and E-test. Beta-lac-
tamase production as analyzed by phenotypic tests [E-test MBL and extended spectrum β-lacta-
mase (ESBL), isoelectric focusing, and bioassay] and molecular methods [polymerase chain reaction
(PCR) detection of ESBL-encoding genes and IS elements, DNA sequencing and analysis of blaCTX-
M and ISEcP1 PCR amplicons, typing by randomly amplified polymorphic DNA (RAPD) analysis
and plasmid isolation, transformation, rep-typing and IncN plasmid confirmation]. RReessuullttss:: Thirty
four (14.8%) out of 230 clinical isolates of K. pneumoniae were found as ESBL producers. The iso-
lates produced one to five different β-lactamases, according to the isoelectric focusing results. The
prevalence of the CTX-M-type ESBLs was found as 35% and sequencing proved all as CTX-M-15.
RAPD analysis showed no clonal relation between the strains. Previous studies have shown that the
blaCTX-M-15 gene was carried on FII plasmids. In 10 strains in this study, the CTX-M-15 gene was
on 95 kb-larger plasmids typing to IncN. In two isolates the blaCTX-M-15 was carried on an ap-
proximately 60 kb plasmid and possessed an Inc/rep type of FII. CCoonncclluussiioonn::  This is the first report
of IncN carrying blaCTX-M-15 and confirms the rapid emergence of CTX-M-15 enzymes among
K. pneumoniae in Istanbul. Through this study, it was aimed to underline the risk of spread of IncN
type plasmids, among gram-negative bacteria in Turkey, as shown previously in Greece. 

KKeeyy  WWoorrddss::  Klebsiella pneumoniae; beta-lactamase CTX-M-15  

ÖÖZZEETT  AAmmaaçç::  Bu çalışmada çeşitli klinik örneklerden izole edilen Klebsiella pneumoniae suşlarında
CTX-M genlerinin genetik içeriği ve özellikle bu genleri taşıyan plazmidler açısından karakterize
edilmesi amaçlanmıştır. GGeerreeçç  vvee  YYöönntteemmlleerr::  Suşların antimikrobiyal duyarlılıkları agar dilüsyon
ve E-test yöntemleriyle araştırılmıştır. Beta-laktamaz üretimi fenotipik testler [E-test metalo-beta-
laktamaz, genişlemiş spektrumlu beta-laktamaz (GSBL), izoelektrik odaklama ve biyoassay]  ve mo-
leküler yöntemler [polimeraz zincir reaksiyonu (PCR) ile GSBL kodlayan genler ve IS
elementlerinin saptanması, blaCTX-M ve ISEcP1 PCR amplikonlarının analizi ve DNA dizi analizi,
“randomly amplified polymorphic DNA (RAPD)” ve plazmid analizi, transformasyon, rep tiplemesi
ve IncN plazmidlerinin doğrulanması] kullanılarak analiz edilmiştir. BBuullgguullaarr::  İki yüz otuz K. pneu-
moniae klinik izolatında 34 (%14.8) suşun GSBL oluşturduğu saptanmıştır. İzoelektrik odaklama so-
nuçlarına göre bu izolatların 1-5 arasında farklı beta-laktamaz tipi oluşturduğu görülmüş, CTX-M
tipi GSBL prevalansı %35 olarak bulunmuş ve dizi analizi yöntemiyle bunların CTX-M-15 olduğu
doğrulanmıştır. RAPD analizi ile suşlar arasında klonal ilişki saptanmamıştır. blaCTX-M-15 geni-
nin genellikle FII plazmidinde taşındığı bilinmekle birlikte, bu çalışmadaki 10 suşta blaCTX-M-15
geninin 95 kb’lik IncN tipinde büyük bir plazmid üzerinde olduğu saptanmıştır. İki suşta ise blaCTX-
M-15 geni yaklaşık 60 kb büyüklüğünde bir plazmid üzerinde taşınmaktadır ve plazmid FII Inc/rep
tipindedir. SSoonnuuçç::  Bu çalışma İstanbul’da K. pneumoniae suşlarında CTX-M-15 tipi enzimlerin hızla
ortaya çıktığını doğrulayan ve blaCTX-M-15 geninin K.pneumoniae suşlarında IncN tipi plazmid-
ler üzerinde taşındığını gösteren ilk bildirimdir. VIM-4 metalo beta-laktamaz genini de taşıdığı Yu-
nanistan’daki bir çalışmada gösterilmiş olan IncN plazmidlerinin, Türkiye’de gram-negatif bakteriler
arasında yayılma riskine bu çalışma ile dikkat çekilmek istenmiştir. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Klebsiella pneumoniae; CTX-M-15
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o re than 150 ge ne ti cally dis tinct TEM-
types and abo ut 90 SHV-type ex ten ded
spec trum β-lac ta ma ses (ESBL) ha ve be en

cha rac te ri zed up to da te and ot her types of ESBLs
ha ve be en do cu men ted (www.la hey.org/stu di es).
CTX-M-15 type β-lac ta ma se is an emer ging enz -
yme among En te ro bac te ri a ce a e.1-3 Plas mid me di a -
ted CTX-M enz ymes ha ve be en de tec ted wi dely in
a va ri ety of spe ci es of en te ric gram-ne ga ti ve ba cil -
li.4-6 CTX-M ESBLs ha ve be co me do mi nant, with a
much gre a ter pe net ra ti on in to Esc he ric hi a co li, and
with many in fec ti ons in comp li ca ted pa ti ents com-
mu nity in the, usu ally with an un derl ying di se a se,
re cent an ti bi o tic use, or he alt hca re con tact.7

Ac cor ding to a re cent re vi ew and new da ta in
Gen Bank, CTX-M β-lac ta ma ses can be di vi ded in -
to fi ve gro ups (CTX-M-1, CTX-M-2, CTX-M-8,
CTX-M-9, CTX-M-25) ba sed on the ir ami no acid
se qu en ce iden ti ti es (http://www.la hey.org/stu di -
es/webt.stm).5,8,9 Clus ter 1 is glo bally do mi nant and
blaCTX-M-15, a mem ber of this clus ter, has be en
re por ted thro ug ho ut Eu ro pe, So uth Ame ri ca, Cen-
tral Asi a, So uth East Asi a and Af ri ca.10-17 CTX-M
enz ymes are mo re ac ti ve aga inst ce fo ta xi me and
cef tri a xo ne than cef ta zi di me, but po int mu ta ti ons
can in cre a se the ac ti vity aga inst cef ta zi di me. Thus,
CTX-M-15 and 32 dif fer from CTX-M-3 and -1, 
res pec ti vely, so lely by Asp-240Gly subs ti tu ti ons,
ho we ver they are 100-fold mo re ac ti ve aga inst cef-
ta zi di me.7,18

Re cent stu di es ha ve shown that Inc/rep type
FI and FII are the pre do mi nant car ri ers of the se
ESBL ge nes in E. co li.19 Com pa ra ti vely, few re ports
ha ve as so ci a ted Kleb si el la with CTX-M-15, and to
da te the re is no in for ma ti on on the plas mid types
and whet her they are the sa me as tho se fo und in E.
co li.20 The ear li est K. pne u mo ni a e iso la tes that we -
re re por ted to carry blaCTX-M-15 are tho se that
ori gi na ted in In di a pri or to 2000, and we re as so ci -
a ted with the IS ele ment ISEcP1.9 Hit her to, K. pne -
u mo ni a e iso la tes carr ying blaCTXM-15 ha ve be en
re por ted ma inly from co un tri es in In di a, So ut -
hern/Eas tern Eu ro pe and North Af ri ca inc lu ding
Al ge ri a, Tu ni si a, Le ba non, Italy, Por tu gal, Hun-
gary, Bul ga ri a and Tur key.21-29

We cha rac te ri zed the CTX-M ge nes with res -
pect to the ir ge ne tic con text and, in par ti cu lar, the
plas mid types that carry them.

MATERIAL AND METHODS

STRAINS

Bet we en 2002-2004, 230 con se cu ti ve non-dup li ca -
te cli ni cal iso la tes of K. pne u mo ni a e we re eva lu a ted
for the pre sen ce of ESBLs by using a do ub le disk
synergy test (DDST) with cef ta zi di me, cef ta zi di -
me/cla vu la nic acid and ce fo ta xi me and ce fo ta xi -
me/cla vu la nic asid. Thirty fo ur (14.8%) stra ins
we re fo und as ESBL pro du cers and we re inc lu ded
in this study. The ma jo rity of the iso la tes we re from
uri ne spe ci mens (31/34) from out pa ti ents (24/34),
whi le the rest we re from hos pi ta li zed ones tre a ted
in eight dif fe rent me di cal and sur gi cal wards.

AN TI MIC RO BIAL SUS CEP TI BILITY TES TING

An ti mic ro bi al sus cep ti bi li ti es we re de ter mi ned by
the agar di lu ti on test, and the re sults we re eva lu a -
ted ac cor ding to the bre ak po ints and re com men -
da ti ons of the Cli ni cal and La bo ra tory Stan dards
Ins ti tu te (CLSI).30 Ce fo ta xi me, cef tri a xo ne, cef tri a -
xo ne/cla vu la nic acid, pi pe ra cil lin, cef ta zi di me, ce-
fe pi me, az tre o nam, ami ka cin, ce fo xi tin, imi pe nem,
am pi cil lin and cip rof lo xa cin we re tes ted. For β-lac -
tam/ β-lac ta ma se-in hi bi tor com bi na ti ons, the con-
s tant con cen tra ti ons of cla vu la nic acid and
ta zo bac tam we re 4 and 2 μg/mL res pec ti vely. E. co -
li ATCC 25922, E. co li ATCC 35218 and Pse u do -
mo nas ae ru gi no sa ATCC 27853 we re used for
qu a lity con trol pur po ses in the sus cep ti bi lity tes t-
ing.

ISO E LEC TRIC FO CU SING (IEF)

Analy ti cal isoelectric focusing (IEF) was per for med
ac cor ding to the met hod of Matt hew et al31 fol lo -
wed by over la ying the gel to vi su a li ze the β-lac ta -
ma ses,4 using a mi ni IEF cell system (Bi o-Rad
La bo ra to ri es, Her cu les, CA,USA). pIs of the β-lac -
ta ma ses we re es ti ma ted from pIs of the pre vi o usly
known enz ymes (TEM-1: 5.4, TEM-8: 5.8, SHV-3:
7, CMY-1: 8, and CMY-2: 9) and com mer ci al pI
mar kers (Bi o-Rad La bo ra to ri es, Her cu les, CA,
USA).
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BIO AS SAY

Af ter IEF, the ce fo ta xi me hydroly zing ac ti vi ti es of
par ti cu lar β-lac ta ma ses we re de tec ted by the bi o -
as say ap pro ach, as des cri bed by Ba u ern fe ind et al.4

Gels we re sta i ned with nit ro ce fin (Cal bi oc hem,
Darm stadt, Ger many) to iden tify the β-lac ta ma se
bands. The pol yacr yla mi de gel was co ve red with a
ce fo ta xi me (1 mg/L) con ta i ning 0.75% tryptic soy
agar (TSA) over lay, to be tes ted for inac ti va ti on.
Af ter two ho urs of in cu ba ti on at 35°C, a se cond
over lay with a ce fo ta xi me-sus cep tib le in di ca tor
stra in was app li ed. Fol lo wing over night in cu ba ti -
on, growth of the in di ca tor stra in on the β-lac ta -
ma se band iden ti fi ed the hydroly tic ac ti vity of that
enz yme aga inst ce fo ta xi me.

CON JU GA TION

In CTX-M po si ti ve iso la tes, plas mid trans fer was
per for med in trip tic soy broth (Oxo id, Ba sing to ne,
UK) by mi xing 1 mL por ti ons of each 18-24 hours
tryptic soy broth (Oxo id, Ba sing to ne, UK) cul tu res
of the do nor and the re ci pi ent (E. co li K12:W3110
RifR Lac-) stra ins. Trans con ju gants we re se lec ted
on Mac Con key agar con ta i ning ce fo ta xi me 2 mg/L
and ri fam pi cin 128 mg/L.

PCR DE TEC TI ON OF ESBL-EN CO DING GE NES AND 
IS ELE MENTS

To tal DNA pre pa ra ti ons from cli ni cal iso la tes we -
re used as temp la tes in spe ci fic PCR re ac ti ons. For
the blaCTX-M-1 gro up (which is known to inc lu de
CTX-M-1, 3, 10, 11, 12, 15, 22 and UO E-1 sub gro -
ups), the pri mers used are lis ted in Tab le 1. 

PCR amp li cons for lin king ISEcp1 with
blaCTX-M we re ob ta i ned by anc ho ring one pri mer
to the 3’ end of blaCTX-M (blaCTX-M re ver se and
the ot her to the 5’ end of ISEcp1) (Tab le 1). Oli go -
nuc le o ti des de sig ned to de tect ISCR ele ments we -
re ba sed on the con sen sus se qu en ce as re por ted by
To le man et al, 2006 (Tab le 1).32

Cycling con di ti ons for amp li fi ca ti on we re: 5
min at 95°C, fol lo wed by 35 cycles of 45 s at 95°C,
45 s at 67°C, and 45 s at 72°C and fi nally 10 min at
72°C for the blaCTX-M. PCR was car ri ed out in a
50 μL vo lu me with 100 μM 10X PCR buf fer, 50
pmol of each pri mer, 10 mM de oxy nuc le o si de trip -

hosp ha tes, 2.5 mM MgCl2, and 2.5U Taq DNA
poly me ra se. The PCR pro ducts we re se pa ra ted in
1% aga ro se gels [1.5% for Typing by randomly am-
plified polymorfic DNA analysis (RAPD) PCR] sta -
i ned with et hi di um bro mi de and vi su a li zed un der
UV light. ΦX174 rep li ca ti ve-form DNA Ha e I II
frag ments we re used to as sess the PCR pro duct si -
ze. Stra ins en co ding CTX-M-gro up-1 we re used as
po si ti ve con trols for PCR amp li fi ca ti on. The ne ga -
ti ve con trol stra in was E. co li ATCC 25922.

DNA SE QU EN CING AND ANALY SIS OF 
blaCTX-M AND ISEcP1 PCR AMP LI CONS

Se qu en cing was car ri ed out on both strands by the
di de oxy-cha in ter mi na ti on met hod with a Per kin
El mer Bi osy stems 377 DNA se qu en cer. Se qu en ce
analy sis was per for med using the La ser ge ne DNAS-
TAR soft wa re pac ka ge. Se qu en ce align ments we re
do ne using the Clus tal W prog ram and the PAM
250 mat rix.

TYPING BY RAN DOMLY AMP LIFI ED POLY MORP HIC 
DNA ANALY SIS

RAPD analy sis we re per for med using an ERIC2
pri mer.33 Cycling con di ti ons for amp li fi ca ti on we -
re: 3 min at 95°C, fol lo wed by 40 cycles of 1 min at
94°C, 1 min at 40°C, and 2 min at 72°C and fi nally
5 min at 72°C.

PLAS MID ISO LA TI ON, TRANS FOR MA TI ON, 
REP-TYPING AND INcN PLAS MID CON FIR MA TI ON

The blaCTX-M-po si ti ve K. pne u mo ni a e iso la tes
had the ir plas mids fully cha rac te ri zed to de ter mi -
ne the ge ne tic con text of the β-lac ta ma se ge ne.
Bac te ri al plas mids we re iso la ted by the al ka li ne
lysis met hod.34 Es sen ti ally, an over night 10 mL cul-
tu re was cen tri fu ged (12.000 g) and sus pen ded in
wa ter (250 μL) be fo re 200 μL of lysis so lu ti on (0.2M
Na OH, 1% SDS) was ad ded. Af ter lysis, 125 μL of
ne ut ra li sing so lu ti on (0.3 M po tas si um ace ta te, 1
mM ED TA) was ad ded. Af ter pre ci pi ta ti on, the sus-
pen si on was cen tri fu ged (12.000 g) and was hed
twi ce with 500 μL of a 50/50 (V/V) phe nol/chlo ro -
form so lu ti on. The DNA was pre ci pi ta ted from the
so lu ti on by ad ding 0.7 vo lu me of iso amyl-al co hol.
The DNA/RNA pel let was was hed twi ce in 1 mL of
70% al co hol be fo re it dri ed. The DNA was dis sol -
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TABLE 1: List of primers.

Primer name (s)
ERIC-2

CTX-M-1 grp F 

CTX-M-1 grp R

CTX-M-15rev

ISEcp1F

CRF

MOV1

HI1 FW

HI1 RV

HI2 FW

HI2 RV

I1 FW

I1 RV

X FW

X RV

L/M FW

L/M RV

N FW

N RV

FIA FW

FIA RV

FIB FW

FIB RV

W FW

W RV

Y FW

Y RV

P FW

P RV

FIC FW

FIC RV

A/C FW

A/C RV

T FW

T RV

FIIS FW

FIIS RV

FrepB FW

FrepB RV

K/B FW

K RV

B/O RV

TRA F

TRA R

STB F

STB R

ARD F

ARD R

RES F

RES R

Sequence of primer(s)
5’ AAGTAAGTGACTGGGGTGAGCG 3’

F: 5’ CGCTTTGCGATGTGCAG 3’

R: 5’ TAGAATTAATAACCGTCGGT 3’

5’ CACTTTGTCGTCTAAGGCG 3’

5’ AATACTACCTTGGCTTTCTGA 3’

5’ CACGCCACTGCTGTAAC 3’

5’ GGTATAGGAGTTCAACCGCC 3’

5′-GGAGCGATGGATTACTTCAGTAC-3′
5′-TGCCGTTTCACCTCGTGAGTA-3′
5′-TTTCTCCTGAGTCACCTGTTAACAC-3′
5′-GGCTCACTACCGTTGTCATCCT-3′
5′-CGAAAGCCGGACGGCAGAA-3′
5′-TCGTCGTTCCGCCAAGTTCGT-3′
5′-AACCTTAGAGGCTATTTAAGTTGCTGAT-3′
5′-TGAGAGTCAATTTTTATCTCATGTTTTAGC-3′
5′-GGATGAAAACTATCAGCATCTGAAG-3′
5′-CTGCAGGGGCGATTCTTTAGG-3′
5′-GTCTAACGAGCTTACCGAAG-3′
5′-GTTTCAACTCTGCCAAGTTC-3′
5′-CCATGCTGGTTCTAGAGAAGGTG-3′
5′-GTATATCCTTACTGGCTTCCGCAG-3′
5′-GGAGTTCTGACACACGATTTTCTG-3′
5′-CTCCCGTCGCTTCAGGGCATT-3′
5′-CCTAAGAACAACAAAGCCCCCG-3′
5′-GGTGCGCGGCATAGAACCGT-3′
5′-AATTCAAACAACACTGTGCAGCCTG-3′
5′-GCGAGAATGGACGATTACAAAACTTT-3′
5′-CTATGGCCCTGCAAACGCGCCAGAAA-3′
5′-TCACGCGCCAGGGCGCAGCC-3′
5′-GTGAACTGGCAGATGAGGAAGG-3′
5′-TTCTCCTCGTCGCCAAACTAGAT-3′
5′-GAGAACCAAAGACAAAGACCTGGA-3′
5′-ACGACAAACCTGAATTGCCTCCTT-3′
5′-TTGGCCTGTTTGTGCCTAAACCAT-3′
5′-CGTTGATTACACTTAGCTTTGGAC-3′
5′-CTGTCGTAAGCTGATGGC-3′
5′-CTCTGCCACAAACTTCAGC-3′
5′-TGATCGTTTAAGGAATTTTG-3′
5′-GAAGATCAGTCACACCATCC-3′
5′-GCGGTCCGGAAAGCCAGAAAAC-3′
5′-TCTTTCACGAGCCCGCCAAA-3′
5′-TCTGCGTTCCGCCAAGTTCGA-3′
5’-CGATTACGTCAATGGTGAGC- 3’

5’-CTGCTTCCTCCGCTGTTGC-3’

5’-CACTTCAGTTGATGTTGCCG-3’

5’-CTCTTTATCAATAATGCCGG-3’

5’-CCATAATAGGCATCTCTAAACAG-3’

5’-CATAAATACAACTGCGGAAG-3’

5’-CGCGCAATGCCTTCAGACAGT-3’

5’-CTGTCTGAAGGCATTGCGCG-3’

Gene (s)
- (RAPD)

CTX-M-1 group

CTX-M-15 – ISEcp1

ISCR elements

parA-parB

iterons

RNAI

ori γ

repA,B,C

repA

iterons

repA

repA

repA

iterons

repA2

repA

repA

repA

RNAI/repA

RNAI

RNAI

TraD

StrB

ArdA

ResA

Reference
33

15

This study

This study

32

32

32

32

32

32

32

32

32

32

32

32

32

32

32

32

32

32

This study

This study

This study

This study

Aktaş ve ark. Klinik Mikrobiyoloji



Turkiye Klinikleri J Med Sci 2009;29(6) 1359

0.
00
4

0.
00
8

0.
01
5

0.
03

0.
06

0.
12

0.
25

0.
5

1
2

4
8

16
32

64
12
8

25
6

51
2

>5
12

M
IC
 ra
ng
e

M
IC
90

S%
I%

R%

Am
pi

cil
lin

34
> 

51
2

-
-

10
0

Pi
pe

ra
cil

lin
2

1
7

24
64

->
 5

12
> 

51
2

-
5.

9
94

.1

Pi
pe

ra
cil

lin
-ta

zo
ba

ct
am

2
7

1
3

2
2

1
16

2-
> 

51
2

> 
51

2
38

.2
5.

9
55

.9

Ce
fo

ta
xim

e
1

2
2

2
1

10
8

2
4

1
1

1-
> 

51
2

12
8

20
.6

32
.4

47

Ce
fo

ta
xim

e-
cla

vu
la

na
te

7
7

12
2

2
1

2
1

0.
06

-8
1

Ce
ftr

ia
xo

ne
3

2
2

11
4

5
3

1
3

0.
5-

51
2

12
8

20
.6

44
.1

35
.3

Ce
ftr

ia
xo

ne
-c

la
vu

la
na

te
3

1
5

16
2

4
2

1
0.

03
-4

1

Ce
fta

zid
im

e
3

3
1

7
4

4
5

7
8-

> 
51

2
> 

51
2

8.
8

8.
8

82
.4

Ce
fta

zid
im

e-
cla

vu
la

na
te

1
2

9
6

6
4

2
1

3
0.

25
-1

28
8

Az
tre

on
am

10
24

25
6-

51
2

51
2

-
-

10
0

Ce
fe

pi
m

e
1

1
1

1
1

17
9

1
1

1
0.

25
-5

12
32

14
.7

50
35

.3

Ce
fo

xit
in

10
5

5
4

5
2

3
2-

12
8

32
58

.8
11

.8
29

.4

Im
ip

en
em

1
5

16
12

0.
00

4-
0.

25
0.

25
10

0
-

-

Ci
pr

of
lo

xa
cin

1
14

3
1

1
1

1
1

1
1

1
1

3
3

1
0.

01
5-

> 
51

2
12

8
64

.7
2.

9
32

.4

Am
ika

cin
2

9
5

3
3

8
3

1
0.

5-
12

8
64

65
-

35

S:
 S

us
ce

pt
ib

le
, I

: I
nt

er
m

ed
ia

te
, R

: R
es

ist
an

t.

TA
BL
E 
2:
 C

um
ul

at
ive

 d
ist

rib
ut

io
n 

of
 M

IC
s 

fo
r E

SB
L 

pr
od

uc
in

g 
K.

 p
ne

um
on

ia
e

iso
la

te
s.

ved in 30 μL with 0.1 Unit of RNA se. Iso la ted plas-
mids we re used to trans form E. co li TO PO cells
(In vit ro gen, Pa is ley, UK) vi a elec tro po ra ti on, using
pre vi o usly des cri bed con di ti ons.35 Trans for mants
we re iso la ted using ce fo ta xi me (20 mg/L) and chec -
ked by PCR for car ri a ge of the CTX-M type 1 ge -
ne. Plas mids we re res tric ted using EcoR1 and the ir
si ze was as ses sed,36 and they we re typed by PCR
ac cor ding to the met hod des cri bed by Ca rat to li et
al36,37 Pri mers used for plas mid typing are lis ted in
Tab le 1. Ini ti ally, mul tip lex PCR was un der ta ken
using the con di ti ons des cri bed abo ve and then re-
fi ned with sing le PCR to ob ta in cle ar amp li cons for
se qu en cing.

Plas mid iden ti fi ca ti on was ve ri fi ed by a PCR
tech ni qu e using pri mers ba sed on the pub lis hed
IncN plas mid R46 (Gen Bank Ac ces si on num ber
AY046276). Ho u se ke e ping ge nes cho sen we re
traD, staB, ar dA and re sA (Gen Bank Ac ces si on
num ber AY046276) and pri mers used are lis ted in
Tab le 1. PCR con di ti ons we re as des cri bed abo ve
and amp li cons we re ve ri fi ed by se qu en cing.

RESULTS

AN TIMIC RO BIAL SUS CEP TI BI LI TIES

The MIC90 was 0.25 mg/L for imi pe nem; > 512
mg/L for am pi cil lin, pi pe ra cil lin, pi pe ra cil lin-ta zo -
bac tam and cef ta zi di me; 512 mg/L for az tre o nam;
128 mg/L for ce fo ta xi me, cef tri a xo ne and cip rof lo -
xa cin; 64 mg/L for ami ka cin; 32 mg/L for ce fe pi me
and ce fo xi tin; 1 mg/L for ce fo ta xi me-cla vu la na te
and 8 mg/L for cef tri a xo ne-cla vu la na te and cef ta -
zi di me-cla vu la na te sho wed a CTX-M po si ti ve stra -
ins high deg re e of di ver sity of the le vels of
re sis tan ce to ce fo ta xi me, as il lus tra ted by the bro -
ad ran ge of MICs (1- > 512 mg/L). Ten iso la tes sho -
wed re sis tan ce to ce fo xi tin, but all iso la tes we re
sen si ti ve to imi pe nem (Tab le 2).

ISO E LEC TRIC FO CU SING (IEF)

Ten iso la tes pro du ced only one β-lac ta ma se; whi -
le 10 iso la tes pro du ced two, 10 iso la tes thre e, thre -
e iso la tes fo ur, and two iso la tes fi ve dif fe rent
β-lac ta ma ses. pI va lu es, at which β-lac ta ma se
bands we re de tec ted, ran ged from 5.2 to 8.4 (Tab -
le 3).

Clinical Microbiology Aktaş et al
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BI O AS SAY

All of the 12 K. pne u mo ni a e stra ins we re con fir -
med to pos sess ce fo ta xi me hydroly sing ac ti vity in
the sub se qu ent bi o as says. pIs at which ce fo ta xi me
was hydro li zed we re 8.4.

De tec ti on of blaCTX-M ge nes and as so ci a ti on  with ISEcP1.

The pre va len ce of the CTX-M-type ESBLs was as
high as 35% (12 of 34) in this study (Tab le 3). Three
of the iso la tes (stra in no: 11, 20 and 32 with pIs of
8.4, 8.2) we re ne ga ti ve for CTX-M ge nes.

Aktaş ve ark. Klinik Mikrobiyoloji

MIC (g/mL) Inc/rep typing 

Isolate no CTX CAZ FOX pI blaCTX-M RAPD (# plasmids)

1 32 (I) 8(S) 4 (S) 5.4 7.4 8.4 + A FII, N (2)

2 64 (R) >512(R) 16 (I) 7.4 8.4 - B -

3 64 (R) 512(R) 8 (S) 7.4 8 - C -

4 >512(R) 512(R) 32(R) 6.5 7.2 - D -

7.6

5 32(I) >512(R) 16 (I) 7.4 8 - E -

6 32(I) 8(S) 2 (S) 5.4 7.2 8.4 + F Y-FI, N (2)

7 4(S) 64(R) 2 (S) 8.2 - G -

8 32(I) 256(R) 4 (S) 8.2 - H -

9 4(S) 64(R) 2 (S) 5.4 7.2 - İ -

10 8(S) 64(R) 2 (S) 5.6 7.4 8.2 - İ -

11 256(R) 64(R) 32(R) 8.4 - J -

12 64(R) 8(S) 2 (S) 8.4 + K N

13 16(I) 64(R) 2 (S) 7 - L -

14 32(I) 32(R) 2 (S) 5.4 7.4 8.4 + M N

15 256(R) 512(R) 4 (S) 5.2 7.2 8.4 + N FII

16 64(R) >512(R) 128(R) 5.2 8.4 - O -

17 64(R) >512(R) 128(R) 5.2  5.4 6.6 7 8.4 - O -

18 64(R) 64(R) 4 (S) 5.4 8.4 + P N

19 64(R) >512(R) 64 (R) 5.2 6.6 7.6 8 - O -

20 32(I) >512(R) 2 (S) 8.2 - P -

21 32(I) 512(R) 128(R) 5.2 7.8 8 - O -

22 8(S) 256(R) 8 (S) 7.4 - R -

23 32(I) 16(I) 4 (S) 8.2 - M -

24 128(R) 16(I) 16 (I) 7 8.4 + M N

25 2(S) 16(I) 2 (S) 7.4 8.4 + A N

26 256(R) >512(R) 32 (R) 7.4 8 - O L/M

27 1(S) 64(R) 8 (S) 5.4 6.8 7 8.4 - İ -

28 32(I) 256(R) 8 (S) 5.2  5.4 6.8 8.4 - P -

29 2(S) 128(R) 2 (S) 5.2 7.4 8.4 + R N

30 64(R) 512(R) 8 (S) 5.4 7.4 8.4 - M -

31 128(R) 128(R) 16 (I) 5.4 6.8 7 8.4 + N N

7.4

32 256(R) 128(R) 32 (R) 8.4 - N P

33 32(I) 128(R) 32 (R) 5.4 8.4 + S FII

34 512(R) 256(R) 64 (R) 5.4 7 8.4 + T N

TABLE 3: Results for ESBL producing K. pneumoniae isolates.

CTX: Cefotaxime; CAZ: Ceftazidime; FOX: Cefoxitin; R: Resistant; I: Intermediate; S: Susceptible.



All blaCTX-M amp li cons we re shown to be
blaCTX-M-15. De ter mi na ti on of the ge ne tic con-
text of blaCTX-M-15 was un der ta ken using pri mers
ba sed on ISEcP1 se qu en ces.22,36 In te res tingly 3 of the
12 iso la tes (stra in no: 14, 31 and 34) we re ne ga ti ve
for ISEcP1 des pi te pos ses sing blaCTX-M-15.  

RAPD-PCR

Most stra ins we re fo und as clo nally un re la ted (Tab -
le 3). Iso la tes 1 and 6 car ri ed FII and N; and Y-FI
and N (RAPD types A and F), res pec ti vely (Fi gu re
1). 

Re sis tan ce Trans fer Ex pe riments and Cha rac te riza tion 
of Plas mids Carr ying blaCTX-M Ge nes

Plas mid trans fer to the re ci pi ent stra in (E. co li
K12:W3110 RifR Lac) was suc cess ful in ni ne out of
the 12 CTX-M-15 pro du cing iso la tes. High con ju -
ga ti on ef fi ci ency of abo ut 10-3, 10-4 re com bi nants
per do nor cell we re ob ser ved and the trans con ju -
gants ex pres sed a high-le vel re sis tan ce to ce fo ta xi -
me.

Plas mid analy sis in di ca ted that in two ca ses,
stra ins pos ses sed mo re than one plas mid. The pre -
sen ce of blaCTX-M-15 ge nes in ce fo ta xi me re sis -
tant trans con ju ga tes was con fir med by PCR and
se qu en cing. On ce con fir med, plas mid was iso la -
ted from each of the ni ne trans con ju ga tes for cha -
rac te riza ti on. The thre e stra ins whe re trans fer was
not de mons tra ted had the ir plas mids ex trac ted
and we re used to trans form E. co li (K12:W3110
RifR Lac) vi a elec tro po ra ti on. All 12 plas mids car-
r ying blaCTX-M-15 was sub ject to mul tip lex PCR
to de ter mi ne the plas mid Inc/rep type fol lo wed by
simp lex PCR as pre vi o usly des cri bed.12,36,37 Amp -
li cons we re iso la ted, pu ri fi ed and se qu en ced to ve -

rify the mul tip lex/simp lex da ta. In two iso la tes (15
and 33), the blaCTX-M-15 was car ri ed on an ap-
pro xi ma tely 60 kb plas mid and pos ses sed an
Inc/rep type of FII (Tab le 3). Ho we ver, each of
the se iso la tes ga ve dif fe rent RAPD pro fi les. The
re ma i ning, 10/12 car ri ed the blaCTX-M-15 ge ne
on lar ger plas mids (95 kb) typing to IncN, aga in
ex hi bi ted mar kedly dis tinct RAPD pro fi les (Tab -
le 3), and we re not clo nal apart from two gro ups
ha ving two mem bers (A and M). As the se da ta cle -
arly in di ca te the pos sib le dis se mi na ti on of an
IncN-type plas mid, plas mids from the trans con ju -
ga tes we re sub jec ted to a PCR analy sis exa mi ning
the IncN ho u se ke e ping ge nes. The plas mids from
all trans con ju ga tes carr ying blaCTX-M-15 al so
car ri ed in tact traD, staB, ar dA and re sA ge nes si -
mi lar to the R46 plas mid back bo ne in di ca ting no
in ter nal ar ran ge ments in this part of the plas mid
(Gen Bank Ac ces si on num ber AY046276).

DISCUSSION
In this study which inc lu ded pri ma rily the uri nary
iso la tes of K. pne u mo ni a e from out pa ti ents, the
ove rall pre va len ce ra te of ESBL pro duc ti on was
14.7% (34 of 230 iso la tes). ESBL-pro du cing bac te -
ri a ha ve be en re por ted from Tur key, but enz yme-
spe ci fic pre va len ce stu di es are still few.25,38-40 In the
pre sent study, analy ti cal IEF of cru de ex tracts of
the 34 iso la tes re ve a led he te ro ge ne o us pat terns
with mul tip le β-lac ta ma se bands in so me iso la -
tes.

CTX-M has be en re cog ni zed re cently in Tur -
kish stra ins. Un til now, CTX-M-2 has be en iso la -
ted from K. pne u mo ni a e; CTX-M-3 from E. co li,
Sal mo nel la typhi mu ri um, Shi gel la son ne i and Mor-
ga nel la mor ga ni i; and CTX-M-15 from K. pne u -
mo ni a e and E.co li.38-42 The only pre va len ce study
on CTX-Ms is a mul ti-cen ter work which re ve a led
that CTX-M enz ymes, par ti cu larly CTX-M-3, we -
re dis se mi na ted in En te ro bac te ri a ce a e in Tur key.
Enz yme pro duc ti on was de tec ted in 76.5% of 34 E.
co li, 82.6% of 23 K. pne u mo ni a e and half of eight
En te ro bac ter spp. iso la tes. In the pre sent study,
35% of the K. pne u mo ni a e stra ins pro du ced CTX-
M, whi le in anot her re cent study aga in from our
hos pi tal, the fre qu ency of the enz yme in E. co li was
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FIGURE 1: RAPD profiles of K. pneumoniae isolates (n= 34).
Lane M: OX174 DNA HaeIII size marker.



fo und as high as 86.8%.42 The se stu di es and re sults
of the pre sent study in fer that CTX-M-type ESBLs
are spre a ding in Tur key. 

In this study, all blaCTX-M ge nes we re
blaCTX-M-15 as de ter mi ned by se qu en cing. The
wi des pre ad dis se mi na ti on of the CTX-M ge nes,
par ti cu larly blaCTX-M-15, is tho ught to be du e to
clo nal spre ad and/or the IS ele ment, ISEcP1, that
is ubi qu i to usly as so ci a ted with it. In te res tingly
thre e of the blaCTX-M-15 po si ti ve K. pne u mo ni a -
e iso la tes we re ne ga ti ve for ISEcP1, sug ges ting that
an unu su al mo bi le ge ne tic ele ment was as so ci a ted
with its mo bi lity. As ISCR ele ments ha ve be en as-
so ci a ted with blaCTX-M ge nes,42 the se mo bi le ele -
ments we re in ves ti ga ted as a pos sib le so ur ce of
car ri a ge of blaCTX-M-15 but no ne we re fo und (da -
ta not shown). 

The RAPD typing on the blaCTX-M-15 po si -
ti ve iso la tes sho wed that they we re phylo ge ne ti -
cally un re la ted and apart from the two gro ups,
RAPD type A and M. This wo uld sug gest that the
in cre a se in blaCTX-M-15 du ring this pe ri od was
li kely du e to a com mon plas mid be ing dis se mi na -
ted thro ug ho ut K. pne u mo ni a e iso la tes. We typed
all stra ins pos ses sing blaCTX-M-15 and fo und that
only 2 iso la tes pos ses sed mul tip le plas mids: iso la -
tes 1 and 6 car ri ed FII and N, and Y-FI and N, re-
s pec ti vely. Trans con ju ga tes we re cre a ted, en su ring
ex pres si on of the blaCTX-M-15 ge noty pe, and al -
so typed. All plas mids car ri ed by the blaCTX-M-
15 po si ti ve trans con ju ga tes we re IncN type, ex cept
15 and 33 that pos ses sed Inc FII type plas mids. The
plas mids we re con fir med as typi cal R46-li ke IncN
rep plas mids as con fir med by the pre sen ce of the
ho u se ke e ping ge nes traD, staB, ar dA and re sA. It is
known that blaCTX-M-15 is car ri ed on FII plas-
mids and is com monly fo und in E. co li, as shown
pre vi o usly in Tur key and Fran ce.19,42 This is the
first re port of blaCTX-M-15 that is as so ci a ted with

IncN type plas mids and this fin ding is in con trast
with that of a pre vi o us study from Spa in which
sho wed that blaCTX-M-15 in K. pne u mo ni a e was
car ri ed on FII plas mids.16 Stu di es using blaCTX-M-
15 po si ti ve E. co li iso la tes from Fran ce, Tu ni si a,
Ban gu i, Pa kis tan, Cen tral Ame ri ca and UK sho wed
that blaCTX-M-15 was car ri ed fre qu ently on Inc -
FII plas mids12,43-46 or, in few E. co li and Sal mo nel -
la pro du cers, it was as so ci a ted with In cI1
plas mids.47 In tri gu ingly, a re cent re port on plas mid
typing of stra ins con fer ring re sis tan ce to car ba pe -
nems sho wed that bla VIM-4 in K. pne u mo ni a e
from Gre e ce was al so car ri ed on an IncN type plas-
mid. In a study on a non bi a sed po pu la ti on of En-
te ro bac te ri a ce a e de mons tra ted that plas mids
be lon ging to the Inc FII gro up we re pre va lent in E.
co li (58%) and in fre qu ent in K. pne u mo ni a e
(5%).42 Thus, K. pne u mo ni a e iso la tes ha ve a pro -
pen sity for IncN type plas mids and E. co li for FI I.
The re sults of this study and that of Lo li et al48

which used stra ins from So uth East Eu ro pe (Gre e -
ce and Tur key) might in di ca te the do mi nan ce of
IncN plas mids in this are a.

In conc lu si on, this study con firms the emer gen -
ce of blaCTX-M-15 and its spre ad in a ma jor city hos-
pi tal in Is tan bul. RAPD and plas mid typing in di ca tes
that IncN plas mids are dis se mi na ting the blaCTX-M-
15 thro ugh K. pne u mo ni a e po pu la ti ons.
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(IUMS), San Fran cis co, USA, 2005.
The pre sent work was sup por ted by the Re se arch
Fund of Is tan bul Uni ver sity, Pro ject No10/27082002. 
The mo le cu lar cha rac te ri za ti on at Car diff was fun ded
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