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Abstract

This study aimed to evaluate the in vitro effectiveness of colistin and ceftazidime-avibactam (CZA) antibiotics against multidrug-resistant (MDR)
Klebsiella pneumoniae isolates. The study included 54 clinical isolates sent to the Medical Microbiology Laboratory of Kirsehir Education and
Research Hospital between 2022 and 2023, which were resistant to multiple drugs in routine antibiotic susceptibility tests. Colistin susceptibility
was evaluated using the microdilution method, while CZA susceptibility was assessed using the disk diffusion method according to the European
Committee on Antimicrobial Susceptibility Testing (EUCAST) criteria. It was determined that 31.4% of the isolates were resistant to colistin, and
22.2% were resistant to CZA. No isolates were resistant to both antibiotics. Statistical analyses did not reveal a significant relationship between
antibiotic susceptibility and gender, age, underlying disease, and sample type (p>0.05). However, colistin resistance has been found to be higher
in intensive care units, whereas resistance to CZA has significantly increased in internal medicine units (p =0.025). The study's findings indicate
that colistin and CZA may be important in treating multidrug-resistant K. pneumoniae infections. CZA provides an effective alternative for colistin-
resistant isolates, while colistin is an effective alternative for CZA-resistant isolates. However, to enhance the efficacy of these agents, larger-scale
studies and ongoing monitoring of resistance mechanisms are necessary.
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1. Introduction

Klebsiella pneumoniae, although a component of the flora in
the human body's gastrointestinal system and nasopharynx, is
a Gram-negative bacillus that commonly acts as a pathogen in
urinary tract infections, septicemia, pneumonia, nosocomial
infections, surgical and catheter-related infections (1). K.
pneumoniae is a significant nosocomial pathogen due to its
rapidly increasing resistance to all currently available
antibiotics, particularly carbapenems (2). The capsule
structure, presence of siderophores, lipopolysaccharides, and
fimbriae are essential virulence factors of these strains (1).

Resistance to at least one agent from three or more
antimicrobial groups is defined as multidrug resistance
(MDR); resistance to bacteria that are susceptible to two or
fewer antimicrobial categories is termed extensive drug
resistance (XDR);
antimicrobial categories is known as pandrug resistance (PDR)
(3). An infection caused by a multidrug-resistant
microorganism can result in inadequate or delayed
antimicrobial treatment and is linked to poorer patient
outcomes. Among multidrug-resistant organisms, bacteria
such as K. pneumoniae and Acinetobacter spp. can resist all
currently available antimicrobial agents or may only be

and resistance to all agents in all

sensitive to older, potentially more toxic agents like
polymyxins (3). The rising prevalence of multidrug-resistant
Gram-negative bacterial pathogens worldwide is a primary

global public health concern (4).

*Correspondence: tuba.avan@hotmail.com

Antimicrobial resistance among Gram-negative pathogens,
particularly resistance to f-lactam antimicrobials, often arises
from the production of B-lactamases, which can significantly
limit treatment options for serious bacterial infections. The
rising prevalence of pathogens producing extended-spectrum
B-lactamases (ESBLs) has resulted in increased use of
carbapenems and growing dependence on them (4).
Carbapenems are a class of beta-lactam antibiotics used to treat
infections caused by Enterobacterales that produce ESBL
and/or AmpC cephalosporinase. Although limited antibiotic
options like colistin, tigecycline, and aminoglycosides are used
to treat carbapenemase-producing pathogens, this has
highlighted the urgent need for new antimicrobial agents (3,5).
Antimicrobial resistance poses serious threats to modern
medical practices. It is associated with the spread of resistance,
treatment failures, and increased mortality rates. K
pneumoniae has emerged as a critical pathogen in this context.
Strains that have developed resistance to last-resort antibiotics,
such as carbapenems, have made treatment protocols much
more complex (6,7). Colistin and ceftazidime-avibactam
(CZA) are significant treatment options for these resistant
infections. This study aims to evaluate the in vitro efficacy of
these two agents against multidrug-resistant K. pneumoniae
isolates.

2. Materials and Methods
This study included K. pneumoniae isolates from various
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clinics sent to the Medical Microbiology Laboratory of
Kirsehir Education and Research Hospital between February
2022 and December 2023. These isolates were found to exhibit
multidrug resistance in routine antibiotic susceptibility tests
(Amikacin, amoxicillin-clavulanate, ampicillin, ampicillin-
sulbactam, cefazolin, cefepime, ceftazidime, ceftolozane-
tazobactam, ceftriaxone, cefuroxime, ciprofloxacin,
levofloxacin, ertapenem, imipenem, meropenem, gentamicin,
piperacillin-tazobactam, tigecycline, trimethoprim-
sulfamethoxazole) and were stored as stock. Repeating isolates
were not included in the study. The demographic data of the
patients whose strains were included in the study (age, gender,
sample type, clinical, and comorbidity status) were
retrospectively obtained from the hospital automation system.
Identifying isolates and antibiotic susceptibility tests in routine
laboratory were determined using the VITEK2 compact system
(bio-Merieux, France). Strains exhibiting multidrug resistance
were stored at -20°C until the day of in vitro testing. On the
day of the study, the preserved strains were revived by
inoculating them onto blood agar and incubating them for 24
hours in an incubator. The colistin and CZA antibiotic
susceptibility tests of the growing bacteria were conducted and
evaluated as specified by the European Committee on
Antimicrobial Susceptibility Testing (EUCAST) guidelines.
The colistin antibiotic susceptibility test was performed using
the microdilution method. Antibiotic stock solutions were
created based on the manufacturer's guidelines and stored at -
80°C in a frozen state. For colistin, concentrations in the range
of 64-0.25 pg/ml were prepared by performing serial two-fold
dilutions in 96-well microplates containing freshly prepared
cation-adjusted Mueller-Hinton liquid medium. The
microplates were covered and incubated at 35 + 2°C for 18-20
hours. At the end of the incubation, the wells with growth were
visually evaluated. The CZA antibiotic susceptibility test was
performed using the Kirby-Bauer disk diffusion method, and
the CZA (10-4 p) (Bioanalyse, Turkey) antibiotic disk was
examined. Isolates with an inhibition zone diameter of >13 mm
according to EUCAST criteria were considered CZA sensitive
and were evaluated as sensitive. The data obtained were
recorded in the study file and subjected to statistical analysis.
The data analysis used the "IBM SPSS (Statistical Package for
Social Sciences, SPSS Inc., Chicago, USA) 30.0 for Windows"
package. The results obtained from the SPSS software were
interpreted based on variables such as gender, age, sample
type, diagnosis, mortality, and type of service, as well as the

effectiveness of these two agents. The variables in the
descriptive statistics were shown as the number of cases, with
the percentage (%) displayed. Pearson's chi-square and Fisher's
exact tests were used in the data analysis, and a p<0.05 value
was considered statistically significant.

3. Results

The colistin and CZA antibiotic susceptibility results of
multidrug-resistant K. prneumoniae isolates obtained from
clinical samples of 54 patients referred from various clinics
were examined. Of the patients, 35 were male, 19 were female,
and the average age was 72,22 (14,48). Among all the isolates,
17 (31.4%) were found to be resistant to colistin, while 12
(22.2%) exhibited resistance to CZA (Fig. 1). There are no
isolates resistant to both antibiotics simultaneously. The
susceptibility data for both antibiotics were analyzed using
cross tables and the chi-square test, considering factors such as
gender, age, underlying diseases, mortality, sample type, and
the clinic from which the sample originated. According to the
data results, no statistically significant relationship was found
between the susceptibility of both antibiotics and gender, age,
underlying disease, mortality, and sample type (p > 0.05).
Although not statistically significant, the resistance rates for
both antibiotics were higher in males, patients over 65 years
old, patients diagnosed with pneumonia, respiratory samples
for colistin, and blood-catheter samples for CZA. Statistically
significant differences were found in the sensitivity rates to
CZA among clinical units (p = 0.025), and the resistance rate
was higher in patients from the internal medicine unit.
Although not statistically significant, colistin resistance was
observed to be higher in percentage among patients in intensive
care units compared to those in other wards (Table 1).
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Fig. 1. Number of patients resistant and sensitive to colistin and
ceftazidime avibactam

Table 1. Distribution of patients from whom colistin and ceftazidime-avibactam-sensitive and resistant strains were isolated according to

demographic data [ (%

Colistin P

Sensitive Resistant

Gender 0.547
Female 14 (%73.3) 5(%26.3)
Male 23 (%65.7) 12 (%34.3)

Age 0.949
<65 9 (%69.2) 4 (%30.8)
>65 28 (%68.3) 13 (%31.7)

Diagnosis 0.378
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CZA p Total
Sensitive Resistant

0.879

15 (%78.9) 4 (%21.1) 19 (%100)

27 (%77.1) 8 (%22.9) 35 (%100)
0.148

12 (%92.3) 1 (%7.7) 13 (%100)

30 (%73.2) 11 (%26.8) 41 (%100)
0.368
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UTI 7 (%70) 3(%30)
Pneumonia 12 (%63.1) 7 (%36.9)
Sepsis 5 (%100) 0 (%0)
CVD 5 (%83.3) 1 (%19.7)
AKI 1(%33.3) 2 (%66.7)
Wound Infection 2 (%50) 2 (%50)
Others 5(%71.4) 2 (%28.6)
Mortality 15 (%65.2) 8 (%34.8) 0.653
Sample Type 0.741
Respiratory Track 14 (%60.9) 9 (%39.1)
Urine 12 (%75) 4 (%25)
Blood-Catheter 7(%70) 3 (%30)
Wound 4(%80) 1 (%20)
Department 0.138
ICU 26 (%61.9) 16 (%38.1)
Imer‘,‘s‘ngg“’me 8 (%88.9) 1 (%11.1)
Surgery Service 3 (%100) 0 (%0)
Total 37 (%68.5) 17(%31.5)

7 (%70) 3 (%30) 10 (%100)
15 (%78.9) 4 (%21.1) 19 (%100)
2 (%40) 3 (%60) 5 (%100)
6 (%100) 0 (%0) 6 (%100)
3 (%100) 0 (%0) 3 (%100)
3 (%75) 1 (%25) 3 (%100)
6 (%85.7) 1 (%14.3) 7 (%100)
16 (%69.6) 7 (%30.4) 0.211 23 (%100)
0.386
20 (%87) 3 (%13) 23 (%100)
12(%75) 4(%25) 16 (%100)
6 (%60) 4 (%40) 10 (%100)
4(%80) 1 (%20) 5 (%100)
0.025
35 (%83.3) 7(%16.7) 42 (%100)
4 (%A44.4) 5 (%55.6) 9 (%100)
3 (%100) 0 (%0) 3 (%100)
42 (%77.8) 12(%22.2) 54 (%100)

CZA: Ceftazidime-avibactam, UTI: Urinary tract infection, CVD: Cerebrovascular disease, AKI: Acute kidney injury, ICU: Intensive care unit, Other: malignancy,

arrhythmia, cirrhosis, chronic kidney disease, hernia, etc

4. Discussion

In this study, we investigated the distribution of colistin and
ceftazidime-avibactam (CZA) resistance among patients based
on demographic factors, diagnosis, sample type, and hospital
department. Our findings revealed no statistically significant
association between gender and resistance to either colistin
(p=0.547) or CZA (p=0.879). Similarly, age did not
significantly affect resistance rates for colistin (p=0.949) or
CZA (p=0.148). While most colistin-resistant strains were
isolated from patients over 65 years old, the difference was not
statistically significant. Regarding diagnosis, sepsis cases were
exclusively linked to colistin-sensitive strains, while resistance
was more common in pneumonia cases. Interestingly, acute
kidney injury (AKI) showed the highest proportion of colistin
resistance (66.7%), despite the limited number of cases.
Regarding the department of hospitalization, resistance to
colistin was more prevalent in patients from the intensive care
unit (ICU) (38.1%) than in other departments. In comparison,
the CZA resistance rate was significantly lower in ICU patients
(16.7%) compared to those from internal medicine services
(55.6%) (p=0.025). This finding highlights the importance of
closely monitoring resistance patterns in ICUs, where
antimicrobial resistance is typically higher. Furthermore, the
distribution of resistant strains by sample type did not differ
significantly, although respiratory tract samples showed a
higher resistance rate to colistin (39.1%) than urine (25%).
These findings suggest that while colistin resistance remains
relatively consistent across demographic factors, ICU
admission and specific diagnoses may increase the risk,
warranting targeted antimicrobial stewardship interventions
(Table 1).

It has been observed that various beta-lactamase genes
(KPC, NDM, and OXA-48) are commonly found alongside the
mcr-1 gene among the resistance mechanisms in MDR K.
pneumoniae strains. This situation has brought treatment
strategies to the forefront, particularly those involving broad-

spectrum antibiotics (6). Colistin and CZA have been reported
as critical agents for treating multidrug-resistant K.
pneumoniae infections (8). CZA has been developed as a new
B-lactam/B-lactamase inhibitor combination with in vitro and
in vivo activity against Enterobacterales members that
produce carbapenemase and OXA-48 (9). This drug has been
found particularly effective in treating infections caused by
multidrug-resistant Gram-negative bacteria (9,10). Colistin is
an antibiotic from the polymyxin group, used as an effective
agent against Gram-negative bacteria. However, serious side
effects such as nephrotoxicity and neurotoxicity restrict its
therapeutic use (8). The use of colistin has increased due to the
rise in multidrug resistance among Gram-negative bacteria and
the lack of new antibiotics to combat them. However, colistin
resistance has also been frequently encountered in hospitalized
patients (11,12).

According to data from a total of 10,998 Klebsiella isolates
(9,098 K. pneumoniae and 1,900 K. oxytoca isolates) collected
from 176 centers in 39 countries across Asia/Pacific, Europe,
Latin America, and Africa/Middle East between 2012 and
2014, 2,821 isolates (25,7%) were found to be multidrug-
resistant. The percentages of multidrug-resistant isolates varied
among different countries; in some countries, relatively high
rates of multidrug-resistant isolates were found (Brazil,
Nigeria, Russia (>50%)), while in others, lower rates were
observed (Australia, Denmark, Netherlands, Sweden, United
Kingdom (<5%)). It was reported that 88.1% of meropenem-
resistant multidrug-resistant isolates were sensitive to CZA
(13). In a study by Van Duin et al., the first group of 38 patients
with carbapenem-resistant Enterobacteriaceae infection was
treated with CZA, while the second group of 99 patients was
treated with colistin. At the end of 30 days, hospital mortality
was reported to be significantly lower in the CZA group (9%)
compared to the colistin group (32%), indicating that CZA
could be a reasonable alternative to colistin in the treatment of
carbapenemase-producing K. pneumoniae infections (14).
Almangour et al. conducted a study comparing the efficacy of
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CZA and colistin in treating carbapenem-resistant
Enterobacteriaceae bacteremia, including a total of 230
patients; 149 patients received CZA and 81 patients received
colistin-based treatment. K. pneumoniae was identified as the
most prevalent isolated pathogen (n = 201; 87%). Of the
isolates, 116 (78%) were sensitive to CZA, whereas 62 (76%)
were sensitive to colistin. CZA proved superior for treating
infections caused by carbapenem-resistant
Enterobacteriaceae, showing higher clinical treatment rates,
lower incidence of acute kidney injury, and reduced mortality
rates compared to colistin-based regimens (15). In another
study conducted in India, the effectiveness of colistin and CZA
against multidrug-resistant K. pneumoniae was compared, with
observations indicating that CZA had fewer side effects than
colistin. However, continuous monitoring is necessary for
resistance development (16). When the results of these studies
were compared with our data, it was found that CZA (22.2%)
had a lower resistance rate than colistin (31.5%), indicating
similarity (Fig. 1).

The 2016 annual report from the Tiirkiye Public Health
Institution, part of the Ministry of Health, indicated that the
prevalence of multidrug-resistant K. pneumoniae in our
country was 46.1%. In 961 of the 1394 multidrug-resistant K.
pneumoniae isolates, colistin susceptibility was tested, and 271
(28.2%) were found colistin-resistant. Among 1229
carbapenem-resistant K. prneumoniae isolates, colistin
resistance was 31.7% (17). In a study conducted in Ankara
between September 2018 and December 2018, colistin
resistance was determined to be 39.51% in 81 K. pneumoniae
isolates with identified carbapenem resistance (18). In the
study by Kaya et al., 95.7% of the multidrug-resistant K.
pneumoniae were sensitive to CZA. In contrast, CZA
resistance was not detected in the carbapenem and colistin-
resistant K. pneumoniae isolates (19). In the study by Hosbul
et al., 150 carbapenem-resistant K. pneumoniae isolates were
examined between January 1, 2018, and February 1, 2021.
Colistin resistance was 52% (n=78), while CZA resistance was
7.3% (n=11). Except for one of the 78 colistin-resistant
isolates, all other colistin-resistant isolates were found to be
sensitive to ceftazidime-avibactam. Colistin resistance was
observed to be high in recent studies and in this study (31.4%)
and it has been thought that colistin resistance in K.
pneumoniae isolates in our country is increasingly becoming a
dangerous issue. CZA resistance was higher in our data
(22.2%) compared to other studies. This has been interpreted
as using this newly developed drug to treat resistant isolates
over time.

The study by Jayol et al. further suggests that
ceftazidime/avibactam is an effective therapeutic option for
treating infections caused by colistin-resistant and KPC- or
OXA-48-producing K. pneumoniae (2(0)). CZA therapy
demonstrates lower mortality rates compared to colistin-based
treatments in bloodstream infections caused by carbapenem-
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resistant K. pneumoniae producing OXA-48. In a
multicenter study, the mortality rate was 14.3% when CZA was
used as the initial therapy, whereas it was 37.7% when patients

were switched from last-resort treatments such as colistin (p =
0.04). Additionally, initiating CZA on the same day the blood
culture was obtained significantly reduced the mortality risk.
These findings indicate that CZA is more effective than colistin
in treating carbapenem-resistant K. pneumoniae infections,
particularly in OXA-48 endemic regions (21). Like this study,
the findings of our research, in which no K. preumoniae isolate
was found to be resistant to both colistin and CZA, showed that
CZA can be used as an alternative in vitro for isolates resistant
to colistin and that colistin can be used for isolates resistant to
CZA. However, it should not be forgotten that more evidence
is needed to prove this, and it must be supported by clinical
studies. In a study evaluating the in vitro efficacy of the
combination of CZA with various antimicrobial agents against
carbapenem-resistant K. pneumoniae, the in vitro efficacy of
the combination of CZA and COL shows irrelevant effects
against the tested clinical isolates (22). Although
ceftazidime/avibactam has emerged as a valuable therapeutic
option against KPC-producing K. pneumoniae, evidence
regarding its combination with colistin remains inconclusive
and clinically problematic. In vitro time-kill assays conducted
by Wang et al. demonstrated that the ceftazidime/avibactam-
colistin combination exhibited only partial synergistic effects
in a minority of isolates and failed to achieve superior
bactericidal activity compared to monotherapy in most cases
(23). Similarly, Borjan et al. reported a lack of synergy and no
significant enhancement in survival outcomes in an in vivo
Galleria mellonella model, further questioning the utility
of this combination (24). Notably, the addition of colistin may
not only lack synergistic benefit but also introduce substantial
risk due to its well-documented nephrotoxicity (23,24). These
findings collectively suggest that the ceftazidime/avibactam-
colistin combination should be approached with caution and
reserved only for cases where alternative regimens are either
unavailable or ineffective, with careful consideration of
potential toxicities and the absence of an additive antimicrobial
effect.

There are some limitations in this study. One limitation is
that the resistance test was conducted using different methods
for the two types of antibiotics in the study's methodology.
Colistin was examined with broth microdilution, while CZA
was assessed using the disk diffusion method. Additionally,
limitations include obtaining study data from a single center, a
small number of patients, and the inability to determine
resistance mechanisms in resistant strains.

The study suggests that colistin and CZA may be important
agents in treating multidrug-resistant K. pneumoniae
infections. However, antibiotic susceptibility varies according
to patient characteristics. The study data indicate that the
increasing resistance rates in patients over 65 years old
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necessitate special attention when treating this group. The high
resistance rates of CZA in blood-catheter samples may pose
challenges for using this drug in treating invasive infections,
and the high colistin resistance rates in intensive care units
highlight the critical importance of antibiotic management in
these settings (Table 1). Although CZA stands out as an
effective alternative against carbapenemase-producing strains,
the presence of resistant strains shows that this drug alone is
not sufficient. Advanced studies involving larger patient
populations, optimizing treatment strategies, understanding
resistance mechanisms better, and ensuring continuous
monitoring will help validate these results comprehensively.

Conflict of interest
The authors declared no conflict of interest.

Funding
No funding was used for the study.

Acknowledgments
None to declare.

Authors’ contributions

Concept: T.A.M., Design: T.A.M., Data Collection or
Processing: T.A.M., Analysis or Interpretation: T.A.M.,
Literature Search: T.A.M., Writing: T.A.M.

Ethical Statement

Approval was obtained from Kirsehir Ahi Evran University
Faculty of Medicine, Non-Interventional Clinical Research
Ethics Committee with decision number 2024-4/15 dated
06/02/2024.

References

1. Temel A, Tekintas Y, Hosgor Limoncu M, Cilli F. Klinik Klebsiella
pneumoniae ve Acinetobacter baumannii izolatlarinda imipenem
direncinin hizli tespitinde AST Fast ES/NF agar besiyerinin
degerlendirilmesi. J Fac Pharm Ankara Univ. 2023; 47(2): 430-437.

2. Poudyal A, Howden BP, Bell JM, Gao W, Owen RJ, Turnidge JD,
et al. In vitro pharmacodynamics of colistin against multidrug-
resistant Klebsiella pneumoniae. J Antimicrob Chemother. 2008;
62(6): 1311-8.

3. Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas ME,
Giske CG, et al. 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(3): 268-81.

4. Shirley M. Ceftazidime-avibactam: a review in treating serious
gram-negative bacterial infections. Drugs. 2018; 78:675-92.

5.Hosbul T, Aydogan CN, Kaya S, Bedir O, Giimral R, Albay A.
Karbapenem direngli Klebsiella pneumoniae klinik izolatlarina
kars1 seftazidim-avibaktam ve kolistinin in vitro etkinligi.
Mikrobiyol Bul. 2022; 56(2): 218-29.

6. Nordmann P, Naas T, Poirel L. Global spread of carbapenemase-
producing Enterobacteriaceae. Emerg Infect Dis. 2011; 17(10):
1791-8.

7. World Health Organization (WHO). Antimicrobial resistance:
global report on surveillance. Geneva: WHO; 2020.

8. Falagas ME, Lourida P, Poulikakos P, Rafailidis PI, Tansarli GS.
Antibiotic treatment of infections due to carbapenem-resistant
Enterobacteriaceae: systematic evaluation of the available

evidence. Antimicrob Agents Chemother. 2014; 58(2): 654-63.

9. Gatti M, Pascale R, Cojutti PG, Rinaldi M, Ambretti S, Conti M, et
al. A descriptive pharmacokinetic/pharmacodynamic analysis of
continuous infusion ceftazidime-avibactam in a case series of
critically ill renal patients treated for documented carbapenem-
resistant Gram-negative bloodstream infections and/or ventilator-
associated pneumonia. Int J Antimicrob Agents. 2023; 61(1):
106699.

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

11.Novovi¢ K, Jov¢i¢ B. Colistin resistance in Acinetobacter
baumannii: molecular mechanisms and epidemiology. Antibiotics.
2023; 12(3): 516.

12.Jayol A, Poirel L, Nordmann P. Colistin resistance in
Enterobacteriaceae: the importance of assessing MICs. Clin
Microbiol Infect. 2016; 22(5): 461-9.

13.Hackel M, Kazmierczak KM, Hoban DJ, Biedenbach DI,
Bouchillon SK, de Jonge BL, Stone GG. Assessment of the in vitro
activity of ceftazidime-avibactam against multidrug-resistant
Klebsiella spp. collected in the INFORM global surveillance
study, 2012 to 2014. Antimicrobial Agents and Chemotherapy.
2016; 60(8): 4677-4683.

14.van Duin D, Lok JJ, Earley M, Cober E, Richter SS, Perez F, et al.
Antibacterial Resistance Leadership Group. Colistin Versus
Ceftazidime-Avibactam in the Treatment of Infections Due to
Carbapenem-Resistant Enterobacteriaceae. Clin Infect Dis. 2018;
66(2): 163-171.

15. Almangour TA, Ghonem L, Aljabri A, Alruwaili A, Al Musawa
M, Damfu N, et al. Ceftazidime-avibactam versus colistin for the
treatment of infections due to carbapenem-resistant
Enterobacterales: a multicenter cohort study. Infection and drug
resistance. 2022; 211-221.

16. Sree RA, Gupta A, Gupta N, Veturi S, Reddy LSK, Begum M,
Shravani E, et al. Ceftazidime-avibactam alone or in combination
with Aztreonam versus Polymyxins in the management of
carbapenem-resistant ~ Klebsiella ~ pneumoniae  nosocomial
Infections (CAPRI study): a retrospective cohort study from South
India. Infection. 2024; 52(2): 429-437.

17.Ulusal Antimikrobiyal Diren¢ Siirveyans Sistemi 2016 Yillik
Raporu, Tiirkiye Halk Sagligi Kurumu, Saglik Bakanlig1, Ankara.

18. Ozkul Kogak C, Hazirolan G. Karbapeneme direngli Klebsiella
pneumoniae klinik izolatlarinda kolistin direnci. Turk Mikrobiyol
Cem Derg. 2019; 49(1).

19.Kaya F, Olcii M. Yogun bakim {initelerinde ¢oklu ilaca direncli
Klebsiella pneumoniae, Escherichia coli ve Pseudomonas
aeruginosa Suslarinda Seftazidim-Avibactam direng oranlarinin
degerlendirilmesi. 2024; 29(1):45-51.

20. Jayol A, Nordmann P, Poirel L, Dbois V. Ceftazidime/avibactam
alone or in combination with aztreonam against colistin-resistant
and carbapenemase-producing Klebsiella pneumoniae. Journal of
Antimicrobial Chemotherapy. 2018; 73(2), 542-544.

21.Mert A, Derin O, Akalin H, Dumlu R, Giindes S, Zengin R,
Ergéniil O. Multicenter evaluation of ceftazidime-avibactam use
in carbapenem-resistant Klebsiella pneumoniae bloodstream
infections in OXA-48 endemic regions. Scientific Reports. 2024;
14(1), 26337.

22.Wu 'Y, Yu W, Chu X, Zhang J, Jia P, Liu X, Yang Q. Effect of
ceftazidime-avibactam combined with different antimicrobials
against carbapenem-resistant Klebsiella pneumoniae.
Microbiology Spectrum. 2024; 12(6), e00107-24.

163



Avan Mutlu / J Exp Clin Med

23.Wang F, Zhou Q, Yang X, Bai Y, Cui J. Evaluation of 24.Borjan J, Meyer KA, Shields RK, Wenzler E. Activity of

ceftazidime/avibactam alone and in combination with amikacin, ceftazidime-avibactam alone and in combination with polymyxin
colistin and tigecycline against Klebsiella pneumoniae B against carbapenem-resistant Klebsiella pneumoniae in a
carbapenemase-producing K. pneumoniae by in vitro time-kill tandem in vitro time-kill/in vivo Galleria mellonella survival
experiment. PLoS One. 2021; 16(10), €0258426. model analysis. International Journal of Antimicrobial Agents.

2020; 55(1), 105852.

164



