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ABSTRACT

Introduction: Detecting Pseudomonas aeruginosa strains producing extended-spectrum beta-lactamase (ESBL) in the hospital setting
and taking necessary precautions against them is important for infection control and public health. This study aimed to investigate
PER-1 and OXA-10-like ESBLs production frequency in ceftazidime-resistant P. aeruginosa obtained from Kastamonu Training and
Research Hospital.

Materials and Methods: Forty-two ceftazidime-resistant P. aeruginosa strains from different patients between April 2018 and March
2020 were included in the study. Identification of the strains and antibiotic susceptibility tests were studied according to the European
Committee on Antimicrobial Susceptibility Testing (EUCAST) criteria by VITEK 2 Compact automated system (BioMerieux, France).
ESBL production of the strains was studied by combined disk test, phenotypically. The presence of PER-1 and OXA-10-like genes was
investigated by polymerase chain reaction (PCR). Confirmation of the PCR product was done using DNA sequencing on an ABI PRISM
3130XL Genetic Analyzer (Applied Biosystems, Foster City, CA, USA).

Results: The resistance rates of the strains were: 19%, 81%, 88%, 88%, 91%, 95%, and 95% for amikacin, gentamicin, meropenem,
cefepime, imipenem, piperacillin-tazobactam, and ciprofloxacin, respectively. Twenty-seven (64%) strains had the ESBL phenotype.
Only one strain had PER-1 gene. OXA-10-like gene was not found in any strains. PER-1 sequence was identical and corresponded to
the published sequences for PER-1 gene in GenBank at the National Center for Biotechnology Information.

Conclusion: These results showed that PER-1 and OXA-10-like genes were not common among ceftazidime-resistant P. aeruginosa
strains obtained from our hospital. ESBL production can be determined phenotypically in ceftazidime-resistant P. aeruginosa strains.
However, confirming the results with molecular tests is significant for epidemiological studies.
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PER-1 and OXA-10-like ESBLs
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Giris: Bir hastanede genislemis spektrumlu beta-laktamaz (GSBL) (lireten Pseudomonas aeruginosa suslarinin tespit edilmesi ve onlara
karsi gerekli énlemlerin alinmasi infeksiyon kontrolti ve halk sagldi agisindan énem arz etmektedir. Bu ¢alismada Kastamonu Egitim
ve Arastirma Hastanesinden elde edilen seftazidime direncli P. aeruginosa suslarinda PER-1 ve OXA-10 benzeri GSBL diretim sikhiginin
belirlenmesi amaglanmustir.

Materyal ve Metod: Calismaya Nisan 2018-Mart 2020 tarihleri arasinda farkli hastalardan izole edilen 42 seftazidime direngli P.
aeruginosa susu dahil edilmistir. Suglarin tanimlanmasi ve antibiyotik duyarlilik testleri VITEK 2 Kompakt otomatize sistem (BioMerieux,
Fransa) kullanilarak Avrupa Antimikrobiyal Duyarlilik Testi (EUCAST) kriterleriyle calisilmis ve degerlendirilmistir. Suslarin GSBL diretimi
fenotipik olarak kombine disk testiyle belirlenmistir. PER-1 ve OXA-10 benzeri genlerin varligi ise polimeraz zincir reaksiyonu (PZR) ile
arastinlmistir. PZR driintiniin dogrulanmasi “ABI PRISM 3130XL Genetic Analyzer” (Applied Biosystems, Foster City, CA, ABD) cihazinda
DNA dizileme yéntemi ile yapilmstir.

Bulgular: Suslarin amikasin, gentamisin, meropenem, sefepim, imipenem, piperasilin-tazobaktam ve siprofloksasin antibiyotiklerine
direng oranlari sirasiyla %19, %81, %88, %88, %91, %95 ve %95 olarak tespit edilmistir. Yirmi yedi susun (%64) GSBL fenotipine sahip
oldugu bulunmustur. Sadece bir susta PER-1 geni tespit edilmistir. OXA-10 benzeri gen hicbir susta saptanmamustir. Elde edilen PER-1
dizisinin Ulusal Biyoteknoloji Bilgi Merkezi GenBank veri tabanindaki PER-1 geni icin yayinlanan dizilerle ézdes oldugu belirlenmistir.

Sonug: Bu sonuclar, hastanemizden izole edilen seftazidime direncli P. aeruginosa suslarinda PER-1 ve OXA-10 benzeri genlerin yaygin
olarak bulunmadigini gostermistir. Seftazidime direngli P. aeruginosa suslarinda GSBL diretimi fenotipik olarak tespit edilebilir. Ancak
sonuglarin molekdiler testlerle dogrulanmasi 6zellikle epidemiyolojik ¢alismalar agisindan énem tasimaktadir.

Anahtar Kelimeler: Seftazidim; OXA-10-benzeri; PER-1; Pseudomonas aeruginosa; PZR

INTRODUCTION PER-1 (Pseudomonas extended resistanc-
es) and OXA-10-like (oxacillinases) type ESBLs,
which are found in Ambler class A and class D,
respectively, have been reported to be commonly
found in P. aeruginosa strains in Turkey®®. The
genes encoding ESBLs can be transferred onto
other bacteria, as they are carried on transferable
genetic elements. This can accelerate the spread
of resistance among bacteria and lead to threats
to public health!®!. Also, it is known that morbid-
ity and mortality are increased in ESBL-producing
P. aeruginosa infections!”). As a result, it is signif-
icant for public health to detect ESBL-producing
strains in the hospital, monitor their spreading,
and take necessary precautions.

Beta-lactam group antibiotics are commonly
used antibiotics to combat infectious diseases.
However, their misuse and overuse have increased
the spread of resistance in bacterialll. Extend-
ed-spectrum beta-lactamases (ESBLs) are enzymes
that hydrolyze beta-lactam group antibiotics other
than cephamycins (cefoxitin, cefotetan, cefmetazol,
etc.) and carbapenems (meropenem, imipenem,
etc.). ESBLs can be inactivated by beta-lactamase
inhibitors such as clavulanic acid, sulbactam, and
tazobactaml?!. Although these enzymes have been
reported especially in Enterobacterales members,
they have also been reported in Pseudomonas
aeruginosa strains in recent years[3’4].
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PER-1 and OXA-10-like type ESBL produc-
tion in clinical P. aeruginosa strains may vary
based on geographic distribution and even hos-
pitals in Turkey. This study was aimed to inves-
tigate ESBL production phenotypically and the
presence of PER-1 and OXA-10-like genes in
ceftazidime-resistant P. aeruginosa strains isolated
from inpatients and outpatients at Kastamonu
Training and Research Hospital (TRH).

MATERIALS and METHODS
Bacterial Strains

In this study, 42 ceftazidime-resistant P. aerug-
inosa strains isolated from clinical samples of the
patients from Kastamonu TRH between April 2018
and March 2020 were included. Of the strains,
32 were obtained from intensive care units, seven
from inpatient services, and three from outpa-
tients. The clinical samples from which the strains
were isolated were as follows: respiratory secre-
tions (n= 29/42), urine (n= 6/42), wound (n=
4/42), and blood cultures (n=3/42). The strains
were identified using conventional methods and
VITEK 2 Compact automated system (BioMérieux,
France). The strains were named with KPA (K:
Kastamonu P: Pseudomonas A: aeruginosa) code
and isolate number. The strains were stored at
-80°C in nutrient broth (Merck, Darmstadt, Germa-
ny) containing 20% glycerol until studied.

Antibiotic Susceptibility Profile

Antibiotic susceptibility to piperacillin-tazobac-
tam (TZP), ceftazidime (CAZ), cefepime (FEP),
gentamicin (CN), amikacin (AK), and ciprofloxacin
(CIP) as antipseudomonal antibiotics were studied
and evaluated by using the EUCAST standards'®!
by VITEK 2 Compact automated system.

Phenotypic Detection of ESBL Production

ESBL production of the strains was studied
by the combined disc test (CDT) phenotypically.

Briefly, fresh cultures of the strains grown on nu-
trient agar (Merck) were adjusted to 0.5 McFarland
turbidity and inoculated on Mueller Hinton Agar
(MHA) (Merck). Cefotaxime (CTX) and ceftazidime
(CAZ) disks (30 pg) with and without clavulanic
acid (10 pg) were put on the MHA plate at a
distance of 30 mm (center to center) from each
other. After incubation at 37°C for 18 =+ 2
hours, if the zone diameter of the discs contain-
ing clavulanic acid was >5 mm than those with-
out, the ESBL was considered positive. Cefepime
(FEP) discs (30 pg) with or without clavulanic acid
(10 pg) were also used in this study to avoid
false-negative results for ESBL as a result of over-
expression of AmpC type beta-lactamase (Ambler
class C). Klebsiella pneumoniae ATCC 700603
and Escherichia coli ATCC 25922 were used as
positive and negative control, respectivelylg].

Searching for PER-1 and OXA-10-like
Genes

The detection of PER-1 and OXA-10-like genes
was investigated by polymerase chain reaction
(PCR) using the specific primers listed in Table 1.
Total DNA was extracted from the strains using
the standard boiling method!!%. PCR amplification
was performed in Techne TC-512 thermal cycler
(Techne, Staffordshire, UK) as follows: 94°C for
5 min for initial denaturation; 35 cycles of 40
s at 94°C, 1 min at 55°C, and 50 s at 72°C;
and a final extension of 5 min at 72°C11. PCR
reactions were prepared to contain the following
ingredients; 2 pL DNA template, 0.4 pL 10
pmol/pL of each primer (sense and antisense), 4
uL 5x FIREPoI® Master Mix (SolisBioDyne, Tartu,
Estonia), and ultra-pure water up to 20 pL. A P.
aeruginosa strain known to be positive for PER-1
and OXA-10-like genes was used as a positive
control, and P. aeruginosa ATCC 27853 strain
was used as a negative control. The PCR prod-
ucts were electrophoresed on a 1.2% agarose gel

Table 1. Primers used for detecting PER-1 and OXA-10-like genes

Gene Primer Sequence (5’ — 3) Product Size (bp) Reference
PERA ATGAATGTCATTATAAAAGC
PER-1 926 bp
PERD AATTTGGGCTTAGGGCAGAA (1]
OPR1 GTCTTTCGAGTACGGCATTA
OXA-10-like 720 bp
OPR2 ATTTTCTTAGCGGCAACTTAC
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stained with RedSafe™ Nucleic Acid Staining Solu-
tion (INtRON Biotechnology Inc.) in 1x Tris-ace-
tate-EDTA buffer. The results were evaluated in
the presence of a DNA size marker (GeneRuler 1
kb, Thermo Scientific, CA, ABD), visualized under
a UV transilluminator. Purified PCR product was
sequenced using an ABI PRISM 3130XL Genetic
Analyzer (Applied Biosystems, Foster City, CA,
USA) by the REFGEN Biyoteknoloji (Ankara, Tur-
key). The obtained sequences were compared to
sequences deposited in GenBank at the National
Center for Biotechnology Information.

Statistical Analysis

Statistical analysis was done by Chi-square test
using the SPSS version 23 for Windows, and
p< 0.05 was considered as statistically significant.

RESULTS

All strains were resistant to ceftazidime.
The resistance rates of the strains to other
antipseudomonal antibiotics are presented in Table
2. Resistance rates of the isolates to piperacillin/
tazobactam (TZP), cefepime (FEP), imipenem
(IPM), meropenem (MEM), gentamicin (CN),
amikacin (AK), and ciprofloxacin (CIP) were 95%
(n= 40/42), 88% (n= 37/42), 91% (n= 38/42),
88% (n= 37/42), 81% (n= 34/42), 19% (n=
8/42), and 95% (n= 40/42), respectively. The
ESBL phenotype was present in 27 (64%) strains
(Figure 1). There was no significant difference
(p> 0.05) in resistance rates to antipseudomonal
antibiotics between ESBL positive and negative
strains (Table 2).

Figure 1. Combined disk test using cephalosporins with and without clavulanic acid. (A): E. coli ATCC 25922 (negative control),
(B): K. pneumoniae ATCC 700603 (positive control), (C): KPA-10 [1: Ceftazidime (CAZ), 2: Ceftazidime + clavulanic acid (CZC), 3:
Cefotaxime (CTX), 4: Cefotaxime + clavulanic acid (CTC), 5: Cefepime (FEP), 6: Cefepime + clavulanic acid (FEC)].

Table 2. The resistance rates of ESBL positive and negative strains to antipseudomonal antibiotics

Number of resistant strains (%)

Antibiotic ESBL Positive (n= 27) ESBL Negative (n=15) Total (n=42)
TZP 26 (96%) 14 (93%) 40 (95%)
FEP 24 (89%) 13 (87%) 37 (88%)
IPM 24 (89%) 14 (93%) 38 (91%)
MEM 23 (85%) 14 (93%) 37 (88%)
CN 22 (82%) 12 (80%) 34 (81%)
AK 4 (15%) 4 (27%) 8 (19%)
CIP 27 (100%) 13 (87%) 40 (95%)

ESBL: Extended-spectrumbeta-lactamase, TZP: Piperacillin-tazobactam, FEP: Cefepime, IPM: Imipenem, MEM: Meropenem, CN:
Gentamicin, AK: Amikacin, CIP: Ciprofloxacine. There was no significant difference (p> 0.05) in resistance rates to antipseudomonal

antibiotics between ESBL positive and negative strains.
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Figure 2. PCR products on agarose gel electrophoresis for
PER-1 gene. Lane 1: DNA size marker (GeneRuler 1 kb, Ther-
moScientific, CA, USA); lane 2: Negative control; lane 3: Pos-
itive control; lane 4: KPA-10.

Based on the PCR results, PER-1 gene positivity
was detected in a strain (2%) designed as KPA-
10 (Figure 2). OXA-10-like gene was not found
in any of the isolates. When the PER-1 gene
was sequenced, the PER-1 sequence was identical
and corresponded to the published sequences for
the PER-1 gene. GenBank accession number
taken for PER-1 sequence is MZ203413.

DISCUSSION

P. aeruginosa is an opportunistic pathogen
that can cause bloodstream infections, pneumo-
nia, urinary tract, and wound infections in hu-
mans. In particular, patients with respirators and
catheters, as well as patients with wounds from
post-operative or burns, are at risk for P. ae-
ruginosa infections1?"  Ceftazidime is frequently

preferred in the treatment of infections caused
by P. aeruginosa strains. However, ceftazidime
resistance in P. aeruginosa strains is mainly oc-
curred due to the overexpression of AmpC type
beta-lactamase or by ESBL enzymes!!3l. In the
current study, it was found that ceftazidime-re-
sistant P. aeruginosa strains were often resistant
to beta-lactam group antibiotics as well as other
antibiotics such as gentamicin and ciprofloxacin.
This could be due to plasmids carrying ESBL
genes might also contain genes encoding resistan-
ce to other antibiotics. On the other hand, the
lower rate of resistance to amikacin compared to
other antibiotics might be due to the less frequ-
ent use of amikacin in Kastamonu TRH. These
results suggest that the options available except
amikacin for the treatment of ceftazidime-resistant
P. aeruginosa infections are currently limited in
Kastamonu TRH.

The ESBL production in ceftazidime-resis-
tant P. aeruginosa strains isolated from Turkey
has been reported to be between 30.7% and
64%1415]  and this frequency was found to be
64% in our hospital. These results showed that
ESBL production in ceftazidime-resistant P. ae-
ruginosa strains could be a potential threat to
Kastamonu TRH.

PER-1 and OXA type enzymes are detected
in high prevalence in ESBL producing P. aerugi-
nosa strains isolated from Turkey®. PER-1 was
first reported in a P. aeruginosa strain isolated
from a Turkish patient in France in 199116l
and its frequency has increased in Turkeyll7:18l
and Middle Eastern countries after this datel19-20],
However, it is remarkable that PER-1 frequen-
cy in ceftazidime-resistant P. aeruginosa strains
has decreased in Turkey in recent years. For
example, PER-1 gene was not detected in any
of 195 ceftazidime-resistant P. aeruginosa strains
in a study conducted in Turkey[14]. Similarly, the
frequency of PER-1 positivity by PCR was found
to be 2% in 42 ceftazidime-resistant P. aerugino-
sa strains (as 4% in 27 ESBL producing strains)
in this study. OXA-10-like gene was not found
in any strains in the current study. These results
showed that PER-1 and OXA-10-like genes were
not commonly found in Kastamonu TRH. Our
findings suggest that ESBL positive strains in this

FLORA 2022;27(1):87-93
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study might have other ESBL genes rather than
PER-1 and OXA-10-like.

CONCLUSION

As a result, the presence of ESBL-producing
P. aeruginosa strains in our hospital may become
a serious problem as they may exhibit a broad
range of resistance to other antibiotic classes.
Ceftazidime-resistant P. aeruginosa strains isolated
in our hospital should be routinely examined
in terms of ESBL production. Besides, the
confirmation of the results with molecular tests
is important for epidemiological studies. It is
suggested to investigate the presence of other
ESBL genes in these strains in further studies.
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