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Abstract. P. aeruginosa and E. coli are resistant to many antibiotics, so the treatment of infections of these
pathogens has become difficult. Therefore, searching for the presence of antibiotic resistance genes in clinical
isolates is of great importance. The purpose of this study is to investigate the presence of beta-lactam resistance
genes and class 1 integron in multi-drug resistant P. aeruginosa and E. coli clinical strains. Vitek 2 Compact
automatization system were used for identification and antibiogram of 2 P. aeruginosa and 2 E. coli isolates
which were isolated from blood, urine and sputum specimens of patients whom were hospitalized in Gliimiigshane
State Hospital intensive care unit. Total DNA isolation was done by boiling DNA method. PCR were performed
using primers of class 1 integron gene cassette, blavim, blanom, blaime, blaces, blactxm-1, blactxm-2, blaoxa-ss,
blaoxa-23, blaoxa-s1, blaoxa-40 and blakec. All amplification samples were performed on 1% agarose gel and
subsequently visualized under UV light. According to the results of the antibiogram, P. aeruginosa isolates
showed resistance against all used antibiotics except gentamicin. The E. coli isolates were found to be resistant
to cephalosporin antibiotics and susceptible to carbapenems. blacrxm-1-class A beta lactamase genes was found
in 3 strains of 4, while no blacrxwm-2, blages and blakpc genes were detected in the strains. The presence of the
investigated class B and class D beta lactamase genes was not observed in any sample. The presence of class 1
integron was detected in 3 strains. According to the result of the DNA sequence analysis, it was determined that
three integron positive samples had the dfrA1/AadA5 gene cassettes.
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Coklu-ila¢ Direncli P. aeruginosa ve E.coli Suslarinda Antibiyotik Direnc
Genlerinin ve Sinif 1 Integron Gen Kasetlerinin Arastirilmasi

Ozet. P. aeruginosa ve E.coli izolatlarimin birgok antibiyotige direng kazanmasi nedeniyle bu patojenlerin
neden oldugu enfeksiyonlarin tedavisi zorlasmistir. Bundan dolay:1 klinik izolatlarda antibiyotik direng
genlerinin belirlenmesi biiyiik 6nem arz etmektedir. Bu ¢alismanin amaci ¢oklu-ilag direngli P. aeruginosa ve
E.coli klinik suglarinda beta laktamaz direng genlerinin ve siif 1 integronlar gen kasetlerinin varliginin
aragtirilmasidir. Giimiishane Devlet Hastanesi yogun bakim iinitesinde yatan hastalarin kan, idrar ve balgam
orneklerinden izole edilen 2 P. aeruginosa ve 2 E.coli izolatlaruun tanimlamasi ve antibiyogrami Vitek 2
Compact otomatize sistemi ile ¢aligilmistir. Total DNA izolasyonu kaynatma DNA metoduyla yapilmistir.
blavim, blanowm, blaive, blaces, blactxwv-1, blactxv-2, blaoxa-ss, blaoxa-2s, blaoxa-s1, blaoxa-s, blakec ve smnif 1
integron gen kasetlerine ait primerler kullanilarak PZR’ler gergeklestirilmistir. Amplikasyonun gerceklestigi
tim Ornekler %1°lik agaroz jelde yiiriitilmiigtir ve daha sonra UV isiginda goriiniir hale getirilmistir.
Antibiyogram sonucuna gore P. aeruginosa izolatlari gentamisin hari¢ kullanilan tiim antibiyotiklere karsi
direng gosterdigi belirlenmistir. E.coli izolatlarmin ise karbapenemlere karsi duyarli sefalosporin grubu

* Corresponding author. Email address: ~ azer@gumushane.edu.tr
http://dergipark.gov.tr/csj  ©2016 Faculty of Science, Sivas Cumhuriyet University



1064

Ozad Diizgiin, Saral | Cumhuriyet Sci. J., Vol.39-4 (2018) 1063-1068

antibiyotiklere kars1 direncli oldugu gértilmiistiir. Sinif A beta laktamaz genlerinden blactxm-1 4 susun 3’tinde
bulunurken, hicbir susta blactxm-2, blakec Ve blages genleri tespit edilmemistir. Arastirilan sinif B ve sinif D
beta laktamaz genlerinin varligi higbir 6rnekte goriilmemistir. 3 susta sinif 1 integronun varlig1 tespit edilmistir.
DNA dizi analiz sonucuna gére ii¢ integron pozitif 6rnegin dfrA17/AadA5 gen kasetine sahip oldugu

belirlenmistir.

Anahtar Kelimeler: Antibiyotik direnci, beta-laktamaz, integron.

1. INTRODUCTION

One of the major problems of the world is antibiotic
resistance in bacteria. The resistance to B-lactam
antibiotics is usually provided by pB-lactamases
[1,2]. The development and rapid diffuse of
phytopathogenic strains of P. aeruginosa and E.
coli emerge as a very serious problem in the clinic.
There are 4 classes of beta lactamases; Class A
(SHV, GES, TEM, CTX-M, KPC); Class B (IMP,
VIM, GIM, SPM, and NDM-1); Class C (AmpC)
and Class D (oxacillinase). Four group classes beta
lactamases were found in P. aeruginosa and E. coli
isolates. Carbapenemases, which cause
carbapenem resistance in particular, have been
defined in E. coli and P.aeruginosa isolates in most
countries [3, 4].

The development of antibiotic resistance has led to
the discovery of many natural moving elements
such as transposons and conjugative plasmids.
Integrons are carried on plasmids and transposons
which cause rapid propagations among species of
bacteria. Integrons are genetic elements with
region-specific recombination system. These DNA
elements provide bacterial integration of antibiotic
resistance genes through site-specific
recombination [5]. Since its first discovery in
clinical isolates, integrons have been identified as a
common part of bacterial genomes [5]. Within the
last few years, many new resistance gene cassettes
emerged. Integrons, which have the ability to
transfer many resistance gene  cassettes
horizontally between species, play an important
role in promoting multiple drug resistance among
the species Enterobacteriaceae [6-9].

In this study, it was aimed to characterize class 1
integron and beta-lactamase resistance genes in
multi-drug resistant P. aeruginosa and E. coli
strains isolated from clinical specimens.

2. MATERIALS AND METHOD
Strains and Antimicrobial Susceptibility Tests

P. aeruginosa and E. coli isolates were isolated in
Giimiishane State Hospital. Samples were stored at
-20 °C in 20% glycerol. All clinical isolates were
identified using Vitek 2 Compact automated
system.  Ampicillin-sulbactam,  piperacillin-
tazobactam, ceftazidime, cefotaxime, ceftriaxone,
cefepime, doripenem, imipenem, meropenem,
amikacin,  gentamycin,  ciprofloxacin  and
levofloxacin antibiotics were used for antibiotic
susceptibility test and evaluated according to
Eucast.

Total DNA Isolation

EMB agar diffusion plates were made from P.
aeruginosa and E. coli isolates in the glycerol stock
and left for incubation for 16 hours at 37 °C. After
incubation, a single colony was removed from the
isolates and seeded in 3 mL of liquid LB medium.
1.5 mL amount of overnight culture was
precipitated at 13000 rpm for 1 min. Total DNA
isolation was obtained by boiling and the pellet was
dissolved in 500 pL of deionized water. The cells
were lysed by heating at 95 °C for 10 min.
Supernatants were used in the PCR reactions.

Polymerase Chain Reaction for Class 1 Integron

The presence of class 1 integron in P. aeruginosa
and E. coli strains was investigated by the PCR
method. The primers used for the detection of the
integron are shown in Table 1. PCR was prepared
as such: 1.5 units of DNA polymerase | (GoTaq,
Promega), 5 uL of DNA, 10 puL of 5X DNA
polymerase buffer (Promega), 3 pL of 1.5 mM
MgCly, 2.5 pL. of 4 mM each dNTP and 1.5 pL of
each a primer stock (25 pmol / pL) and a final
volume of 50 pL with sterile deionized water.
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Amplification for integron was performed at 94 °C
for 3 min (initial denaturation), 45 s at 94 °C, 1 min
at 55 ° C, 3 min at 72 °C (34 cycles) and final
synthesis for 5 min at 72 °C. PCR products were
run on agarose gel electrophoresis and visualized
in UV. Positive samples were sent to Sentegen
Company for DNA sequence analysis.

Determination of Beta-lactamases by PCR

Table 1. Specific primers and Tm used in the study.

The oligonucleotides used in PCR are shown in
Table 1. PCR was prepared as such: 1.5 units of
DNA polymerase 1 (GoTaq, Promega), 5 pL of
DNA, 10 pL of 5X DNA polymerase buffer
(Promega), 3 uL of 1.5 mM MgCly, 2.5 pL of 4 mM
each dNTP and 1.5 pL of each a primer stock (25
pmol / uL) and a final volume of 50 pL with sterile
deionized water. The Tn's used for PCR
amplification are given in Table 1. PCR products
were run on agarose gel electrophoresis and
visualized in UV.

Primer 5°-3’ A_mphcon Tm References
size (bp)
F: TAATGCTTTGATCGGCCTTG
OXA-51 R: TGGATTGCACTTCATCTTGG 353
F: GATCGGATTGGAGAACCAGA
OXA-23 R: ATTTCTGACCGCATTTCCAT 501
F: GGTTAGTTGGCCCCCTTAAA .
OXA-24 R: AGTTGAGCGAAAAGGGGATT 246 >2°C 21
F: AAGTATTGGGGCTTGTGCTG
OXA-58 R: CCCCTCTGCGCTCTACATAC 599
F:ATGCGCTTCATTCACGCAC i
GES R:CTATTTGTCCGTGCTCAGGA 863 >6°C 22
F-CATGGTTTGGTGGTTCTTGT :
IMP R:AATAATTTGGCGGACTTTGGC 488 56°C
F:ATTGGTCTATTTGACCGCGTC ) 23
VIM R:TGCTACTCAACGACTGAGCG 780 58°C
CTX-M1  F:GCGTGATACCACTTCACCTC 260 sooc
group R.TGAAGTAAGTGACCAGAATC
CTX-M2  ETGATACCACCACGCCGCTC a1 s0oc 24
group R TATTGCATCAGAAACCGTGGG
F: GAGATTGCCGAGCGACTTG .
NDM R: CGAATGTCTGGCAGCACACTT 457 54°C 25
Class 1 5°CS:5-GGCATCCAAGCAGCAAG-3' ] ssoc 25
integron 3°CS:5-AAGCAGACTT ACCTGA-3'
pC F: ATGTCACTGTATCGCCGTCT 538 sgoc "

R: TTTTCAGAGCCTTACTGCCC

Evaluation of Sequence Results

The results of the samples sent to Sentegene for
DNA base sequence analysis were evaluated using
Expasy (http://web.expasy.org/translate/) and Blast
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) programs.

3. RESULTS

2 P.aeruginosa and 2 E. coli strains that were
included in the study were taken from Giimiishane
State Hospital. One of P.aeruginosa isolates was
isolated from sputum and the other was isolated
from the urine sample. E. coli isolates were isolated
from blood and urine specimens. The antibiotic

resistance profiles of the strains are shown in Table
2. Accordingly, P.aeruginosa (Pal and Pa2)
isolates were found to be resistant to beta-

lactamase inhibitors (piperacillin-tazobactam),
aminoglycosides (amikacin), carbapenems
(doripenem, imipenem, meropenem),

cephalosporins (ceftazidime and cefepime) and
quinolones (ciprofloxacin and levofloxacin). The
antibiotic susceptibility profiles of E. coli (Ec1 and
Ec2) strains were resistant to ampicillin-sulbactam,
cephalosporins (ceftazidime, cefotaxime,
ceftriaxone) and quinolones (ciprofloxacin,
levofloxacin), while they were found to be
sensitive aminoglycosides (amikacin, gentamycin)
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and  carbapenems  (doripenem,  imipenem,
meropenem). According to antibiotic susceptibility
profiles, 4 isolates were observed to be multidrug
resistant. PCR analysis was performed for the
detection of genes encoding class A, class B and
class D beta lactamase. The class B carbapenemase
(blaive, blanom and blaviv) and class D beta
lactamase (b|aOXA.23, b|aOXA.4o, b|aQXA.53 and
blaoxa-s1) Were not detected in any isolates. Only

Table 2. Antibiotic Resistance Profile for Clinical Samples.
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the CTXM-1-group gene (class A beta lactamase)
was detected in Pa2, Ec1 and Ec? isolates.

PCR analysis showed that the presence of class 1
integron was found in 3 out of 4 strains (Pa2, Ec1,
and Ec2) and the size of the integrons was
approximately 1800 bp. According to DNA
sequence analysis, three samples were found to
have the dFrA17/AadA5 gene cassette sequence.

Antibiotics Group Antibiotics Pal Pa2 Ecl Ec2

B-lactam / B- Ampicillin-sulbactam - - R R

lactamase inhibitor  Piperacillin-Tazobactam R R S S

Ceftazidime R R R R

Cephalosporin Cefotaxime - - R R

Ceftriaxone - - R R

Cefepime R R - -

Doripenem R R S S

Carbapenem Imipenem R R S S

Meropenem R R S S

Aminoglycosides Amlkac!n_ R R S S

Gentamicin S S S S

Quinolone Ciprofloxacin R R R R

Levofloxacin R R R R
4. DISCUSSION AND CONCLUSION 4.8% [14]. Resistance genes that cause
) ) o aminoglycosides and B-lactams are frequently
Strains resistant to at least one of the antibiotics  ¢,,nq  on integrons  in  Pseudomonas  and

included in three or more antibiotic groups are
defined as multidrug resistance (MDR) [10].
Antibiotic groups and antibiotics included in these
groups have been reported by Magiorakos et al.
[10]. By using the definition of MDR, it was
determined that 4 isolates were multidrug resistant.

Resistance to all antibiotic group are seen in P.
aeruginosa and E. coli strains. The quick diffusion
of antibiotic-resistant genes among bacteria has
become a serious problem worldwide [11]. Many
investigations have shown that the resistance genes
are transferred by the integrons. Most resistance
determinants are found in gene cassettes [12]. Class
1 integrons are also shown worldwide in P.
aeruginosa and E. coli. In these studies, the
frequencies of class integrons were found 41.5%
(44/106) in Brazil, 60% in England, 59% in France
and 52% in Taiwan [11,13]. In Turkey, in a
multicenter study of clinical P. aeruginosa isolates,
the frequency of class 1 integrons was found to be

Enterobacteriaceae members.

The most prevalent mechanism of aminoglycoside
resistance are Aad and Aac families [13,14]. In the
isolates of our study, the most common resistance
is the aadA family (aadA5) and the dfrA family
(dfrAl7). The dfrAl7/aadA5 gene cassette was
detected in P. aeruginosa and E. coli strains. This
gene cassette gives resistance to streptomycin,
spectinomycin and trimethoprim. This gene
cassette has also been reported in different bacterial
species and in other regions [15]. The
dfrAl7/aadA5 gene cassette can be spread by
plasmids. For this reason, clinically resistant
isolates can be explained by the widespread
presence of increased integrons [15].

Beginning in 1995, CTX-M type ESBLs have
emerged all over the world [16,17]. There are 5
groups of CTX-M type ESBL; CTX-M-1-2-8-9-25.
Among these enzymes, the CTX-M 15 from the
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CTX-M group is the most common one found in
the world [18,19]. A study of multi-drug resistant
K. pneumoniae isolates showed that CTX-M-type
ESBL is quite common in Turkey. Another
multicenter study in Turkey showed that CTX-M
71% is the most common enzyme among K.
pneumoniae and E. coli isolates[19]. In this study,
CTX-M-type ESBL was detected in 1 P.
aeruginosa isolate and 2 E.coli strains.

There are many causes of carbapenem resistance in
P. aeruginosa. Plasmid or integrons, an increase in
the expression of efflux systems, an increase in
porin expression and an increase in chromosomal
cephalosporinase activity have been identified as
factors contributing to carbapenem resistance [20].
In this work, carbapenemases such as blaywm,
blanom, blaime were not detected in carbapenem
resistant P. aeruginosa strains (Pal and Pa2). It is
thought that carbapenem resistance in Pal and Pa2
isolates may be caused by one or more of the other
mechanisms mentioned above.

It is important to know the presence of class 1
integrons and the distribution of these isolates in
hospitalized patients in multidrug resistant P.
aeruginosa and E. coli strains. As a result,
integrons play a crucial role in spreading antibiotic
resistance among clinical isolates. For this reason,
it is important to monitor the presence and
distribution of antibiotic resistance genes by
techniques such as PCR and sequence analysis.

REFERENCES

[1]. Pitout J.D., Recent changes in the
epidemiology and management of extended-
spectrum B-lactamase-producing
Enterobacteriaceae, F1000. Med. Rep. 1
(2009) pii:84.

[2]. Jadhav S., Misra R., Gandham N., Ujagare
M., Ghosh P., Kalpana A. and Chanda V.,
Increasing incidence of multidrug resistance
Klebsiella pneumoniae infections in hospital
and community settings, Int. J. Microbiol.
Res. 4 (2012) 253-7.

[3]. Nordmann P., Dortet L. and Poirel L.,
Carbapenem resistance in

[4].

[5].

[6].

[7].

[8].

[9].

[10].

[11].

Enterobacteriaceae: here is the storm!
Trends. Mol. Med. 18 (2012) 263-72.

[4] Giani T., Pini B., Arena F., Conte V.,
Bracco S., Migliavacca R., AMCLI-CRE
Survey Participants., Pantosti A., Pagani L.,
Luzzaro F. and Rossolini G.M., Epidemic
diffusion of KPC carbapenemase-producing
Klebsiella pneumoniae in Italy: results of the
first countrywide survey, 15 May to 30 June
2011, Euro. Surveill. 18 (2013) pii:20489.
Koseoglu O., Integrons, Mikrobiyol. Bul. 38
(2004) 305-12.

Partridge S.R., Recchia G.D., Scaramuzzi
C., Collis C.M., Stokes H. and Hall R.M.,
Definition of the attll site of class 1
integrons, Microbiology. 146 (2000) 2855—
2864.

Partridge S.R., Brown H.J., Stokes H. and
Hall R.M.,. Transposons Tn1696 and
Tn2land their integrons In4 and In2 have
independent origins, Antimicrob. Agents
Chemother. 45 (2001) 1263-1270.

Hochhut B., Lotfi Y., Mazel D., Faruque
S.M., Woodgate R. and Waldor M.K,,
Molecular analysis of antibiotic resistance
gene clusters in Vibrio cholerae 0139 and
O1 SXT constins, Antimicrob. Agents.
Chemother. 45 (2001) 2991-3000.

Serum H., Roberts M. and Crosa ],
Identification and cloning of a tetracycline
resistance gene from the fish pathogen
Vibrio salmonicida, Antimicrob. Agents.
Chemother. 36 (1992) 611-615.
Magiorakos A.P., Srinivasan A., Carey R.B.,
Carmeli Y., Falagas M.E., Giske C.G.,
Harbarth S., Hindler J.F., Kahlmeter G.,
Olsson-Liljequist B., Paterson D.L., Rice
L.B., Stelling J., Struelens M.J., Vatopoulos
A., Weber J.T. and Monnet D.L., Multidrug-
resistant, extensively drug-resistant and
pandrug-resistant bacteria: an international
expert proposal for interim standard
definitions for acquired resistance, Clin.
Microbiol. Infect. 18 (2012) 268-81.

Gu B., Tong M., Zhao W., Liu G., Ning M.,
Pan S. and Zhao W., Prevalence and
Characterization of Class | Inte-grons among
Pseudomonas aeruginosa and Acinetobacter



1068

[12].

[13].

[14].

[15].

[16].

[17].

[18].

Ozad Diizgiin, Saral | Cumhuriyet Sci. J., Vol.39-4 (2018) 1063-1068

baumannii Isolates from Patients in Nanjing,
China, J. of Clin. Microbio. 45 (2007) 241-
243.

Strateva T. and Yordanov D., Pseudomonas
aeruginosa —A Phenomenon of Bacterial
Resistance, J. of Med. Microbio. 58 (2009)
1133-1148.

Fonseca E.L., Vieira V.V., Cipriano R. and
Vi-cente A.C., Class 1 Integrons in
Pseudomonas aeruginosa Isolates from
Clinical Settings in Amazon Region, Brazil,
FEMS Immuno. and Med. Microbio. 44
(2005) 303-309.

Cicek, A.C., Saral, A., Duzgun, A.O.,
Cizmeci, Z., Kayman, T., Balci, P.O., Dal,
T., Firat, M., Yazici, Y., Sancakta,r M.,
Ozgumus, O.B. and Sandalli, C., Screening
of Class 1 and Class 2 Integrons in Clinical
Isolates of Pseudomonas aeruginosa
Collected from Seven Hospitals in Turkey:
A Multicenter Study, Open J. of Med.
Microbio. 3 (2013) 227-233.

Chen, J., Su, Z., Liu, Y., Wang, S., Dai, X.,
Li, Y., Peng, S., Shao, Q., Zhang, H., Wen,
P., Yu, J, Huang, X. and Xu, H,
Identification and characterization of class 1
integrons among Pseudomonas aeruginosa
isolates from patients in Zhenjiang, China.
Int. J. Infect. Dis. 13 (2009) 717-21.
Clinical and Laboratory Standards Institute.
Performance standards for antimicrobial
susceptibility testing. M100-S23. Wayne,
PA: Clinical and Laboratory Standards
Institute, (2013).

Pitout J.D., Nordmann P., Laupland K.B.
and Poirel L., Emergence of
Enterobacteriaceae producing extended-
spectrum [(-lactamases (ESBLS) in the
community, J Antimicrob. Chemother. 56
(2005) 52-9.

Onnberg A., Molling P., Zimmermann J. and
Soderquist B., Molecular and phenotypic
characterization of Escherichia coli and
Klebsiella pneumoniae producing extended-
spectrum B-lactamases with focus on CTX-
M in a low-endemic area in Sweden, APMIS
119 (2011) 287-95.

[19].

[20].

[21].

[22].

[23].

[24].

[25].

Iraz M., Ozad Diizgiin A., Sandalli C.,
Doymaz M.Z., Akkoyunlu Y., Saral A.,
Peleg A.Y., Ozgiimis O.B., Beris F.S.,
Karaoglu H. and Copur Cigek A.,
Distribution of B-lactamase genes among
carbapenem-resistant Klebsiella
pneumoniae strains isolated from patients in
Turkey, Ann. Lab. Med. 35 (2015) 595-601.

Meletis G., Exindari M., Vavatsi N.,
Sofianou D. and Diza E., Mechanisms
responsible  for the emergence of
carbapenem resistance in Pseudomonas

aeruginosa, Hippokratia. 16 (2012) 303-7
Woodford N., Ellington M.J., Coelho J.M.,
Turton J.F., Ward M.E., Brown S., Amyes
S.G. and Livermore DM., Multiplex PCR for
genes encoding prevalent OXA
carbapenemases in Acinetobacter spp. Int. J.
Antimicrob. Agents. 27 (2006) 351-3.
Moubareck C., Bremont S., Conroy M.C.,
Courvalin P. and Lambert T., GES-11, a
novel integron-associated GES variant in
Acinetobacter  baumannii.  Antimicrob.
Agents. Chemother. 58 (2009) 3579-81
Jeon B.C., Jeong S.H., Bae I.K., Kwon S.B.,
Lee K., Young D., Lee J.H., Song J.S. and
Lee S.H., Investigation of a nosocomial
outbreak of imipenem-resistant
Acinetobacter baumannii producing the
OXA-23 b-lactamase in Korea, J. Clin.
Microbiol. 43 (2005) 2241-45.

Xu L., Ensor V., Gossain S., Nye K. and
Hawkey P., Rapid and simple detection of
blactx-v genes by multiplex PCR assay, J.
Med. Microbiol. 54 (2005) 1183-7.

Handal R., Qunibi L., Sahouri I., Juhari M.,
Dawodi R., Marzouga H. and Hindiyeh M.,
Characterization of Carbapenem-Resistant
Acinetobacter baumannii Strains Isolated
from Hospitalized Patients in Palestine, Int.
J. Microbiol, 2017 (2017) 8012104.



