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Abstract 
Background: Antimicrobial resistance (AMR) poses a major global health threat, particularly in urinary tract infections 
(UTIs) where multidrug-resistant uropathogens increasingly compromise empirical treatment. Newer antimicrobials 
such as cefiderocol and ceftazidime-avibactam (CZA) require evaluation against local resistance patterns to guide 
therapeutic decisions 
Objective: To compare the in vitro susceptibility patterns of cefiderocol and ceftazidime-avibactam with the study-
specific antibiogram of standard antibiotics in urinary tract isolates at a tertiary care centre. 
Methods: A cross-sectional study was conducted on 100 urine samples from confirmed UTI cases at Government 
Medical College, Amritsar. Organisms were identified by standard microbiological methods. Antibiotic susceptibility 
testing was performed by the Kirby-Bauer disc diffusion method and interpreted using CLSI M100 (2024) guidelines. 
Susceptibility to cefiderocol and CZA was compared with a panel of standard antibiotics tested on the same isolates. 
Results: Gram-negative organisms predominated (78%), with Escherichia coli (43%) and Klebsiella spp. (20%) being 
the most common. Cefiderocol demonstrated overall susceptibility of 92.4% against Gram-negative isolates, CZA 
showed lower overall susceptibility (52.8%), with high resistance in Klebsiella (60%) and Pseudomonas (50%). The 
difference was statistically significant (χ² = 30.84, p < 0.0001). The study specific antibiogram revealed high resistance 
to ampicillin, cotrimoxazole and fluoroquinolones, while nitrofurantoin and imipenem retained good activity. Among 
Gram-positive isolates (22%), vancomycin and linezolid showed 100% susceptibility. 
Conclusion: Cefiderocol demonstrated superior in vitro activity compared to CZA against Gram-negative uropathogens. 
The study specific antibiogram underscores widespread resistance to first-line antibiotics, reinforcing the need for 
culture-guided therapy and antimicrobial stewardship. 
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1. Introduction 
Antimicrobial resistance (AMR) is a global public health 
crisis. In 2019, AMR was directly responsible for 
approximately 1.27 million deaths and contributed to 
nearly 5 million deaths worldwide [1]. India bears a 
disproportionate burden, with over 1 million AMR-
related deaths in 2019, ranking among the highest 
globally in age-standardized AMR mortality [2]. The 
World Health Organization has identified AMR as one of 
the top ten threats to global health and emphasizes the 
urgency of surveillance and stewardship efforts [3]. 
Urinary tract infections (UTIs) are among the most 
common bacterial infections encountered in both 
community and hospital settings, accounting for 
approximately 30-40% of all healthcare-associated 
infections [4]. The aetiological landscape of UTIs is 
dominated by Gram-negative organisms, particularly 

Escherichia coli and Klebsiella pneumoniae, with rising 
prevalence of multidrug resistant (MDR) phenotypes 
including extended-spectrum β-lactamase (ESBL) 
producers and carbapenem-resistant Enterobacterales 
(CRE) [5,6]. This escalating resistance has rendered
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empirical treatment with conventional antibiotics increasingly unreliable. 
Cefiderocol is a novel siderophore cephalosporin that exploits bacterial iron transport systems to penetrate the outer 
membrane of Gram-negative bacteria, thereby overcoming multiple resistance mechanisms including porin loss and 
efflux pump overexpression [7]. It demonstrates potent in vitro activity against carbapenem-resistant organisms, 
including those producing metallo-β-lactamases (MBLs) [8]. Ceftazidime-avibactam (CZA) is a β-lactam/β-lactamase 
inhibitor combination active against class A (KPC), class C (AmpC) and some class D (OXA-48) β-lactamases; 
however, avibactam does not inhibit class B metallo-β-lactamases (NDM, VIM, IMP) which limits its efficacy in 
regions where MBL producers predominate [9]. 
Antimicrobial stewardship programmes rely heavily on institution-specific antibiograms to guide empirical therapy [10]. 
However, data simultaneously comparing cefiderocol and CZA against standard antibiotic panels in the same set of 
urinary isolates remain scarce, particularly from tertiary care centres in North India [11]. Given the regional variability 
in resistance mechanisms, locally generated susceptibility data are essential for rational prescribing [12]. 
 
Given this background, the present study was designed to compare the in vitro susceptibility patterns of cefiderocol and 
ceftazidime-avibactam with the study specific antibiogram of routinely tested antibiotics in urinary tract isolates at a 
tertiary care centre. 
 
Materials And Methods 
Study Design and Setting 
This cross-sectional study was conducted at the Department of Pharmacology in collaboration with the Department of 
Microbiology, Government Medical College, Amritsar, India. Ethical approval was obtained from the Institutional 
Ethics Committee prior to the commencement of the study. Written informed consent was obtained from all participants 
in accordance with the Declaration of Helsinki. 
Sample Size Determination [13] 
 
Prevalence of UTI is approximately 70% in study area. The sample size was determined as follows: 

n=Z2 x p x qd2 

Where; 

n 

p 

= 

= 

required sample 

anticipated prevalence (%) 

q = 100-p (%) 

Z = appropriate value from the standard normal deviate at 95 % level of 

  confidence (1.96) in this study 

d = degree of precision set at 9 %. 

Sample size (n) =         1.962 x 0.7 x 0.3 

(0.09)2 

n = 100 

 
 
Study Population and Sampling 
A total of 100 urine samples from clinically confirmed UTI cases were collected using stratified random sampling. 
Samples were obtained from patients attending the outpatient department (OPD), wards and intensive care units (ICU). 
Inclusion criteria comprised patients of all ages and genders with informed written consent and clinical features 
suggestive of UTI. Patients who had received antibiotic therapy within one week prior to sample collection and samples 
showing contamination, mixed growth or no growth were excluded. 
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Microbiological Processing 
Clean-catch midstream urine samples were processed within two hours of collection. Wet mount examination was 
performed for preliminary assessment. Samples were inoculated on Blood Agar and MacConkey Agar using the 
standard loop method and incubated aerobically at 37°C for 18-24 hours. Colony morphology, Gram staining and 
standard biochemical tests (catalase, coagulase, oxidase, indole, urease, triple sugar iron, citrate, methyl red and Voges-
Proskauer tests) were performed for organism identification [14]. 
Antibiotic Susceptibility Testing 
Antibiotic susceptibility testing (AST) was performed by the Kirby-Bauer disc diffusion method on Mueller-Hinton 
agar, following CLSI M100 (2024) guidelines [15]. For Gram-negative isolates, susceptibility was tested for 
cefiderocol, ceftazidime-avibactam, ampicillin, amoxicillin-clavulanate, ampicillin-sulbactam, cefepime, ceftriaxone, 
ceftazidime, cotrimoxazole, gentamicin, imipenem, norfloxacin, nitrofurantoin and piperacillin-tazobactam. For Gram-
positive isolates, linezolid, ampicillin, cotrimoxazole, cefepime, gentamicin, nitrofurantoin, norfloxacin and vancomycin 
were tested. Disc zone diameters were interpreted as susceptible (S), resistant (R) using organism-specific CLSI 
breakpoints. 
As per CLSI M100, cefiderocol breakpoints are applicable for Enterobacterales, Pseudomonas aeruginosa and 
Acinetobacter spp., while CZA breakpoints are available only for Enterobacterales and P. aeruginosa. Accordingly, 
susceptibility data for CZA exclude Acinetobacter spp. (n = 4). 
Study Design and Workflow 
The study workflow is illustrated in Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Study flow diagram showing sample processing, organism identification, antibiotic susceptibility testing 
workflow and overall susceptibility results. CZA = Ceftazidime-Avibactam. 
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Statistical Analysis 
Data were entered and managed using Microsoft Excel. Categorical variables were expressed as frequencies and 
percentages. The chi-square test was used to compare susceptibility rates between cefiderocol and CZA. P less than 0.05 
was considered statistically significant. 
 
Results 
Demographic And Clinical Profile 
Of the 100 study participants, the majority were in the 31-40-year age group (39%), followed by 21-30 years (33%). 
Females constituted 79% of cases. Sixty percent of samples were collected from OPD patients, 32% from wards and 8% 
from ICU settings. Urinary catheterisation was present in 13% of patients (Table 1). 
 

Table 1. Demographic and Clinical Profile of Study Participants (n = 100). Data represented as n (%). 
Variable Category n (%) 

Age Group 0-10 years 1 (1.0) 

 11-20 years 5 (5.0) 

 21-30 years 33 (33.0) 

 31-40 years 39 (39.0) 

 41-50 years 17 (17.0) 

 51+ years 5 (5.0) 

Gender Female 79 (79.0) 

 Male 21 (21.0) 

Sample Source OPD 60 (60.0) 

 Ward 32 (32.0) 

 Ward-ICU 8 (8.0) 

Urinary Catheter Yes 13 (13.0) 

 No 87 (87.0) 

 
Microbiological Profile 
Gram-negative organisms constituted 78% and Gram-positive organisms 22% of all isolates. Among Gram-negative 
isolates, E. coli was the most prevalent uropathogen (43%), followed by Klebsiella spp. (20%), Pseudomonas spp. (8%), 
Acinetobacter spp. (4%) and Proteus spp. (3%). Among Gram-positive isolates, MRSA accounted for 9%, MRCONS 
8% and Enterococcus spp. 5% (Table 2). 
 

Table 2. Microbiological Profile of Urinary Isolates (n = 100). Data represented as n (%) 
Gram Stain Organism n (%) 

 
 
Gram-Negative (n = 78) 

Escherichia coli 43 (43.0) 

Klebsiella spp. 20 (20.0) 

Pseudomonas spp. 8 (8.0) 

Acinetobacter spp. 4 (4.0) 

Proteus spp. 3 (3.0) 

 
Gram-Positive (n = 22) 

MRSA 9 (9.0) 

MRCONS 8 (8.0) 
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Enterococcus spp. 5 (5.0) 

Total  100.0 

 
 
MRSA = Methicillin-resistant Staphylococcus aureus; MRCONS = Methicillin-resistant coagulase-negative 
staphylococci. 
 
Comparative Susceptibility of Cefiderocol and Ceftazidime-Avibactam 
Cefiderocol demonstrated overall susceptibility of 92.4% (72/78) among Gram-negative isolates. CZA showed 
susceptibility of 52.8% (39/74). The difference was statistically significant (χ² = 30.84, p < 0.0001). Organism-specific 
susceptibility patterns are presented in Table 3 and Figure 2. 
 
Table 3. Comparative In Vitro Susceptibility of Cefiderocol and Ceftazidime-Avibactam against Gram-Negative 

Uropathogens. Data represented as number of isolates (n) and susceptibility proportion (%). 
Organism n FDC S% FDC R% CZA S% CZA R% p-value 

E. coli 43 95.1 4.9 58.1 41.9 - 

Klebsiella 20 85.0 15.0 40.0 60.0 - 

Proteus 3 100.0 0.0 66.7 33.3 - 

Pseudomonas 8 100.0 0.0 50.0 50.0 - 

Acinetobacter 4 75.0 25.0 N/A N/A - 

Total 78* 92.4 7.6 52.8 47.2 <0.0001 

 
 
FDC = Cefiderocol; CZA = Ceftazidime-Avibactam; S = Susceptible; R = Resistant. 
 
*CZA total n = 74 (Acinetobacter excluded per CLSI). Breakpoints per CLSI M100 (2024). Chi-square test was used to 
compare susceptibility rates between cefiderocol and CZA. A p-value < 0.05 was considered statistically significant. 
Figure 2. Organism-wise comparison of in vitro susceptibility rates of cefiderocol and ceftazidime-avibactam against 
Gram-negative uropathogens. Data represented as susceptibility percentage (%). N/A indicates that CLSI breakpoints 
for ceftazidime-avibactam are not available for Acinetobacter spp. Chi-square test was used for overall comparison (χ² 
= 30.84, p < 0.0001). 
 
Study-Specific Antibiogram: Standard Antibiotics 
The study-specific antibiogram for Gram-negative isolates revealed low susceptibility to, ampicillin (16.3% in E. coli), 
cotrimoxazole (18.6% in E. coli, 25% in Klebsiella) and fluoroquinolones (39.6% in E. coli). Imipenem retained good 
activity against E. coli (83.7%) and Klebsiella (80%). Nitrofurantoin demonstrated excellent activity against E. coli 
(88.3%) and Klebsiella (90%). Among Gram-positive isolates, vancomycin and linezolid showed 100% susceptibility 
across MRSA, MRCONS and Enterococcus (Table 4). 

 
Table 4. Study-Specific Antibiogram: Susceptibility Rates of Standard Antibiotics Against Urinary Isolates. Data 

represented as Susceptibility Percentage (%). 
Antibiotic E. coli (%) Kleb. (%) Prot. (%) Pseu. (%) Acin. (%) MRSA (%) Entc. (%) 

Ampicillin 16.3 - - - - 44.4 80.0 

Ampicillin-Sulbactam 23.2 - - - 25.0 - - 

Amoxicillin-Clavulanate 60.1 - - - - - - 
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Cefepime 93.0 40.0 66.7 25.0 25.0 11.1 - 

Ceftriaxone 41.9 50.0 66.7 - 25.0 - - 

Ceftazidime 34.8 35.0 33.3 37.5 25.0 - - 

Cotrimoxazole 18.6 25.0 33.3 - 25.0 23.3 - 

Gentamicin 62.8 60.0 100.0 62.5 50.0 33.3 60.0 

Imipenem 83.7 80.0 66.7 100.0 75.0 - - 

Nitrofurantoin 88.3 90.0 - - - 88.9 60.0 

Norfloxacin 39.6 20.0 33.3 25.0 50.0 44.4 - 

Pip-Tazo 27.9 15.0 33.3 25.0 25.0 - - 

Linezolid - - - - - 88.9 100.0 

Vancomycin - - - - - 100.0 100.0 

 
 
- = Not tested / Not applicable. Kleb. = Klebsiella; Prot. = Proteus; Pseu. = Pseudomonas; Acin. = Acinetobacter; Entc. 
= Enterococcus; Pip-Tazo = Piperacillin-Tazobactam. MRCONS data included but not shown separately for brevity 
(patterns comparable to MRSA). 
 
Table 5. Suggested Empirical Antibiotic Selection Based on the Study-Specific Antibiogram. Data represented as 

categorical recommendations. 
Organism 1st Line (Preferred) 2nd Line (Acceptable) 

GRAM-NEGATIVE ORGANISMS 

Enterobacterales 

Escherichia coli Cefiderocol / Cefepime Imipenem / Nitrofurantoin 

Klebsiella spp. Nitrofurantoin Cefiderocol 

Proteus spp. Cefiderocol / Gentamicin None 

Non-Fermenters 

Pseudomonas spp. Cefiderocol / Imipenem None 

 
Acinetobacter spp. 

 
None 

 
None 

GRAM-POSITIVE ORGANISMS 

Enterococcus spp. Linezolid / Vancomycin Ampicillin 

MRSA Vancomycin Nitrofurantoin 

MRCONS Vancomycin Linezolid / Nitrofurantoin 

 
1st Line (Preferred): Resistance <10% in the present 
study — high probability of therapeutic success. 

2nd Line (Acceptable): Resistance 10–20% — suitable 
alternative when first-line agents are contraindicated. 
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None = No antibiotic met the resistance threshold criteria 
for recommendation. 
MRSA = Methicillin-resistant Staphylococcus aureus; 
MRCONS = Methicillin-resistant coagulase-negative 
staphylococci. 
Note: Sample sizes for Proteus (n = 3), Pseudomonas (n 
= 8) and Acinetobacter (n = 4) are small; 
recommendations for these organisms should be 
interpreted with caution. 
Based on the susceptibility patterns observed in the 
present study, empirical antibiotic recommendations 
were formulated using a resistance threshold approach 
(Table 5). Antibiotics with less than 10% resistance were 
classified as preferred first-line agents, while those with 
10–20% resistance were designated as acceptable 
second-line alternatives. Among Gram negative 
Enterobacterales, cefiderocol, cefepime and 
nitrofurantoin emerged as reliable first line options, with 
imipenem serving as a second-line agent; for non-
fermenting organisms, cefiderocol and imipenem were 
the only agents that met the threshold. Among Gram 
positive isolates, vancomycin and linezolid were 
uniformly effective as first-line agents across all 
organisms tested. 
 
Discussion 
The present cross-sectional study evaluated the in vitro 
susceptibility of cefiderocol and ceftazidime-avibactam 
alongside a panel of standard antibiotics in 100 urinary 
isolates from a tertiary care centre in North India. 
Cefiderocol demonstrated significantly superior overall 
susceptibility (92.4%) compared to CZA (52.8%, p < 
0.0001) and the study-specific antibiogram highlights 
widespread resistance to commonly prescribed empirical 
agents. 
The demographic profile had female predominance 
(79%) and peak incidence in the 21–40-year age group 
(72%), is consistent with established UTI epidemiology. 
Flores-Mireles et al., in a comprehensive review, 
reported that women account for the majority of UTI 
cases due to anatomical and hormonal factors [4]. 
Hooton similarly documented female-to-male UTI ratios 
of 3-4:1 in community settings [16]. Khan et al., studied 
uropathogens at a tertiary centre in Lucknow, India and 
reported 48% of cases in patients aged 20-40 years - this 
was close to the present findings [6]. 
The predominance of Gram-negative organisms (78%) 
aligns with global UTI surveillance data. The E. coli 
prevalence of 43% in the present study is consistent with 
reports by Flores-Mireles et al. (50-70%) [4], Khan et al. 
(48%) [6], and Bakshi et al. (41%) from Punjab [17]. 
Klebsiella spp. at 20% was slightly higher than many 
community-based studies, possibly reflecting the mixed 
OPD hospital sampling strategy and higher antibiotic 
selection pressure in this setting [6,17]. 
Cefiderocol exhibited excellent organism-specific 
performance: E. coli 95.3%, Klebsiella 85%, 
Pseudomonas 100% and Proteus 100%. It also 
demonstrated excellent activity against carbapenem-
resistant isolates. These findings are consistent with 
published data. Borde et al., evaluating cefiderocol 

against meropenem-resistant Klebsiella isolates in India, 
reported 80% susceptibility [18]. Malisova et al., 
studying carbapenem-resistant Enterobacterales in 
Europe, reported 81.9% susceptibility to cefiderocol [19]. 
The CREDIBLE-CR trial by Bassetti et al. demonstrated 
cefiderocol efficacy against carbapenem-resistant Gram-
negative infections, including UTIs, supporting its role in 
treating complicated resistant infections [8]. 
In contrast, CZA showed comparatively lower 
susceptibility (52.8% overall), with particularly poor 
performance against Klebsiella (40%) and Pseudomonas 
(50%). This is notably lower than Western surveillance 
data: Zalas-Więcek et al. reported CZA susceptibility of 
98.9% against Enterobacterales in Poland [20]. However, 
the present findings are more consistent with Indian 
studies. The reduced CZA performance likely reflects the 
high prevalence of metallo-β-lactamase (MBL) 
producers, particularly NDM-type, in North India, as 
avibactam does not inhibit class B enzymes [9,21]. 
The addition of avibactam to ceftazidime improved 
susceptibility compared to ceftazidime alone in E. coli 
(from 34.8% to 58.1%), Proteus (33.3% to 66.7%) and 
Pseudomonas (37.5% to 50%), confirming the presence 
of avibactam-inhibitable β-lactamases (class A/C/D). 
However, the improvement was minimal in Klebsiella 
(35% to 40%), suggesting predominant MBL-mediated 
resistance in these isolates. 
The study-specific antibiogram revealed high resistance 
to commonly used empirical agents. Fluoroquinolone 
resistance in E. coli (60.4%) and Klebsiella (80%) is 
consistent with data from the Indian Council of Medical 
Research (ICMR) Antimicrobial Resistance Surveillance 
Network, which reported 65-75% fluoroquinolone 
resistance in E. coli across Indian tertiary centres [22]. 
Likewise, cotrimoxazole resistance exceeded 60% in E. 
coli which made it unsuitable for empirical therapy. 
Nitrofurantoin retained good activity against E. coli 
(88.3%) and Klebsiella (90%), supporting its continued 
role in uncomplicated UTIs, consistent with IDSA 
guidelines [23]. Among Gram positive isolates, 
vancomycin and linezolid demonstrated 100% 
susceptibility which confirmed their reliability as 
therapeutic options. 
The clinical implications of these findings are significant. 
Cefiderocol, with its superior activity against Gram-
negative uropathogens including non-fermenters, may be 
considered for complicated UTIs and MDR infections 
i.e., in regions with high MBL prevalence where CZA 
has limited efficacy. However, antimicrobial stewardship 
principles mandate that cefiderocol be reserved for 
confirmed MDR cases to prevent resistance emergence 
[10,24]. CZA retains utility against KPC and OXA-48-
producing isolates but should not be used empirically in 
regions with high NDM prevalence [9]. 
 
Strengths and Limitations 
Strengths of this study include the simultaneous 
evaluation of two newer agents alongside a 
comprehensive standard antibiotic panel on the same set 
of isolates, providing a direct comparative framework. 
The inclusion of both community (OPD) and hospital 
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(ward/ICU) samples enhances representativeness within 
the institutional setting. All susceptibility testing 
followed standardised CLSI M100 guidelines in order to 
ensure reproducibility and international comparability. 
The study has several limitations to be pointed out. As a 
single centre study with a sample size of 100, external 
validity is limited and regional variations in resistance 
patterns may not be fully captured. Disc diffusion is 
acceptable but is less precise than MIC based methods 
for newer agents; Kowalska-Krochmal and Dudek-
Wicher reported that MIC testing improves accuracy by 
15-20% for novel antimicrobials [25]. The absence of 
molecular characterisation (carbapenemase gene 
detection, ESBL profiling) limited the ability to correlate 
phenotypic resistance with genetic mechanisms. Clinical 
outcome data were not assessed and future studies should 
incorporate treatment response, recurrence and mortality 
to validate in vitro findings. 
 
Future Directions 
Future research should incorporate multicentre 
surveillance to capture regional variability across India, 
MIC based testing using broth microdilution for accurate 
susceptibility determination and PCR-based detection of 
carbapenemase genes (NDM, VIM, IMP, KPC, OXA-48) 
with whole-genome sequencing of MDR isolates. CZA 
aztreonam synergy testing is essential given the high 
MBL prevalence in this region. Annual updates to 
institutional antibiograms are critical for empirical 
therapy and antimicrobial stewardship programmes 
[26,27] 
 
Conclusion 
The present study demonstrated that cefiderocol 
exhibited significantly superior in vitro activity (92.4%) 
compared to ceftazidime-avibactam (52.8%) against 
Gram-negative uropathogens (p < 0.0001). The study-
specific antibiogram revealed widespread resistance to 
commonly prescribed empirical antibiotics including 
ampicillin, cotrimoxazole and fluoroquinolones, while 
nitrofurantoin, imipenem, vancomycin and linezolid 
retained good activity. These findings underscore the 
necessity of culture-guided therapy, routine generation of 
institutional antibiograms and the judicious use of newer 
agents within antimicrobial stewardship frameworks. 
Cefiderocol emerged as a more reliable therapeutic 
option than CZA for Gram-negative urinary infections in 
settings with high Metallo-β-lactamase prevalence. 
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