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ABSTRACT

Introduction: Increasing Carbapenem resistance is a global threat. Carbapenem resistance in Indian settings are predominantly mediated via the 3
lactamases, NDM and OXA 48. The newly approved drug Ceftazidime-avibactam has potent activity against Carbapenem Resistant
Enterobacterales (CRE). However a limited literature on Ceftazidime-avibactam activity on CRE. Hence, the aim of this study is to highlight the
Ceftazidime-avibactam activity in CRE isolates. Material and Methods: We performed a retrospective observational study among 50 CRE and
conducted disc diffusion with Ceftazidime- avibactam to determine the susceptibility to the same. Results: There were 46 Enterobacteriaceae that
were detected to have carbapenemase producing genes. Out of 46, 14 (30.4%) isolates showed susceptibility to Ceftazidime-Avibactam by Disc
diffusion method; of which two were pure NDM producers and 7 were NDM co-producers and 5 were non NDM producers. Among 14 isolates
which were sensitive to Ceftazidime-Avibactam, the distribution of the isolates were E. coli (n=6, 43%) followed by K. pneumoniae (n=5, 36%)
and Proteus sps (n=3, 21%) Conclusion: In our study, Ceftazidime-avibactam demonstrated excellent in vitro activity against OXA-48 like
producing CRE (E. coli, K. pneumoniae) and a little activity was noted against pure NDM producers. Hence the use of the Ceftazidime-avibactam
based on antimicrobial susceptibility will be helpful in managing infections with multi drug resistant Gram negative organisms
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INTRODUCTION:

Globally, continuous emergence of multidrug-resistant organisms
(MDROs) is a major public health concern, and is associated with
significant morbidity and mortality (1). MDROs have historically
affected patients in healthcare facilities, where risks for acquisition
include exposure to antibiotics, frequent and/or prolonged
hospitalization, use of in-dwelling devices, and host factors. With an
explosion of antibiotic resistance genes found on mobile genetic
elements (MGEs) capable of efficient transmission between bacteria
and hosts in and out of hospitals, the line between multidrug-resistant
bacterial infections acquired in healthcare settings and community
acquired infections has become increasingly blurred over the last two
decades (2).

Gram-negative bacteria have recently developed multidrug resistance,
rendering earlier therapies useless. The B lactam drug class, which
were once the cornerstone of treatment plans for many hospital and
community acquired infections, are quickly going out of use because
of the widespread production of beta lactamases by bacteria. Even the
effectiveness of carbapenems is being undermined by spread of
carbapenemases producing genes (3).

Carbapenemases like KPC, IMP, VIM, NDM, and OXA-48 are the
primary mediators of carbapenem resistance in Enterobacterales (4).
In India, NDM predominates in E. coli, whereas in K. pneumoniae
OXA-48 alone predominates alone or in combination with NDM.
Extended spectrum beta-lactamases (ESBLs), AmpC, and/or other
mechanisms, such as the expression of efflux pumps or the loss of outer
membrane porin function, are frequently produced alongside
carbapenemases in CRE (5).

Ceftazidime, a well-known, third-generation broad-spectrum
cephalosporin, that kills bacteria by inhibiting the formation of their
cell walls by binding to penicillin-binding proteins (PBPs), similar to
other B-lactam antibiotics. This results in bacterial cell lysis and death

(6).

Avibactam is a novel, non-p-lactam, f-lactamase inhibitor. Compared
to traditional B-lactamase inhibitors, it has a wider range of activity and
is active against Ambler class A, class C, and some class D enzymes

(7). According to in vitro research, many isolates of ESBL, AmpC,
Klebsiella pneumoniae carbapenemase (KPC), OXA-48-producing
Enterobacteriaceae, and drug-resistant P. aeruginosa can be treated
with avibactam to restore the antimicrobial activity of the third-
generation, extended-spectrum cephalosporin Ceftazidime (8).

Ceftazidime-avibactamis a 4:1 fixed ratio intravenously administered.
It is a combination of Ceftazidime and the B-lactamase inhibitor
avibactam. Adults with complicated urinary tract infections (cUTI),
including pyelonephritis, complicated intra-abdominal infections
(cIAI), hospital-acquired pneumonia (HAP), including ventilator-
associated pneumonia (VAP), as well as other infections caused by
aerobic Gram-negative organisms in patients with limited treatment
options, may benefit from the use of Ceftazidime-avibactam (9).

The rising prevalence of infectious diseases caused by Carbapenem
Resistant Enterobacterales also complicates the selection of empiric
antimicrobial therapy for critically ill hospitalised patients. Infections
caused by Carbapenem Resistant Enterobacterales result in prolonged
hospital stay, increased morbidity and mortality and increased
management costs. To address these issues, newer antimicrobials such
as Ceftazidime-avibactam were investigated. However, there are
limited literature on Ceftazidime-avibactam activity on Carbapenem
Resistant Enterobacterales. Hence, the aim of this study is to highlight
the Ceftazidime-avibactam activity in Carbapenem Resistant
Enterobacterales isolates in the Indian setting.

MATERIALAND METHODS:

A retrospective observational study conducted on 50 Carbapenem
Resistant Enterobacteriaceae (CRE) samples in a tertiary care center
laboratory for a period of 6 months (July-December, 2021). The
Enterobacteriaceae strains resistant to at least one of the carbapenem
antibiotics (Ertapenem, Meropenem, Doripenem, or Imipenem) or
producing a carbapenemase (an enzyme that can make them resistant
to carbapenem antibiotics) were defined as CRE by Centers for
Disease Control and Prevention of USA (10).

Initially, 50 isolates were identified by using VITEK-2 (Bio-merieux)
automated bacterial identification system. Antibiotic sensitivity
testing was performed by conventional Kirby-Bauer disk diffusion
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method and subjected to mCIM (Modified Carbapenem Inactivation
Method) test for confirmation of CRE and the results were interpreted
as per CLSI guidelines M100 (2021). For genotypic study the isolates
were further subjected to conventional PCR and gel electrophoresis to
detect panel of resistance associated genes (NDM, IMP, VIM and
OXA-48) (11). The isolates on which the carpenemase gene detection
had been performed were revived using BHI broth. 05 Mc Farland
standard, lawn culture were made and Ceftazidime-avibactam disc
were applied. The same was incubated at 37°C for 18 hours. The zone
diameters were noted. The data were tabulated in Microsoft excel sheet
for analysis.

RESULTS:

Out of the 50 archived isolates, 46 could be revived. Out of 46, 14
(30.4%) isolates showed susceptibility to Ceftazidime-avibactam by
Disc diffusion method of which 2 were pure NDM producers, 7 were
NDM co-producers (had another mechanism of carbapenemase
production, i.e., 5 had OXA 48 gene and 2 had VIM gene) and 5 were
non NDM producers, which were sensitive to Ceftazidime-avibactam.
Out of remaining sensitive isolates, 3 strains having sole OXA 48 gene,
1 strain having sole VIM and 1 strain having three genes were shown
sensitive to Ceftazidime-avibactam. However 32 NDM, OXA 48 and
VIM co producers were resistant to Ceftazidime-avibactam as shown
intable 1.

Table 1. Distribution of Ceftazidime-Avibactam activity and CRE
genes

Gene for Carbapenem  |Total |Ceftazidime-Avibactam activity
Resistance Sensitive  |Resistant

NDM 15 2 13

NDM + OXA 48 26 5 21

NDM + VIM 4 2 2

OXA 48 3 3 0

VIM 1 1 0

NDM+OXA 48+VIM |1 1 0

Among 14 isolates which were sensitive to Ceftazidime-avibactam,
most of the isolates were E. coli (n=6, 43%) followed by K.
pneumoniae (n=5,36%) and Proteus sps (n=3,21%) as shown in figure
1 and following genes for CRE isolates were shown in table 2.

n=1,7%

n=2, 14%
n=5, 36%

n=6, 43%

u Klebsiella pneumonia ®E coli = Proteus mirabilis ® Proteus vulgaris

Figure 1. Distribution of CRE isolates itive to C

Table 2. CRE Isolates showing sensitivity to Ceftazidime-
Avibactam

CRE genes E.coli |K. pneumonia |P. mirabilis/ P. vulgaris
NDM 0

NDM + OXA 48 |1 4 0

NDM + VIM 1 0 1

OXA 48 2 1 0

VIM 0 0 1

NDM+OXA

48+VIM ! 0 0

Total 6 5 3

DISCUSSION:

Due to the dearth of efficient and secure treatment options, the rising
prevalence of CRE infections that are difficult to treat in India is of
grave clinical concern. The currently approved b-lactam-based
antibiotic Ceftazidime-avibactam, which has potent activity against
Enterobacterales that express OXA-48 and NDM, is one option for
treating these infections. In the present study, we assessed the in vitro
activity of Ceftazidime-avibactam against CRE isolates.

Globally, most of the studies from 2014 to 2020 have reported higher
susceptibility rates of >90% to Ceftazidime-avibactam against CRE
(12—-15). Whereas, in India the ATLAS surveillance was shown overall

susceptibility of 79% to Ceftazidime-avibactam and similar study in
China also shown 61.4% susceptibility to Ceftazidime-avibactam
(4,8). However, in our study we found 30.4% isolates were susceptible
to Ceftazidime-avibactam which can be evident by increasing pattern
of antimicrobial resistance to Ceftazidime-avibactam.

Our study shown most of the Ceftazidime-avibactam sensitive isolates
showed pure NDM gene (2/14), NDM co-producers (5/14), OXA 48
gene (7/14). Out of these OXA 48 was most common in K. preumoniae
(4, 25%), NDM and OXA 48 in E. coli (25%, 25%). Whereas, other
studies also showed that in K. pneumoniae, OXA-48 like variants were
the most commonly reported genetic elements, which is similar to our
study (8).

The molecular characterization of carbapenemase enzymes is critical
for tailoring CRE therapy. Ceftazidime-avibactam has emerged as a
promising treatment option, even as monotherapy, for severe
infections caused by Enterobacterales. The clinical efficacy of
Ceftazidime-avibactam in treating CRE bacteraemia has been well
established.

CONCLUSION:

In Indian settings, Carbapenem resistance is primarily mediated by the
blaNDM, with only a few isolates showing OXA 48. Ceftazidime-
avibactam, a recently approved drug, has potent anti-OXA 48 activity.
Ceftazidime-avibactam demonstrated excellent in vitro activity
against OXA-48 producing CRE (E. coli, K. pneumoniae), but a little
activity against NDMs was observed in our study. As a result, using
Ceftazidime-avibactam based on antimicrobial susceptibility will be
beneficial in treating infections caused by multidrug resistant Gram
negative organisms.

REFERENCES:

1. WHO publishes list of bacteria for which new antibiotics are urgently needed [Internet].
[cited 2023 Mar 16]. Available from: https://www.who.int/news/item/27-02-2017-who-
publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-needed

2. Dandachil, Chaddad A, Hanna J, Matta J, Daoud Z. Understanding the epidemiology of

multi-drug resistant gram-negative bacilli in the middle east using a one health

approach. Front Microbiol. 2019;10(AUG):1-39.

Bassetti M, Peghin M, Vena A, Giacobbe DR. Treatment of Infections Due to MDR

Gram-Negative Bacteria. Front Med. 2019;6(April): 1-10.

4. Han R, Shi Q, Wu S, Yin D, Peng M, Dong D, et al. Dissemination of Carbapenemases
(KPC, NDM, OXA-48, IMP, and VIM) Among Carbapenem-Resistant
Enterobacteriaceae Isolated From Adult and Children Patients in China. Front Cell
Infect Microbiol. 2020;10(July).

5. Kesharwani P, Chopra S, Dasgupta A. DRUG DISCOVERY TARGETING DRUG-
RESISTANT BACTERIA. Drug Discov Target Drug-Resistant Bact [Internet]. 2020
Jan 1 [cited 2023 Mar 16];1-407. Available from: http://www.sciencedirect. com: 5070/
book/9780128184806/drug-discovery-targeting-drug-resistant-bacteria

6. Rains CP, Bryson HM, Peters DH. Ceftazidime: An Update of its Antibacterial Activity,
Pharmacokinetic Properties and Therapeutic Efficacy. Drugs. 1995;49(4):577-617.

7. Lahiri SD, Johnstone MR, Ross PL, McLaughlin RE, Olivier NB, Alm RA. Avibactam
and class C § -lactamases: Mechanism of inhibition, conservation of the binding pocket,
and implications for resistance. Antimicrob Agents Chemother. 2014;58(10):5704—13.

8. Bakthavatchalam YD, Routray A, Mane A, Kamat S, Gupta A, Bari AK, et al. In vitro
activity of Ceftazidime—Avibactam and its comparators against Carbapenem resistant
Enterobacterales collected across India: results from ATLAS surveillance 2018 to 2019.
Diagn Microbiol Infect Dis [Internet]. 2022;103(1):115652. Available from: https://doi.
org/10.1016/j.diagmicrobio.2022.115652

9. Antiviral SEC. Recommendations of the SEC (Antimicrobial & Antiviral) made in its
65th Meeting. 2020;2—-4. Available from: https://cdsco.gov.in/opencms/
resources/Upload CDSCOWeb/2018/Upload Committee Files/ 65thAntimicrobia
128jan20.pdf

10.  CRE | HAI | CDC [Internet]. [cited 2023 Mar 21]. Available from: https://www.cdc.
gov/hai/organisms/cre/index.html

11.  Giri S, Karade S, Sen S. Genotypic characterization of carbapenem resistant
Enterobacterales in clinical isolates from western Maharashtra. Indian J Med Microbiol
[Internet]. 2021;39(4):500-3. Available from: https://doi.org/10. 1016/j.ijmmb. 2021.
05.008

12. Karlowsky JA, Bouchillon SK, El Mahdy Kotb R, Mohamed N, Stone GG, Sahm DF. In
vitro activity of ceftazidime/avibactam against clinical isolates of Enterobacterales and
Pseudomonas aeruginosa from Middle Eastern and African countries: ATLAS global
surveillance programme 2015-18. JAC-Antimicrobial Resist [Internet]. 2021 Apr 8
[cited 2023 Mar 21];3(2). Available from: https://academic.oup.com/ jacamr/article/
3/2/d1ab067/6290831

13.  Karlowsky JA, Kazmierczak KM, Valente MLN de F, Luengas EL, Baudrit M, Quintana
A, et al. In vitro activity of ceftazidime-avibactam against Enterobacterales and
Pseudomonas aeruginosa isolates collected in Latin America as part of the ATLAS
global surveillance program, 2017-2019. Braz J Infect Dis [Internet]. 2021 Nov 1 [cited
2023 Mar 21];25(6). Available from: https://pubmed.ncbi.nlm.nih.gov/34774471/

14.  Lemos-Luengas E V., Renteria-Valoyes S, Cardenas-Isaza P, Ramos-Castaneda JA. In
vitro activity of ceftazidime/avibactam against Gram-negative strains in Colombia
2014-2018.J Glob Antimicrob Resist. 2022 Jun 1;29:141-6.

15.  Karlowsky JA, Lob SH, DeRyke CA, Hilbert DW, Wong MT, Young K, et al. In Vitro
Activity of Ceftolozane-Tazobactam, Imipenem-Relebactam, Ceftazidime-Avibactam,
and Comparators against Pseudomonas acruginosa Isolates Collected in United States
Hospitals According to Results from the SMART Surveillance Program, 2018 to 2020.
Antimicrob Agents Chemother [Internet]. 2022 May 1 [cited 2023 Mar 21];66(5).
Available from: https://pubmed.ncbi.nlm.nih.gov/35491836/

w

| 14 |—| International Journal of Scientific Research I



