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Introduction:

Antimicrobial resistance is one of the major global concerns. It threatens the effective prevention and treatment
of an ever increasing range of infections caused by bacteria, parasites, viruses and fungi [1].1t is a natural
process that happens over time through genetic changes but its spread is accelerated by human activity, mainly
by misuse and overuse of antimicrobials to treat, prevent or control infections in humans, animals and plants.
Rapidly progressing antibiotic resistance is a great challenge in therapy.lt is estimated that bacterial
antimicrobial resistance was directly responsible for 1.27 million global deaths in 2019 [2].The world faces an
antibiotics pipeline access crisis, as we are in urgent need of additional new antibiotics.In addition to death
and disability antimicrobial resistance has significant effect over economy of a country [3].Carbapenem
resistant bacteria have become a major concern nowadays. The emergence of carbapenem resistance in
Enterobacterales is a growing public health problem worldwide because of their high prevalence, wide range
of clinical infections, multidrug resistance and rapid dissemination of plasmid-mediated resistance genes from
Enterobacterales to other organisms. They are associated with resistance genes to [-lactam agents,
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aminoglycosides, quinolones producing extremely drug-resistant bacteria [4, 5].

Carbapenem resistance in Enterobacterales is mediated by three major mechanisms: i) Carbapenemase
production, ii) Overexpression of the efflux pump, and iii) Membrane porin mutation. The carbapenemase
enzyme production is the major resistance mechanism. Three groups of Carbapenemases are accountable for
carbapenem resistance: 1. Klebsiella pneumoniae carbapenemases -KPC (Ambler class A), 2. MBL - Metallo-
B-lactamases,( Ambler class B) including NDM, VIM, IMP etc, 3. OXA (Ambler class D) such as OXA-48.
Since all these enzymes are plasmid-mediated, they facilitate the horizontal transfer of the genes and global
spread of the strains.The prompt and precise identification of CRE is essential not only for suitable and
appropriate antibiotic therapy but also for stringent execution of infection control practices [6-8].The clinical
use of Polymyxins and Tigecycline for treatment of multi drug resistant bacteria are limited and can be avoided
with the availability of beta-lactam and beta-lactamase inhibitor- Ceftazidime-avibactam (CAZ-AVI) which is
approved in India [9].

Ceftazidime-avibactam has emerged as a promising option, even as monotherapy, for the treatment of severe
infections with carbapenemase producing Enterobacterales and better clinical outcome has been well
established. Studies have also demonstrated the superiority of Ceftazidime-avibactam over Colistin based
regimens in improving the survival, and reducing the risk of acute kidney injury. But this combination is found
to have no activity against metallo-beta-lactamases [10]. Aztreonam is highly stable to MBLs, however it gets
hydrolyzed by co-expressing ESBLs and AmpCs. To overcome this issue, Aztreonam & Ceftazidime-
avibactam could be a potential therapy for treating MBL-CRE infections in the developing countries like India,
where MBLs predominate. Therefore, combining Ceftazidime-avibactam (CAZ-AVI) and Aztreonam (ATM)
for these resistant organisms becomes essential [11]. As a result, genotypic profiling is emerging as an
important clinical tool to make therapeutic decisions for these difficult-to-treat infections. Unfortunately, one
barrier to global implementation of molecular characterization in the clinical setting is the financial burden of
molecular diagnostic systems. Few studies have described the in-vitro antimicrobial susceptibility testing of
Ceftazidime-avibactam in combination with Aztreonam by disk diffusion method, E- test agar synergy and E-
test fixed ratio method showing 100% concordance with each other in their susceptibility testing [12].

The simple in vitro method described in literature for antimicrobial susceptibility testing of Ceftazidime-
avibactam in combination with Aztreonam and phenotypic characterization of carbapenemases may be used
as reliable alternative to traditional molecular diagnostic methods for prediction of optimal anti microbial
combinations for treatment of CRE [13].This study proves that routine drug susceptibility testing by disk
diffusion method should be made routinely available in a resource limited setting rather than the costly
genotypic and E-test MIC methods that are performed for Carbapenemase identification.The increased
prevalence of metallo-beta-lactamases was addressed so that the overuse of Carbapenems can be prevented,
encouraging the alternate use of the newer beta-lactamase inhibitors in combination with older beta-lactams.

Objectives:

1. Todetermine the prevalence of Carbapenem resistant Enterobacterales in clinical isolates of a Tertiary care
hospital.

2. To differentiate the carbapenemases into serine p-lactamases and metallo-f-lactamases by phenotypic
methods.

3. To assess the feasibility of in-vitro susceptibility testing of Ceftazidime-avibactam along with Aztreonam
by disk diffusion method.

Methodology:

Ethical Approval: Ethical clearance was obtained from the Institutional Ethical Committee of our college
prior to the commencement of the study.

Study Design: This was a prospective cross-sectional study conducted in the Department of Microbiology at
a newly established medical college in South India.

Sample Collection and Isolation: A total of 1220 Enterobacterales isolates were obtained from various
clinical samples, including pus, urine, blood, body fluids, endotracheal aspirates, and sputum.

Screening for Carbapenem Resistance: Clinical isolates of Enterobacterales were identified as carbapenem-
resistant through a screening test using Meropenem (10 pg) and Ertapenem (10 pg) .

Phenotypic Detection of Carbapenemases: All Enterobacterales isolates that showed resistance to
Meropenem (10 pg) by the disc diffusion method were further processed for carbapenemase identification.
This was done using the phenotypic methods Modified Carbapenem Inactivation Method (mCIM) and EDTA
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Carbapenem Inactivation Method (eCIM), as per CLSI guidelines [14].

MCIM and eCIM testing: A 1-ul loop full of bacteria was inoculated into a 2-ml test tube of Tryptone soya
broth. Another 1-ul loop full of bacteria was inoculated into 2-ml test tube of Tryptone soya broth
supplemented with EDTA(In house preparation of EDTA was done: 186.1 gm of disodium EDTA.Is first
dissolved in NAOH at pH 8 and then distilled water is added to make it into one litre). A Meropenem 10 pg
disc was placed in each tube,and the tubes were incubated at 35 °C for 4 h + 15 min. Subsequently, both the
discs were removed and applied to Muller Hinton agar plates that is freshly inoculated with a 0.5 McFarland
suspension of a carbapenem-susceptible ATCC strain of E. coli 25922.The plates were incubated at 35°C for
16 to 20 hours and the mCIM and eCIM results were interpreted. The mCIM is considered as negative (no
metallo beta lactamases)if the zone size is >19 mm, as positive if the zone size is between 6 t015 mm, or as
intermediate(defined as positive) if pinpoint colonies are present within a 16- to 18-mm zone.An isolate is
positive for metallo-beta lactamase production when the eCIM zone size increases by >5mm compared to the
zone size observed for the mCIM and is considered negative for a metallo-beta lactamase if the increase in
zone size is < 4mm [15].

CAZ-AVI and AZT disc synergy testing: Individual testing of Ceftazidime 30 ug, Aztreonam 30 pg, and
Ceftazidime-avibactam (30 pg /20 pg) by Kirby Bauer disc diffusion will be done for the MBL
producingEnterobacterales. For combination testing the ceftazidime-avibactam antibiotic discs initially
applied onto Muller Hinton agar plates inoculated with the test organism and incubated at 35 + 2 °C for a
period of one hour will be removed and replaced with Aztreonam discs on the same site. After disc inoculation,
plates will be re-incubated overnight and then observed for a zone of inhibition on the next day as per standard
CLSI recommendations for disk diffusion testing [14]. Zone size of > 21mm is considered as synergy test
positive [16].

Results:

A total of 1220 Enterobacterale species were isolated from various samples like blood, pus, sputum, urine and
endotracheal aspirate over a period of eleven months. Among the 1220, 137 carbapenem-resistant isolates were
found, with their distribution across diverse clinical samples indicated in Table I. Klebsiella pneumoniae was
the most common pathogen, accounting for 44% (60/137) of all isolates, with the most isolates detected in pus
(29) and urine (14). Klebsiella oxytoca accounted for 16% (22/137) of the total isolates, with 14 samples from
pus and 4 from sputum. Escherichia coli accounted for 36.5% (50/137) of the isolates, with a large proportion
(40) originating from urine samples. Citrobacter koseri and Enterobacter species were less common,
accounting for 0.7% (1/137) of all isolates from pus and urine, respectively. Proteus species accounted for
2.1% (3/137) of all pus samples.

Table I: Distribution of Carbapenem Resistant Isolates (n=137):

Name of the Isolate Pus Urine Blood | ET aspirate | Sputum | Total Percentage
Klebsiella pneumoniae 29 14 10 3 4 60 44%
Klebsiella oxytoca 14 4 - - 4 22 16%
Escherichia coli 10 40 - - - 50 36.5%
Citrobacter koseri 1 - - - - 1 0.7%
Enterobacter species - 1 - - - 1 0.7%
Proteus species 3 - - - - 3 2.1%
Total 57 59 10 3 8 137 100%

Figure 1 shows the antimicrobial sensitivity pattern of carbapenem-resistant Klebsiella isolates. The majority
of Klebsiella pneumoniae isolates showed substantial resistance to routinely used medicines, particularly
extended-spectrum cephalosporins like Ceftriaxone and Cefotaxime. Resistance to additional antibiotics, such
as aminoglycosides (e.g., Amikacin) and fluoroguinolones (e.g., Ciprofloxacin), was also seen, indicating that
these multidrug-resistant bacteria had limited treatment choices. The findings highlight the significance of
continued surveillance and judicious antibiotic management in managing carbapenem-resistant Klebsiella
infections.
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Figure: 1 Antimicrobial Sensitivity Pattern of Carbapenem Resistant Klebsiella Isolates.

Figure 2 shows the antimicrobial sensitivity patterns of carbapenem-resistant Escherichia coli isolates.
Escherichia coli isolates, like Klebsiella pneumoniae, were highly resistant to popular antibiotics, including
extended-spectrum cephalosporins like Ceftriaxone and Cefotaxime, as well as aminoglycosides like
Gentamicin and Amikacin. Resistance to fluoroguinolones like Ciprofloxacin was also common. The
discovered resistance patterns highlight the increasing difficulty of treating carbapenem-resistant Escherichia
coli infections and underline the necessity for alternate therapeutic alternatives and strategic antibiotic use in
clinical settings.
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Figure: 2 Antimicrobial Sensitivity Pattern of Carbapenem Resistant Escherichia coli Isolates.

Figure 3 shows the distribution of metallo-f-lactamases (MBL) and serine carbapenemases in clinical samples.
A considerable majority of carbapenem-resistant isolates produced MBL enzymes, with Escherichia coli and
Klebsiella pneumoniae having the highest incidence. These MBL-producing isolates were primarily obtained
from urine and pus samples. Serine carbapenemases, such as KPC and OXA kinds, were also found, albeit in
lower numbers than MBLs. These serine carbapenemase-producing isolates were primarily detected in blood
and sputum samples. The findings underscore the variability of carbapenemase mechanisms in clinical
pathogens, with MBLs being more typically associated with urine and pus-based infections and serine
carbapenemases being more prevalent in bloodstream and respiratory tract infections.
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Figure: 3 Distribution of MBL and Serine carbapenemases among clinical samples:

Figure 4 depicts the distribution of Metallo-p-lactamases (MBL) and Serine carbapenemases among
carbapenem-resistant isolates. Among the 137 carbapenem-resistant isolates, MBL producers were more
common, accounting for a greater proportion of resistance mechanisms. The most frequent MBL producers
were Klebsiella pneumoniae and Escherichia coli. MBL-producing isolates were primarily detected in pus and
urine samples. Serine carbapenemase manufacturers, including KPC and OXA kinds, were less commonly
discovered but were found in Klebsiella pneumoniae isolates, primarily from blood and sputum samples. The
distribution of various carbapenemase types demonstrates the complexities of carbapenem resistance, with
MBLs being the most common resistance mechanism among clinical isolates.
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Figure: 4 Distribution of MBL and Serine carbapenemases among carbapenem resistant isolates:

Table 2 shows the zone diameter distribution for MBL (Metallo-B-lactamase) isolates evaluated with
Aztreonam (AZT), Cefazolin (CZA), or both. The majority of Klebsiella pneumoniae (34 isolates) had variable
zone sizes, with 30 isolates having a 6-12 mm zone for AZT and 28 isolates exhibiting a 6-12 mm zone for
CZA. However, the combination of CZA and AZT produced >24 mm for 30 isolates, showing greater
effectiveness. Klebsiella oxytoca (9 isolates) showed 6-12 mm zones for both AZT and CZA, however with
the combination, all isolates showed >24 mm, showing increased susceptibility.In Escherichia coli (28
isolates), 25 isolates showed a 6-12 mm zone for AZT and 24 isolates showed a 6-12 mm zone for CZA, with
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25 isolates displaying >24 mm with the combination, demonstrating high susceptibility to CZA + AZT.
Overall, the combination of CZA and AZT was the most effective treatment particularly Klebsiella
pneumoniae and Escherichia coli. The results of eCIM, mCIM, and the Synergy test revealed the presence of
both MBL and serine carbapenemases in the Enterobacterales isolates, with a high prevalence of KPC-type
carbapenemases and MBLs in the clinical samples. These findings highlight the importance of comprehensive
diagnostic testing to guide optimal antibiotic therapy for carbapenem-resistant infections (Fig.5).

Table: 2 Distribution of Zone Diameter of the MBL Isolates:

Nameof the | Name of the Disk 6—-12mm 12- <21 | 21-24 mm | >24 mm
Isolate mm
Klebsiella AZT 30 4
pneumoniae CZA 28 6
(34) CZA + AZT 1 3 30
Klebsiella oxytoca | AZT 9
(C)] CZA 9
CZA + AZT 9
Escherichia coli | AZT 25 3
(28) CZA 24 4
CZA + AZT 2 1 25
Citrobacter AZT 1
species (1) CZA 1
CZA + AZT 1
Proteus species(3) | AZT 3
CZA 3
CZA + AZT 3
Enterobacter AZT 1
species (1) CZA 1
CZA + AZT 1

Modified Carbapenem Inactivation
Method

Test of synergy between CAZ-AVI
and AZT

Figure: 5 eCIM, mCIM and Synergy test.

Discussion:

It is important to differentiate Carbapenemase classes because newly available B-lactam (BL) and B-lactamase
inhibitor (BLI) combinations like ceftazidime-avibactam as well as others under research are mostly active
against serine carbapenemases, but not against metallo-p-lactamases [17].The monobactamAztreonam (ATM)
is resistant to hydrolysis by MBLs but susceptible to hydrolysis by serine class A, C and D extended spectrum
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beta lactemases, whereas ceftazidime-avibactam (CAZ/AVI), a beta lactam with a beta-lactamase inhibitor,
has broad activity against serine beta-lactamases but is hydrolysed by MBLs.A total of 1220 Enterobacterales
were isolated in our microbiology laboratory for the past 11 months from various samples like pus, urine,
blood, sputum, and endotracheal aspirate. Among the isolates about 137 had shown resistance to carbapenems
(11.23%). It is very similar to the study conducted by Bhatt et all, where the prevalence of resistance to
carbapenems was 11.96%. The prevalence of carbapenem resistance in various parts of India varies from 14-
69%. This was mostly owing to infection control practices, hospital infrastructure, and the number of
antibiotics used [18]'Among the carbapenem resistance organisms Klebsiella species accounts for 60% and
Escherichia coli 36.5%, shows similarity to the study done by Sreeja K VVamsi et all.Most of the carbapenem
resistant isolates were from pus samples followed by urine and other samples [19].

Out of the 137 carbapenem resistant isolates 76 were MBL producers (55.5%) and 61 were Serine
carbapenemase producers (44.5%). This indicates the equal distribution of both genes among the carbapenem
resistant isolates.This is very much comparable to the study done by Sulakshana Sony Cheemalaet al, in
Andhra Pradesh during 2022 to 2023 reported 53% were serine and 41% were MBL producers, this again
showed the MBL production has been constantly increasing among the carbapenem resistant isolates. In the
same yearRavi Kumar Sharma et all in UP reported 62% of MBL among carbapenemase producers [20,
21].Among the MBL producing Enterobacterales, Klebsiella species accounts for 56.5% (43/76), Escherichia
coli 36.8% (28/76) and others 6.5% (5/76). All the 76 MBL producing Enterobacteralesisolates were resistant
to Aztreonam and Ceftazidime avibactum with a zone diameter of <21 mm when tested individually. But when
tested for synergy using Ceftazidime avibactum and Aztreonam most of the MBL isolates exhibit synergy.In
the 76 MBL producers, Klebsiella pneumoniae showed synergy in 33/34 isolates (97.05%), Klebsiella oxytoca
has 100% synergy (9/9), Escherichia coli showed synergy in 26/28 isolates (92.85%) and other
enterobacteriaceae isolates did not exhibit synergy. The overall synergy shown by enterobacteriaceae isolates
was 89.47% (68/76). This is similar to the study done in 2017 by Marshall et al. where 17 out of 21 isolates
became susceptible to synergy testing by disk diffusion method and by Rawan et all. in 2021 observed 98.75%
synergy in Klebsiella species and 95% in E.coli isolates [22, 23].This gives us an additional clue that metallo
beta lactamases are more common among the klebsiella isolates when compared to other members of
Enterobacteriaceae family and exhibit more synergy.Therefore the combination of CAZ/AVI and AZT is
considered as effective therapeutic option for Metallobeta lactamase producing Enterobacteriaceaeisolates.
However, safety of this combination and invivo efficacy have to be evaluated.

Conclusion:

Carbapenem resistance is a significant global public health issue, particularly among Gram-negative bacteria.
Infections caused by these organisms provide considerable detection issues, particularly in resource-
constrained settings, underlining the need for cost-effective and simple diagnostic techniques for everyday
usage. Furthermore, resistance mechanisms to beta-lactam antibiotics evolve quickly, hence combination
therapy with two or more antibiotics is frequently suggested. The combination of Aztreonam (ATM) and
Ceftazidime/Avibactam (CAZ/AVI) has shown a synergistic impact against Metallo-f-lactamase (MBL)-
producing bacteria in vitro, with supportive clinical trials establishing the in vivo efficacy of ATM-AVI. To
test for susceptibility to the ATM-CZA combination, focus on carbapenem-resistant Enterobacterales (CRE)
with metallo-B-lactamases. The IDSA (Infectious Diseases Society of America) and ESCMID both endorse
this combination as an empiric therapeutic option. To effectively treat CRE infections, it is critical to design a
method that can be repeated on a regular basis in microbiology laboratories. One alternative is to do synergy
testing utilizing the disc diffusion method with Ceftazidime, Avibactam, and Aztreonam.

Limitations:

The absence of data regarding the clinical use of this drug combination since the in—vitro susceptibility cannot
always predict the in-vivo activity of the drugs in the patient because pharmacodynamics of the drugand host
immune response also play a role in the clinical outcome of the patient.

Funding:
None

Conflict of Interest:
The authors report no conflicts of interest in this work.

3732 | Page



Assessing The In Vitro Activity Of Ceftazidime - Avibactam And Aztreonam Among Carbapenemase
Producing Enterobacterales: Defining The Zone Of Hope By Disc Diffusion Method

SEEIPH  SEEIPH Volume XXV1, $2,2025, ISSN: 2197-5248; Posted:03-02-25

References:

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Alara JA, Alara OR. An overview of the global alarming increase of multiple drug resistant: a major
challenge in clinical diagnosis. Infectious Disorders-Drug TargetsDisorders). 2024 May 1;24(3):26-42.
Salam MA, Al-Amin MY, Salam MT, Pawar JS, Akhter N, Rabaan AA, Alqumber MA. Antimicrobial
resistance: a growing serious threat for global public health. InHealthcare 2023 Jan (Vol. 11, No. 13, p.
1946). Multidisciplinary Digital Publishing Institute.

Muteeb G, Rehman MT, Shahwan M, Aatif M. Origin of antibiotics and antibiotic resistance, and their
impacts on drug development: A narrative review. Pharmaceuticals. 2023 Nov 15;16(11):1615.
Brussow H. The antibiotic resistance crisis and the development of new antibiotics. Microbial
Biotechnology. 2024 Jul;17(7):e14510.

Roope LS, Smith RD, Pouwels KB, Buchanan J, Abel L, Eibich P, Butler CC, Tan PS, Walker AS,
Robotham JV, Wordsworth S. The challenge of antimicrobial resistance: what economics can contribute.
Science. 2019 Apr 5;364(6435):eaau4679.

Anane YA, Apalata T, Vasaikar S, Okuthe GE, Songca S. Molecular detection of carbapenemase-
encoding genes in multidrug-resistant Acinetobacter baumannii clinical isolates in South Africa.
International journal of microbiology. 2020;2020(1):7380740.

Lépez C, Delmonti J, Bonomo RA, Vila AJ. Deciphering the evolution of metallo-p-lactamases: a journey
from the test tube to the bacterial periplasm. Journal of Biological Chemistry. 2022 Mar 1;298(3):101665.
Gonzélez LJ, Vila AJ. Carbapenem resistance in Elizabethkingia meningoseptica is mediated by metallo-
B-lactamase BlaB. Antimicrobial agents and chemotherapy. 2012 Apr;56(4):1686-92.

Hidalgo-Tenorio C, Bou G, Oliver A, Rodriguez-Aguirregabiria M, Salavert M, Martinez-Martinez L.
The Challenge of Treating Infections Caused by Metallo-B-Lactamase—Producing Gram-Negative
Bacteria: A Narrative Review. Drugs. 2024 Oct 28:1-21.

Zhanel GG, Lawson CD, Adam H, Schweizer F, Zelenitsky S, Lagacé-Wiens PR, Denisuik A, Rubinstein
E, Gin AS, Hoban DJ, Lynch JP. Ceftazidime-avibactam: a novel cephalosporin/p-lactamase inhibitor
combination. Drugs. 2013 Feb;73:159-77.

Daikos GL, da Cunha CA, Rossolini GM, Stone GG, Baillon-Plot N, Tawadrous M, Irani P. Review of
ceftazidime-avibactam for the treatment of infections caused by Pseudomonas aeruginosa. Antibiotics.
2021 Sep 18;10(9):1126.

Sreenivasan P, Sharma B, Kaur S, Rana S, Biswal M, Ray P, Angrup A. In-vitro susceptibility testing
methods for the combination of ceftazidime-avibactam with aztreonam in metallobeta-lactamase
producing organisms: Role of combination drugs in antibiotic resistance era. The Journal of Antibiotics.
2022 Aug;75(8):454-62.

Khan A, Erickson SG, Pettaway C, Arias CA, Miller WR, Bhatti MM. Evaluation of susceptibility testing
methods for aztreonam and ceftazidime-avibactam combination therapy on extensively drug-resistant
gram-negative organisms. Antimicrobial agents and chemotherapy. 2021 Oct 18;65(11):10-128.

Kassim A, Omuse G, Premji Z, Revathi G. Comparison of Clinical Laboratory Standards Institute and
European Committee on Antimicrobial Susceptibility Testing guidelines for the interpretation of
antibiotic susceptibility at a University teaching hospital in Nairobi, Kenya: a cross-sectional study.
Annals of clinical microbiology and antimicrobials. 2016 Dec;15:1-7.

Hu YM, Li J. Clinical application of mCIM and eCIM combined detection of carbapenemase-producing
Enterobacteriaceae. Zhonghua yu Fang yi xue za zhi [Chinese Journal of Preventive Medicine]. 2021 Apr
1;55(4):506-11.

Kalaivani R, Kali A, Surendran R, Sujaritha T, Babu CG. Rapid characterization of carbapenem-resistant
Enterobacterales by multiplex lateral flow assay and detection of ceftazidime-avibactam-aztreonam
synergy. Indian Journal of Medical Microbiology. 2024 Jan 1;47:100530.

Alfei S, Schito AM. B-lactam antibiotics and B-lactamase enzymes inhibitors, part 2: our limited
resources. Pharmaceuticals. 2022 Apr 13;15(4):476.

Bhatt P, Tandel K, Das NK, Grover N, Ranjan P, Rathi KR. Phenotypic detection and molecular
characterization of carbapenem-resistant Enterobacteriaceae at a tertiary care center. Journal of Marine
Medical Society. 2022 Jul 1;24(Suppl 1):S40-6.

Vamsi SK, Moorthy RS, Hemiliamma MN, Reddy RB, Sirikonda S. Phenotypic and genotypic detection
of carbapenemase production among gram negative bacteria isolated from hospital acquired infections.
Saudi Medical Journal. 2022 Mar;43(3):236.

3733 | Page



Assessing The In Vitro Activity Of Ceftazidime - Avibactam And Aztreonam Among Carbapenemase
Producing Enterobacterales: Defining The Zone Of Hope By Disc Diffusion Method

SEEIPH  SEEIPH Volume XXV1, $2,2025, ISSN: 2197-5248; Posted:03-02-25

20.

21.

22.

23.

Cheemala SS, Vara A, Lakshmi MS, Pradhan S, Kalyani K. Phenotypic detection of carbapenemase
production in Gram negative bacilli from clinical isolates in a tertiary care hospital in Telangana. J Pure
Appl Microbiol. 2023 Dec 1;10.

Kumar Sharma R, Monica M, Chakraborty A. Antimicrobial Activity of Ceftazidime-Avibactam (CAZ-
AV1) among the Carbapenemase-Producing Gram-negative Rods Isolated from Clinical Samples. Journal
of Medical Microbiology and Infectious Diseases. 2023 Jun 10;11(2):103-9.

Taha R, Kader O, Shawky S, Rezk S. Ceftazidime-Avibactam plus aztreonam synergistic combination
tested against carbapenem-resistant Enterobacterales characterized phenotypically and genotypically: a
glimmer of hope. Annals of Clinical Microbiology and Antimicrobials. 2023 Mar 21;22(1):21.

Marshall S, Hujer AM, Rojas LJ, Papp-Wallace KM, Humphries RM, Spellberg B, Hujer KM, Marshall
EK, Rudin SD, Perez F, Wilson BM. Can ceftazidime-avibactam and aztreonam overcome B-lactam
resistance conferred by metallo-p-lactamases in Enterobacteriaceae?. Antimicrobial agents and
chemotherapy. 2017 Apr;61(4):10-128.

3734 | Page



