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Abstract: 
Carbapenem-resistant Pseudomonas aeruginosa (CRPA) and Acinetobacter baumannii (CRAB) are increasingly common in India, where 
treatment options remain largely limited to polymyxins, necessitating evaluation of newer therapeutic agents. In this prospective 
study, 11 CRPA and 29 CRAB isolates were characterized to determine carbapenem resistance mechanisms and in vitro activity of 
cefiderocol, aztreonam-avibactam, imipenem-relebactam, meropenem-vaborbactam, eravacycline and colistin was determined. 
Phenotypic metallo-β-lactamase production was detected in 64% of CRPA and 96% of CRAB isolates, while blaNDM was identified 
in 82% and 93% of CRPA and CRAB isolates. Cefiderocol demonstrated the highest in vitro activity, with susceptibility in all CRPA 
isolates and 86.2% of CRAB isolates, whereas imipenem-relebactam, meropenem-vaborbactam and eravacycline showed limited 
activity. Thus, data shows that cefiderocol was the most promising therapeutic option against carbapenem-resistant P. aeruginosa and 
A. baumannii in this Indian cohort, highlighting the urgent need to improve its clinical availability. 
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Background: 
The global rise of carbapenem-resistant Gram-negative bacteria 
(CRGNB) has become a major public health concern and WHO 
has designated Carbapenem-resistant Enterobacterales (CRE), 
Carbapenem-resistant Pseudomonas aeruginosa (CRPA) and 
Carbapenem-resistant Acinetobacter baumannii (CRAB) as Priority 
I critical pathogens [1]. The lack of effective new treatment for 
CRGNB has revived the use of polymyxins, but their clinical 
utility is limited by significant toxicity, narrow therapeutic 
margin and the risk of resistance from suboptimal dosing in 
critically ill patients [2]. NDM, a widely prevalent metallo-beta-
lactamase (MBL) in India, greatly limits therapeutic options, 
rendering many novel beta-lactam/beta-lactamase inhibitor 
(BL/BLI) combinations ineffective. However, one such novel 
combination of aztreonam-avibactam is known to show 
promising results against NDM-producing CRE, as avibactam 
neutralizes the action of KPC and OXA enzymes, whereas 
aztreonam remains active against the MBL enzymes [3]. Another 
promising option for carbapenem-resistant bacilli is cefiderocol, 
which is a catechol substituted siderophore cephalosporin and 
has a broad spectrum of activity against a wide range of Gram-
negative bacteria [4]. Only few regional studies have been done 
to assess the in vitro susceptibility of cefiderocol against CRAB 
and CRPA. These studies have consistently shown cefiderocol to 
be highly effective against CRGNB [5, 6]. Relebactam, when 
combined with imipenem, significantly reduces imipenem’s MIC 
by 2 to 128-fold, broadening its efficacy against non-
Morganellaceae Enterobacterales and difficult-to-treat 
Pseudomonas aeruginosa. Approved by FDA, this combination is 
indicated for serious infections like hospital-acquired 
pneumonia, complicated UTIs (cUTIs) and intra-abdominal 
infections when alternative treatments are limited. Relebactam 
enhances imipenem’s action by inhibiting class A and C β-
lactamases and remains effective despite porin or efflux pump 
mediated resistance, but it lacks activity against MBL-producing 
strains [7]. Meropenem-vaborbactam, approved by FDA and 
EMA for treating various serious Gram-negative infections 

including cUTIs and hospital-acquired pneumonia, enhances 
meropenem’s efficacy by inhibiting class A carbapenemases like 
KPCs and other β-lactamases such as ESBLs and AmpCs. 
Vaborbactam, unlike meropenem, is not a substrate of the 
AcrAB-TolC efflux pump in Enterobacterales, helping to 
overcome one mechanism of meropenem resistance. However, it 
is ineffective against MBL producers [8]. Eravacycline is a 
synthetic fluorocycline antibiotic that inhibits bacterial protein 
synthesis by binding to the 30S ribosomal subunit, like 
tetracyclines, but with enhanced stability and potency which 
exhibits broad-spectrum in vitro activity against a wide range of 
Gram-positive and Gram-negative pathogens, including 
multidrug-resistant Enterobacterales and Acinetobacter baumannii, 
but notably lacks activity against Pseudomonas aeruginosa. 
Eravacycline remains effective against many organisms resistant 
to older tetracyclines, making it a promising option for 
complicated intra-abdominal infections and other resistant 
infections [9]. Therefore, it is of interest to demonstrate the 
mechanisms of resistance in the CRPA and CRAB isolates and 
evaluate the in vitro efficacy of potential treatment options. 
 
Materials and Methods: 

A prospective observational study was conducted in the 
Department of Microbiology at a tertiary care centre in West 
Bengal, India. The study was approved by the Institutional 
Ethics Committee (Ref. No. IEC/AIIMS/Kalyani/certificate 
/2024/040) dated 31st January 2024. Clinically significant, 
consecutive, non-duplicate Pseudomonas aeruginosa and 
Acinetobacter baumannii isolates recovered from patients’ samples 
collected between February 2024 and July 2024 were screened for 
carbapenem resistance. As the study did not involve any direct 
patient samples, a waiver of consent was obtained for the study. 
Isolates from clinical specimens like blood, urine, pus, exudates, 
body fluids, respiratory samples and any other clinically 
significant source were only included. All isolates were 
identified by standard microbiological procedures using 
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conventional and automated methods (VITEK 2 Compact 
system, Biomerieux Inc).   
 
Screening of isolates:  
All clinically significant isolates were screened for carbapenem 
resistance using the Kirby-Bauer disc diffusion method for 
imipenem (10 μg) and meropenem (10 μg). All isolates 
underwent testing for ceftazidime (30 μg), cefepime (30 μg), 
piperacillin tazobactam (100/10 μg), cefoperazone sulbactam 
(75/30 μg), levofloxacin (5 μg), amikacin (30 μg) and tobramycin 
(10 μg) and cotrimoxazole (23.75/1.25 μg) and doxycycline (30 
μg) for Acinetobacter isolates only. 
 
Confirmation of phenotypic resistance to carbapenems:  

Extended carbapenem group susceptibility testing of all 
included isolates was done for imipenem (10 μg), meropenem 
(10 μg), ertapenem (10 μg) and doripenem (10 μg) by Kirby 
Bauer disc diffusion method on Mueller Hinton agar (MHA) and 
interpretation was made according to the CLSI 2024 guidelines 
[10]. All the screened isolates were retested for minimum 
inhibitory concentration (MIC) determination by the broth 
microdilution method against meropenem and imipenem. It was 
decided to include isolates resistant to at least two carbapenem 
antibiotics by the disc diffusion test and those resistant to at least 
one carbapenem antibiotic by the MIC broth dilution test for 
further genotypic study. 
 
Detection of Metallo beta lactamase production:  

The included isolates were tested for metallo-beta-lactamase 
(MBL) production by imipenem and imipenem with EDTA 
combined disc test. The procedure involved preparing and 
inoculating test isolates on MHA plates using the Kirby-Bauer 
disc diffusion method, applying two imipenem discs (one 
containing only imipenem and the other with 10µl of 0.5M 
EDTA) and incubating the plates at 37°C for 16-18 hours. The 
test was considered positive for MBL if the difference in zones of 
inhibition between the discs was ≥7 mm [11].  
 
Determination of cefiderocol susceptibility:  
Cefiderocol susceptibility was tested using the Kirby-Bauer disc 
diffusion method on MHA plates with standard incubation and 
control strains. MICs were determined using gradient strips. 
Cefiderocol disc and gradient strip were obtained from 
Liofilchem, Italy. All methods of testing and interpretation was 
as per CLSI 2024 guidelines [10].  
 
Determination of susceptibility to imipenem relebactam and 
meropenem vaborbactam:  
Susceptibility to imipenem-relebactam and meropenem-
vaborbactam was determined using the MIC Gradient strip 
(Liofilchem, Italy) method for minimum inhibitory concentration 
(MIC) testing and results were interpreted according to the CLSI 
2024 guidelines.  
 
Determination of susceptibility to colistin:  

Colistin susceptibility testing was performed using both the 
broth microdilution (BMD) method and the agar dilution 
method. The BMD method involved preparing serial two-fold 
dilutions of colistin in cation-adjusted Mueller-Hinton broth 
(CAMHB), followed by inoculation with a standardized bacterial 
suspension. The microdilution trays were incubated at 35 ± 2°C 
for 16–20 hours and the minimum inhibitory concentration 
(MIC) was recorded as the lowest concentration at which no 
visible bacterial growth was observed. In parallel, the agar 
dilution method was carried out by incorporating various 
concentrations of colistin into Mueller-Hinton agar plates, onto 
which standardised inoculum was applied. These plates were 
also incubated under similar conditions and the MIC was 
determined as the lowest drug concentration that inhibited 
visible growth as given in CLSI 2024 guidelines. 
 
Determination of aztreonam avibactam synergy:  
This test was done only for the Pseudomonas isolates, as 
Acinetobacter is intrinsically resistant to aztreonam. We evaluated 
the effectiveness of aztreonam and ceftazidime-avibactam 
through MIC determination, double disc synergy testing and 
gradient strip crossing method [12]. MIC values were 
determined using gradient strips on Mueller-Hinton agar 
(MHA) and classified based on CLSI 2024 breakpoints. In the 
double disc synergy test, aztreonam and ceftazidime-avibactam 
discs placed 20mm apart showed synergy if a zone of inhibition 
was observed between them. The gradient strip crossing method 
involved placing aztreonam and ceftazidime-avibactam E-strips 
at right angles, interpreting results based on changes in 
aztreonam susceptibility. Synergy was confirmed if resistant 
isolates became susceptible in the presence of both agents [12, 

13]. 
 
Determination of susceptibility to eravacycline:  

Eravacycline susceptibility testing was performed using the disc 
diffusion method exclusively for Acinetobacter baumannii isolates, 
as Pseudomonas aeruginosa is intrinsically resistant to tetracyclines 
and their derivatives. The disc diffusion test was conducted on 
Mueller-Hinton agar plates using standardized bacterial 
inoculum and results were interpreted based on CLSI 2024 
breakpoints.  
 
Molecular characterization of carbapenemase genes:  

Molecular characterization of carbapenemase involved DNA 
extraction and real-time PCR analysis to identify carbapenemase 
genes. Stored isolates were sub-cultured and DNA was extracted 
using the QIAamp DNA kit (Qiagen, Germany). Real time PCR 
was done for five carbapenemase genes (blaNDM, blaKPC, 
blaIMP, blaVIM, blaOXA-48) in all CRPA and CRAB isolates. 
PCR master mix (TaqPathTM BactoPureTM Microbial Detection 
Master mix) and primers were procured (TaqMan™ Antibiotic 
Resistance Assay) from Thermo Fischer Scientific. Assay ID for 
the primers used are as follows – blaNDM (Ba04931076_s1), 
blaKPC (Ba04646152_s1), blaIMP (Ba04646131_s1), blaVIM 
(Ba04646155_s1) and blaOXA (Ba04930816_s1). The PCR setup 
used a reaction volume of 10 µL and fast cycling mode as per the 
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manufacturer’s instructions. The thermal protocol for real-time 
PCR (QuantStudio 5, Thermo Fisher Scientific, USA) was set as 
an initial enzyme activation step at 95°C for 20 seconds (1 cycle), 
followed by 40 cycles of denaturation at 95°C for 1 second and 
annealing at 60°C for 20 seconds. Results were interpreted by 
comparing amplification graphs of test samples with control 
strain graphs.  
 
Bacterial whole genome sequencing:   
Next-generation sequencing (NGS) was performed for isolates 
that were negative for carbapenemase genes by PCR. The 
genomic DNA from bacterial culture was isolated using DNeasy 
Powersoil Pro kit using the manufacturer’s protocol. 
Concentration of DNA was checked using Qubit 4.0 fluorometer 
with DNA HS assay kit (Thermofisher Scientific, Massachusetts, 
USA).  DNA purity was checked using Nanodrop 2000 
(Thermofisher Scientific, Massachusetts, USA). The integrity of 
DNA was evaluated on 1% agarose (Lonza, Belgium) gel. Whole 
genome Library Preparation was done using KAPA HyperPlus 
Kit (Roche Ltd, Switzerland) and samples were processed 
according to manufacturer’s protocol. The prepared libraries 
were quantified using Qubit 4.0 fluorometer and DNA HS assay 
kit. Size of DNA was checked on Agilent 2100 bioanalyzer using 
Agilent high sensitivity DNA assay kit according to 
manufacturer’s protocol. The libraries were sequenced on 
Novaseq 6000 S4 flow cell using XP workflow for paired end 
sequencing (2X150bp). Raw sequence data underwent quality 
control using FastQC (v0.12.1) to assess read quality based on 
phred scores. Adapter trimming was performed using Fastp 
(v0.24.0) to ensure high-quality, adapter-free reads. Reads were 
aligned to the reference genome using BWA (v0.7.17-r1188) and 
variant calling was conducted using BCFtools (v1.10.2). For the 
detection of antimicrobial resistance determinants, the 
Resistance Gene Identifier (RGI v6.0.4) tool was used with 
default settings against the CARD database. 
 
Results and Discussion: 
During the study period from 1st February to 31st July 2024, a 
total of 10638 samples were received, of which 1728 showed 
growth of a pathogenic organism. Among these, there were 1461 
Gram negative bacilli, of which 325 were non fermenter Gram 
negative bacilli among the clinical isolates. These were screened 
for carbapenem resistance by phenotypic methods. Out of 
which, 29 CRAB (among 150 Acinetobacter baumannii) and 11 
CRPA (among 145 Pseudomonas aeruginosa) were isolated from 
clinical samples received in the Microbiology department and 
included in the study. The majority of the patients belonged to 
the age group of 54-71 years (14/40, 35%), followed by 36-53 
years (13/40, 32.5%). Among the included patients, 7/40 (17.5%) 
belonged to the 71 years or older age group and 6/40 (15%) were 
in the 18-35 years age group. Most of the included isolates were 
isolated from inpatient departments (IPD) (24/40, 60%). The 
majority of carbapenem-resistant non-fermenters were isolated 
from respiratory samples (18/40, 45%), which included sputum, 
bronchoalveolar lavage, tracheal aspirate, followed by other 
samples like pus and wound swab, urine, tissue and blood, 

respectively. Table 1 shows the different isolates from various 
samples. All Pseudomonas isolates were resistant to ceftazidime, 
cefepime, imipenem and meropenem. The isolates were less 
resistant to aztreonam (3/11, 27.27%) and tobramycin (7/11, 
63.63%). All Acinetobacter isolates were resistant to piperacillin-
tazobactam, meropenem and imipenem. Doxycycline had 
comparatively less resistance (20/29, 68.96%). Table 2 shows the 
susceptibility to various antimicrobial agents. It was seen that 
28/29 (96.55%) of Acinetobacter baumannii and 7/11 (63.63%) of 
Pseudomonas aeruginosa were positive for MBL production by 
imipenem and imipenem with EDTA combined disc test. Three 
isolates of Pseudomonas aeruginosa were susceptible to aztreonam 
directly, while all isolates were resistant to ceftazidime-
avibactam by both disc diffusion and MIC Gradient strip test. 
Aztreonam with ceftazidime-avibactam synergy test was done 
for the eight aztreonam-resistant isolates. Among the included 
isolates, 2/8 (25%) were aztreonam-avibactam synergy positive. 
The synergy positive isolates were also positive for MBL 
production by imipenem and imipenem with EDTA combined 
disc test. Among the synergy negative isolates, 3/6 (50%) were 
negative for MBL production by imipenem and imipenem with 
EDTA combined disc test. Aztreonam-avibactam synergy test 
was not put up for Acinetobacter baumannii as it is intrinsically 
resistant to aztreonam. All 11/11 (100%) Pseudomonas isolates 
were susceptible to cefiderecol by gradient strip method and 
disc diffusion test. Among these, 7/11 (63.63%) were positive for 
MBL production by imipenem-EDTA combined disc test. For the 
CRPA isolates, the MIC50 and MIC90 of cefiderocol were 0.38 and 
2µg/mL, respectively. Range of MIC was 0.032-2 µg/mL. It was 
seen that 25/29 (86.20%) Acinetobacter isolates were susceptible 
to cefiderocol by gradient strip and disc diffusion test. 24/25 
(96%) cefiderocol susceptible isolates were positive for MBL by 
imipenem-EDTA combined disc test. MIC50 and MIC90 was 1 and 
2 µg/mL, respectively. MIC of susceptible isolates had a range of 
0.19-2 µg/mL. Only 5/29 (17.24%) Acinetobacter isolates were 
susceptible to eravacycline, while 7/29 (24.13%) were 
intermediate susceptible. Susceptible isolates had a breakpoint 
range of 22-27 mm. All isolates of Pseudomonas aeruginosa and 
Acinetobacter baumannii were intermediate susceptible to colistin. 
MIC50 and MIC90 was 0.5 and 2 µg/mL, respectively for P. 
aeruginosa and 1 and 2 µg/mL, respectively for A. baumannii. 
Only one Pseudomonas isolate was susceptible to imipenem-
relebactam and meropenem-vaborbactam with MIC of 0.5 
µg/mL each. One isolate showed intermediate susceptibility to 
imipenem-relebactam with MIC of 4 µg/mL. Remaining isolates 
were resistant to both the antibiotic combinations. The 
susceptible isolate was positive for MBL production by 
imipenem-EDTA combined disc test while among the resistant 
isolates, 6/10 (60%) were positive for MBL phenotypic test. 
Three Acinetobacter isolates (3/29, 10.34%) were susceptible to 
both imipenem-relebactam and meropenem-vaborbactam with 
MIC susceptibility range of 0.19-3 µg/mL and 0.23-3 µg/mL, 
respectively. The remaining 26 isolates were resistant to both 
combinations. All susceptible isolates were positive for MBL 
production by imipenem-EDTA combined disc test. Among the 
resistant isolates, 25/26 (96.15%) were positive for MBL 
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production by phenotypic test. Susceptibility patterns of colistin, 
cefiderocol, eravacycline, imipenem-relebactam and 
meropenem-vaborbactam have been summarised in Table 3. 

PCR showed that 9/11 (81.81%) Pseudomonas harboured 
carbapenemase genes. All of them had blaNDM gene while one 
isolate had a coexistence of blaNDM and blaIMP. Aztreonam-
avibactam synergy was positive only in one blaNDM-carrying 
isolate. Carbapenemase genes were detected in 27/29 (93.1%) 
Acinetobacter isolates and all 27 isolates harboured blaNDM 
gene. Among the blaNDM positive isolates, 23/27 (85.18%) were 
susceptible to cefiderocol, 5/27 (18.51%) were susceptible to 
eravacycline and 3/27 (11.11%) susceptible to both imipenem-
relebactam and meropenem-vaborbactam. Sequencing was done 
for the isolates which did not harbour the five common 
carbapenemase genes – blaNDM, blaKPC, blaIMP, blaVIM and 
blaOXA. Table 4 shows the presence of key antimicrobial 
resistance genes against β-lactam antibiotics of these isolates. 
Only a few studies have been done in India to assess the in vitro 
activity of cefiderocol.   

 
Table 1: Organisms isolated from different clinical samples 

Sample (n) Organism isolated Isolate 
number 

Respiratory samples (18) Acinetobacter 
baumannii 

15 

Pseudomonas 
aeruginosa 

3 

Pus and wound swabs (16) Acinetobacter 
baumannii 

10 

Pseudomonas 
aeruginosa 

6 

Urine (3) Acinetobacter 
baumannii 

1 

Pseudomonas 
aeruginosa 

2 

Surgical site infection tissue biopsy 
(2) 

Acinetobacter 
baumannii 

2 

Pseudomonas 
aeruginosa 

0 

Blood (1) Acinetobacter 
baumannii 

1 

Pseudomonas 
aeruginosa 

0 

 
Table 2: Antimicrobial Resistance of CRAB and CRPA to antimicrobials tested 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Table 3: Shows the susceptibility to colistin, cefiderocol, eravacycline, imipenem-relebactam and meropenem-vaborbactam 

Antibiotics tested Acinetobacter baumannii (29) Pseudomonas aeruginosa (11) 

S I R S I R 
Colistin - 29 (100%) - - 11 (100%)  
Cefiderocol 25 (86.2%) - 4 (13.8%) 11 (100%) - - 
Eravacycline 5 (17.24%) 7 (24.14%) 17 (58.62%) Intrinsically resistant 

Imipenem-relebactam 3 (10.34%) - 26 (89.65%) 1 (9.1%) 1 (9.1%) 9 (81.8%) 
Meropenem-vaborbactam 3 (10.34%) - 26 (89.65%) 1 (9.1%) - 10 (90.9%) 
Ceftazidime-avibactam 1 (3.4%) - 28 (96.5%) - - 11 (100%) 
Aztreonam- Avibactam Intrinsically resistant 5 (45.5%) - 6 (54.5%) 

 
Table 4: Shows the presence of key antimicrobial resistance genes against β-lactam antibiotics for 4 PCR negative isolates   

Organism Phenotypic Sensitivity Key Resistance Genes Likely Mechanism of Carbapenem 
Resistance 

A. baumannii Isolate No. 17 Sensitive to only cefiderocol, Cefoperazone 
sulbactam, Amikacin, Gentamicin 

OXA-66, AdeABC, AdeFGH, AdeIJK OXA-66 carbapenemase activity and efflux 
pump overexpression 

A. baumannii Isolate No. 40 Sensitive to only cefiderocol OXA-66, AdeABC, AdeIJK, regulatory 
elements 

OXA-66 carbapenemase and strong efflux 
activity 

P. aeruginosa Isolate no 4 Sensitive to only cefiderocol and 
tobramycin 

OXA-488, OXA-10, PDC-35, multiple 
Mex pumps (MexC, MexA, MexP, 
MexQ, MexY) 

AmpC (PDC-35) and OXA-type β-lactamases 
with efflux contribution and possible porin 
loss 

P.  aeruginosa Isolate no 21 Sensitive to only cefiderocol, tobramycin, 
cefoperazone sulbactam, piperacillin 
tazobactam 

OXA-847, PDC-45, multiple Mex 
pumps (MexB, MexA, MexP, MexZ, 
MexY, MexP) 

Intrinsic OXA-847 and AmpC (PDC-45) with 
efflux-mediated drug extrusion 

 
In a study done by Didwania et al at New Delhi, cefiderocol 
showed high in vitro activity against carbapenem-resistant 

Klebsiella pneumoniae (95.65%) and Pseudomonas aeruginosa (80%) 
isolates, with lower MIC50 and MIC90 values compared to other 

Antibiotics tested Acinetobacter baumannii (n=29) Resistant isolates Pseudomonas aeruginosa (n=11) Resistant isolates 

Ceftazidime 29 (100%) 11 (100%) 
Cefepime 29 (100%) 11 (100%) 
Levofloxacin 27 (93.10%) 10 (90.9%) 
Doxycycline 20 (68.96%) - 
Tigecycline 21 (72.41%) - 
Cotrimoxazole 22 (75.86%) - 
Amikacin 24 (82.75%) - 
Gentamicin 24 (82.75%) - 
Tobramycin 26 (89.65%) 7 (63.63%) 
Aztreonam Intrinsically resistant 3 (27.27%) 
Cefoperazone-sulbactam 25 (86.2%) 10 (90.9%) 
Piperacillin-tazobactam 29 (100%) 10 (90.9%) 
Imipenem 29 (100%) 11 (100%) 
Meropenem 29 (100%) 11 (100%) 
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CR-GNBs. Its effectiveness remained notable even in isolates 
harbouring resistance genes, including blaNDM and blaOXA-48 
[14]. In a study from Odisha, Nayak et al. reported that 81.7% of 
carbapenem-resistant Gram-negative bacilli including 81.3% of 
CRE and 82.6% of non-fermenters were susceptible to 
cefiderocol based on broth microdilution and disk diffusion 
methods [5]. In a 2024 study from New Delhi, Saxena et al. 
reported that cefiderocol exhibited the lowest resistance rates (0–
14%) among carbapenem-resistant isolates, whereas newer β-
lactam/β-lactamase inhibitor combinations showed high 
resistance and colistin resistance was observed at 5.6% [15]. In a 
2024 study from Andhra Pradesh, Khanchandani et al. found 
that 93.3% of carbapenem-resistant Enterobacterales (CRE) were 
susceptible to cefiderocol outperforming other agents like 
aztreonam, tigecycline, amikacin and tetracycline with only a 
few resistant isolates among Enterobacterales and P. aeruginosa, 
while all were intermediate susceptible to colistin [16]. A study 
by Gopikrishnan et al. demonstrated that antimicrobials such as 
eravacycline, cefepime/zidebactam, cefiderocol/zidebactam and 
eravacycline with durlobactam or zidebactam showed potent in 
vitro and in silico activity against OXA-23/24/58-producing 
Acinetobacter baumannii [17]. In the current study, all Pseudomonas 
aeruginosa and 86.2% of Acinetobacter baumannii isolates were 
susceptible to cefiderocol with the majority of susceptible strains 
also showing MBL production. The findings are similar to a 
study showing 77.5% (31/40) P. aeruginosa isolates inhibited at 
minimal inhibitory concentration (MIC) ≤2 mg/L [6]. A study in 
Turkey reported that cefiderocol demonstrated high in vitro 
activity against multidrug-resistant Acinetobacter baumannii, 
including colistin-resistant isolates, while imipenem-relebactam 
was ineffective and eravacycline showed promising activity [18]. 

There are only a handful of studies In India showing the effect of 
eravacycline against Acinetobacter. Besides the study by 
Gopikrishnan cited above, a study from AIIMS New Delhi 
demonstrated that eravacycline exhibits promising in vitro 
activity against extensively drug-resistant (XDR) Acinetobacter 
baumannii isolates, with over 60% susceptibility and superior 
efficacy compared to tigecycline. The presence of RND-efflux 
pump genes (AdeABC and AdeRS), particularly mutations in 
AdeS, highlights a key resistance mechanism, emphasizing the 
need for molecular surveillance [19]. In the current study, 
eravacycline demonstrated limited activity against Acinetobacter 
baumannii, with only 17.24% of isolates classified as susceptible, 
while 24.13% showed intermediate susceptibility. Only 27.6% of 
the isolates were susceptible to tigecycline. In our cohort, 
cefiderocol showed the highest in-vitro activity (CRPA 100% 
susceptible; CRAB 86.2%), aligning with recent Indian single 
centre data that also report high activity; however, clinical 
uptake in India is currently constrained by access as cefiderocol 
is not yet commercially available and has largely been accessible 
only via import pathways. Globally, cefiderocol has received US 
FDA and EMA approvals and is listed in the WHO Model List of 
Essential Medicines “Reserve” group, underscoring its role 
against difficult Gram-negative infections and the need for strict 
stewardship [20-22]. While our high cefiderocol susceptibility 
rates are encouraging, translation into routine care in India will 

depend on the speed of domestic manufacturing scale-up, 
regulatory approvals and stewardship-aligned procurement to 
ensure sustainable, equitable access to cefiderocol.  
 
Conclusion:  

Cefiderocol showed the highest in vitro activity against 
carbapenem-resistant Pseudomonas aeruginosa and Acinetobacter 
baumannii, including most NDM-producing isolates. In contrast, 
imipenem-relebactam, meropenem-vaborbactam and 
eravacycline showed limited activity, while colistin remained 
active but is constrained by concerns regarding toxicity. Thus, 
cefiderocol emerged as the most promising therapeutic option 
for CRPA and CRAB in India and highlight the need for its 
wider clinical availability with appropriate antimicrobial 
stewardship. 
 
Advancement to knowledge: 
The study is significant because it is one of comprehensive 
Indian datasets evaluating newer antimicrobials, including 
cefiderocol, aztreonam-avibactam, imipenem-relebactam, 
meropenem-vaborbactam, colistin and eravacycline, against 
highly resistant clinical isolates. The findings directly address a 
major therapeutic gap by supporting cefiderocol as a promising 
candidate for clinical use in India. Furthermore, the work has 
broader global relevance, as the Indian subcontinent represents a 
hotspot for multidrug-resistant Gram-negative infections and 
the emergence of carbapenemases, including New Delhi 
Metallo-beta-lactamase (NDM). 
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