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The threat of antibiotic resistance is an influencing factor in deteriorating public 

health. Therefore, new antibiotic development is necessary for continued successful

treatment of infectious diseases. Cefiderocol is the first licensed injectable sider-

ophore cephalosporin that chemically conjugates a siderophore and cephalosporin.

Due to its high stability against various β-lactamases, it is widely used as an 

effective antibiotic for multidrug-resistant (MDR) gram-negative microorganisms, 

including Acinetobacter baumannii, Stenotrophomonas maltophilia, Pseudomonas

aeruginosa, and Enterobacteriaceae. Cefiderocol blocks microbial cell membrane 

synthesis. The binding site of cefiderocol is a penicillin-binding protein. Because 

of its siderophore-like properties, cefiderocol penetrates gram-negative bacterial 

periplasmic spaces, increasing its stability against β-lactamases. Unlike earlier 

cephalosporins, the siderophore of the cefiderocol moiety at position C-3 chelates 

with iron (ferric form) in the host and is then actively transported into the 

bacterial periplasmic space. This approach is known as a “Trojan horse” and 

improves cefiderocol stability against efflux pumps as well as porin channel 

mutations. Modification at the C-3 and C-7 side-chains produces powerful 

antibacterial properties against MDR gram-negative bacteria. The U.S. Food and 

Drug Administration (FDA) approved it as a new treatment option for adult 

patients with complicated urinary tract infection (cUTI) who have limited and no 

treatment options. Based on these observations, we conclude that cefiderocol is 

a potent treatment option for prospective bacterial infections. In this review, we 

summarize the future prospective use of cefiderocol for bacterial infections.
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INTRODUCTION

The persistent increase in multidrug-resistant (MDR) bacterial infections under-

scores the demand for new antibiotics. Currently, resistance to antibiotics is a 

severe global crisis that mostly influences public health (1, 2). The increase in 

multidrug-resistant (MDR) pathogenic bacteria is increasing the demand for new 

antibiotics (1, 2). MDR gram-negative bacteria (GNB), such as carbapenem-resistant

(CR) Pseudomonas aeruginosa (P. aeruginosa) and Acinetobacter baumannii (A. 

baumannii), are increasing worldwide. Resistance to third-generation cephalosporins

significantly increases the mortality rates of seriously ill patients (3–5). The World 

Health Organization (WHO) ranked these resistant GNB as a top priority MDR in 2018 (6).
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Due to the unavailability of new antibiotics, the treatment of infections has generally focused on older antimicrobial agents 

(7, 8). Numerous pharmaceutical industries have dedicated huge research expenditures for the development and discovery 

of new antibiotics exhibiting superior activity against MDR-GNBs (9). However, there are still a few novel anti-microbial 

candidates against MDR-GNBs that are in the clinical trial phase (3, 9). Among them, one of the most promising antibiotic 

candidates is cefiderocol, which has higher potential against MDR-GNBs than older or upcoming antimicrobial agents (9). 

Cefiderocol is a novel injectable cephalosporin antibiotic that has been newly developed to treat different microorganisms, 

such as β-lactam-resistant and carbapenem-resistant bacteria (10). Modification of its structure is a useful tool for 

developing antibiotics via the addition of other moieties that imitate siderophore antibiotics, which are iron-chelating 

molecules. These molecules are produced by bacteria to capture and distribute iron to bacterial cells for survival (11, 12). 

Although siderophore antibiotics have been investigated for the last few decades, their clinical development has not 

progressed due to a lack of correlation between in vitro and in vivo activities or cardiovascular toxicity and low molecular 

stability (12–17). A siderophore cephalosporin produces antibacterial activity by inhibiting cell membrane synthesis of 

gram-negative pathogens by binding to penicillin-binding proteins. Cefiderocol easily penetrates the bacterial periplasmic 

region due to its siderophore-like activity, a beneficial point for stability against β-lactamases (18). It is also highly stable 

against extended-spectrum beta-lactamases (ESBL) and class A, B, C, and D carbapenemases (19, 20). This antibiotic has a 

pyrrolidinium functional group at C-3 similar to cefepime, and a carboxypropanoxyimino functional group at C-7, similar to 

ceftazidime (18). Thus, cefiderocol possesses strong antibacterial activity against various types of gram-negative bacteria (21).

Carbapenems are effective β-lactam antibacterial agents used to treat high-risk infections associated with different 

bacteria, including MDR gram-negative bacilli (22). Moreover, cefiderocol is a very effective drug against every type of 

carbapenemase (23). The combination of potential cell penetration and stability to carbapenemases makes cefiderocol an 

extremely active drug against microorganisms, especially gram-negative bacteria (23). As an evaluating factor, a phase III 

clinical study has been completed to manage nosocomial pneumonia and other infections caused by gram-negative 

microorganisms. This study was conducted by Shionogi Inc. (APEKS-NP), a randomized, double-blind, active-controlled, 

non-inferiority phase III study (24, 25). Another phase III clinical study among patients with severe infections caused by 

CR-GNB was evaluated by CREDIBLE-CR (NCT02714595), a randomized, multicenter, open-label phase III clinical 

investigation of cefiderocol compared with the best available therapy (BAT) (17). Previously, a phase II clinical trial of 

cefiderocol was performed to determine the clinical safety profile of intravenous injectable cefiderocol compared with 

imipenem/cilastatin among patients who have complicated urinary tract infections (cUTIs) (18). Aside from a few reported 

adverse effects related to gastrointestinal side-effects and phlebitis, cefiderocol is well tolerated. The side-effects profile of 

cefiderocol is better than that of other cephalosporin antibiotics. Cefiderocol helps to treat infections caused by CR and 

MDR-GNB. It possesses promising antibacterial properties against resistant P. aeruginosa, Stenotrophomonas maltophilia, 

A. baumannii, and Burkholderia cepacia (18). Recently, the U.S. Food and Drug Administration (FDA) approved cefiderocol 

as a drug to treat cUTI (26). In addition, cefiderocol is a potential alternative option for treating various infections because 

of its exclusive mechanism of action, periplasmic penetration capacity, and stability against β-lactamase (18). In the early 

1990s, the siderophore cephalosporin (S-9096) was discovered and developed by Shionogi & Co., Ltd (Osaka, Japan) (16, 

18). It is a new US FDA approved drug with potential against CRE and drug-resistant non-fermenting GNB (24). Thus, here 

we review the current information on the structural characteristics, mode of action, pharmacological characteristics, and 

clinical application of cefiderocol for the future prospective use of cefiderocol.

STRUCTURAL CHARACTERISTICS AND MODE OF ACTION

Cefiderocol is a unique catechol-substituted cephalosporin that utilizes bacterial active transport channels to enter the 

periplasmic space from the outer cell membrane (17). The chemical structure and antibacterial components of cefiderocol 

are shown in Fig. 1. The potential of cefiderocol is dependent on its extensive stability against different extended-spectrum 

beta-lactamases (ESBLs), serine-type, and metallo-type carbapenemases (17, 20). Like other β-lactam antibacterial agents, 
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cefiderocol contains a four-membered β-lactam ring bound to a six-member dihydrothiazine ring. Furthermore, the C-3 

position of cefiderocol’s side chain includes a catechol moiety, 2-chloro3, 4-dihydroxybenzoic acid, which binds with a 

linker. The linker is bound by a covalent bond to the pyrrolidine ring (Fig. 1) (18, 27). Cefiderocol has a similar chemical 

structure to ceftazidime and cefepime. An aminoacyl group with an aminothiadiazole ring and a carboxypropyl-oxyimino 

chain associated with the α-carbon at the C-7 position of the side chain of cefiderocol is similar to ceftazidime. This 

aminothiazole ring plays a vital role in enlarging the spectrum of cephalosporins and increasing the effectiveness against 

pathogens (20, 28).

Moreover, the carboxypropyl-oxyimino group significantly impacts the increased transport through the outer cell 

membrane and the stability against different β-lactamases. It is liable for the enhanced effectiveness of cefiderocol against 

gram-negative microorganisms (28, 29). Like cefepime, cefiderocol has a pyrrolidinium functional group at carbon 

position-3, which increases antibacterial properties and stability against β-lactamases (30). The main difference between 

cefiderocol and ceftazidime and cefepime is a covalently bound chlorocatechol group with a pyrrolidine ring at position-3, 

which is responsible for siderophore activity (31). This pyrrolidine ring is responsible for zwitterionic properties that increase 

water solubility and allow rapid permeability through the outer cell wall of GNBs (28, 32). The C-3 side-chain accounts for 

the increased accumulation of cefiderocol in the periplasmic space, in contrast to ceftazidime and cefepime (31). The 

chlorocatechol group of cefiderocol allows chelate formation with ferric iron. Once a chelate complex as a siderophore is 

formed, the molecule across the cell wall of the gram-negative microorganism and the concentration of cefiderocol 

increase in the periplasmic region (28, 31). In the periplasmic space, the iron separates from the complex, and then 

cefiderocol becomes free and binds to penicillin-binding proteins (PBP).

The catechol moiety at the C-3 position of the cefiderocol side chain was enhanced to form chelating complexes with ferric 

iron. Using the active iron transporter, cefiderocol and siderophore-like molecules have excellent ability to transport 

extracellular iron into the periplasmic region from the outer cell wall of bacteria, especially gram-negative bacteria (Fig. 2) 

(31, 33). Chelated iron complexes can penetrate the periplasmic space. Then, the iron atom dissociates from the chelate 

complex and enters the cytoplasm. In the periplasmic space, cefiderocol is released from chelate complexes and binds with 

penicillin-binding proteins (PBPs), initially to PBP3, and blocks peptidoglycan synthesis that causes cell death (19, 31, 33). 

Even though most β-lactams penetrate the outer cell wall of gram-negative microorganisms by passive diffusion to cross 

porin channels, cefiderocol has an exclusive mechanism of action for its siderophore-like penetration (also known as a 

Trojan-horse strategy) in periplasmic space and the escape of β-lactamase (18). Another property of its mechanism of 

Fig. 1. Chemical structure of cefiderocol.
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action is its stability against almost all β-lactamases that enhance antibacterial properties compared to β-lactamase 

inhibitors, carbapenems, and other cephalosporins (18, 19). Strong inhibition of PBP3 by cefiderocol was evaluated by 

comparing half-inhibitory concentrations (IC50s) of cefiderocol (mean IC50 of cefiderocol for PBP3 of Escherichia coli = 0.04 

mg/L; mean IC50 for PBP3 of Pseudomonas aeruginosa = 0.06 mg/L) to the IC50s of ceftazidime (mean IC50 for PBP3 of 

Escherichia coli = 0.45 mg/L; mean IC50 for PBP3 of Pseudomonas aeruginosa = 0.09 mg/L) (33). 

PHARMACOLOGICAL CHARACTERISTICS

Cefiderocol has exhibited efficacy against different microorganisms such as P. aeruginosa, Proteus mirabilis, Escherichia 

coli, and the Enterobacter cloacae complex (34). An in vitro study of multi-national surveillance investigations for 

numerous gram-negative microorganisms, such as CR strains, has been documented. Among carbapenem-nonsusceptible 

strains of P. aeruginosa, Enterobacteriaceae, S. maltophilia, and A. baumannii, cefiderocol showed a superior susceptibility 

ratio compared with ceftolozane-tazobactam, ceftazidime-avibactam, ciprofloxacin, and colistin (16, 33, 35). The U.S. FDA 

susceptibility breakpoint for cefiderocol is ≤ 1 µg/mL and ≤ 2 µg/mL against P. aeruginosa and Enterobacteriaceae, 

respectively (34). Cefiderocol has no potential against gram-positive bacteria (34).

Cefiderocol shows time-dependent killing activity similar to other β-lactam antibacterial agents. Pharmacokinetics 

(PK)/pharmacodynamics (PD) studies predict the effectiveness of cefiderocol based upon the percentage of the frequency 

of dosing in which unbound drug concentrations are higher than the MIC (%fTMIC) (17, 36, 37). A murine respiratory tract 

model study illustrates that a longer infusion time of cefiderocol may increase its effectiveness (17, 36). From the above 

Fig. 2. Mechanism of action of cefiderocol. Cefiderocol actively and passively enters cells as well as overcomes resistance. It 

inhibits cell wall biosynthesis by binding to penicillin-binding proteins. It is also stable against all classes of β-lactamases.
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model, the %fTMIC values were 75% and 100% when cefiderocol was administered over 1 h and 3 h, respectively, against 

a Klebsiella pneumoniae (K. pneumoniae) CR strain, with an MIC of 4 µg/mL (17, 36). In a murine thigh and lung infection 

model involving P. aeruginosa strains, %fTMIC needed for a static effect, and the 1 − log10 diminution were similar for 

cefiderocol and cefepime. Static effects and 1 − log10 diminution were observed at 47% and 57%, respectively, for 

cefiderocol, and 61% and 87%, respectively, for cefepime (17, 37). 

Cefiderocol exhibits strong efficacy against different gram-negative pathogens in vitro and preclinical studies of microbial 

infection. Saisho et al. stated that single and multiple intravenous administration of cefiderocol is well tolerated up to 

2,000 mg in healthy subjects (38). There were no severe adverse effects observed in either single or multiple doses of the 

study. The half-life was observed from 1.98 to 2.74 h. It is mainly excreted unchanged in the urine (approximately 61.5% 

to 68.4% of the dose (38). The safety profile of cefiderocol was assessed for renal function impairment in another study 

(39). In this study, the assessment of a 1,000‐mg single intravenous infusion of cefiderocol was performed. The total drug 

clearance (CL) and half-life (t1/2) of cefiderocol correlated with renal function. Around 60% of cefiderocol was eliminated 

by hemodialysis for 3 to 4 hours. The plasma‐protein‐unbound portion was comparable between different renal function 

groups (39). The occurrence of adverse effects did not appear to be correlated with the extent of renal function 

impairment. A single intravenous dose of 1,000 mg cefiderocol was usually well-tolerated in subjects with impaired renal 

function. Taken together, renal function impairment affected clearance (CL) and half-life (t1/2) without affecting maximum 

plasma concentration (Cmax) (39). 

Pharmacokinetic-pharmacodynamic (PK/PD) investigations have shown that cefiderocol must be administered thrice daily 

(every 8 h). The main demographic reasons for the clinical significance in connection with dosage adjustment are renal 

function and body weight (40). The recommended dose of cefiderocol is 2 g intravenously thrice daily for patients with a 

creatinine clearance (CLcr) within 60 to 119 mL/min (17, 40). The proposed treatment time with cefiderocol was 7-14 

days. The period of treatment depends on the intensity of the infections and the clinical status of patients up to 14 days. 

Dosage adjustment is necessary for patients with renal impairment (patients with CLcr < 60 mL/min or > 120 mL/min) and 

end-stage renal disease (ESRD) (17). The suggested dosage for patients with a CLcr of 30 and 59 mL/min is 1.5 mg thrice 

daily (every 8 h) and 1 g thrice daily (every 8 h) for patients with a CLcr limit of 15–29 mL/min. Administration of 750 mg 

twice daily (every12 hrs) for patients with ESRD in the presence or absence of intermittent hemodialysis has been proposed 

(17, 40). In every case, the suggested infusion time is at least 3 hours (41). For patients with CLcr, ≥120 mL/min 

administration of 2 g twice daily (every 12 h) by intravenous infusion over 3 h is recommended. 

Cefiderocol is supplied as a sterile lyophilized powder. Before IV infusion, it should be reconstituted as well as subsequently 

diluted using an aseptic technique. Cefiderocol is supplied in clear white to off-white single-use glass vials containing 1 g of 

cefiderocol per vial (17). The cefiderocol is compatible with either 0.9% sodium chloride (NaCl) injection, USP, or 5% 

dextrose injection, USP. Cefiderocol powder must be reconstituted with either 10 mL of 0.9% sodium chloride (NaCl) for 

injection or 5% dextrose injection, with the suitable volume subsequently diluted in 100 mL of either sodium chloride or 

5% dextrose. The storage duration of reconstituted cefiderocol and diluted cefiderocol are 1 h and 4 h, respectively, at 

room temperature (17).

RESISTANCE, ADVERSE EFFECTS AND DRUG INTERACTIONS

Limited information is available regarding the resistance mechanism in clinical isolates. In gram-negative bacteria, β-Lactam 

and carbapenem resistance increase via different mechanisms, such as PBP mutations, β-lactamases, efflux, and 

permeability reduction due to the loss of porin or mutation (18). Ito et al. evaluated P. aeruginosa isolates’ resistance and 

evaluated the resistance mechanism of cefiderocol (17). This study illustrated that the resistance of different mutants to 

cefiderocol was less than that of ceftazidime at different doses, which were four- and ten-fold higher than the MIC of the 

mentioned agents. The resistance mechanism was observed due to mutations in the iron transporter genes, but 
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cross-resistance was not exhibited with ceftazidime (17). Kohira et al. investigated a ten-generation serial passage 

investigation utilizing cefiderocol, ceftazidime, and meropenem with three strains of K. pneumoniae and two P. aeruginosa 

strains (18). The MICs of cefiderocol are increased by 4-fold or less against all of these strains (18). Another recent 

investigation evaluated the resistance mechanism of isolates showing in the SIDERO-CR-2014/2016 that the MIC of 

cefiderocol was greater than or equal to 8 µg/mL. The addition of avibactam, an inhibitor of serine β-lactamase, with or 

without dipicolinic acid, an inhibitor of metallo-β-lactamase inhibitor, exhibited a lower MIC against the mentioned 

resistant isolates (17). 

Cefiderocol is contraindicated for patients with severe hypersensitivity to cefiderocol or other β-lactam antibiotics due to 

the recognized cross-reactivity of β-lactam antibiotics (17). The cross-reactivity study of cefiderocol and ceftazidime/ 

cefepime is not available. Therefore, precautions should be taken in patients allergic to ceftazidime/cefepime upon 

subsequent replacement by cefiderocol antibiotic therapy (17). There is a warning that cefiderocol is associated with an 

enhanced mortality rate in patients with CRE infections. Further warnings regarding Clostridioides difficile-associated 

diarrhea (CDAD), as well as the development of drug-resistant microorganisms, have been issued (17). The most frequent 

adverse effects of cefiderocol are hypertension (4%), diarrhea (4%), headache (3%), infusion site pain (3%), constipation 

(3%), cough (2%), nausea (2%), and vomiting (2%) (42). 

A clinical investigation was recently performed to evaluate the potential inhibition of cefiderocol on drug transporters (17, 

43). When cefiderocol was co-administered with furosemide and metformin, the Cmax and area under the plasma 

concentration-time curve (AUC) were unchanged, but when co-administered with rosuvastatin, the Cmax and AUC0-inf of 

rosuvastatin were slightly increased but was not considered significant (17, 43). Cefiderocol has no significant drug-drug 

interaction effects via drug transporters (43). 

CLINICAL APPLICATION

Cefiderocol, a potent injectable cephalosporin, is effective against various gram-negative microorganisms. Its exclusive 

action allows high penetration in the periplasmic space and increases the stability of various β-lactamases (24). Moreover, a 

dose of 2 g as a 3-h infusion thrice daily has been selected based on pharmacodynamic analysis (24). In vivo studies 

regarding the efficiency of cefiderocol were investigated in different animal infection models and were deemed superior to 

or similar compared with other drugs, including ciprofloxacin, tigecycline, and cefepime. Therefore, cefiderocol holds a 

critical place in therapy of cUTI, especially against infectious gram-negative bacterial disease (24). Few adverse effects and 

drug-drug interactions and the ability to widely escape from all three CR mechanisms by gram-negative microorganisms 

make cefiderocol a promising antibiotic in the antibiotic armamentarium (24). It remains unclear whether cefiderocol is 

appropriate for treating serious systemic infections, including pneumonia, and bloodstream infections (BSI) (24). 

On 14th November 2019, the FDA approved cefiderocol, as a siderophore-cephalosporin conjugate antibiotic for the 

treatment of adult patients with cUTIs, including kidney infections initiated by vulnerable gram-negative microorganisms, 

when patients have no or rare options for treatment (44). The FDA approval for treatment was based on various preclinical 

and clinical experimental data, such as in vitro and in vivo studies, along with a pharmacokinetic and pharmacodynamic 

investigation that demonstrated the potential of cefiderocol as a treatment for cUTI (44). 

CONCLUSION

The persistence of multi-resistant and excessively resistant gram-negative microorganisms is a global health problem and 

underscores the essential need for new antibiotics (45, 46). Cefiderocol has been developed for targeting P. aeruginosa, 

Enterobacteriaceae, A. baumannii, and S. maltophilia (19, 47). Cefiderocol has recently received approval from the US FDA 
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for the treatment of patients with cUTIs. Thus, physicians now have an alternative antibiotic option for treating adult 

patients with different infections caused by various resistant microorganisms. Cefiderocol was well-tolerated in a clinical 

study of patients with cUTIs (17). Thus, cefiderocol holds a crucial place in cUTI therapy, but further studies are required to 

establish its application in other serious systemic infections, including pneumonia and bloodstream infections (24). Finally, 

cefiderocol is a potential new antibiotic owing to its novel mechanism of action, higher intracellular penetration capacity 

into the periplasmic space, and better stability against β-lactamases.

REFERENCES

1) Rahman MS, Koh YS. Delafloxacin, a new miracle in antibiotics armamentarium for bacterial infections. J Bacteriol 

Virol 2019;49:39–43. 

2) Rahman MS, Koh YS. Omadacycline, a magic antibiotics for bacterial infections. J Bacteriol Virol 2018;48:109–12. 

3) Jean SS, Hsueh SC, Lee WS, Hsueh PR. Cefiderocol: a promising antibiotic against multidrug-resistant Gram-negative 

bacteria. Expert Rev Anti Infect Ther 2019;17:307–9. 

4) Jean SS, Hsueh PR, SMART Asia-Pacific Group. Distribution of ESBLs, AmpC β-lactamases and carbapenemases 

among Enterobacteriaceae isolates causing intra-abdominal and urinary tract infections in the Asia-Pacific region 

during 2008-14: Results from the Study for Monitoring Antimicrobial Resistance Trends (SMART). J Antimicrob 

Chemother 2017;72:166–71. 

5) Jean SS, Lee WS, Lam C, Hsu CW, Chen RJ, Hsueh PR. Carbapenemase-producing Gram-negative bacteria: current 

epidemics, antimicrobial susceptibility and treatment options. Future Microbiol 2015;10:407–25. 

6) Tacconelli E, Carrara E, Savoldi A, Harbarth S, Mendelson M, Monnet DL, et al. Discovery, research, and development 

of new antibiotics: the WHO priority list of antibiotic-resistant bacteria and tuberculosis. Lancet Infect Dis 

2018;18:318–27. 

7) Falagas ME, Skalidis T, Vardakas KZ, Legakis NJ, Hellenic Cefiderocol Study Group. Activity of cefiderocol (S-649266) 

against carbapenem-resistant Gram-negative bacteria collected from inpatients in Greek hospitals. J Antimicrob 

Chemother 2017;72:1704–8. 

8) Falagas ME, Vouloumanou EK, Samonis G, Vardakas KZ. Fosfomycin. Clin Microbiol Rev 2016;29:321-47. 

9) Falagas ME, Mavroudis AD, Vardakas KZ. The antibiotic pipeline for multi-drug resistant gram negative bacteria: what 

can we expect? Expert Rev Anti Infect Ther 2016;14:747–63. 

10) Choi JJ, McCarthy MW. Cefiderocol: a novel siderophore cephalosporin. Expert Opin Investig Drugs 2018;27:193–7. 

11) Saha M, Sarkar S, Sarkar B, Sharma BK, Bhattacharjee S, Tribedi P. Microbial siderophores and their potential 

applications: a review. Environ Sci Pollut Res Int 2016;23:3984–99. 

12) Möllmann U, Heinisch L, Bauernfeind A, Köhler T, Ankel-Fuchs D. Siderophores as drug delivery agents: application of 

the “Trojan Horse” strategy. BioMetals 2009;22:615–24. 

13) Górska A, Sloderbach A, Marszałł MP. Siderophore–drug complexes: potential medicinal applications of the ‘Trojan 

horse’ strategy. Trends Pharmacol Sci 2014;35:442–9. 

14) Page MGP, Dantier C, Desarbre E. In Vitro Properties of BAL30072, a Novel Siderophore Sulfactam with Activity 

against Multiresistant Gram-Negative Bacilli. Antimicrob Agents Chemother 2010;54:2291-2302.

15) Foley TL, Simeonov A. Targeting iron assimilation to develop new antibacterials. Expert Opin Drug Discov 2012;7:831–47. 



Design and Development of Cefiderocol MS Rahman, et al.

www.ksmkorea.org / www.ksov.org 225

16) Sato T, Yamawaki K. Cefiderocol: Discovery, Chemistry, and In Vivo Profiles of a Novel Siderophore Cephalosporin. 

Clin Infect Dis 2019;69:S538–43. 

17) El-Lababidi RM, Rizk JG. Cefiderocol: A Siderophore Cephalosporin. Ann Pharmacother 2020;54(12):1215-31.

18) Zhanel GG, Golden AR, Zelenitsky S, Wiebe K, Lawrence CK, Adam HJ, et al. Cefiderocol: A Siderophore 

Cephalosporin with Activity Against Carbapenem-Resistant and Multidrug-Resistant Gram-Negative Bacilli. Drugs 

2019;79:271–89. 

19) Kohira N, West J, Ito A, Ito-Horiyama T, Nakamura R, Sato T, et al. In vitro antimicrobial activity of a siderophore 

cephalosporin, S-649266, against Enterobacteriaceae clinical isolates, including carbapenem-resistant strains. Antimicrob 

Agents Chemother 2015;60:729–34. 

20) Ito-Horiyama T, Ishii Y, Ito A, Sato T, Nakamura R, Fukuhara N, et al. Stability of novel siderophore cephalosporin 

S-649266 against clinically relevant carbapenemases. Antimicrob Agents Chemother 2016;60:4384–6. 

21) Gupta N, Limbago BM, Patel JB, Kallen AJ. Carbapenem-resistant enterobacteriaceae: Epidemiology and prevention. 

Clin Infect Dis 2011;53:60–7. 

22) Papp-Wallace KM, Endimiani A, Taracila MA, Bonomo RA. Carbapenems: Past, present, and future. Antimicrob 

Agents Chemother 2011;55:4943–60. 

23) Wright H, Bonomo RA, Paterson DL. New agents for the treatment of infections with Gram-negative bacteria: 

restoring the miracle or false dawn? Clin Microbiol Infect 2017;23:704–12. 

24) Wu JY, Srinivas P, Pogue JM. Cefiderocol: A Novel Agent for the Management of Multidrug-Resistant Gram-Negative 

Organisms. Infect Dis Ther 2020;9:17–40. 

25) Wunderink RG, Wunderink RG, Matsunaga Y, Ari M, Ariyasu M, Echols R, et al. LB4. Efficacy and Safety of 

Cefiderocol vs. High-Dose Meropenem in Patients with Nosocomial Pneumonia—Results of a Phase 3, Randomized, 

Multicenter, Double-Blind, Non-Inferiority Study. Open Forum Infect Dis 2019;6:S994. 

26) Kufel WD, Steele JM, Riddell SW, Jones Z, Shakeraneh P, Endy TP. Cefiderocol for treatment of an empyema due to 

extensively drug-resistant Pseudomonas aeruginosa: Clinical observations and susceptibility testing considerations. 

IDCases 2020;21:e00863. 

27) Ito A, Nishikawa T, Matsumoto S, Yoshizawa H, Sato T, Nakamura R, et al. Siderophore Cephalosporin Cefiderocol 

Utilizes Ferric Iron Transporter Systems for Antibacterial Activity against Pseudomonas aeruginosa. Antimicrob Agents 

Chemother 2016;60:7396-401. 

28) Dunn GL. Ceftizoxime and other third-generation cephalosporins: structure-activity relationships. J Antimicrob 

Chemother 1982;10:1–10. 

29) Neu HC. β-Lactam Antibiotics: Structural Relationships Affecting in Vitro Activity and Pharmacologic Properties. Rev 

Infect Dis 1986;8:S237–59. 

30) Aoki T, Yoshizawa H, Yamawaki K, Yokoo K, Sato J, Hisakawa S, et al. Cefiderocol (S-649266), A new siderophore 

cephalosporin exhibiting potent activities against Pseudomonas aeruginosa and other gram-negative pathogens 

including multi-drug resistant bacteria: Structure activity relationship. Eur J Med Chem 2018;155:847–68. 

31) Ito A, Nishikawa T, Yamano Y, Matsumoto S, Yoshizawa H, Sato T, et al. Siderophore Cephalosporin Cefiderocol 

Utilizes Ferric Iron Transporter Systems for Antibacterial Activity against Pseudomonas aeruginosa. Antimicrob Agents 

Chemother 2016;60:7396–401. 

32) Grassi GG, Grassi C. Cefepime: overview of activity in vitro and in vivo. J Antimicrob Chemother 1993;32:87–94. 



JBV Journal of

Bacteriology and Virology VOL 50. NO 4. December 2020

226 Copyright � 2020 Journal of Bacteriology and Virology

33) Ito A, Sato T, Ota M, Takemura M, Nishikawa T, Toba S, et al. In Vitro Antibacterial Properties of Cefiderocol, a Novel 

Siderophore Cephalosporin, against Gram-Negative Bacteria. Antimicrob Agents Chemother 2017;62:e01454-17. 

34) Alegria W. Cefiderocol (Fetroja). Infect Dis Alert 2020;39:1–4. 

35) Yamano Y. In Vitro Activity of Cefiderocol Against a Broad Range of Clinically Important Gram-negative Bacteria. Clin 

Infect Dis 2019;69:S544–51. 

36) Matsumoto S, Singley CM, Hoover J, Nakamura R, Echols R, Rittenhouse S, et al. Efficacy of Cefiderocol against 

Carbapenem-Resistant Gram-Negative Bacilli in Immunocompetent-Rat Respiratory Tract Infection Models Recreating 

Human Plasma Pharmacokinetics. Antimicrob Agents Chemother 2017;61:e00700-17. 

37) Nakamura R, Ito-Horiyama T, Takemura M, Toba S, Matsumoto S, Ikehara T, et al. In Vivo Pharmacodynamic Study of 

Cefiderocol, a Novel Parenteral Siderophore Cephalosporin, in Murine Thigh and Lung Infection Models. Antimicrob 

Agents Chemother 2019;63:e02031-18. 

38) Saisho Y, Katsube T, White S, Fukase H, Shimada J. Pharmacokinetics, Safety, and Tolerability of Cefiderocol, a Novel 

Siderophore Cephalosporin for Gram-Negative Bacteria, in Healthy Subjects. Antimicrob Agents Chemother 

2018;62:e02163-17. 

39) Katsube T, Echols R, Arjona Ferreira JC, Krenz HK, Berg JK, Galloway C. Cefiderocol, a Siderophore Cephalosporin for 

Gram-Negative Bacterial Infections: Pharmacokinetics and Safety in Subjects With Renal Impairment. J Clin Pharmacol 

2017;57:584–91. 

40) Kawaguchi N, Katsube T, Echols R, Wajima T. Population Pharmacokinetic Analysis of Cefiderocol, a Parenteral 

Siderophore Cephalosporin, in Healthy Subjects, Subjects with Various Degrees of Renal Function, and Patients with 

Complicated Urinary Tract Infection or Acute Uncomplicated Pyelonephritis. Antimicrob Agents Chemother 

2018;62:e01391-17. 

41) Katsube T, Wajima T, Ishibashi T, Arjona Ferreira JC, Echols R. Pharmacokinetic/Pharmacodynamic Modeling and 

Simulation of Cefiderocol, a Parenteral Siderophore Cephalosporin, for Dose Adjustment Based on Renal Function. 

Antimicrob Agents Chemother 2016;61:e01381-16. 

42) Portsmouth S, van Veenhuyzen D, Echols R, Machida M, Arjona Ferreira JC, Ariyasu M, et al. Cefiderocol versus 

imipenem-cilastatin for the treatment of complicated urinary tract infections caused by Gram-negative uropathogens: 

a phase 2, randomised, double-blind, non-inferiority trial. Lancet Infect Dis 2018;18:1319–28. 

43) Katsube T, Miyazaki S, Narukawa Y, Hernandez-Illas M, Wajima T. Drug-drug interaction of cefiderocol, a 

siderophore cephalosporin, via human drug transporters. Eur J Clin Pharmacol 2018;74:931–8. 

44) McCarthy MW. Cefiderocol to treat complicated urinary tract infection. Drugs Today (Barc) 2020;56:177-84.

45) Li XZ, Plésiat P, Nikaido H. The challenge of efflux-mediated antibiotic resistance in Gram-negative bacteria. Clin 

Microbiol Rev 2015;28:337–418. 

46) Livermore DM. Current epidemiology and growing resistance of gram-negative pathogens. Korean J Intern Med 

2012;27:128–42. 

47) Hackel MA, Tsuji M, Yamano Y, Echols R, Karlowsky JA, Sahm DF. In Vitro Activity of the Siderophore Cephalosporin, 

Cefiderocol, against a Recent Collection of Clinically Relevant Gram-Negative Bacilli from North America and Europe, 

Including Carbapenem-Nonsusceptible Isolates (SIDERO-WT-2014 Stud). Antimicrob Agents Chemother 

2017;61:e00093-17. 


