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Abstract

Introduction: To investigate the in vitro efficacy of three new antimicrobial agents [ceftazidime-avibactam (CAZ-AVI), meropenem-vaborbactam
(V/R) and imipenem/cilastatin-relebactam] in isolates of carbapenemase-producing Klebsiella pneumoniae (CPKP).

Materials and Methods: Thirty CPKP strains were included in our study. The strains were identified at the species level using Vitek MS, and
antimicrobial susceptibility tests were performed using the Vitek 2 automated system. Carbapenemase production in all strains was confirmed by the
combination disc test. The blaKPC, blaNDM-1, blaOXA-48 and blaVIM genes were identified using the Gene-Xpert® System Carba R® kit (Cepheid,
Sunnyvale, USA). Imipenem/relebactam (I/R), V/R, CAZ-AVI susceptibilities were investigated by using gradient strip test. Antimicrobial susceptibility
results were interpreted according to the recommendations the EUCAST. Minimal inhibitory concentration (MIC) cut-off values were as follows:
For IR, MIC >2 susceptible, MIC <2 resistant; for M/V, MIC >8 resistant, MIC <8 susceptible; and for CAZ-AVI, MIC >8 resistant, MIC <8 susceptible.
Results: All of the strains included in the study were resistant to all antibiotics except colistin. BlaOXA-48 was detected in 76.6% of the isolates;
NDM-1 in 16.6%; NDM-1 and OXA-48 in 3.3%, and KPC in 3.3%. Twenty (66.6%) strains were susceptible to I/R, 18 (60%) were susceptible to M/V,
and 21 (70%) were susceptible to CAZ/AVI. While 90% of the I/R susceptible isolates carried OXA-48, the other two isolates had KPC and NDM-1.
Of the I/R resistant isolates 50% carried OXA-48, 40% NDM-1, and 1 NDM-1 and OXA-48. Of the M/V susceptible isolates, 88.8% carried OXA-48,
other isolates NDM-1 and KPC. Of the resistant isolates, 58.3% carried OXA-48, 33.3% NDM-1, and 8.1% NDM-1/0XA-48. Of the isolates susceptible
to CAZ/AVI 95.2% carried OXA-48 and 4.7% NDM-1. Of the I/R resistant isolates with a MIC >8, two carried the blaOXA-48 gene and two carried
the NDM-1 gene. NDM-1 gene was present in four of the M/V resistant isolates with MIC >8. It was determined that 56.6% of the strains were
susceptible to all antimicrobial agents and 23.3% were found to be resistant to all agents. While 4 (57.1%) of these strains carried NDM gene,
blaOXA-48 gene was detected in 3 (42.8%) strains.

Conclusion: The most common gene detected in CPKP strains inour center was found to be OXA-48 gene. These results were similar to the data for
Turkey. This situation should be considered during the clinical use of I/R and M/V, which are known to have low susceptibility in OXA-48 carrying
strains in our country. Our study showed that CAZ/AVI susceptibility was higher in KPC strains.
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Giris: Karbapenemaz lireten Klebsiella pneumoniae (CPKP) izolatlarinda iic yeni antimikrobiyal ajanin [seftazidim-avibaktam (CAZ/AVI), meropenem-
vaborbaktam (V/R) ve imipenem/silastatin-relebaktam] in vitro etkinligini arastirmaktir.

Gerec ve Yontem: Calismamiza 30 CPKP susu dahil edildi. Suslarin tiir diizeyinde tanimlamasi Vitek MS ile, antimikrobiyal duyarlilik testleri
ise Vitek 2 otomatize sistemi kullanilarak yapildi. Tim suslarda karbapenemaz dretimi kombinasyon disk testi ile teyit edildi. BlaKPC, blaNDM-1,
blaOXA-48 ve blaVIM genleri, Gene-Xpert® System Carba R® kiti (Cepheid, Sunnyvale, ABD) kullanilarak belirlendi. imipenem/relebaktam (I/R), V/R,
CAZ/AVI duyarhliklari gradient strip test ile arastirildi. Antimikrobiyal duyarlilik sonuglari, EUCAST 2022 kriterleri kullanilarak belirlendi. imipenem-
relabaktam (I/R) icin minimal inhibitdr konsantrasyon (MiK) degeri >2 mg/l duyarli, <2 mg/! direncli; meropenem-vaborbaktam (M/V) icin MiK degeri
>8 mg]l direngli, <8 mg/I duyarli; CAZ/AVI icin MiK degeri >8 mg/I direncli, <8 mg/l duyarl olarak degerlendirildi.

Bulgular: Calismaya dahil edilen suslarin tiimii kolistin hari¢ tiim antibiyotiklere direncli idi. izolatlarin %76,6'sinda blaOXA-48; %16,6'sinda NDM-
1; %3,3'inde NDM-1 ve OXA-48, %3,3'linde KPC tespit edildi. Suslarin 20'sinde (%66,6) I/R duyarli, 18 susta (%60) M/V duyarli, 21 susta (%70) CAZ/
AV duyarl bulundu. I/R duyarli izolatlarin %90't OXA-48 tasirken diger iki izolatta KPC ve NDM-1 mevcuttu. I/R direncli izolatlarin %50'si OXA-48,
%40't NDM-1 tasirken, bir izolatta ise NDM-1 ve OXA-48 mevcuttu. M/V duyarli izolatlarin %88,8'inde OXA-48 mevcutken, diger izolatlarda NDM-1
ve KPC mevcuttu. Direncli izolatlarin %58,3'linde OXA-48, %33,3'linde NDM-1, %8,1'inde NDM-1/0XA-48 mevcuttu. CAZ/AVI duyarli izolatlarin
0095,2'sinde OXA-48, %4,7'sinde NDM-1 mevcuttu. MiK degeri >8 olan I/R direncli izolatlarin ikisinde blaOXA-48, ikisinde ise NDM-1 geni mevcuttu.
MiK degeri >8 olan M/V direncli izolatlarin dérdiinde NDM-1 geni mevcuttu. Suslarin %56,6'si antimikrobiyal ajanlarin tiimiine duyarli, %23,3'ii ise
tlim ajanlara direngli olarak saptandi. Bu suslarin dordii (%57,1) NDM genine sahipken t¢linde (%42,8) blaOXA-48 geni tespit edildi.

Sonug: Merkezimizde saptadigimiz CPKP suslarinin en sik OXA-48 geni tasidigi goriildii. Bu sonuglar Tiirkiye verileri ile benzerdi. Bu durumun
OXA-48 suslarinda duyarliiginin diistik oldugu bilinen I/R ve M/V'nin Glkemizde klinik kullanimi sirasinda g6z éniinde bulundurulmasi gereklidir.
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Calismamiz KPC suslarinda CAZ/AVI duyarliliginin daha yiiksek oldugunu gésterdi.
Anahtar Kelimeler: Seftazidim-avibaktam, meropenem-vaborbaktam, imipenem-relebaktam, OXA-48

Introduction

Carbapenemsare bactericidal B-lactamantibiotics recommended
for the treatment of infections caused by extended-spectrum
B-lactamase  (ESBL)  andfor  AmpC-cephalosporinase-
producing Enterobacterales!". However, infections caused by
carbapenemase-producing  Enterobacterales (CPE) isolates
have become an important problem worldwide, including
Turkey®3. Mortality rates in these infections vary between 20-
500%. Although Klebsiella pneumoniae has been accepted as an
important pathogen causing a series of infections, including
sepsis, pneumonia and urinary tract infections for many years;
high healthcare costs, treatment failures and high mortality
rates in these infections have been increasingly reported in
recent years, especially due to increasing carbapenem resistance
rates®. Two clinically important mechanisms of resistance to
carbapenems have been identified among Enterobacterales.
The first is the production of carbapenemases such as serine
carbapenemases (KPC and OXA) and metallo-p-lactamases (VIM,
IMP and NDM), while the other is the production of Ambler
class C B-lactamases with porin loss of function!™. Among the
carbapenemase enzymes, especially KPC, NDM and OXA-48 are
globally spread.

The limitations of treatments to be used in carbapenem-
resistant isolates have led to new searches. Recently, new
B-lactam/B-lactamase inhibitor (BLBLI) combinations such as
ceftazidime-avibactam (CAZ/AVI), imipenem-relabactam (I/R),

and meropenem-vaborbactam (M/V) appear to be promising
alternatives to existing agents for the treatment of severe
infections caused by carbapenemase-producing K. pneumoniae
(CPKP) strainst®.

Avibactam, a new B-lactamase inhibitor, is a diazabicyclooctane
non-B-lactam inhibitor with activity against class A (KPC),
class C (AmpC) and certain class D (OXA-48) carbapenemases”.
However, it is not active against class B metallo-f3-lactamases
(MBL) such as VIM, IMP and NDM. Avibactam restores the
activity of ceftazidime against CPKP strains. It has now been
approved by the Food and Drug Administration for complicated
intra-abdominal infections, hospital-or ventilator-associated
pneumonia (HAP/VAP) and complicated urinary tract infections,
including pyelonephritis. However, despite good in vitro activity
of CAZ/AVI, resistant CPE isolates have been reported during
treatment, shortly after its approval®.

Vaborbactam (formerly RPX7009) is a non-f-lactam, cyclic,
boronic acid-based inhibitor of P-lactamases®. Although
vaborbactam is not active against Metallo-p-lactamase
enzymes, it potentiates the in vitro activity of meropenem
against KPC, ESBL and AmpC producing isolates'®. M/V is
approved for clinical use in Europe in complicated urinary
tract infection, complicated intra-abdominal infections, HAP,
VAP and associated bacteremial®. Although the in vitro activity
of the drug against carbapenem-resistant Enterobacterales
isolates has been evaluated by various studies worldwide, new
studies are still needed("2,
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Relebactam is a bicyclic diazabicyclooctane [-lactamase
inhibitor structurally related to avibactam, differing by the
addition of a piperidine ring to the 2-position carbonyl group.
Similar to avibactam, relabactam shows activity against KPC-
type carbapenemases, class C B-lactamases (AmpC) and class
A PB-lactamases, but unlike avibactam, relebactam has been
reported to have insufficient effect on OXA-48 carbapenemase-
producing isolatesl’®. Relebactam was combined with
imipenem cilastatin to restore the clinical activity of imipenem
against KPC-producing K. pneumoniae, other KPC-producing
Enterobacterales, and Pseudomonas aeruginosa, which
exhibits carbapenem resistance due to impermeability with
AmpC expression, While these novel combinations are
effective against KPC isolates producing KPC and other class A
carbapenemases, they can also inhibit ESBLs and constitutive or
plasmid-derived cephalosporinases. However, it is thought that
these BLBLI combinations may be affected by non-enzymatic
resistance mechanisms®. Various studies have reported that
the I/R combination has equivalent efficacy to CAZ/AVI and
ceftolozane-tazobactam in multidrug-resistant (MDR) P.
aeruginosa and Enterobacterales isolates!',

The aim of this study was to investigate the in vitro susceptibility
of I/R, MJV, CAZ/AVI in CPKP strains.

Materials and Methods

Thirty CPKP strains in the laboratory culture collection were
included in our study. Species-level identification of strains
was confirmed by matrix assisted laser desorption/ionization
time-of-flight mass spectrometry (MALDI-TOF MS) using
Vitek MS (BioMérieux, Marcy-I’EtoiIe, France), according to
the manufacturer's instructions. The sensitivities of amikacin,
gentamicin, ciprofloxacin, levofloxacin, cefepime, ceftriaxone,
ceftazidime, piperacillin-tazobactam, cefuroxymaksetil,
amoxicillin-clavunate, imipenem, meropenem and trimetprim-
sulfamethoxazole were studied with the automated system
Vitek 2 (BioMérieux, France). Among the K. pneumoniae isolates
included in the study, strains that were resistant to three or
more antimicrobial agents, including pipracillin-tazobactam,
cefepime, meropenem, ciprofloxacin, and aminoglycosides, were
accepted as MDR['®,

Imipenem-relabactam, M/V, CAZ-AVI sensitivities were
investigated by using gradient strip test (BioMérieux).
Colistin sensitivity was investigated by liquid microdilution
method in accordance with the European Committee on
Antimicrobial Susceptibility Testing (EUCAST) recommendations.
Antimicrobial susceptibility results were interpreted according
to the recommendations the EUCASTI'”. Minimal inhibitory
concentration (MIC) cut-off values were as follows: For IR, MIC
>2 susceptible, MIC <2 resistant; for M/V, MIC >8 resistant,
MIC <8 susceptible; and for CAZ-AVI, MIC >8 resistant, MIC <8
susceptible.

Modified Carbapenemase Inactivation Method (mCIM)

Asuspension was prepared with the isolate where carbapenemase
enzyme production was to be investigated in the sterile distilled
water and 10 ul meropenem disc (BioMérieux, France) was
put into it. After two hours of incubation, meropenem disc in
suspension was placed on Mueller-Hinton (Merck, USA) agar
medium inoculated with E. coli ATCC 29522 and incubated at
35 °C for six hours. The test result was considered positive if
there was growth around the meropenem disc after six hours
of incubation'®.

Carbapenemase Nordmann-Poirel (Carba NP) Test

The Rapidec® Carba NP (BioMérieux, France) test was performed
in accordance with the manufacturer's recommendations. The
bacterial colony to be tested was suspended in lysis buffer
and incubated for 30 minutes. This bacterial suspension was
centrifuged at 10,000 x g for 5 minutes at room temperature. The
solution prepared using supernatant, imipenem monohydrate
(Sigma, SaintQuentin Fallavier, France), phenol red and 0.1
mmol/l ZnS04 (Merck Millipore, Guyancourt, France) was mixed
in 96-well plates. Phenol red solution and enzymatic suspension
were incubated at 37 °C for two hours. Then the test results
were interpreted.

Molecular Tests

The blalMP-1, blaKPC, blaNDM-1, blaOXA-48 and blaVIM
gene regions in all Klebsiella pneumoniae isolates included in
the study were investigated with Gene-Xpert® system Xpert
CARBA-R test kits.

K. pneumoniae isolates included in the study were resistant
to three or more antimicrobial agents, including piperacillin-
tazobactam, cefepime, meropenem, ciprofloxacin and
aminoglycosides. Carbapenemase production was also confirmed
by Carba NP and CIM methods and was positive in both tests.

In the analysis with Gene-Xpert of the strains included in the
study, blaOXA-48 was detected in 23 (76.6%) strains, NDM-1 in
5 (16.6%), NDM-1 and blaOXA-48 in 1 isolate (3.3%), and KPC
in 1 isolate (3.3%).

It was found that 20 strains (66.6%) were susceptible to I/R,
18 strains (60%) were susceptible to M/V, and 21 strains (70%)
were susceptible to CAZ/AVI (Table 1).

Eighteen (90%) of 20 I/R susceptible isolates carried blaOXA-48,
while the other two isolates had KPC and NDM-1. Of the 10 I/R
resistant strains, 5 (50%) had blaOXA-48, four (40%) had NDM-
1, and one isolate had NDM-1 and OXA-48 (Table 1).

Of the 18 M/V susceptible isolates, 16 had blaOXA-48, while the
other isolates had NDM-1 and KPC. Of the 12 resistant isolates,
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Table 1. Gene distributions of all strains according to susceptibility-resistance status
IR M/V CAZ/AVI
R S R S R S
n (%) n (%) n (%) n (%) n (%) n (%)
0XA-48 5 (50) 18 (90) 7 (58.3) 16 (88.8) 4 (44.4) 19 (90.4)
NDM-1 4 (40) 1(5) 4(33.3) 1(5.5) 4 (44.4) 1(4.7)
KPC - 1(5) - 1(5.5) - 1(4.7)
0XA-48+NDM-1 1(10) - 1(8.3) 1(11.1)
Total 10 20 12 18 9 21
CAZ-AVI: Ceftazidime-avibactam
Table 2. Ceftazidime-avibactam, meropenem-vaborbactam and imipenem-relebactam MIC values of all strains
<0.5 0.5-2 2-4 4-8 >8
n (%) n (%) n (%) n (%) n (%)
CAZ/AVI 4(13.3) 11(36.6) 5(16.6) 1(3.3) 9 (30)
IR 8 (26.6) 12 (40) 6 (20) 0 4(13.3)
MV 5(16.6) 2 (6.6) 9 (30) 2 (6.6) 12 (40)

CAZ-AVI: Ceftazidime-avibactam, MIC: Minimal inhibitory concentration

seven had blaOXA-48, four had NDM-1, and one had NDM-1
and blaOXA-48 (Table 1).

Of the 21 CAZ/AVI susceptible strains, 20 had blaOXA-48, while
one strain had NDM-1 (Table 1).

All 17 (56.6%) strains were susceptible to antimicrobial agents.
BlaOXA-48 was detected in 15 (70.5%) of these strains, KPC in
one (5.8%) and NDM in one (5.8%).

Seven strains were found to be resistant to all agents. While 4
(57.1%) of these strains had NDM gene, blaOXA-48 gene was
detected in three (42.8%) strains. When the MIC values of the
isolates were examined, MIC >16 in all of the resistant strains
carrying NDM.

Of the I/R resistant isolates with MIC >8, two had the blaOXA-48
gene and two had the NDM-1 gene. The NDM-1 gene was
present in four of the M/V resistant isolates with MIC >8 (Tables
1,2).

Carbapenemase-producing K. pneumoniae isolates are generally
resistant to multiple drugs alongwith carbapenem. Therefore,
major problems are experienced in the treatment of CPKP
infections in clinical practice, and these infections generally
progress with high mortality. Studies have shown that in
patients with CPKP infection, in the event of treatment delay,
nearly 50% of the patients die within 30 days. It has also been
proven by studies that the application of combination therapy
in these patients increases the survival rates by two or three
times. In clinical practice, combination options of carbapenem
antibiotics with other antibacterial agents such as tigecycline,

polymyxin, amikacin or fosfomycin are generally used, and
better results are obtained than carbapenem treatment
alonel™®. However, side effects may be encountered with these
combination options'. In recent years, new combinations have
been developed by adding a 3-lactamase inhibitor to an existing
B-lactam agent. New generation inhibitors such as avibactam,
vaborbactam, relebactam, which are preferred in newly
developed combinations, are generally active against acquired
and intrinsic B-lactamases, which have limited or no hydrolytic
activity against carbapenems. Between 2016 and 2018, CAZ/
AV, 1/R, M/V susceptibility rates were reported as 100%, 93%,
and 93.3%, respectively, in 45 CPE strains, and susceptibility
rates of 100%, 90%, and 80%, respectively, were reported in K.
pneumoniae isolates!". These high sensitivity rates obtained in
in vitro susceptibility studies have increased the interest in these
combinations. However, it should be noted that these inhibitors
do not protect the P-lactam agent against other resistance
mechanisms®?°?', The efficacy of BLBLI combinations developed
for use in such infections varies according to the resistance
mechanisms of the isolate and the enzymes it carries. Studies
have proven that especially metallobelactamase producing
isolates are resistant to these combinations. Maraki et al.??
found resistance to I/R and CAZ/AVI in all strains, while M/V
resistance was found in 95% of the strains in their study on
40 isolates producing metallobetalactamase. Therefore, it is of
great importance to determine the enzymes carried by these
carbapenem-resistant strains and to understand the resistance
mechanisms in terms of treatment effectiveness??. The genes
carried by CPKP strains show differences throughout the world.
For example, while OXA-48 is more common in Turkey, Belgium,
France, Romania and Spain, Germany and Italy, KPC is more
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common in the United States®. For this reason, it is of great
importance for clinicians to know the frequency of resistance
genes in their region while these combinations are preferred.

Although M/V is not active against isolates carrying MBL, it
has limited activity against isolates carrying genes encoding
oxacilinases with carbapenemase activity, such as OXA-48. In
vitro studies have shown that the combination of vaborbactam
restores meropenem activity against CPKP isolates®*2%, While
M/V susceptibility in K. pneumoniae strains producing KPC varies
between 87-100% worldwide, these rates vary between 0-95.1%
in OXA-48 producing strains!®122125-271, Differences in rates vary
with whether the bacteria carry more than one resistance
mechanism1928] Hackel et al.'"? found in their multicenter study
across Europe that the M/V and CAZ/AVI susceptibility rates were
very close to each other (98.9% [ 98.2%) in 878 KPC-producing
K. pneumoniae strains and observed that the two combinations
could be an alternative to each other in these strains. Bonnin et
al.?” found susceptibility rates of 81.3% for I/R combination and
95.1% for M/V combination in Enterobacterales carrying the
blaOXA-48 gene, while the susceptibility rate of CAZ/AVI was
found to be 99.5% in these isolates, and they reported that CAZ/
AVI continued to be the best treatment option. In our study, we
found M/V susceptibility in 66.6% of OXA 48-producing strains.
However, we could not make an evaluation because there was
only one KPC strain in our study. In clinical studies as well as
in in vitro studies, it was observed that the combination of
vaborbactam contributed to the reduction in mortality rates®?.
Although in vitro studies show that KPC producers have a low
ability to acquire resistance against the M/V combination, M/V
resistant strains have been reported in clinical practice in recent
years. In a study conducted in Italy, it was reported that M/V
resistance rate was 13% and it was observed that this resistance
was also responsible for CAZ/AVI cross-resistancel®. Gaibani et
al.™ found in their study that this resistance was caused by loss-
of-function mutations in ompK35 and ompK36 porins.

Imipenem-relabactam susceptibility also varies according to
the type of carbapenemase carried by the bacteria. While I/R
susceptibility rate is 78.1% in CPKP strains, this rate decreases to
66.7% in those carrying the blaOXA-48 gene. I/R susceptibility
rates in blaOXA-48 producing strains range from 0 to 66.7%,
while these rates reach 100% in KPC positive isolates!'2029,
I/R resistance rates of K. pneumoniae isolates producing OXA-
48 may differ between regions. The authors attributed the
different resistance rates they found in a joint study from Spain
and Portugal to the high-risk clones of OXA-48-ST11 and OXA-
48-ST147 strains in Spain®. High-risk clones of blaOXA-48-
producing K. pneumoniae, commonly found in hospital settings
in Spain, contribute to the spread of I/R resistance among MDR
Enterobacterales isolates in patients in intensive care units.
Galani et al.'¥ investigated the susceptibility of I/R and CAZ/AVI

in 314 K. pneumoniae strains producing carbapenemase in their
study between 2015-2016 and reported it to be 98% and 99.6%,
respectively, among all isolates. However, I/R susceptibility rates
decreased to 10% in OXA 48-carrying strains included in the
study, while 80% was found in KPC-positive isolates. In 470
carbapenem resistant K. pneumoniae strains obtained from
culture collections of 16 different hospitals in Taiwan, I/R
combination was shown to have the highest efficacy (88.4%)
in strains carrying the KPC enzyme. While this rate was found
to be 82.4% in isolates carrying OXA-48 enzyme, no isolates
carrying NDM could be detected in this study. However, it was
observed that the susceptibility rates decreased to 42.9% in
strains carrying the IMP enzyme in the same group as NDM in
the Ambler classification",

Although other carbapenemases have been reported in Turkey,
K. pneumoniae strains producing blaOXA-48 are considered
endemicl?, In this study, we found that I/R susceptibility in
blaOXA-48 producing strains was higher (78.2%) than in other
centers.

New drug combinations containing I/R have recently been
introduced as promising combinations against K. pneumoniae
isolates producing KPC in patients in intensive care units
with complicated infections with little or no other treatment
options. However, there have been reports of I/R resistance
occurring in vivo in K. pneumoniae, which produces KPCs very
rapidly®¥. Findlay ve ark.¥ observed that mutations that caused
I/R resistance also caused an increase in CAZ/AVI and M/V MIC
values.

Studies show that CAZ/AVI has excellent in vitro activity against
ESBL-, AmpC, KPC, and OXA-48-producing Enterobacterales®.
CAZ/AVI susceptibility rates range from 92-100% in strains
producing BlaOXA-48 and KPCP'32. If the strains producing
BlaOXA-48 have a different resistance mechanism or a different
carbapenemase gene, resistance rates increase!??, While CAZ/
AVI susceptibility rate was found to be 92.50% in OXA-48-
carrying strains collected from 20 countries between 2012 and
2015, this rate decreased to 219% in those with OXA-48 and MBL
coexistence®. Jayol et al.® found that CAZ/AVI susceptibility
rate was 100% in all K. pneumoniae isolates producing KPC or
OXA-48 carbapenemase, while isolates producing NDM alone or
in association with another carbapenemase showed a high level
of resistance to CAZ/AVI. Although NDM producing isolates
showed high resistance to CAZ/AVI, CAZ[AVI resistance was found
in 80% of NDM gene producing strains in our study. In a study
examining the in vitro activities of CAZ/AVI in MDR Klebsiella
pneumoniae isolates, CAZ/AVI resistance was found at a rate of
27%. All strains with the NDM-1, NDM-1+0XA-48, OXA-48 and
KPC genes detected were susceptible to CAZ/AVIF. In our study,
the susceptibility of CAZ/AVI was lower than in other studies.
These results show that we should be more careful about the
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increasing resistance to CAZ/AVI over the years. In comparative
clinical efficacy studies, the CAZ/AVI combination was compared
with combinations containing colistin and aminoglycosides, and
a statistically significant decrease in clinical success and long-
term survival was observed. In these studies, renal complications
were found to be significantly lower with the combination of
CAZ/AVIZ® However, in recent years, the increase in CAZ/AVI
resistance rates has been striking. While CAZ/AVI resistance is
<0.6% in Enterobacterelas, this rate increases to only 16.7-21%
in carbapenemase-producing isolates”. In our study conducted
in 2018, we found the susceptibility rate of CAZ/AVI to be 72.7%
in such strains, while we found the susceptibility rate to be 70%
in this study®®.,

Study Limitations

Only 30 carbapenem resistant K. pneumoniae strains in the
laboratory culture collection were included in our study. This
relatively small number of strains was a limitation for our
study. The number of new combination antibiotics of which
susceptibility rate we studied in CPKP isolates could have been
higher. In addition, the fact that we did not have the opportunity
to study clonal relationships was a limitation of our research.
We are planning follow-up studies where these limitations will
be resolved.

In conclusion, it should be kept in mind that none of these new
combination agents, which have been marketed as promising
for resistant K. pneumoniae infections, will show activity
against all carbapenemase producing strains. Although there
are studies reporting the clinical efficacy of these new agents,
data are still lacking. In addition, it is an important point to note
that resistance rates have started to increase in recent years,
especially in CAZ/AVI.

Ethics

Ethics Committee Approval and Informed Consent: Anonymous
strains were not used because they were used.

Peer-review: Externally peer-reviewed.
Authorship Contributions

Surgical and Medical Practices: 0.A., E.0.S., S.V., Concept: O.A,,
Design: 0.A., M.K., S.V., Data Collection or Processing: 0.A., E.0.S.,
S.V., Analysis or Interpretation: O.A., S.V.,, Literature Search: 0.A,,
MK, E0.S. Writing: O.A, MK, EOS.

Conflict of Interest: No conflict of interest was declared by the
authors.

Financial Disclosure: The authors declared that this study
received no financial support.

References

1. de Jonge BL, Karlowsky JA, Kazmierczak KM, Biedenbach DJ, Sahm
DF, Nichols WW. In Vitro Susceptibility to Ceftazidime-Avibactam of
Carbapenem-Nonsusceptible Enterobacteriaceae lIsolates Collected during
the INFORM Global Surveillance Study (2012 to 2014). Antimicrob Agents
Chemother. 2016;60:3163-9.

2. Hosbul T, Aydogan CN, Kaya S, Bedir O, Glimral R, Albay A. Karbapenem
Direncli  Klebsiella pneumoniae Klinik izolatlarina Karsi Seftazidim-
avibaktam ve Kolistinin In Vitro Etkinligi [In Vitro Activity of Ceftazidime-
avibactam and Colistin  Against Carbapenem-Resistant Klebsiella
pneumoniae Clinical Isolates]. Mikrobiyol Bul. 2022;56:218-29.

Zhang P, Shi Q, Hu H, Hong B, Wu X, Du X, Akova M, Yu Y. Emergence
of ceftazidime/avibactam resistance in carbapenem-resistant Klebsiella
pneumoniae in China. Clin Microbiol Infect. 2020;26:124.e1-4.

4. Gaibani P, Lombardo D, Bussini L, Bovo F, Munari B, Giannella M, Bartoletti M,
Viale P, Lazzarotto T, Ambretti S. Epidemiology of Meropenem/Vaborbactam
Resistance in KPC-Producing Klebsiella pneumoniae Causing Bloodstream
Infections in Northern Italy, 2018. Antibiotics (Basel). 2021;10:536.

5. Yahav D, Giske CG, Gramatniece A, Abodakpi H, Tam VH, Leibovici L.
New B-Lactam-f-Lactamase Inhibitor Combinations. Clin Microbiol Rev.
2020;34:€00115-20. Erratum in: Clin Microbiol Rev. 2021;34.

6. Yin D, Wu S, Yang Y, Shi Q, Dong D, Zhu D, Hu F; China Antimicrobial
Surveillance Network (CHINET) Study Group. Results from the China
Antimicrobial Surveillance Network (CHINET) in 2017 of the In Vitro
Activities of Ceftazidime-Avibactam and Ceftolozane-Tazobactam against
Clinical Isolates of Enterobacteriaceae and Pseudomonas aeruginosa.
Antimicrob Agents Chemother. 2019;63:€02431-18.

@

7. van Duin D, Bonomo RA. Ceftazidime/Avibactam and Ceftolozane/
Tazobactam:  Second-generation  B-Lactam/B-Lactamase  Inhibitor
Combinations. Clin Infect Dis. 2016;63:234-41.

8. Shields RK, Chen L, Cheng S, Chavda KD, Press EG, Snyder A, Pandey R,
Doi Y, Kreiswirth BN, Nguyen MH, Clancy CJ. Emergence of Ceftazidime-
Avibactam Resistance Due to Plasmid-Borne blaKPC-3 Mutations during
Treatment of Carbapenem-Resistant Klebsiella pneumoniae Infections.
Antimicrob Agents Chemother. 2017;61:€02097-16.

9. Pfaller MA, Huband MD, Mendes RE, Flamm RK, Castanheira M. In vitro
activity of meropenem/vaborbactam and characterisation of carbapenem
resistance mechanisms among carbapenem-resistant Enterobacteriaceae
from the 2015 meropenem/vaborbactam surveillance programme. Int J
Antimicrob Agents. 2018;52:144-50.

10. Sun D, Rubio-Aparicio D, Nelson K, Dudley MN, Lomovskaya O. Meropenem-
Vaborbactam Resistance Selection, Resistance Prevention, and Molecular
Mechanisms in  Mutants of KPC-Producing Klebsiella pneumoniae.
Antimicrob Agents Chemother. 2017;61:¢01694-17.

11. Wilson WR, Kline EG, Jones CE, Morder KT, Mettus RT, Doi Y, Nguyen MH,
Clancy CJ, Shields RK. Effects of KPC Variant and Porin Genotype on the In
Vitro Activity of Meropenem-Vaborbactam against Carbapenem-Resistant
Enterobacteriaceae. Antimicrob Agents Chemother. 2019;63:e02048-18.

12. Hackel MA, Lomovskaya O, Dudley MN, Karlowsky JA, Sahm DF. In
Vitro Activity of Meropenem-Vaborbactam against Clinical Isolates
of KPC-Positive Enterobacteriaceae. Antimicrob Agents Chemother.
2017;62:e01904-17.

13. Galani |, Souli M, Nafplioti K, Adamou P, Karaiskos |, Giamarellou H,
Antoniadou A; Study Collaborators. In vitro activity of imipenem-relebactam
against non-MBL carbapenemase-producing Klebsiella pneumoniae
isolated in Greek hospitals in 2015-2016. Eur J Clin Microbiol Infect Dis.
2019;38:1143-50. Erratum in: Eur J Clin Microbiol Infect Dis. 2019.

14. Livermore DM, Warner M, Mushtaq S. Activity of MK-7655 combined with
imipenem against Enterobacteriaceae and Pseudomonas aeruginosa. J
Antimicrob Chemother. 2013;68:2286-90.



Mediterr J Infect Microb Antimicrob
2023;12:17

AYDEMIR et al.
Carbapenemase Producing Klebsiella pneumoniae

20.

21.

22.

23.

24.

25.

26.

. Lob SH, Hackel MA, Kazmierczak KM, Young K, Motyl MR, Karlowsky JA,

Sahm DF. In Vitro Activity of Imipenem-Relebactam against Gram-Negative
ESKAPE Pathogens Isolated by Clinical Laboratories in the United States in
2015 (Results from the SMART Global Surveillance Program). Antimicrobial
Agents and Chemotherapy. 2017;61:€02209-16.

. Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas ME, Giske CG,

Harbarth S, Hindler JF, Kahlmeter G, Olsson-Liljequist B, Paterson DL, Rice
LB, Stelling J, Struelens MJ, Vatopoulos A, Weber JT, Monnet DL. Multidrug-
resistant, extensively drug-resistant and pandrug-resistant bacteria: an
international expert proposal for interim standard definitions for acquired
resistance. Clin Microbiol Infect. 2012;18:268-81.

. EUCAST. The European Committee on Antimicrobial Susceptibility Testing -

EUCAST. Version 12.0, 2022. Available from: http://www.eucast.org

. Zhang W, Guo Y, Li J, Zhang Y, Yang Y, Dong D, Zhu D, He P, Hu F. In

vitro and in vivo bactericidal activity of ceftazidime-avibactam against
Carbapenemase-producing Klebsiella pneumoniae. Antimicrob Resist Infect
Control. 2018;7:142.

. Castanheira M, Doyle TB, Kantro V, Mendes RE, Shortridge D. Meropenem-

Vaborbactam Activity against Carbapenem-Resistant Enterobacterales
Isolates Collected in U.S. Hospitals during 2016 to 2018. Antimicrob Agents
Chemother. 2020;64:€01951-19. Erratum in: Antimicrob Agents Chemother.
2020;64.

Drawz SM, Bonomo RA. Three decades of beta-lactamase inhibitors. Clin
Microbiol Rev. 2010;23:160-201.

Zhanel GG, Lawrence CK, Adam H, Schweizer F, Zelenitsky S, Zhanel M,
Lagacé-Wiens PRS, Walkty A, Denisuik A, Golden A, Gin AS, Hoban DJ, Lynch
JP 3rd, Karlowsky JA. Imipenem-Relebactam and Meropenem-Vaborbactam:
Two Novel Carbapenem-fB-Lactamase Inhibitor Combinations. Drugs.
2018;78:65-98. Erratum in: Drugs. 2018.

Maraki S, Mavromanolaki VE, Magkafouraki E, Moraitis P, Stafylaki D,
Kasimati A, Scoulica E. Epidemiology and in vitro activity of ceftazidime-
avibactam, meropenem-vaborbactam, imipenem-relebactam, eravacycline,
plazomicin, and comparators against Greek carbapenemase-producing
Klebsiella pneumoniae isolates. Infection. 2022;50:467-74. Erratum in:
Infection. 2022;50:1639.

Kazmierczak KM, Bradford PA, Stone GG, de Jonge BLM, Sahm DF. In
Vitro Activity of Ceftazidime-Avibactam and Aztreonam-Avibactam
against OXA-48-Carrying Enterobacteriaceae lsolated as Part of the
International Network for Optimal Resistance Monitoring (INFORM) Global
Surveillance Program from 2012 to 2015. Antimicrob Agents Chemother.
2018;62:€00592-18.

Jorgensen SCJ, Rybak MJ. Meropenem and Vaborbactam: Stepping up the
Battle against Carbapenem-resistant Enterobacteriaceae. Pharmacotherapy.
2018;38:444-61.

Lomovskaya O, Sun D, Rubio-Aparicio D, Nelson K, Tsivkovski R, Griffith
DC, Dudley MN. Vaborbactam: Spectrum of Beta-Lactamase Inhibition
and Impact of Resistance Mechanisms on Activity in Enterobacteriaceae.
Antimicrob Agents Chemother. 2017;61:¢01443-17.

Castanheira M, Doyle TB, Deshpande LM, Mendes RE, Sader HS. Activity
of ceftazidime/avibactam, meropenem/vaborbactam and imipenem/

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

relebactam  against carbapenemase-negative  carbapenem-resistant
Enterobacterales isolates from US hospitals. Int J Antimicrob Agents.
2021;58:106439.

Bonnin RA, Bernabeu S, Emeraud C, Creton E, Vanparis O, Naas T, Jousset AB,
Dortet L. Susceptibility of 0XA-48-producing Enterobacterales to imipenem/
relebactam, meropenem/vaborbactam and ceftazidime/avibactam. Int J
Antimicrob Agents. 2022;60:106660.

Hayden DA, White BP, Bennett KK. Review of Ceftazidime-Avibactam,
Meropenem-Vaborbactam, and Imipenem/Cilastatin-Relebactam to Target
Klebsiella  pneumoniae Carbapenemase-Producing Enterobacterales. J
Pharm Technol. 2020;36:202-10.

Papp-Wallace KM, Barnes MD, Alsop J, Taracila MA, Bethel CR, Becka SA,
van Duin D, Kreiswirth BN, Kaye KS, Bonomo RA. Relebactam Is a Potent
Inhibitor of the KPC-2 p-Lactamase and Restores Imipenem Susceptibility
in KPC-Producing Enterobacteriaceae. Antimicrob Agents Chemother.
2018;62:€00174-18.

Hernandez-Garcia M, Garcia-Castillo M, Bou G, Cercenado E, Delgado-
Valverde M, Oliver A, Pitart C, Rodriguez-Lozano J, Tormo N, Melo-Cristino
J, Pinto MF, Gongalves E, Alves V, Vieira AR, Ramalheira E, Sancho L, Diogo J,
Ferreira R, Cruz H, Chaves C, Duarte J, Passaro L, Diaz-Regafion J, Canton R.
Imipenem-Relebactam Susceptibility in Enterobacterales Isolates Recovered
from ICU Patients from Spain and Portugal (SUPERIOR and STEP Studies).
Microbiol Spectr. 2022;10:0292722.

Yang TY, Hsieh YJ, Kao LT, Liu GH, Lian SH, Wang LC, Lin IL, Wang HY,
Tseng SP, Lu PL. Activities of imipenem-relebactam combination against
carbapenem-nonsusceptible Enterobacteriaceae in Taiwan. J Microbiol
Immunol Infect. 2022;55:86-94.

Samasti M, Kocoglu ME, Davarci i, Vahapoglu H, Caskurlu H. Investigation
of Carbapenemase Genes and Clonal Relationship in Carbapenem Resistant
Klebsiella pneumoniae Strains. Bezmialem Science. 2019;7:186-90.

Findlay J, Rens C, Poirel L, Nordmann P. In Vitro Mechanisms of Resistance
Development to Imipenem-Relebactam in KPC-Producing Klebsiella
pneumoniae. Antimicrob Agents Chemother. 2022;66:€0091822.

Yu W, Luo Q, Shen P, Chen Y, Xu H, Xiao Y, Qiu Y. New options for bloodstream
infections caused by colistin- or ceftazidime/avibactam-resistant Klebsiella
pneumoniae. Int J Antimicrob Agents. 2021;58:106458.

Jayol A, Nordmann P, Poirel L, Dubois V. Ceftazidime/avibactam alone or in
combination with aztreonam against colistin-resistant and carbapenemase-
producing Klebsiella pneumoniae. J Antimicrob Chemother. 2018;73:542-4.
Terzi HA, Aydemir O, Demiray T, Koroglu M, Altindis M. Evaluation of In Vitro
Activity of Ceftolozane-tazobactam and Ceftazidime-avibactam Against
Carbapenemase-producing Multi-drug Resistant Klebsiella pneumoniae
Isolates. Mediterr J Infect Microb Antimicrob. 2020;9:11.

Wang Y, Wang J, Wang R, Cai Y. Resistance to ceftazidime-avibactam and
underlying mechanisms. J Glob Antimicrob Resist. 2020;22:18-27.

Demiray T, Aydemir 0, Kilg U, Yilmaz K, Koroglu M, Altindis M. Use of
Carbapenemase Inactivation Test in Detection of Carbapenemase Production
among The Isolates of Carbapenem Resistant Klebsiella pneumoniae. Tiirk

Mikrobiyol Cem Derg. 2017;47:78-82.



