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Detection of p-lactamase genes, ERIC-PCR typing and phylogenetic groups
of ESBL producing quinoloneresistant clinical Escherichia coli isolates.
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Abstract

Escherichia coli are one of the most important agents in clinical settings. Treatment of E. coli
infections are being complicated due to emergence of resistant bacteria which limits the choices
of treatment. The extended spectrum of p-lactamase (ESBL) producing and quinolone resistant
E. coli isolates (n= 109) have been isolated from various clinical specimens belonging to both
out-coming and in-coming patients of the Erciyes University Medical School Hospital of Turkey.
Occurrence of genes encoding major type of B-lactamases (blactx.m, blasyy and blargy) was
investigated by using PCR among the isolates. ERIC-PCR typing was performed on the isolates.
Moreover, phylogenetic groups were determined. The blactx.q Was detected at the highest
frequency (93%; 101/109), while the blagyy and blargy were present in 65% (71/109) and 49%
(56/109), respectively. Sequencing of p-lactamase genes from several randomly selected isolates
revealed that CTX-M-15 isthe only CTX-M type enzyme, while there is variation in possessing
SHV and TEM types of enzymes. Isolates harboring three bla genes were 32%. ERIC-PCR
analyses, based on two different primers, demonstrated 5 to 6 clonal groups for 42 isolates.
Phylo-grouping of all isolates was shown that majority of isolates was belonging to B2 (46%)
and D (31%) major groups. The detection of genes encoding major B-lactamases (blactx-wm,
blagyy and blargy) was very high in ESBL-producing quinolone resistant E. coli phenotypic
isolates. It indicates that the molecular data was congruent with the phenotypic selection results.

Keywords: E. coli, ERIC-PCR, ESBL, Quinolone.

Accepted September 12, 2014

| ntroduction responsible from resistance [1]. Vario@islactamases
with different substrate specificites and molecula
Members of Enterobacteriaceae are important caesaticharacteristics have been characterized from difter
agents for both hospital and community acquirednembers of Enterobacteriaceae and from non-enteric
infections. Among thoseEscherichia coli andKlebsiella ~ organisms, such a&cinetobacter spp. up to date [3-5].
pneumoniae are the most frequently encountered.Among those enzymes, some are termed as an extended
Treatment of infections resulting from those agdms spectrum ofB-lactamases (ESBLs) and derived from
been hampered due to emergence of antibiotic aesist parent types of-lactamases, such as SHV-1 and TEM-1.
bacteria [1]. Although there are variety of wayssefor ~ Those can differ from their originated enzymes ftair
emerging antibiotic resistant bacteria, persistent long- ~ ability for hydrolyzing extended-spectrum cephatrs
term use of antibiotics can be noticealide bacterial and are generally inhibited by lactamase inhibjtstsch
resistance mechanisms for horizontal transfer o@s clavulanic acidMoreover, recent reports indicated that
resistance determinants and their associated gene&SBL producing isolates have been occurred atasang
elements [1, 2]. In a similar way, a group of aiotics, rate in worldwide, since ESBL's discovery [6]. This

called p-lactams, have been used to a great extent ificrease is most dramatic in countries where atids
clinical and veterinary practices. are used irregularly. As a consequence, ESBL pinduc

clinical isolates either Enterobacteriaceae memiugrs
p-lactamases produced by most of the gram negativether gram negative bacteri&sgudomonas aeruginosa
bacteria can hydrolyze3-lactams, therefore they are and Acinetobacter baumanii) have been previously
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identified from Turkey [7-9]. Most of the time, other (24 mm). Subsequently, they were incubated at
guinolones are the first choice against infectioaased 37°C for 18-20 hours. Enlargement of zones at ifes s
by ESBL producing organisms; however, genedacing to amoxycillin/clavulanic acid disk was catesed
conferring resistance to bofHactams and quinolones are as ESBL positive. Resistance to quinolones androthe
frequently transferred on the same plasmids. Inctme antibiotics was determined with Kirby-Bauer disk
of co-existence of resistance, efficiency of quimas is diffusion test using ciprofloxacin disk {fg) as described
also limited for the successful treatment. Theefor by CLSI. E. coli ATCC 25922 was used as quality
resistance against both types of antibiotics shdagd control strain. Results were interpreted accordinGLSI
investigated together in clinical isolates. The saimf this  criteria [11].

study were to determine the occurrence of mdjer

lactamase producing genes in ESBL producing quimlo Detection of g -lactamase genes

resistant clinicak. coli isolates as an indication of recent ESBL producingE. coli isolates were grown on EMB
risk status of ESBL producing isolates, charactefiz  agar. Colonies were then inoculated to TSB and grow
lactamase enzymesby sequencing, detect genetic at 37C for 18-20 hours. Grown cultures (1 ml) were
diversity on a collection of isolates, and deteenthe ysed to obtain cellular DNA samples. Following to

phylogenetic groups of isolates. centrifugation for 10 min at 12009, pellets were
suspended in 200 pl of TE buffer. Samples were then

Materials and Methods incubated at 9% for 10 min and were re-centrifuged.
Supernatants (5 pl) were used as template in PCR

Sample collection and isolation of E. coli amplifications. AllE. coli isolates were screened for the

The usedE. coli isolates (n= 109) were phenotypically presence of CTX-M, TEM, and SHV encoding genes
characterized as ESBL producing and quinoloneteesis using previously described primer sets [12, 13].
The study protocol was approved by the EthicaSequence analysis was performed on PCR products fro
Committee of Erciyes University Medical School. All randomly selected few isolates to identify specfic
clinical samples (76 urine, 12 blood, 9 wound, dimiige,  lactamase genesblérew, blashy, blacrx-m) (Refgen

3 endo-tracheal aspirate (ETA), 2 naso-trachealaisp Biotechnology Co., Turkey). Nucleotide sequencesewe
(NTA), 1 abscess, 1 peritoneum, 1 intra-abdomieatet) compared  using the BLAST  search  tool
were collected from patients with community or Hasdp  (http://www.ncbi.nim.nih.gov/Blast.cgi).

acquiredE. coli infections from the Erciyes University

Medical School, Gevher Nesibe Research Hospital iERIC-PCR typing

Kayseri, Turkey. Classification of the infectionsasv Genomic DNAs belonging to 42 isolates, used for@&RI
performed based on the hospital records. If anctitie  PCR typing, were extracted by commercial kit (Faeor,
has been seen after 72 hours of hospitalizatiohOod  Taiwan). The primers used for ERIC-PCR typing wase
after leaving from the hospital, it was classified follows: ERIC-1R (5-AAGCTCCTGGGGATTCA-3))
hospital acquired [10K. pneumoniae (ATCC 70603) and and ERIC-2 (5-AAGTAAGTGACTGGGGTGAGCG-3)
E. coli (ATCC 25922) strains were used as positive angl14, 15]. Each PCR amplification was performed orub
negative controls for ESBL detection. Clinical s#@sp of total volume containing 5 pl of target DNA, Q12M
which are suspected to have infection were cultmed dNTP, 50 pmol of each primer, 5 pl of 10X PCR buffe
blood and Eozin Metilen Blue (EMB) (Oxoid, England) solution (500 mM KCI, 100 mM Tris-HCI, pH 9.0), 2.5

agar. After incubation, gram negative bacteria wergnM MgCl, and 2 units of Tag DNA Polymerase
identified at species level based on standard bimatal  (Fermentas).
tests.

o o _ PCR conditions were modified as following: denatiora
Antibiotic susceptibility testing at 95C for 2 min, 40 cycles with denaturation af@Zor
Detection of ESBL producing isolates was performe®0 sec, annealing at %D for 1 min and polymerization at
with double disk synergy test using following afgtic ~ 72°C’ for 8 min. After reactions were completed, fina
disks: amoxycillin/clavulanic acid (30g), aztreonam (30 extension was performed at°@2for 16 min [16]. PCR
ug), cefotaxime (3Qug), ceftazidime (3Qug), ceftriaxone  products were separated by electrophoresis on Hbse
(30 pg) and cefpodoxime (1Qg) (Oxoid, UK) (CLSI, gels and visualized using a gel documentation Byste
2011). Briefly, inoculums were prepared in stes&ine (vilber Lourmat, France) after staining with ethidi
solutions from grown cultures. When 0.5 McFarlandpromide. PCR profiles obtained with ERIC primersrave
turbidity value was obtained for each bacteriatidams,  ysed for computation of Dice similarity coefficierglues
they were inoculated onto Mueller Hinton Agar (Gkoi [17]. Subsequently, those values were used to ranst
UK) by sterile cotton swab. Then, antibiotic diskere  dendograms using Unweighted Pair Group Method with

placed in a way that amoxycillin/clavulanic acidsmvat  Arithmetic Mean (UPGMA). Isolates with similarity
the center and the others around it that was éanfeach  >80% were considered to be within a group.
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Phylogenetic grouping Consistently, alE. coli isolates used in this study were
Three sets of primers (ChuA.l (5-GACGAACC phenotypically resistant to ciprofloxacin, majoritf
AACGGTCAGGAT-3), ChuA.2 (5-TGCCGCCAGTA which carrying theblactx.v gene also possesses the
CCAAAGACA-3), YjaA.l (5-TGAAGTGTCAGGAG blasyy andblargym genes. A recent study conducted at
ACGCTG-3Y), YjaA.2 (5'-ATGGAGAATGCGTTCCTC the same hospital indicated that quinolone restgtan
AAC-3'), TspE4C2.1 (5-GAGTAATGTCGGGGCAT among ESBL-producing. coli isolates was higher than
TCA-3), TspE4C2.2 (5-CGCGCCAACAAAGTATT non-ESBL producers [22]. This result was consistent
AC G-3') were used in multiplex PCR method aswith the results obtained from Iran, which is
described previously [18].E. coli ATCC 25922 geographically close to Turkey [23]. Similarly, most
belonging to B2 phylo-group was used as a controEuropean countries the prevalenceEofcoli resistance
strain during PCR amplification. PCR products wereto fluoroquinolones, the third-generation cephatosys,
separated on 1% agarose gels and visualized on gmhd aminoglycosides increase every year [24].
documentation system (Vilber Lourmat, France) to

detect three bands with 279, 211 and 152 bp size

. ?’rimethoprim/sulfamethoxazole, aminoglycosidespflu
respectively.

roquinolones,B-lactamp-lactamase inhibitor combina-

tions, and carbapenems represent valuable therapeut
Results and Discussion options against ESBL producing organisms. However,
there have been increasing reports of a decrease in

PCR detection results gave rise to differeta genes susceptibility to trimethoprim/ sulfamethoxazolejiao-

encoding major ESBLs such as TEM, SHv, CTx-M 9lycosides and fluoroqui-nolones [25, 26].

(Table 1). Although prevalence of CTX-M encoding

gene in ESBL producindg. coli from Turkey varies Therefore, antibiotics resistance incidences were
between 54.5-100%, its prevalence was found tchbe t investigated here for several antibiotics belonging
highest amongshla genes. The most drastic change ineach group above. As a result, 23.1% (25/108)teews
this study was observed for the prevalence ofbthgy,  to amoxicillin-clavulanic acid, 7% (7/100) resistanto
gene as compared to the results from other sty8ies piperacillin-tazobactam, 10.6% (11/104) resistarnoe
13]. However, a quite similar rate (74.3%) for theamikacin, 0.9% (0/107) resistance to imipenem adfb 1
presence oblagyy was reported previously. All ESBL (12/86) to netilmicin were found. This result shothat
producing and quinolone resistaf. coli isolates imipenem and piperacillin-tazobactam could be still
examined in this study have been shown to conttin aaluable for treatment of infections caused by both
least a singléla gene (CTX-M, SHV, TEM) by PCR. quinolone resistant and ESBL-producing organisms.
Moreover, 32% (35/109) of isolates were shown taMoreover, amoxicillin-clavulanic acid resistance swa
contain all bla genes for CTX-M, TEM and SHV relatively high and further analysis is required to
production. This result might be expected considgri determine the exact resistance mechanisms in aasist
the carriage of CTX-M and TEM producing genes an th isolates.

same plasmid.

) Although variants of CTX-M gene have been deteeted
CTX-M encoding gene has been most frequentlyncreasing rate from community acquired infections
detected from community acquirefl coli infections, from different geographical sites belonging to eiéint
while TEM and SHV encoding genes have been detecteggbecies, CTX-M-15 is the most prevalent [27]. Tiyjse
mostly in hospital acquired infections [19, 20].s related to ST131 pandemic clone which contritihee
However, theblacrx.m gene in the present study wasiapjd dissemination of this ESBL. In this study,
from the community and hospitalhis result indicates peen sequenced and CTX-M-15 has been the only type
both community- and hospital-acquired isolates mih  a3mong detected confirming the results of the previo
equally important for the transmissiosf this gene. stydy [28]. In another study, CTX-M-15 was detedted
CTX-M producing isolates were commonly found to beszo, of ESBL positiveE .coli isolates from community-
multiple antibiotic resistant. For instance, CTX-M gcquired urinary tract infections (UTIs) infectioris
producing isolates were resistant to fluoroquine@as \yestern Turkey and all CTX-M-15 isolates shared the
genes conferring resistances against other type @hme PFGE profiles with ST131 clone indicating that
antibiotics are located on the same plasmid [21]. they belong to this clone [29]. Another recent gtud

reported that other types of CTX-M, such as CTX-M-1

Similar to CTX-M producing isolates, TEM and SHY and CTX-M-3 type have been detected in low
types of ESBLs producing isolates are often restsim  frequencies among ESBL-produciig coli UTI related
aminoglycosides, tetracycline and sulphonamidedsolates along with predominant type of CTX-M-18]1
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Table 1. Detection of bla genes and phylogenetic groupsin E. coli isolates
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2 + - + B2 TEM-1 32 + + - B2 62 + - + B2 93 + + -D
3 + + - D 33 + + + A 63 + - - B2 94 - + - A
4 + + + A 34 + + - A 64 + + + D %5 + + - A
5 + + - A 35 + + + A 65 + + + nd SHV1 % + + - D
6 + + + B2 36 + + + D 66 + + + A 98 + + - D
7 + - - B2 37 - + - B2 67 + - + D 9 + + - D
8 + - - D 3 + - - D CTXM15 68 + + - B2 100 + ++ A
9 + - - B2 39 + + + A 69 + + + D 101 + + + D
10 + - - D 40 + - - B2 70 + + + nd 103 + + + D TXM-15
11 + - - D 41 + - - B2 71 - - - D 104 + - A
12 + + + B2 SHV-5,SHV-12 42 - + - B2 72 + + - B2 105 + + + D
13 + - + B2 43 + - - B2 73 + + + D 106 + + - D
14 + - + B2 44 + - + D 74 + + - D 107 + + - D
5 + - + A TEM-1 45 + + + A 7% + - + D 108 + + +D TEM-1
6 + + + A 46 + + + A 77 + + + D 109 + + + B2 K*M-15
17 + - + B2 47 + + + B2 78 + + - A 110 + + - D
18 + - + B2 48 + + - B2 79 + + + A 111 + + + D
19 + - + D 49 + + - B2 80 + + - D 112 + - - A
20 + - + B2 50 + + + D 81 + - - D 113 + + - Bl
21 + - + A 51 + + + B2 82 + + - B2
22 + - - A 52 + + + B2 CTX-M-15 83 + - - D
23 + - - D 53 - - + B2 84 + + - D
24 + + + B2 54 + + - D 85 + - + B2
25 + + - A 5 + + - D 86 -+ - D
26 + + + D 56 - - - A 87 + + + B2
27 + + - D 57 + + + A 88 + - + D CTX-M-15
28 + - + B2 58 - - - D 89 + + - D
29 + - - D 59 + + + B2 9 + + - D
30 + - + D 60 + + - B2 91 + + - D
31 + - + A 61 + + - B2 92 + + D

N
o
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Figure 1. ERIC1IR-PCR profiles of E. coli isolates

Molecular studies towards characterization of TEMI a been found widely. A study indicated that SHV-12swa
SHV types ofp-lactamases in clinical isolates belongingthe one reported for first time from clinidal coli isolates

to Enterobacteriaceae from Turkey were few. The results from Turkey [8]. In the present study, SHV-1, SH\&#&d

of those studies indicated that SHV-1, SHV-2, SH&REl SHV-12 types were detected in two isolates based on
SHV-12 are the detected types in Turkey and SH\A2 h partial sequencing results of randomly selectethies.
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Figure 2. ERIC2-PCR profiles of E. coli isolates

However, twoblasyy genotypes (SHV-5 and SHV-12) isolates based on ERIC-PCR profiles revealed that
have been detected for isolate 12 based on thélpartpresence of diverse clonal groups indicated trasson
sequencing result dflasyy gene. Therefore, addressing among members of separate groups. Although grouping
the presence of different SHV enzymes may neetidurt of isolates were slightly changed in the two demdots
research. based on different ERIC primers (ERIC-1R and ER)C-2
positioning of most isolates were in agreement with
The genetic diversity among ESBL producing quinelon dendograms. For instance, isolate 8 and 10 grouped
resistant 42 clinicalE. coli isolates was successfully together in both dendograms, similarly isolatesab@ 63
recovered by ERIC-PCR (Figures 1 and 2). Clusteoing were located on the same sub cluster. ERIC-PCR/sinal
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based on different primers gave rise to similar beirof
major groups, however distinction of certain isetahave

been achieved more efficiently when different prisne 6.

were used. For instance, isolate 5 has been ditfated

with ERIC-1R primer, however ERIC-2 primer was bett

for differentiation of isolate 41. Some isolatesdisn
both analyses had distinct clonal profile, suchisatates
71 and 100.

Detection of more isolates belonging to D and Bgigh

group agrees with the results of previous studies,

indicating that the isolates of B2 and D phylo-greu
contain more virulence factors than thelates of A and
B1 phylo-groups [30, 31]. Recent studies also fgted
that these phylo-groups differ with ecological mshlife-
history and some characteristics, antibiotic-rasise¢
profiles and growth rate of bacteria [32]. In otudy,
CTX-M-15 enzyme was more common in
belonging to B2 and D phylo-groups. This was simita

the results of another study which indicated CTX-M10.
and was

producers, especially CTX-M-15 ones,
significantly associated with phylogenetic group[B3].

In conclusion, the occurrence of genes encodin@mfiaj
lactamases{actx.m, blasyy andblargy) was very high in
ESBL-producing quinolone resistaft coli phenotypic

isolates

isolates. Moreover, results of ERIC-PCR analysislz-

demonstrated the presence of 5 to 6 clonal groogs.

isolates responsible for both community and hobkpita
acquired infections have conserved banding pattarns
ERIC analysesindicating rapid dissemination among

clonal groups. In addition, there need to be peecis,,

epidemiological investigations for monitoring is@la

more frequently. These analyses will

also aid in

differentiating strains causing sporadic and (arfbceak
infections along with selection of efficient treatm
options for preventing transmission.

14.
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