Arastirma Makalesi/Original Article
Makale Dili “Ingilizce”/Article Language “English”

Turk Hijyen ve Deneysel Biyoloji Dergisi

Investigation of three different methods for detection of ESBL
production and antibiotic resistance percentage of
ESBL producing Gram negative bacteria

Mustafa GUZEL', Yasemin GENG2,

Altan AKSOY?,

Penka MONCHEVA', Petya HRISTOVA!

ABSTRACT

Objective: In this study, it was aimed to evaluate
the efficacy of chromogenic agar for rapid and accurate
identification of bacteria producing extended spectrum
beta-lactamase (ESBL) and to investigate the antibiotic
resistance rates of 105 bacteria that were determined
to produce ESBL.

Methods: ESBL production was investigated using
combined disc method, E-test and chromogenic agar.
Additionally, susceptibility patterns of these strains to
21 antibiotics were studied according to the criteria of
CLSI (Clinical and Laboratory Standards Institute). Zone
diameters categorized as susceptible were evaluated,
and strains showing intermediate susceptibility were
considered as resistant. Fisher’s chi-square test was
used in statistical analysis.

Results: A hundred and five strains (81 Escherichia
coli, 24 Klebsiella spp.) were found to produce ESBL by
combined disc method, while 96 strains were found to
produce ESBL by E-test and 99 strains by chromogenic
agar. The sensitivity and positive predictive value
of chromogenic agar for ESBL production was 94.8%
and 91.9%, respectively. All strains were found to be
resistant to cefuroxime, cefazolin and cefotaxime, the
antibiotics that ESBL producing strains are considered
to be resistant to. Among beta-lactam/beta-lactamase
inhibitor combinations, the highest resistance was

OZET

Amag: Calismada genislemis spektrumlu beta-
laktamaz (GSBL) ureten bakterilerin dogru ve hizli
tammlanmas icin kromojenik agarin etkinligini test
etmek ve GSBL Urettigi tespit edilen 105 bakteride
antibiyotik tespit  edilmesi

diren¢  oranlarinin

amaclanmistir.

Yontemler: Kombine disk yontemi, E test yontemi
ve kromojenik agar ile GSBL uretimi tespit edilmistir.
Ayrica bu suslarin 21 antibiyotige kars1 duyarliliklar CLSI
(Clinical Laboratory Standards Institute) kriterlerine
gore calisilmistir. Duyarli kabul edilen zon caplan
degerlendirilmis, orta duyarli suslar direncli kabul
edilmistir. Istatistiksel degerlendirme Fisher’s ki-kare
testiyle yapilmistir.

Bulgular: Kombine disk yontemi ile 105 (81 tanesi
Escherichia coli ve 24 tanesi Klebsiella spp.), E test ile
96 ve kromojenik agar ile 99 susun GSBL Urettigi tespit
edilmistir. Kromojenik agar yontemi ile GSBL tespitinin
duyarliigr %94,8. GSBL iireten suslarin direncli kabul
edildigi sefuroksim, sefazolin ve sefotaksim’e tiim
suslarin direncli oldugu goriilmistiir. Beta-laktam/
beta-laktamaz inhibitorii kombinasyonlar1 icerisinde
ampisilin-sulbaktam direncinin (%75,2) yiiksek oldugu
bu grupta en az direncli antibiyotiklerin piperasilin-
tazobaktam (%31,4) ve sefoperazon -sulbaktam (%32,4)
oldugu tespit edilmistir. Karbapenemlere (imipenem,
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against ampicillin-sulbactam (75.2%), and the lowest
resistance was against piperacillin-tazobactam
(31.4%) and cefoperazone-sulbactam (32.4%). A total
of 8 strains (7.6%) were found to be resistant to
carbapenems (imipenem, meropenem, and ertapenem)
and the lowest resistance rate was observed to this
group of antibiotics. Klebsiella spp. strains were
found to be more resistant to beta-lactam-beta-
lactamase inhibitors, aminoglycosides, trimethoprim-
sulfamethoxazole and chloramphenicol than that of E.
coli, but E. coli strains were found to be more resistant
to quinolones (p<0.05).

Conclusion: It was observed that the use of
chromogenic agar has no advantage in detecting ESBL
enzymes, the lowest resistance rate in ESBL producing
strains was to carbapenems, and the species of ESBL
producing bacteria was important in determining
the resistance rates and selection of the appropriate

antibiotic for treatment.

Key Words: Extended spectrum beta- lactamase,
chromogenic agar, antimicrobial susceptibility

meropenem ve ertapenem) direncli toplam 8 (%7,6) sus
tespit edilmis olup en disuk direnc oran1 karbapenem
grubu antibiyotiklerde saptanmistir. Beta-laktam/beta-
laktamaz inhibitorii kombinasyonlari, aminoglikozidler,
trimetoprim - sulfametoksazol ve kloramfenikole
Klebsiella spp. suslarimin E. coli’den daha direncli
oldugu fakat kinolonlara E. coli suslarinin daha direncli
oldugu tespit edilmistir (p< 0.05).

Sonug: GSBL tespitinde kromojenik agar kullaniminin
bir avantaj saglamadigi, GSBL iireten suslarda en diisiik
direng oranina sahip antibiyotiklerin karbapenemler
oldugu, GSBL iireten bakterilerin tirlerinin direng
oranlarin  belirlemede ve tedavide kullanilacak
antibiyotigin seciminde 6nemli oldugu gorilmistdir.

Anahtar Kelimeler: Genislemis spektrumlu beta-
laktamaz, kromojenik agar, antimikrobiyal duyarlilik

INTRODUCTION

The frequency of infections caused by bacteria
that are resistant to beta-lactam antibiotics
is gradually increasing. These bacterial agents
causing community-acquired or hospital-acquired
infections have been determined to produce

large amounts of extended-spectrum beta-

lactamase (ESBL) enzymes. E. coli belonging to
the Enterobacteriaceae family and Klebsiella spp.
are the bacteria causing community and hospital-
acquired infections. The most important mechanism
of resistance in these bacteria is ESBL production.
ESBL is generally transported by plasmids and
it hydrolyzes penicillin along with oxyimino
cephalosporins and aztreonam. However, these
enzymes do not have any effect on cephamycin
group cephalosporins (cefoxitin and cefotetan).

Additionally, plasmids encoding these enzymes
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carry genetic material against many antibiotics
other than beta-lactams. Therefore, concurrent
aminoglycoside, quinolone, chloramphenicol and
trimethoprim-sulfamethoxazole resistance may be
present in ESBL-producing bacteria (1,2).

Today, carbapenem derivatives are among
the most commonly preferred antibiotics for
the treatment of infections with gram-negative
bacteria that produce ESBL. Carbapenems have
been found effective against plasmid-mediated
ESBL enzymes or enzymes other than ESBL as well

as chromosome mediated beta-lactamases (1).

Mortality of infections caused by ESBL-positive
bacteria has been increased, length of hospital stay
has been prolonged, treatment costs have been
increased, and clinical and microbiologic response



have been decreased in recent times. Therefore,
rapid and accurate identification of ESBL producing
bacteria is quite important for the selection of
appropriate antibiotic treatment (1).

Hence, in our study, we aimed to compare the
efficiency of the tests used in ESBL detection and
determine the antibiotic resistance percentage of
105 ESBL-producing isolates.

MATERIAL and METHODS

The study included 105 isolates (81 E. coli and
24 Klebsiella spp.) obtained from different patients
and clinical specimens (urine and wound) between
2013 and 2014 in Ankara Numune Research and
Education Hospital. These isolates were identified
using MALDI TOFF mass spectrometry (BD, Sparks,
USA) and determined to be ESBL positive by
combined disc method.

Combined disc method

Bacterial suspension adjusted to McFarland
0.5 was cultivated in Mueller Hinton agar (Oxoid)
medium, then cefotaxime (30pg) and cefotaxime/
clavulanic acid (30pg/10pg) and ceftazidime (30ug)
and ceftazidime/clavulanic acid (30pg/10pg) discs
(BD BBL) were placed. After 24 hours of incubation,
a difference of >5 mm in the zone diameter was
(3).
susceptibility of these

interpreted
Additionally,
isolates against 21 antibiotics were tested according
to the CLSI (Clinical and Laboratory Standards
Institute, 2014) criteria (3). Zone diameters those

in favor of ESBL production
antibiotic

were defined as susceptible were evaluated, and
isolates with intermediate susceptibility were

accepted to be resistant.
E. coli ATCC 25922 was used as the control
strain. One hundred and five strains that were

determined to be ESBL positive were stored at
-80 C°.

Phenotypic confirmation using the E-test

Isolates were inoculated to 5% sheep blood
agar. A solution consisting of the isolates in
0.5% saline was prepared, the turbidity of the
solution was adjusted to 0.5 McFarland, then
the isolates were inoculated into Mueller Hinton
agar medium. E-test strips containing cefotaxime
(0.25-16/0.016-
1ug/mL, Biomerieux) were placed in the medium

and cefotaxime/clavulanic acid

and the plates were evaluated after 24 hours of
incubation at 37°C. The isolates having a MIC value
for cefotaxime/clavulanic acid of >8 times higher
than that for cefotaxime were accepted to be ESBL
positive (3).

Detection of ESBL production using

chromogenic agar

The samples were inoculated to chromogenic
agar (Biomerieux) medium and were evaluated
after incubation for 24 hours at 37°C. According
to the manufacturers’ recommendations, E. coli
colonies showing green color and Klebsiella spp.
colonies with red color were accepted to be ESBL

positive.

Statistical analysis

Statistical analysis was performed by using SPSS
11.0 statistics program, and Fisher’s Chi-square
test. In statistical evaluation, a p value of < 0.05
was considered to be significant.

The antibiotic resistance percentage of the
isolates that were determined to produce ESBL by
each of the three methods were compared, and
no statistically significant difference was found
(p>0.05).

It was observed that resistance percentage were
high for ampicillin, cephalosporins, aztreonam,
trimethoprim - sulfamethoxazole and quinolones.
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Table 1. The distribution of the resistance percentage of various antimicrobials those were determined by disk diffusion,
according to three different methods of ESBL detection (combined disc method, E-test, Chromogenic agar).

Combined disk

Antibiotics synergy test (I:;‘ :gzt) Chrom((;gfgr:)i)c agar
(n=105)
Ampicillin 105 (100) 96 (100) 99 (100)
Ampicillin-Sulbactam 79 (75.2) 70 (72.9) 75 (75.7)
Amoxicillin-Clavulanic acid 66 (62.8) 57 (59.4) 62 (62.6)
Ticarcillin-Clavulanic acid 58 (55.2) 51 (53.1) 54 (54.5)
Piperacillin-Tazobactam 33 (31.4) 30 (31.2) 31 (31.3)
Cefoperazone- Sulbactam 34 (32.4) 29 (30.2) 32 (32.3)
Cefazolin 105 (100) 96 (100) 99 (100)
Cefuroxime 105 (100) 96 (100) 99 (100)
Cefotaxime 105 (100) 96 (100) 99 (100)
Ceftazidime 73 (69.5) 69 (71.9) 69 (69.7)
Cefepime 62 (59.1) 60 (62.5) 58 (58.9)
Gentamicin 40 (38.1) 37 (38.5) 37 (37.4)
Amikacin 9 (8.6) 9 (9.4) 7 (7.1)
Ciprofloxacin 59 (56.2) 56 (58.3) 54 (54.5)
Levofloxacin 53 (50.5) 50 (52.1) 49 (49.5)
Imipenem 4 (3.8) 2 (2.1) 3 (3.1)
Meropenem 7 (6.7) 4 (4.2) 6 (6.1)
Ertapenem 8 (7.6) 5 (5.2) 7 (7.1)
Trimethoprim-sulfamethoxazole 63 (60) 59 (61.4) 60 (60.6)
Aztreonam 65 (61.9) 63(65.6) 63 (63.6)
Chloramphenicol 11 (10.5) 10 (10.4) 11 (11.1)

Data are presented as number (%).

A total of 8 (7.6%) isolates were found to be
resistant to carbapenems (imipenem, meropenem

and ertapenem). The lowest resistance percentage

was recorded to be against carbapenem antibiotics.
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imipenem.

The most susceptible antibiotic in this group was

Among beta-lactam/beta-lactamase inhibitor

combinations, antibiotics with the lowest resistance



Table 2. Antibiotic resistance percentage of extended spectrum beta-lactamase positive isolates by E-test

(n=96)
Resistance percentage n (%)

Antibiotics E. coli Klebsiella spp. P

(n=74) (n=22)
Ampicillin 74 (100) 22 (100)
Ampicillin-Sulbactam 52 (70.3) 18 (81.8) <0.05
Amoxicillin-Clavulanic acid 39 (52.7) 18 (81.8) < 0.05
Ticarcillin-Clavulanic acid 35 (47.3) 16 (72.7) < 0.05
Piperacillin-Tazobactam 19 (25.7) 11 (50) <0.05
Cefoperazone- Sulbactam 19 (25.7) 10 (45.5) < 0.05
Cefazolin 74 (100) 22 (100)
Cefuroxime 74 (100) 22 (100)
Cefotaxime 74 (100) 22 (100) -
Ceftazidime 50 (67.6) 19 (86.4) <0.05
Cefepime 43 (58.1) 17 (77.3) <0.05
Gentamicin 26 (35.1) 11 (50) <0.05
Amikacin 5 (6.7) 4(18.2) <0.05
Ciprofloxacin 45 (60.8) 11 (50) < 0.05
Levofloxacin 42 (56.7) 8 (36.4) < 0.05
Imipenem 2 (2.7) 0]
Meropenem 3 (4.1) 1 (4.5)
Ertapenem 3 (4.1) 2 (9.1)
Trimetoprim - sulfamethoxazole 43 (58.1) 16 (72.7) < 0.05
Aztreonam 44 (59.5) 19 (86.4) < 0.05
Chloramphenicol 5 (6.7) 5 (22.7) < 0.05

percentage were piperacillin-tazobactam

cefoperazone-sulbactam.

One hundred and five, 96 and 99 isolates were
found to produce ESBL by combined disc method,

and E-test and chromogenic agar, respectively. Of the

105 strains, which were found ESBL positive with
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combined disc method, 96 were found positive by E
test and 99 were found positive using chromogenic
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agar. When the E test method was taken as a
reference, of the strains producing ESBL using
chromogenic agar, 8 were found to be false positive
and 5 were found to be false negative. Accordingly,
sensitivity of the chromogenic agar was 94.8%.

As expected, cephalosporin resistance was
high in ESBL producing E.
spp. strains. According to the CLSI data, ESBL

producing bacteria are considered resistant against

coli and Klebsiella

cefuroxime, cefazolin and cefotaxime. All of the
isolates in this study were found to be resistant
against these antibiotics.

When compared to E. coli strains, Klebsiella
spp.

beta-lactamase

resistant to beta-lactam/
inhibitor

trimethoprim-sulfamethoxazole

were more
combinations,
aminoglycosides,
and chloramphenicol, however E. coli strains were
more resistant to quinolones than Klebsiella spp.
(p<0.05).

DISCUSSION
In the CLSI 2010 guidelines a change was

made in the susceptibility zone diameters of
cephalosporins and it was indicated that ESBL
producing isolates were already resistant against
these antibiotics (3). In the study of Hombach et
al. (4) that was performed according to 2013 CLSI
data on 150 Enterobacteriaceae isolates producing
ESBL, cefuroxime and cefotaxime resistance was
found to be 91.3%, ceftazidime resistance was
found to be 46% and cefepime resistance was found
to be 15.3%. Although the resistance percentage
against cefuroxime and cefotaxime found in the
present study were similar, resistance percentage
against ceftazidime (69%) and cefepime (59%)
were found to be higher. Cefepime, a fourth
generation cephalosporin, is especially effective to
SHV ESBLs. However, cefepime shows an inoculum
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effect, and is inactivated due to increased beta-
lactamase production. In addition, the increase
in cefepime use was demonstrated to cause
outbreaks of infections due to ESBL-producing
organisms. Because of these reasons, it has been
emphasized that cefepime should not be primarily
used in the treatment of infections caused by
ESBL producing microorganisms. If it will be used,
it is recommended to be used in high doses, and
if possible, along with the other antibiotics that
would be effective (quinolones or aminoglycosides)
(2).

Among beta-lactam/beta-lactamase inhibitor
combinations, resistance to ampicillin-sulbactam
was high, and the most susceptible antibiotics
were piperacillin-tazobactam and cefoperazone-
sulbactam in our study. Various clinical studies
that
combinations

beta-lactam/beta-lactamase
the
treatment of infections caused by ESBL producing
bacteria. Seniha et al. in 2011 (5), found that
resistance percentage of piperacillin-tazobactam

have shown

inhibitor are effective in

and cefoperazone-sulbactam were 75.8% and
59.1% in Klebsiella spp., and 25.8% and 21% in
E. coli isolates. The corresponding rates in our
study were 50% and 45.5% in Klebsiella spp., and
25.7% in E.

Likewise, resistance percentage of Klebsiella spp.

coli isolates (for both antibiotics).
was higher than that of E. coli isolates. Certain
microorganisms may produce more than one beta-
lactamases concomitantly or may express the same
beta-lactamase at high amounts, which can lead to
the development of resistance also against beta-
lactamase inhibitors (2).

Although resistance percentage of Klebsiella

spp. is generally higher than that of E. coli

isolates, quinolone resistance was found to

be higher in E. coli isolates. This may be attributed



to the frequent prescription of quinolones for

urinary tract infections mostly caused by E. coli
isolates.

Currently, carbapenem derivatives are the
most commonly preferred antibiotics in the

treatment of ESBL producing gram-negative
bacterial infections. In the SENTRY study involving
42 centers in the United States of America (USA)
(6) carbapenem resistance in K. pneumoniae
isolates was found to be 6.1%, and in the study

of Ozgen et al (7) carbapenem resistance was

found in 23 (11%) of 210 Enterobacteriaceae
isolates producing ESBL. The lower resistance
percentage found in the present study

[8 (7.6%)] may be explained by the fact that
Ozgen et al. used blood samples of patients who
received intense antibiotic treatment in their study.

(8),

compared with

In the study of Réglier-Poupet et al.
combined disc method was
chromogenic agar in terms of detection of ESBL.

Chromogenic agar was shown to be effective, with
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