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Abstract 
Introduction: Antimicrobial resistance remains a global threat with increasing morbidity and mortality rates. The aim of this study was to 

identify the antimicrobial resistance trends among ESKAPE pathogens (Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, 

Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter spp.) isolated from clinical samples at a Health Practice and Research 

Hospital over five years. 

Methodology: Microbiological diagnosis utilized classical culture methods and automated systems. Antimicrobial susceptibility analysis was 

conducted using BD Phoenix, adhering to European Committee on Antimicrobial Susceptibility Testing (EUCAST) standards. 

Results: A total of 15,272 clinical strains of ESKAPE pathogens were identified in this study. The most frequently isolated pathogens among 

ESKAPE were K. pneumoniae (3.938, 27.79%), Acinetobacter baumannii (3,013, 19.73%) and Enterococcus faecium (2,966, 19.24%). 

Bacterial strains were isolated predominantly from urine (3,263, 21.37%), followed by blood cultures (3,099, 20.29%). ESKAPE pathogens 

were most commonly found in internal intensive care units (4,758, 31.16%), followed by surgical intensive care units (4,000, 26.19%). Reduced 

resistance rates were observed for most antibiotics against Enterococcus faecium and Staphylococcus aureus. The vancomycin resistance rate 

for Enterococcus faecium was 18.48%, and the methicillin resistance rate for Staphylococcus aureus was 44.87%. A concerning trend of 

increasing antimicrobial resistance was noted in Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter 

spp.  

Conclusions: The alarming rise in antimicrobial resistance among Pseudomonas aeruginosa, Acinetobacter baumannii, and Klebsiella 

pneumoniae is a significant concern. The high rates of antimicrobial resistance observed in ESKAPE pathogens underscore the urgent need for 

improvement in antimicrobial stewardship and infection prevention and control programs. 
 

Key words: Antibiotic resistance; ESKAPE; hospital. 
 

J Infect Dev Ctries 2024; 18(12):1899-1908. doi:10.3855/jidc.19592 
 

(Received 21 November 2023 – Accepted 11 March 2024) 

 

Copyright © 2024 Orhan et al. This is an open-access article distributed under the Creative Commons Attribution License, which permits unrestricted use, 

distribution, and reproduction in any medium, provided the original work is properly cited. 

 

Introduction 
Antimicrobial resistance (AMR) is estimated to 

contribute to approximately 700,000 deaths worldwide 

annually. Failure to address AMR is projected to lead to 

staggering costs of up to 100 trillion USD and 10 

million deaths each year by 2050. The most significant 

impact is anticipated in Asia and Africa, with an 

estimated 4.7 and 4.2 million deaths, respectively [1]. 

Quick and accurate diagnostic techniques for 

identifying AMR genes and bacterial infections in 

clinical settings are lacking, leading to unnecessary use 

of broad-spectrum antibiotics [2]. The abuse and 

overuse of antimicrobial agents are major contributors 

to the development of AMR [3]. Among multi-

antibiotic resistant bacteria, "ESKAPE pathogens" have 

a profound impact on healthcare-associated infections 

[4]. The term ESKAPE, coined by Rice in 2008, reflects 

the ability of these bacteria to "escape" the effects of 

different antibiotics [5]. 

The acronym ESKAPE encompasses Enterococcus 

faecium (E. faecium), Staphylococcus aureus (S. 

aureus), Klebsiella pneumoniae (K. pneumoniae), 

Acinetobacter baumannii (A. baumannii),  

Pseudomonas aeruginosa (P. aeruginosa), and 
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Enterobacter spp., all of which show increasing 

multidrug resistance and high virulence. These 

pathogens are major contributors to nosocomial 

infections due to their elevated antimicrobial resistance 

levels [6]. ESKAPE bacteria are not only significant for 

causing nosocomial infections but also serve as models 

for understanding pathogenesis, transmission, and 

resistance [5]. In February 2017, the World Health 

Organization (WHO) identified ESKAPE pathogens as 

having "priority status" on the list of pathogens urgently 

requiring the development of new antimicrobials, 

guiding research and development related to new 

antibiotics [7]. 

Achieving effective empiric therapy necessitates 

site-specific surveillance studies and the use of 

antibiograms as a control measure to diminish the 

incidence of infections caused by ESKAPE pathogens 

[8]. The objective of this study was to examine 

ESKAPE pathogens and the prevailing antibiotic 

resistance patterns isolated from Kahramanmaraş Sütçü 

Imam University Health Practice and Research hospital 

during the period January 2018 to December 2022. 

 

Methodology 
The study included 15,272 ESKAPE strains 

isolated from diverse samples of hospitalized, 

emergency, and outpatient clinic patients between 

January 2018 and December 2022. These strains were 

obtained from the Medical Microbiology Laboratory of 

Kahramanmaraş Sütçfigureü Imam University Health 

Practice and Research Hospital, in Turkey. On arrival 

at the laboratory, the samples were cultured on 5% 

sheep blood and eosin methylene blue (EMB) agar 

media, followed by incubation at 37 °C for 24-48 hours. 

Gram-positive bacteria were identified using colony 

morphology, Gram staining, catalase and coagulase 

tests, and the Phoenix TM 100 automated identification 

system (BD Phoenix System, Beckton Dickinson, 

USA). Gram-negative bacteria were identified through 

conventional methods, including carbohydrate and 

citrate utilization, urease production, oxidase test, and 

the Phoenix TM 100 automated identification system. 

Antibiotic susceptibilities of all identified strains were 

determined with the Phoenix TM 100 automated 

identification system, following EUCAST (European 

Committee on Antimicrobial Susceptibility Testing) 

limit values. 

Strains that recurred in the study data were 

excluded. In instances of the same isolate regrowing 

from the same patient, only the first isolate was 

included in the study, in accordance with the 

cumulative antibiogram data rules. First isolate refers to 

the first microbial isolate of a particular species 

obtained from clinical samples of a patient during the 

analyzed periods (separately for the years 2018, 2019, 

2020, 2021 and 2022). Electronic data collection was 

performed from the records of the laboratory 

information system corresponding to clinically relevant 

samples positive for ESKAPE pathogens. 

 

 

 

Figure 1. Trends in the number of ESKAPE pathogens isolated from clinical samples from 2018 to 2022. 
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Statistical analysis 

Data analysis was conducted using IBM SPSS 

version 22 (IBM SPSS for Windows version 22, IBM 

Corporation, Armonk, New York, United States) and R 

3.3.2 software. Data parameters were expressed as 

percentages (%) and counts (n). The Chi-Square test 

and Fisher's Exact test were employed to examine the 

differences between qualitative variables and frequency 

distributions among groups. Statistical significance was 

defined as p < 0.05. 

 

Ethical approval 

Approval for this study was granted by the Ethics 

Committee of Kahramanmaraş Sütçü Imam University 

Faculty of Medicine (Session no: 2023/17, Decision no: 

02). 

 

Results 
Throughout the study period, 61,406 individual 

bacterial strains were recovered from clinical samples, 

with 15,272 (24.87%) identified as ESKAPE 

pathogens. Of these, 7,922 (51.87%) were isolated from 

male patients, and 7,350 (48.13%) from female 

patients. 

Among the 15,272 ESKAPE clinical strains, K. 

pneumoniae was the most frequently isolated pathogen 

(3,938, 27.79%), followed by A. baumannii (3,013, 

19.73%), E. faecium (2,966, 19.24%), S. aureus (2,452, 

16.05%), P. aeruginosa (2,292, 15.00%), and 

Enterobacter spp. (611, 4.00%). In comparison to 2018, 

there was an increasing trend in the isolation rate of 

only K. pneumoniae in 2022, while a decreasing trend 

was observed in the isolation rate of the other four 

pathogens. The trends in the number of ESKAPE 

pathogens isolated from clinical samples from 2018 to 

2022 are illustrated in Figure 1. 

ESKAPE pathogens were most frequently isolated 

from urine cultures (3,263, 21.37%), followed by blood 

(3,099, 20.29%), wound (2,614, 17.12%), and tracheal 

aspirate cultures (2,458, 16.09%). The distribution of 

sample types from which ESKAPE pathogens were 

isolated is shown in Figure 2. 

ESKAPE pathogens were most frequently isolated 

from internal ICUs (4,758, 31.16%), followed by 

surgical ICUs (4,000, 26.19%), polyclinics (2,823, 

18.48%), and internal wards (2,221, 14.54%). ESKAPE 

pathogens were also identified in the emergency 

department (at least 1.23%) and surgical wards 

(8.40%). The ICU ESKAPE isolation rate was found to 

be statistically significant (p < 0.001). The distribution 

of ESKAPE pathogens across clinical specialties is 

presented in Figure 3. 

E. faecium displayed high resistance to ampicillin 

(93.77%) but was highly sensitive to linezolid 

(97.48%). The susceptibility rates were lower for 

gentamicin high level (24.15%) and streptomycin high 

Table 1. Distribution of antibiotic resistance rates of Enterococcus faecium according to years. 

ANTIBIOTICS 
2018 2019 2020 2021 2022 TOTAL 

*p/x2 
n/R (%) n/R (%) n/R (%) n/R (%) n/R (%) R (%) 

Ampicillin 740/691 (93.38) 524/500 (95.42) 405/384 (94.81) 658/614 (93.31) 594/546 (91.92) 2735 (93.77) 0.307/1,041 

Gentamicin High Level (synergy) 738/535 (72.49) 527/382 (72.49) 408/327 (80.15) 663/539 (81.30) 618/450 (72.82) 2233 (75.85) 0.894/0,017 

Linezolid 745/25 (3.36) 531/18 (3.39) 410/14 (3.41) 665/14 (2.11) 618/2 (0.32) 73 (2.52) < 0.001*/15,993 

Streptomycin High Level (synergy) 740/429 (57.97) 527/331 (62.81) 408/315 (77.21) 663/463 (69.83) 618/389 (62.94) 1927 (66.15) 0.062/3,475 

Teicoplanin 743/489 (65.81) 523/275 (52.58) 410/255 (62.20) 666/475 (71.32) 616/374 (60.71) 1868 (62.52) 0.052/3,779 

Vancomycin 745/133 (17.85) 527/77 (14.61) 410/109 (26.59) 666/137 (20.57) 618/90 (14.56) 546 (18.84) 0.102/2,670 

*Comparison of antibiotic resistance between 2018-2022. Chi-Square test; Fisher exact test; a: 0.05; *distributional difference is statistically significant; R: 

Resistant. 

Figure 2. Types of clinical samples from which ESKAPE 

pathogens were isolated. 

Figure 3. Distribution of ESKAPE pathogens according to clinics. 
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level (33.85%). In comparison to 2018, by 2022, 

ampicillin resistance decreased by 1.46%, linezolid 

resistance decreased by 3.04% (p < 0.001), teicoplanin 

resistance decreased by 5.1%, and vancomycin 

resistance decreased by 3.29%, while streptomycin 

high-level resistance increased by 4.97%. The 

gentamicin high-level antibiotic resistance rate 

remained relatively stable (Table 1). 

In this study, penicillin (98.01%) showed the 

highest resistance among antibiotics in S. aureus, while 

vancomycin resistance was not detected. Very low 

antibiotic resistance was observed in daptomycin 

(0.59%), linezolid (0.56%), and teicoplanin (1.68%). In 

addition, low rates of antibiotic resistance were found 

in amikacin, levofloxacin, ciprofloxacin, and 

trimethoprim/sulfamethoxazole. Oxacillin resistance 

was noted at 44.87%. In comparison to 2018, by 2022, 

there were decreased resistance rates in S. aureus for all 

antibiotics except penicillin and 

trimethoprim/sulfamethoxazole. The increase in 

resistance in penicillin (from 97.07% to 99.59%, p < 

0.002) and trimethoprim/sulfamethoxazole (from 

0.19% to 3.54%, p < 0.001) was statistically significant. 

Conversely, the decrease in resistance to clindamycin, 

erythromycin, fusidic acid, gentamicin, teicoplanin, and 

tetracycline was statistically significant (p < 0.005) 

(Table 2). 

Between 2018 and 2022, cefuroxime (82.83%), 

ceftazidime (76.75%), and cefepime (75.88%) 

exhibited the highest resistance rates in K. pneumoniae, 

while imipenem (24.41%) was the most sensitive 

antibiotic. Increasing antimicrobial resistance trends 

were observed in K. pneumoniae against all tested 

antibiotics. Over the years, resistance rates in all 

antibiotics displayed a significant upward trend. 

Specifically, within carbapenems, ertapenem resistance 

increased from 36.97% in 2018 to 58.81% in 2022, 

imipenem resistance rose from 12.63% to 37.90% (p < 

0.001), and meropenem resistance increased from 

20.77% to 43.07% (p < 0.001). Resistance rates of 

cephalosporins cefepime, ceftazidime, cefuroxime, and 

ceftriaxone were 67.50%, 64.48%, 79.48%, and 

70.08% in 2018, increasing to 84.36%, 85.82%, 

88.40%, and 72.99% in 2022. The increase in resistance 

Table 2. Distribution of antibiotic resistance rates of Staphylococcus aureus by years. 

ANTIBIOTICS 
2018 2019 2020 2021 2022 TOTAL 

*p/x2 
n/R (%) n/R (%) n/R (%) n/R (%) n/R (%) R (%) 

Amikacin - 415/10 (2.41) 420/10 (2.38) 433/19 (4.39) 512/9 (1.76) 48 (2.74) - 

Clindamycin 561/171 (30.48) 503/153 (30.42) 420/150 (35.71) 434/88 (20.28) 512/10 (21.48) 672 (27.67) < 0.001*/11,209 

Daptomycin 554/3 (0.54) 503/4 (0.80) 420/3 (0.71) 433/3 (0.69) 511/1 (0.20) 14 (0.59) 0.357/0,849 

Erythromycin 571/179 (31.35) 505/155 (30.69) 420/157 (37.38) 434/92 (21.20) 513/121 (23.59) 704 (28.84) 0.004*/8,133 

Fusidic Acid (STAFINE) 576/72 (12.50) 504/39 (7.74) 420/43 (10.24) 433/39 (9.01) 511/52 (10.18) 245 (9.93) 
< 

0.001*/102,682 

Gentamicin 558/71 (12.72) 507/54 (10.65) 420/47 (11.19) 433/57 (13.16) 512/20 (3.91) 249 (10.33) < 0.001*/27,336 

Levofloxacin 574/48 (8.36) 507/19 (3.75) 420/9 (2.14) 434/26 (5.99) 512/31 (6.05) 133 (5.26) 0.143/2,136 

Linezolid 568/5 (0.88) 505/3 (0.59) 420/1 (0.24) 433/3 (0.69) 512/2 (0.39) 14 (0.56) 0.316/1,002 

Oxacillin 563/288 (51.15) 503/187 (37.18) 420/194 (46.19) 433/172 (39.72) 513/257 (50.10) 1098 (44.87) 0.729/0,119 

Penicillin 546/530 (97.07) 481/473 (98.34) 389/384 (98.71) 411396 (96.35) 485/483 (99.59) 2266 (98.01) < 0.002*/9,493 

Ciprofloxacin 556/53 (9.53) 502/19 (3.78) 420/10 (2.38) 434/26 (5.99) 509/33 (6.48) 141 (5.63) 0.068/3,328 

Teicoplanin 576/13 (2.26) 503/11 (2.19) 420/9 (2.14) 432/7 (1.62) 511/1 (0.20) 41 (1.68) 0.002*/9,049 

Tetracycline 576/178 (30.90) 505/153 (30.30) 420/139 (33.10) 433/82 (18.94) 511/128 (25.05) 680 (27.66) 0.032*/4,587 

Trimethoprim/sulfamethoxazole 530/1 (0.19) 502/24 (4.78) 420/10 (2.38) 434/23 (5.30) 509/18 (3.54) 76 (6.95) < 0.001*/16,208 

Vancomycin 576/0 (0.00) 502/0 (0.00) 420/0 (0.00) 432/0 (0.00) 509/0 (0.00) 0 (0.00) - 

*Comparison of antibiotic resistance between 2018-2022. Chi-Square test; Fisher exact test; a:0.05;* distributional difference is statistically significant; R: 

Resistant. 

 

 

Table 3. Distribution of antibiotic resistance rates of Klebsiella pneumoniae by years. 

ANTIBIOTICS 
2018 2019 2020 2021 2022 TOTAL 

*p/x2 
n/R (%) n/R (%) n/R (%) n/R (%) n/R (%) R (%) 

Ceftriaxone 762/534 (70.08) 726/491 (67.63) 599/419 (69.95) 844/585 (69.21) 1007/735 (72.99) 2764 (69.97) 0.178/1,812 

Amoxicillin Clavunate 738/512 (69.38) 700/447 (63.86) 573/373 (65.10) 799/541 (67.71) 957/697 (72.83) 2570 (67.78) 0.118/2,432 

Ertapenem 760/281 (36.97) 716/335 (46.79) 593/296 (49.92) 839/430 (51.25) 1005/591 (58.81) 1933 (48.75) 0.072/3,228 

Gentamicin 763/316 (41.42) 728/216 (29.67) 600/202 (33.67) 844/345 (0.88) 1007/438 (43.50) 1517 (37.82) 0.380/0,768 

Imipenem 760/96 (12.63) 720/89 (12.36) 597/152 (25.46) 825/278 (33.70) 1000/379 (37.90) 994 (24.41) 
< 

0.001*/139,921 

Meropenem 756/157 (20.77) 713/253 (35.48) 590/211 (35.76) 844/322 (38.15) 1003/432 (43.07) 1375 (34.64) < 0.001*/96,280 

Piperacillin/Tazobactam 762/395 (51.84) 722/386 (53.46) 599/317 (52.92) 842/471 (55.94) 1005/642 (63.88) 2211 (55.60) < 0.001*/25,926 

Cefepim 760/513 (67.50) 498/361 (72.49) 350/275 (78.57) 498/381 (76.51) 614/518 (84.36) 2048 (75.88) < 0.001*/51,567 

Ceftazidime 763/492 (64.48) 651/469 (72.04) 522/414 (79.31) 715/587 (82.10) 846/726 (85.82) 2688 (76.75) < 0.001*/99,252 

Cefuroxime 385/306 (79.48) 405/338 (83.46) 350/289 (82.57) 496/398 (80.24) 612/541 (88.40) 1872 (82.83) < 0.001*/14,705 

Ciprofloxacin 738/361 (48.92) 723/419 (57.95) 593/331 (55.82) 840/542 (64.52) 1001/667 (66.63) 2320 (58.77) < 0.001*/42,808 

Trimethoprim/sulfamethoxazole 763/412 (54.00) 724/390 (53.87) 597/341 (57.12) 844/542 (64.22) 1006/676 (67.20) 2361 (59.28) < 0.001*/31,929 

*Comparison of antibiotic resistance between 2018-2022. Chi-Square test; Fisher exact test; a: 0.05; * distributional difference is statistically significant; R: 

Resistant. 
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in all other tested antibiotics, except ceftriaxone, 

amoxicillin clavulanate, ertapenem, and gentamicin, 

was statistically significant (p < 0.005) (Table 3). 

A. baumannii exhibited high resistance to all tested 

antibiotics. In comparison to 2018, there was an upward 

trend in the resistance rates of all antibiotics in 2022. 

The most significant increase was observed in 

trimethoprim/sulfamethoxazole (from 55.81% in 2018 

to 81.80% in 2022). The rise in resistance to amikacin, 

meropenem, and trimethoprim/sulfamethoxazole was 

statistically significant (p < 0.005) (Table 4). 

Resistance rates in tested antibiotics, except 

levofloxacin (55.81%), were below 50% in P. 

aeruginosa. The most susceptible antibiotic was 

amikacin, with a resistance rate of 8.33%. In 

comparison to 2018, there was an increase in the 

resistance rates of all tested antibiotics in P. aeruginosa 

in 2022, except for piperacillin/tazobactam. However, 

when comparing 2021 and 2022, a decrease in 

resistance rates was observed in 2022 for some 

antibiotics that were high in 2021 (imipenem from 

57.14% to 47.75%, meropenem from 44.63% to 

36.07%, ceftazidime from 36.17% to 31.38%, 

ciprofloxacin from 46.58% to 41.87%). The increase in 

resistance to imipenem, cefepime, and ciprofloxacin 

was statistically significant (p < 0.005) (Table 5). 

In Enterobacter spp., the most resistant antibiotic 

was ampicillin with a 100% resistance rate for all five 

years, followed by amoxicillin clavulanate with a 

resistance rate of 98.68%. The most sensitive 

Table 4. Distribution of antibiotic resistance rates of Acinetobacter baumannii by years. 

ANTIBIOTICS 
2018 2019 2020 2021 2022 TOTAL 

*p/x2 
n/R (%) n/R (%) n/R (%) n/R (%) n/R (%) R (%) 

Amikacin 667/577 (86.50) 513/453 (88.30) 528/500 (94.69) 757/717 (94.71) 545/516 (94.67) 2763 (91.77) < 0.001*/22,621 

Gentamicin 665/627 (94.28) 512/471 (91.99) 528/503 (95.26) 761/733 (96.32) 545/519 (95.22) 2853 (94.61) 0.465/0,532 

Imipenem 666/626 (93.99) 513/461 (89.86) 528/500 (94.70) 755/725 (96.02) 545/521 (95.59) 2833 (94.03) 0.157/1,996 

Levofloxacin - 145/121 (83.44) 522/496 (95.01) 757/725 (95.77) 544/522 (95.95) 1864 (92.54) - 

Meropenem 667/624 (93.55) 508/465 (91.53) 525/499 (95.04) 761/726 (95.40) 544/521 (95.77) 2835 (94.26) 0.062*/3,459 

Ciprofloxacin 645/609 (94.41) 504/459 (91.07) 528/515 (97.53) 746/717 (96.11) 542/520 (95.94) 2820 (95.01) 0.225/1,468 

Trimethoprim/Sulfamethoxazole 666/360 (55.81) 510/405 (79.41) 528/384 (72.72) 761/651 (85.54) 544/445 (81.80) 2245 (75.06) < 0.001*/103,526 

*Comparison of antibiotic resistance between 2018-2022. Chi-Square test; Fisher exact test; a:0.05;* distributional difference is statistically significant; R: Resistant. 

 

 

 

Table 5. Distribution of antibiotic resistance rates of Pseudomonas aeruginosa by years. 

ANTIBIOTICS 
2018 2019 2020 2021 2022 TOTAL 

*p/x2 
n/R (%) n/R (%) n/R (%) n/R (%) n/R (%) R (%) 

Amikacin 537/49 (9.12) 605/50 (8.26) 312/22 (7.05) 409/33 (8.07) 425/39 (9.18) 193 (8.33) 0.977/0,001 

Gentamicin 535/128 (23.93) 597/101 (16.92) 311/55 (17.68) - - 284 (19.51) - 

Levofloxacin - 443/256 (57.79) 311/151 (48.55) 400/228 (57.00) 424/254 (59.91) 889 (55.81) - 

Imipenem 537/211 (39.29) 605/257 (42.48) 313/123 (39.30) 406/232 (57.14) 423/202 (47.75) 1025 (45.19) 0.008*/6,911 

Meropenem 532/167 (31.39) 568/204 (35.92) 310/99 (31.94) 410/183 (44.63) 427/154 (36.07) 807 (35.99) 0.127/2,324 

Piperacillin/Tazobactam 533/197 (36.96) 580/190 (32.76) 313/79 (25.24) 409/116 (28.36) 427/150 (35.13) 732 (31.69) 0.557/0,344 

Cefepim 521/190 (36.47) 494/181 (6.64) 250/87 (34.80) 348149 (42.82) 332/159 (47.89) 766 (39.72) < 0.001*/10,945 

Ceftazidime 530/159 (30.00) 586/192 (32.76) 310/105 (33.87) 412/149 (36.17) 427/134 (31.38) 739 (32.83) 0.644/0,212 

Ciprofloxacin 499/167 (33.47) 564/273 (48.40) 303/134 (44.22) 395/184 (46.58) 418/175 (41.87) 933 (42.90) 0.008*/6,861 

*Comparison of antibiotic resistance between 2018-2022. Chi-Square test; Fisher exact test; a:0.05;* distributional difference is statistically significant; R: Resistant. 

 

 

 

Table 6. Distribution of antibiotic resistance rates of Enterobacter spp. by years. 

ANTIBIOTICS 
2018 2019 2020 2021 2022 TOTAL 

*p/x2 
n/R (%) n/R (%) n/R (%) n/R (%) n/R (%) R (%) 

Amikacin 142/1 (0.70) 155/6 (3.87) 106/6 (5.66) 122/2 (1.64) 82/5 (6.10) 20 (3.59) 0.016*/5,800 

Amoxicillin Clavunate 139/135 (97.12) 151/148 (98.01) 107/106 (99.07) 123/122 (99.19) 81/81 (100) 592 (98.68) 0.123/2,374 

Ampicillin 142/142 (100) 154/154 (100) 109/109 (100) 123/123 (100) 82/82 (100) 610 (100) - 

Ceftriaxone 142/45 (33.69) 154/55 (35.71) 109/56 (51.38) 121/42 (34.71) 82/39 (47.56) 237 (40.61) 0.018*/5,586 

Ertapenem 142/29 (20.42) 138/30 (21.73) 107/39 (36.45) 116/37 (31.90) 82/30 (36.59) 165 (29.42) 0.008*/6,999 

Gentamicin 142/23 (16.19) 155/19 (12.26) 109/14 (12.84) 122/12 (9.84) 82/6 (7.32) 74 (11.69) 0.056/3,637 

Imipenem 142/6 (4.23) 148/11 (7.43) 107/13 (12.15) 119/9 (7.56) 82/7 (8.54) 46 (7.98) 0.183/1,767 

Levofloxacin - 120/10 (8.33) 107/21 (19.63) 122/14 (11.48) 82/9 (10.98) 54 (12.61) - 

Meropenem 142/5 (3.52) 145/11 (7.58) 103/12 (11.65) 122/10 (8.20) 82/8 (9.76) 46 (8.14) 0.054/3,696 

Piperacillin/Tazobactam 141/27 (19.01) 152/42 (27.63) 108/42 (38.89) 121/27 (22.31) 82/27 (32.93) 165 (28.15) 0.020*/5,363 

Cefepim 142/31 (21.83) 111/31 (27.92) 75/33 (44.00) 80/18 (22.50) 56/10 (17.86) 123 (26.82) 0.534/0,386 

Ceftazidime 142/33 (23.24) 131/55 (41.98) 100/51 (51.00) 98/43 (43.88) 65/35 (53.85) 217 (42.79) < 0.001*/18,935 

Ciprofloxacin 140/26 (18.57) 154/24 (15.58) 106/21 (19.81) 121/13 (10.74) 82/9 (10.98) 93 (15.13) 0.133/2,246 

Trimethoprim/Sulfamethoxazole 142/27 (19.01) 154/20 (12.99) 109/17 (15.60) 122/15 (12.30) 82/10 (12.20) 89 (14.42) 0.185/1,752 

*Comparison of antibiotic resistance between 2018-2022. Chi-Square test; Fisher exact test; a:0.05;* distributional difference is statistically significant; R: Resistant. 
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antibiotics were amikacin with a resistance rate of 

3.59%, imipenem with a resistance rate of 7.98%, and 

meropenem with a resistance rate of 8.14%. Antibiotic 

resistance rates, which increased from 2018 to 2020, 

tended to decrease in 2021, and started to increase again 

in 2022. In comparison to 2018, Enterobacter spp. 

Showed increased resistance rates to all tested 

antibiotics in 2022, except for gentamicin, cefepime, 

ciprofloxacin, and trimethoprim/sulfamethoxazole. The 

increase in resistance in amikacin, ceftriaxone, 

ertapenem, piperacillin/tazobactam, and ceftazidime 

was statistically significant (p < 0.005) (Table 6). 

 

Discussion 
The results of this study showed that the most 

frequently isolated bacteria among the 15,272 ESKAPE 

clinical strains were K. pneumoniae (3,938, 27.79%), A. 

baumannii (3,013, 19.73%), and E. faecium (2,966, 

19.24%), respectively (Figure 1). A study by Orosz et 

al. [9] reported similar findings with K. pneumoniae, P. 

aeruginosa, and E. faecium being the most frequently 

isolated bacteria, partially aligning with the current 

study. However, in a similar study by Ramsamy et al. 

[10], the order differed, with S. aureus (38.0%) being 

the most frequently isolated pathogen, followed by K. 

pneumoniae (22.2%) and P. aeruginosa (17.4%). 

Masoud et al. [4] found P. aeruginosa (25%) and S. 

aureus (17.1%) as the most frequently isolated, while 

Arbune et al. [11] reported E. coli (38.26%) and S. 

aureus (26%) from clinical samples. The variability in 

the dominant pathogens isolated has been attributed to 

factors such as immunosuppression status, comorbidity, 

and geographical location [12]. 

In this study, ESKAPE pathogens were most 

frequently isolated from urine cultures (3,263, 21.37%), 

followed by blood culture samples (3,099, 20.29%) 

(Figure 2). Similar studies, such as those by Orosz et al. 

and Benko et al. [3,9], also reported ESKAPE 

pathogens being most frequently isolated from urine 

cultures, followed by blood cultures. However, Arbune 

et al. [11] isolated ESKAPE pathogens from urine 

(45.6%) and wound cultures (35.9%), while Ramsamy 

et al. [10] found ESKAPE pathogens in blood (16.38%) 

followed by urine (13.94%) culture samples. 

Data from the Centers for Disease Control and 

Prevention showed that the six ESKAPE pathogens are 

responsible for two-thirds of all healthcare-associated 

infections. Unfortunately, ESKAPE pathogens are 

steadily increasing in hospitals and are becoming 

increasingly resistant to many antimicrobial agents [5]. 

Antibiotic resistance is a global problem, limiting 

treatment options and increasing patient mortality and 

morbidity [13]. In this study, E. faecium, an ESKAPE 

pathogen, exhibited high resistance to ampicillin 

(93.77%), while the linezolid resistance rate was very 

low (2.52%). Although the resistance rate of 

vancomycin was 18.84%, a higher resistance rate was 

found for teicoplanin (62.52%) (Table 1). Ramsamy et 

al. [10] reported that all E. faecium strains were 

sensitive to vancomycin and linezolid. Benkő et al. [3] 

found resistance to be 21.2% for teicoplanin and 33.3% 

for vancomycin, with no linezolid resistance reported in 

2020. 

In the current study, when comparing 2018 with 

2022, there was a decrease of 1.46% in ampicillin 

resistance, 3.04% in linezolid resistance (p < 0.001), 

5.1% in teicoplanin resistance, and 3.29% in 

vancomycin resistance in E. faecium, while there was a 

4.97% increase in streptomycin high-level resistance. 

The gentamicin high-level resistance rate remained 

almost the same (Table 1). Interestingly, a study on 

Enterococci in Italy reported opposite results. In the 

Italian study, when comparing 2015 to 2019, there was 

an increase in resistance rates for ampicillin (from 

81.6% to 87.5%), linezolid (from 0% to 0.6%), 

teicoplanin (from 3.7% to 6.7%), and vancomycin 

(from 3.7% to 6.1%). However, a decrease was reported 

in the rate of resistance to streptomycin high level (from 

74% to 64.5%) and gentamicin high level (from 60% to 

54.2%) [14].  

The 44.87% rate of methicillin resistance observed 

in S. aureus in the current study was close to the 46% 

resistance percentage (Table 2) determined by Perovic 

et al. [15]. MRSA rates have been reported to exceed 

20% in all WHO regions and 80% in some countries 

[16]. The prevalence of MRSA in Africa varies from 

12% in Tunisia to 82% in Egypt [17]. The National 

Health Laboratory Service (NHLS) public sector 

susceptibility data presented by Crowther-Gibson et al. 

[18] (January–December 2009) showed varying rates of 

MRSA. 

In this study, the antibiotic to which S. aureus was 

most resistant was penicillin (98.01%), while 

vancomycin resistance was not found. Resistance rates 

were very low for daptomycin (0.59%), linezolid 

(0.56%), and teicoplanin (1.68%) (Table 2). In contrast, 

Arbune et al. [11] detected higher vancomycin (14.3%) 

and teicoplanin (12.2%) resistance rates but lower 

linezolid resistance (0.3%). The most resistant 

antibiotic among those tested was reported to be 

erythromycin (resistance rate 67.1%). Benkő et al. [3] 

did not detect resistance to linezolid, vancomycin, and 

teicoplanin, but found erythromycin to be the most 

resistant antibiotic (resistance rate 22%). In the current 
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study, compared to 2018, decreasing trends in 

antimicrobial resistance were observed in S. aureus 

against all antibiotics except penicillin and 

trimethoprim/sulfamethoxazole in 2022. Lugito et al. 

[19], in a similar study conducted between 2019 and 

2022, found a decrease in all antibiotic resistance rates 

tested in S. aureus, consistent with the current study 

results. In studies conducted between 2011 and 2015, 

Ramsamy et al. [10] reported decreasing resistance 

rates in S. aureus strains in various antibiotic classes 

such as gentamicin, clindamycin, ciprofloxacin, 

erythromycin, and rifampicin, which is also consistent 

with the current study. It was reported that no resistance 

was observed to vancomycin, teicoplanin, and 

linezolid.  

In the current study, K. pneumoniae was the most 

common Gram-negative bacteria isolated from the 

ESKAPE group (27.79%) (Figure 1). According to the 

2015 global surveillance report by the Healthcare-

associated Infections Surveillance Network and the 

United States National Healthcare Safety Network, 

8.7% and 9.9% of all hospital-acquired infections were 

reported to be K. pneumoniae [20]. The steady rise in 

third-generation cephalosporin and amoxicillin-

clavulanate antimicrobial resistance, indicative of 

inhibitor resistance and ESBL development in K. 

pneumoniae, is a matter of concern in this study. The 

WHO reported that the resistance to third-generation 

cephalosporins observed in K. pneumoniae is more than 

30% worldwide and more than 60% in some countries 

[16].  

In this study, the amoxicillin-clavulanate resistance 

rate increased from 69.38% in 2018 to 72.83% in 2022. 

Similarly, the resistance rates for cefepime, 

ceftazidime, cefuroxime, and ceftriaxone, which were 

67.50%, 64.48%, 79.48%, and 70.08% in 2018, 

respectively, increased to 84.36%, 85.82%, 88.40%, 

and 72.99% in 2022 (Table 3). A study conducted in 

India reported a similar increase in resistance to the 

tested antibiotics in K. pneumoniae between 2018 and 

2022 [21]. Lin et al. [22] also reported an increase in 

antibiotic resistance rates in K. pneumoniae. In 2006, 

the resistance rates for imipenem, cefazolin, 

gentamicin, tobramycin, ciprofloxacin, and ceftazidime 

were 2.33%, 27.91%, 16.28%, 13.95%, 18.60%, and 

9.30%, respectively, while in 2020, they increased to 

12.83%, 40.82%, 21.57%, 25.07%, 44.61%, and 

17.78%, and a decrease was reported in piperacillin-

tazobactam resistance from 13.95% to 13.70%. Lugito 

et al. [19] reported that resistance rates of K. 

pneumoniae against aminoglycoside, trimethoprim-

sulfamethoxazole, penicillin-beta lactamase inhibitor, 

3rd generation cephalosporin, quinolone, meropenem, 

and ertapenem peaked from 2019 to 2020 reaching over 

50.0%, then decreased in 2021. The resistance rate was 

seen to be at its lowest level in 2022, ranging from 5% 

to 20%. The increase in carbapenem resistance in K. 

pneumoniae is also a major medical concern [23]. In the 

current study, an increase in resistance rates to 

carbapenem group antibiotics was observed in K. 

pneumoniae over 5 years. Ertapenem resistance 

increased from 36.97% in 2018 to 58.81% in 2022, 

imipenem resistance increased from 12.63% in 2018 to 

37.90% in 2022, and meropenem resistance increased 

from 20.77% in 2018 to 43.07% in 2022. These 

carbapenem resistance rates are lower (Table 3) 

compared to a study conducted by Scaglione et al. [24] 

(74.9%), but higher than those reported by El-Kady et 

al. [25] (8.9%). 

A. baumannii is among the most challenging 

pathogens among ESKAPE pathogens, capable of 

rapidly developing antibiotic resistance [26]. 

Resistance is increasingly emerging against nearly all 

routinely prescribed antimicrobial agents, including 

aminoglycosides, fluoroquinolones, and broad-

spectrum β-lactams. Most strains exhibit resistance to 

cephalosporin-class antimicrobials, and resistance to 

carbapenems is becoming more frequent [27]. Once 

considered the primary treatment, carbapenems are no 

longer effective in controlling infections caused by this 

organism. The most significant consequence of 

infection with carbapenem-resistant A. baumannii is the 

need to resort to "last-resort" antibiotics such as colistin, 

polymyxin B, or tigecycline [28]. In this study, 

resistance rates of over 90% were observed for all tested 

antibiotics in A. baumannii, except for 

trimethoprim/sulfamethoxazole (75.06%). Compared 

to the rates in 2018, resistance to all antibiotics 

increased in 2022 (Table 4). This finding suggests that 

these antibiotics are not effectively used for the 

treatment of A. baumannii infections, and there are 

limited treatment options outside of last-resort 

antibiotics. In contrast to the current study, Lugito et al. 

[19], reported that with the exception of tigecycline, the 

resistance pattern of A. baumannii was above 50.0%, 

peaking from 2019 to 2020, then decreasing in 2021, 

and reaching 0.0% in most antimicrobials by 2022. 

Sannathimmappa et al. [29]. reported a decrease in 

antibiotic resistance rates over the years in A. 

baumannii, except for amikacin and tigecycline. 

Scaglione et al. [24] found lower resistance rate to 

carbapenems from 2015 to 2019 (74.4%) compared to 

their studies from 2010 to 2014 (100%). 
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P. aeruginosa is an opportunistic pathogen mainly 

causing nosocomial infections, which often exhibits 

high rates of antibiotic resistance [30,31]. In this study, 

an increase in resistance rates for all tested antibiotics 

in P. aeruginosa, except for piperacillin/tazobactam, 

was observed in 2022 compared to 2018. However, 

when comparisons were made between 2021 and 2022, 

some antibiotics that had high resistance rates in 2021 

showed a decrease in resistance rates in 2022. Among 

the antibiotics with a high resistance rate in 2021 that 

decreased in 2022, imipenem decreased from 57.14% 

to 47.75%, meropenem from 44.63% to 36.07%, 

ceftazidime from 36.17% to 31.38%, and ciprofloxacin 

decreased from 46.58% to 41.87%. While the resistance 

levels found in P. aeruginosa in this study, ranging 

from 8.33% to 55.81%, (Table 5) are close to the 

resistance rates reported by Arabestani et al. [32], 

ranging from 9.6% to 61.29%, they are higher than the 

rates in the study conducted by Ramsamy et al. [10] 

(6.30% to 17.00%). In the current study, the most 

effective antibiotic against P. aeruginosa was amikacin 

(8.33%) (Table 5). Lari et al. [33] reported high 

resistance to all antibiotics except for colistin. Farhan et 

al. [34] found that imipenem was the most effective 

antibiotic. In a study by Lugito et al. [19], P. aeruginosa 

was reported to exhibit very high resistance rates to 

ceftriaxone, ertapenem, and tigecycline (88.9% - 

100.0%), while the resistance rates to aminoglycosides, 

quinolones, imipenem, and meropenem had decreased 

from 2019 to 2021 and reached 0.0% in 2022. In 

contrast to the current study, Ramsamy et al. [10] 

observed decreasing trends in resistance rates for 

ceftazidime (from 17% to 13%, p = 0.004), piperacillin-

tazobactam (from 27% to 21%, p < 0.001), meropenem 

(from 18% to 10%, p < 0.001), ciprofloxacin (from 22% 

to 18%, p = 0.002), and amikacin (from 10% to 8%, p 

< 0.001) in P. aeruginosa between 2013 and 2015. 

Among ESKAPE pathogens, ampicillin resistance 

remained at 100% for five years in Enterobacter spp., 

(Table 6), which was isolated the least (4.00%) (Figure 

1). The amoxicillin-clavulanate resistance rate was 

97.12% in 2018 and gradually increased over the years, 

reaching 100% in 2022. The ceftazidime resistance rate 

increased from 23.24% in 2018 to 53.85% in 2022, and 

ceftriaxone increased from 33.69% to 47.56%. 

Compared to 2018, a decrease in gentamicin, cefepime, 

ciprofloxacin, and trimethoprim/sulfamethoxazole 

resistance rates in Enterobacter spp. was detected in 

2022 (Table 6). Consistent with these findings, Intra et 

al. [35] reported decreased resistance to 

fluoroquinolones and aminoglycosides. Lugito et al. 

[19] found that the resistance rates of Enterobacter spp. 

against ceftazidime increased dramatically from 2019 

to 2020 (from 0.0% to 60.0%), reaching 66.7% in 2021 

and 2022. It was also reported that the rates of resistance 

to ceftriaxone and trimethoprim/sulfamethoxazole 

increased dramatically from 2019 to 2020, then 

decreased, and resistance to ciprofloxacin increased in 

2020 and 2021, and then decreased in 2022. In a 4-year 

study by Lugito et al. [19], the resistance rate to 

levofloxacin, amikacin, meropenem, and fosfomycin 

was reported to be 0.0%. 

In this study, ESKAPE pathogens were most 

frequently isolated in intensive care units (57.35%) at a 

statistically significant rate (p < 0.001) (Figure 3). This 

result is consistent with many studies reporting that 

ESKAPE pathogens are most frequently isolated from 

intensive care units [36,37]. This may be due to the 

advanced age of patients in intensive care units, 

immune suppression, prolonged hospitalization, 

intensive antibiotic treatments, and more invasive 

procedures [38]. 

 

Conclusions 
According to the results of this study, the decrease 

in the resistance rates of most antibiotics tested against 

E. faecium and S. aureus, the absence of vancomycin 

resistance in S. aureus, and the low resistance rates in 

daptomycin (0.59%), linezolid (0.56%), and teicoplanin 

(1.68%) are encouraging. However, the increasing 

antimicrobial resistance trends of K. pneumoniae, A. 

baumannii, and P. aeruginosa against almost all 

antibiotics are alarming. In Enterobacter spp., 

antibiotic resistance, which increased from 2018 to 

2020, tended to decrease in 2021, while resistance rates 

began to increase again in 2022, and an increase in 

resistance was detected in most antibiotics tested in 

2022. Carbapenem resistance remains above 90% in A. 

baumannii, ranges from 24.41% to 48.75% in K. 

pneumoniae, and from 35.99% to 45.19% in P. 

aeruginosa, but resistance is increasing over the years. 

Unless the necessary precautions are taken, resistance 

will continue to increase, and the number of antibiotics 

used in treatment will decrease. The high rates of 

antimicrobial resistance observed in ESKAPE 

pathogens indicate the need to improve antimicrobial 

management and infection prevention and control 

programs. According to these results, surveillance 

studies should be carried out at regular intervals and 

data on sensitivity and resistance should be collected 

and strategies should be developed to control antibiotic 

resistance and ensure the use of more appropriate 

antibiotics. Healthcare personnel should be trained and 

hand hygiene should be emphasized. According to the 
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antibiogram results, rational antibiotic use should be 

ensured and unnecessary use of antibiotics should be 

prevented. There is also a need for further studies on 

this subject. 
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