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Introduction 

Antimicrobial Resistance (AMR) is a major global health problem with 

enormous socioeconomic consequences. One of the most important causes of 

urinary tract infections (UTIs) is Enterobacteriaceae including Escherichia coli 

(E. coli) and Klebsiella spp. which have become a global health challenge as a 

nosocomial infection. β-Lactams antibiotics consisting of Penicillin, 
Cephalosporins, Monobactams, and Carbapenems have been the most commonly 

used group of antibiotics since their discovery. World Health Organization 

(WHO) has recognized Carbapenem-resistant Enterobacterales (CRE) as a 
significant threat to public health owing to its rate of infection, high mortality 

rates and widespread transmission potential.  The recent global emergence of 

Carbapenem resistance, particularly among Gram-negative pathogens, has 
become a major therapeutic obstacle, accompanied by great human and financial 

loss (1,2). Although carbapenemase and extended-spectrum beta-lactamases 

(ESBLs) genes can be present in various species, they are abundantly found in 
Enterobacterales such as K. pneumoniae, E. coli, and Enterobacter spp. UTI 

caused by these pathogens is considered a serious threat to the health of people 

in society because the lack of timely diagnosis and treatment can cause severe 
complications such as urinary tract disorders, scarring in the kidney parenchyma, 

high blood pressure, uremia and in pregnant women, it can lead to premature 

birth and even abortion (3). The mechanisms of resistance to carbapenems 
comprise the production of carbapenemase enzymes, increased activity of efflux 

pumps, increased production of AmpC beta-lactamases, and mutations in the 

porins within the outer membrane, which results in decreased outer membrane 
permeability among Gram-negative bacteria through mobile genetic elements 

and the transfer of resistance genes (4). The production of carbapenemase is the 

pivotal mechanism of resistance to this class of antibiotics, which can rapidly 

evolve among Gram-negative bacteria through mobile genetic elements and the 

transfer of resistance genes. According to the Ambler classification method, 
carbapenem-hydrolyzing enzymes are classified into four categories (A, B, C, 

and D) depending on their amino acid sequence. Class A carbapenemases are 
serine β-lactamases that have serine in their active site. Class A, B, and D 

carbapenemases have very similar amino acid sequences (5,6). 

Given the magnitude of infections caused by multidrug-resistant bacteria, a 
novel injectable siderophore cephalosporin called Cefiderocol (Fetroja) has been 

developed that is capable of traversing the periplasmic space and evading β-

lactamase and other mechanisms of resistance in Gram-negative bacteria. This 
antibiotic has profound efficacy against various carbapenemases and β-

lactamases producing isolates and therefore has been approved by the U.S. Food 

and Drug Administration for the treatment of complicated UTIs. According to 
studies, Cefiderocol is recommended for the treatment of complicated UTI, 

especially in patients who have not responded to other agents (7,8). The presence 

of pyrrolidine and carboxypropanoxymino groups in the side chains of 
Cefiderocol, which resembles the chemical structure of cefepime and 

ceftazidime, respectively, can improve antimicrobial efficacy and stability as well 

as outer-membrane diffusion (9). Considering the importance of continuous 
monitoring of AMR and the superior properties of Cefiderocol compared with 

Ceftazidime-Avibactam and Meropenem for the management of Carbapenem-

resistant Enterobacteriaceae infections (10), the present study aimed to 
investigate the phenotypic and genotypic susceptibility profiles of Cefiderocol in 

Carbapenem-resistant uropathogenic K. pneumoniae and E. coli isolates. 

 

Methods 

Study population 

This study was performed by collecting non-duplicate urine samples from 129 

dialysis patients (n=70) and kidney transplant recipients (n=59) from Feb. 2021 
to Dec. 2022. The samples were selected randomly using the convenience 

sampling method. The sample size was determined at a confidence level of 95% 

using the following formula, where P1 is the number of urines collected from 
urology ward and P2 represents the number of urines with a positive 

carbapenemase production test: 
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The average age of the patients was 41.04 ± 11.02 years. Inclusion criteria 
were first referral to these medical centers and hospitalization for more than 72h 

with urinary symptoms including dysuria, frequency, and urgency. The 

specimens were taken from a first-morning urine drainage bag and then cultured 
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on blood agar and MacConkey agar (Oxoid Ltd., UK). After incubation 

aerobically at 37 °C for 18–24 hours, bacterial identification was carried out to 

the species level using standard biochemical techniques. All isolates were 
confirmed using the automated VITEK system (bioMérieux, Marcyl'Étoile, 

France) (2,11).  

Detection of carbapenemase-producing strains 

Non-susceptibility (Resistance and semi-susceptibility) to one or more members 
of the carbapenem family or resistance to one or more of the third-generation 

Cephalosporins, including Cefotaxime and Ceftazidime were considered for the 

initial identification of carbapenemase-producing strains isolates (12). 
Carbapenemase production in the identified isolates (n=90), was examined by 

performing a modified Hodge test (MHT) (13). In brief, E. coli ATCC 25922 as 

a positive control was first used and then diluted 1:10 using physiological saline. 
Ertapenem disc (10 μg) was placed on the surface of Mueller Hinton Agar and 

the plate was incubated at 37 °C for 24 hours. Carbapenemase-producing strains 

were identified by observing a non-inhibition zone around the disk. 
To confirm resistance to Carbapenems, the minimum inhibitory 

concentration (MIC) against Meropenem and Imipenem was determined using 

the Epsilometer test (Etest). According to the manufacturer’s instructions (E-
test), a concentration of 0.5 McFarland turbidity was prepared from the isolates 

that were resistant to one of the carbapenem disks and cultured on Mueller Hinton 

agar. After a few minutes, two Etest strips of Imipenem and Meropenem were 
placed on the plates, which were then incubated at 37 °C for 24 hours. In the 

confirmatory test, K. pneumoniae ATCC 700603 and K. pneumoniae ATCC 1706 

were used as the positive and negative control, respectively. 

Genotypic detection of carbapenemase-producing strains 

DNA extraction was performed using the boiling method (14). For this purpose, 

a suspension from the 24-hour bacterial cultures was prepared in sterile distilled 
water. Then, the supernatant was discarded and 100 µl of NaOH was added to the 

sediment. The tube was placed in a water bath at 95 °C. Finally, 20 mM Tris-HCl 

Buffer was added and the tube was centrifuged at 14,000 rpm. The obtained 
DNA-containing supernatant was separated and kept in a sterile Eppendorf tube 

collected, and stored at -20 °C. PCR was carried out for the detection of blaKPC, 

blaNDM, blaIMP, and blaOXA-48 genes among E. coli and K. pneumoniae 
isolates using specific primers (Table 1). The 25 μL PCR reactions contained 1μL 

of the DNA sample, 1 μL of each forward and reverse primers, 0.5 μL of dNTPs, 

2.5 μL of PCR buffer (Sigma-Aldrich, USA), 0.75 μL of magnesium chloride, 
1U of Taq polymerase enzyme and 18.05 μL of distilled water. Amplification was 

programmed for an initial denaturation at 94 °C for 5 min, followed by 35 cycles 

of denaturation at 95 °C for 30 sec, annealing at 55-60 °C for 30 sec, extension 
at 72 °C for 30 sec, and a final extension at 72 °C for 5 min. The PCR products 

were electrophoresed on 1.5% agarose gel (Sigma, USA), and the bands were 

visualized under UV light after staining with ethidium bromide. 

Determination of MIC 

The MIC of Cefotaxime, Imipenem, Cefiderocol, Meropenem, Cefepime, 

Ceftazidime/Avibactam, Ceftolozane/Tazobactam, Aztreonam, Amikacin, 

Levofloxacin, Colistin and Tigecycline against the isolates was determined by 
the standard broth microdilution assay using Mueller Hinton II Broth according 

to the recommendations of the CLSI-2021 (12). To prepare, the initial 

concentration of each antibiotic was inoculated into wells of a 96-well microplate 
containing Mueller Hinton broth (Merck, Germany). After preparing serial 

dilutions and inoculation of the bacterial suspension at a final concentration of 

1.5 × 105 colony-forming units, the microplate was incubated at 37 °C for 20-24 

hours. In addition, the MIC of Cefiderocol in iron-depleted cation-adjusted 
Mueller-Hinton broth (ID-CAMHB) was determined according to CLSI. The 

MIC of Cefiderocol was defined as the lowest concentration of the antibiotic that 

completely inhibited the growth of bacteria or the lowest concentration that 
significantly reduced the growth of bacteria compared to the control well. Results 

were interpreted as follows: MIC ≤4 μg/L was considered susceptible, 8 μg/L as 

intermediate, and ≥16 μg/L as resistant (12). 
 

 

Results 

Of the 90 culture-positive urine samples, 63 (48.83%) were identified as E. coli 

and 27 (20.93%) were identified as K. pneumoniae. Most positive samples were 

taken from patients aged above 45 years under dialysis (61.6%). According to the 
MHT, 45 and 25 samples were positive for E. coli and K. pneumoniae, 

respectively.  In the genotypic assay, 42 out of 59 E. coli isolates (71.19%) were 

carbapenemase positive, among which 20 isolates had the blaKPC gene 
(47.61%), 21 isolates (50%) had the blaNDM gene, 38 isolates had the blaOXA 

gene (90.47%), and 19 isolates had the blaIMP gene (45.23%). Moreover, 24 out 

of 25 K. pneumoniae isolates (96%) contained the blaKPC gene. Table 2 
represents the MIC of Cefiderocol against the Carbapenem-resistant isolates in 

comparison to other antibiotics. In MIC determination, 55.24% of carbapenem-

resistant E. coli isolates were inhibited with ≤0.5 μg/ml of Cefiderocol, while 
4.76% of the strains were resistant to the highest MIC of Cefiderocol (MIC90=2 

μg/ml). The drug could also effectively inhibit 51% of carbapenem-resistant K. 

pneumoniae isolates at concentrations ≤0.25 μg/ml, while only two strains 

(8.33%) showed resistance to the highest MIC of Cefiderocol (MIC90=2 μ
g/ml). 

Table 1. Sequences of the primers used for the PCR-based genotypic detection of 

carbapenemase-producing strains (4,14) 

Annealing 

temperature 

(oC) 

Amplicon 

size (bp) 

Primers 

sequence (5′ → 3′) 
Target gene 

56 438 
F: GCGTGGTTAAGGATGAACAC 

R: CATCAAGTTCAACCCAACCG 
blaOXA-48 

58 481 
F: GAAGGCGTTTATGTTCATAC 

R: GTACGTTTCAAGAGTGATGC 
blaIMP 

59 621 
F: GCAGCTTGTCGGCCATGCGGGC 

R: GGTCGCGAAGCTGAGCACCGCAT 
blaNDM 

60 538 

E. coli 

F: TGTCACTGTATCGCCGTC 

R: CTCAGTGCTCTACAGAAAACC 
blaKPC 

56 1,011 

K. pneumoniae 

F: TGT CAC TGT ATC GCC GTC 

R: CTC AGT GCT CTA CAG AAA ACC 

 

Table 2. In vitro inhibitory activities of Cefiderocol and other antibiotics against carbapenem-resistant clinical isolates of K. pneumoniae (n=24) 

Antibiotics CTX MEM IPM LVX AN TGC CS FEP C-T CZA ATM CFDC 

MIC 

Range 0.03-8 8->128 4->125 0.5-128 1-512 1-128 0.125-64 0.125-64 8-156 0.25-32 2->64 0.03-8 

MIC50 2 128 128 32 512 32 16 8 128 16 32 0.25 

MIC90 4 >128 > 12.8 64 512 64 16 16 12.8 32 64 2 

Resistance 

(Percentage) 
45.83 100 100 58.33 66.67 54.17 37.50 50 45.83 37.50 54.17 8.33 

CTX: Cefotaxime; MEM: Meropenem; IPM: Imipenem; LVX: Levofloxacin; AN: Amikacin; TGC: Tigecycline; CS: Colistin; FEP: Cefepime; C-T: Ceftolozane/Tazobactam; CZA: 

Ceftazidime/Avibactam; ATM: Aztreonam; CFDC: Cefiderocol. 

 

 

 

Table 3. In vitro inhibitory activities of Cefiderocol and other antibiotics against carbapenem-resistant clinical isolates of E. coli (n=42) 

Antibiotics CTX MEM IPM LVX AN TGC CS FEP C-T CZA ATM CFDC 

MIC 

Range 0.03-8 8->128 4->125 0.5-128 1-512 1-128 0.125-64 0.125-64 8-256 0.25-32 2->64 0.03-8 

MIC50 2 64 128 64 128 16 4 4 128 16 64 0. 5 

MIC90 4 > 128 > 12.8 128 > 512 64 32 32 256 32 64 2 

Resistance 

(Percentage) 
42.85 100 97.61 73.81 78.57 59.52 38.09 57.14 45.23 35.71 54.76 4.76 

CTX: Cefotaxime; MEM: Meropenem; IPM: Imipenem; LVX: Levofloxacin; AN: Amikacin; TGC: Tigecycline; CS: Colistin; FEP: Cefepime; C-T: Ceftolozane/Tazobactam; CZA: 

Ceftazidime/Avibactam; ATM: Aztreonam; CFDC: Cefiderocol. 
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Discussion 

The excessive use of antibiotics has been regarded as the principal cause of the 

emergence of resistant bacteria and the spread of resistant genes. Moreover, the 

rise of MDR hospital-acquired infections has become a serious global health 

problem. As mentioned previously, UTI is the most common hospital-acquired 

infection, which is usually caused by E. coli and Klebsiella spp. Despite the 
efficacy of carbapenem antibiotics against ESBL-producing bacteria, the 

emergence of resistant Gram-negative pathogens has resulted in major treatment 

difficulties, causing remarkable human and financial losses globally. 
Carbapenems are the most potent antibiotics among all clinically available beta-

lactam antibiotics and are used as last resort drugs to treat infection caused by 

multidrug-resistant Gram-negative bacteria. Reports of phenotypic resistance to 
carbapenems vary across the world (8,9). In 2018, a study in Italy found that 70% 

of E. coli isolates from UTIs were resistant to carbapenems (15). Similar studies 

from India and Nepal reported the frequency of carbapenem-resistant E. coli 
isolates as 29.03% (16) and 28.6% (17), respectively. In the current study, the 

genotypic investigation of carbapenemase-producing strains indicated that 

71.19% of E. coli isolates were positive for carbapenemase, which is higher than 
the rates reported in previous studies (4,14,15). In addition, almost all K. 

pneumoniae isolates (96%) were identified as carbapenemase-producing. In a 

study in Egypt, 33.6% of samples from patients with confirmed K. pneumoniae 

infections (UTI and pneumonia) were carbapenem-resistant, among which 61.9% 

and 92.8% were positive for carbapenemase activity in the MHT and genotypic 

investigation, respectively (18). Given the high rate of resistance to Colistin, 
Fluoroquinolones, and Cephalosporins among Gram-negative uropathogenic 

isolates (3), investigated the antibacterial effect of Cefiderocol on resistant 

clinical isolates, especially Carbapenem-resistant isolates. In vitro studies have 
demonstrated the effectiveness of this antibiotic against all high-priority 

Carbapenem-resistant Gram-negative bacteria (7,8).   

In the present study, 4.76% of the E. coli and K. pneumoniae isolates were 
resistant to Cefiderocol respectively (MIC90=2 μg/ml).  A recent study (2023) in 

Italy reported the rate of Cefiderocol-resistance as 12% in E. coli and 11% in K. 

pneumoniae clinical isolates (19) which is notably higher than the rates observed 
in the current study. Moreover, MIC90 of Cefiderocol against E. coli and in K. 

pneumoniae isolates was reported as 2 μg/mL, which is consistent with current 

findings. Notably, E. coli and K. pneumoniae, were susceptible to Cefiderocol, 
meaning it is a potential therapy for patients with UTI infection with few 

treatment options as a result of toxicity or resistance.  In another study, the MIC90 

of Cefiderocol was determined as 0.5 μg/L against Acinetobacter baumannii and 

Pseudomonas aeruginosa and 1 μg/L against K. pneumoniae and Enterobacter 

cloacae. In line with findings, the study reported the higher efficacy of 

Cefiderocol against carbapenem-resistant Gram-negative bacteria compared with 
other antibiotics (20). In another study, Cefiderocol was introduced as a highly 

effective antimicrobial against MDR Gram-negative pathogens that could inhibit 

almost all carbapenem-resistant Gram-negative isolates (~95%) producing the 
New Delhi metallo-beta-lactamase (NDM), OXA-23-like, and OXA-24-like 

genes at concentrations ≤4 mg/l (21).  

Similar to the present study, a study in China reported the great inhibitory 
activity of Cefiderocol against carbapenem-resistant K. pneumoniae, P. 

aeruginosa, and Stenotrophomonas maltophilia. However, the study reported a 
relatively high rate (~37%) of Cefiderocol-resistance among A. baumannii 

isolates, all of which were positive for the blaOXA-23 and blaTEM genes (22). 

In the present study, on average 5 % of Cefiderocol-resistance isolates had 
blaOXA gene. So, an alarmingly high prevalence of antibiotic resistance among 

uropathogenic E. coli and K. pneumoniae isolates was detected, which could have 

serious health and financial complications. This finding might indicate the 

indiscriminate and overuse of antibiotics in the study population, which needs to 

be addressed by healthcare policymakers. The limitations of this study were the 

low number of isolates by infection source, potential biases, and generalizability 
to other populations. 

 

Conclusion 

Based on the results of the present study, Cefiderocol is effective against 

Carbapenem-resistant clinical isolates of E. coli and K. pneumoniae even at low 
concentrations. Therefore, it is recommended to investigate in vivo efficiency of 

this antibiotic for treating complicated UTIs caused by these Gram-negative 

bacteria. 
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