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ABSTRACT

In Indian ICUs, carbapenem resistance is seen among a significant proportion of Gram-negative infections. In
India, NDM and OXA-48 enzymes are the predominant carbapenemases unlike the Western countries where KPC
is the commonest. As the MBLs including NDM are not inhibited by Avibactam, Ceftazidme- Avibactam (CAZ-
AVI) will be of limited use in India. As Aztreonam (ATM) is not hydrolyzed by the NDM, combining it with
CAZ-AVI can be effective in this context. This single centre retrospective study aimed to find out the susceptibility
of CRE isolates to CAZ-AVI and the usefulness of combining it with ATM to treat CRE resistant to CAZ-AVI.
294 CRE isolates were tested from 30 May 2022 to 30 July 2023. Susceptibility to CZA-AVI, ATM was studied.
Synergy of the combination of the two among the isolates resistant to CAZ-AVI was also studied. It was found that
Klebsiella pneumoniae was the most common CRE. 56.12% of the CRE isolates were resistant individually to
CAZ-AVI and ATM. However, 83% of these isolates were found to be sensitive on synergy testing. This pattern is
suggestive of the presence of NDM along with OXA-48 among CREs as reported by other Indian studies. Since
Ceftazidime-Avibactam as a monotherapy for CREs will likely result in clinical failure, susceptibility testing with
CAZ-AVI and synergy testing with ATM should be used to guide the treatment of CRE infections.

KEYWORDS: Carbepenem-resistant Enterobacterales (CRE), carbapenemase, Ceftazidme Avibactam NDM,
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INTRODUCTION

Infection caused by Carbapenem resistant Enterobacteriaceae (CRE) strains has been associated with prolonged
hospital stay, increased mortality, and elevated healthcare expenses.'! In Indian ICUs, a significant proportion of
Gram-negative organisms are carbapenem-resistant. There are only a few options to treat CRE infections. In the
Western world Klebsiella pneumoniae carbapenemase (KPC) is the main enzyme responsible for carbapenem

resistance in CREs. In India, the scenario is different with CRE strains often harbouring New Delhi metallo-beta-
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lactamase (NDM) and oxacillinase (OXA-48) enzymes.”®! A few years back Ceftazidime avibactam (CAZ-AVI) was
introduced as a promising molecule for treating CRE infections. As the Metallo betalactamases (MBLSs) enzymes are
not inhibited by avibactam, it is not useful where NDM or other MBLs are responsible for carbapenem resistance.
NDM enzyme does not hydrolyse Aztreonam (ATM) effectively. In India, where NDM is predominantly seen
combining CAZ-AVI and ATM is an effective way of treating infections caused by CRE. Another in vitro study found
the same combination to be effective for CRE isolates harbouring the NDM and OXA-48 enzymes.[”! CAZ-AVI has
been recommended by The Infectious Diseases Society of America (IDSA) as the first-line antibiotic for CREs
producing KPC or OXA-48 beta lactamases with proven in vitro susceptibility to CAZ-AVI.EY The Indian Council of
Medical Research (ICMR) also has recommended CAZ-AVI as the first-line therapy for CRE harbouring OXA-48
enzymes.'*Y This study aimed to find out the susceptibility pattern of CRE to CAZ-AVI and the effectiveness of CAZ-
AVI/ATM combination in overcoming their resistance to CAZ-AVI.

MATERIALS AND METHODS
This single-centre retrospective study was conducted at a tertiary care centre in central Kerala. 294 CRE isolates which
were tested from 30 May 2022 to 30 July 2023 were included. Approvals from the Institutional Research Board and the

Institutional Ethics Committee were obtained. Being a retrospective study, informed consent was not taken.

Test Methods

Synergy testing for Ceftazidime avibactam and Aztreonam was performed by the modified E test method. For this, a
lawn culture of the test organism with turbidity 0.5Mf was performed on a Mueller Hinton Agar (MHA) plate.
Ceftazidime avibactam E test strip and Aztreonam 30pug disc were placed on the plate in such a way that the distance
between the two was 15mm. After overnight incubation, the MIC for ceftazidime avibactam and the zone diameter for
Aztreonam were measured and interpreted as per Central Laboratory Standards Institute (CLSI) guidelines. An inverse
D zone with the flattening towards the Aztreonam disc or increase in the zone of inhibition between the Ceftazidime-
Avibactam strip and the Aztreonam disc was used to demonstrate synergy as per the guidance document of ICMR (Fig.
1).% Using this method, susceptibility to Cefatzidime- Avibactam and Aztreonam individually was obtained apart

from synergy testing.

a) b) )

d) e)

Fig. 1: E test method used to demonstrate synergy between Ceftazidime-Avibactam and Aztreonam.
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RESULTS

Among 294 isolates of CRE, 125 (42.517%) were susceptible to CAZ-AVI and 4(1.36%) to ATM. The remaining 165
(56.122%) were resistant to both. These isolates were tested for synergy. Among these 165, 137 (83%) isolates
exhibited synergy and 27 (17%) exhibited no synergy (Fig. 2).

= SYNERGY = NO SYNERGY

Fig. 2: Synergy between CAZ-AVI and ATM among CRE isolates resistant individually to CAZ-AVI and ATM.

In the 137 isolates which were individually resistant to CAZ-AVI and ATM, but exhibited synergy, presence of MBL
along with OXA-48 like or KPC enzymes are likely to be responsible for carbapenem resistance, where as in the 27
isolates which did not exhibit synergy, other enzymatic and non-enzymatic mechanisms or a combination of both are
likely. Colistin-resistance was found in 12 isolates. Respiratory secretions accounted for the maximum number of CRE
infections (112/294 -38.1%). Urine and blood accounted for 20.1% each (59/294). The remaining samples included
tissues and other body fluids. Urinary and respiratory infections with secondary bacteraemia were included under blood
to avoid duplication of data. Klebsiella pneumoniae was the most predominant organism (239/294) followed by E coli
(42/294) accounting for 81.3% and 14.3% respectively. All other organisms collectively accounted for less than 5% of
the CRE isolates (Fig. 3).
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Fig. 3: Microbiological profile of CRE Isolates.

Out of the total 294 isolates included in this study, PCR was done for 14 as per the treating clinician’s request. In this,
OXA-48 was found in 10 (71.4%) cases and NDM in 9 (64.3%). CTX-M and VIM were detected in 12 and 1 cases

respectively.
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DISCUSSION

Significant regional differences in enzyme epidemiology have been reported. In the United States, the KPC enzyme is
endemic and NDM as well as OXA-48 enzymes are reported as sporadic cases.™ Significant regional variation in the
predominant carbapenemase genes was reported in a multinational study from different centres across 36 countries.
1098 CRE isolates were screened for carbapenemase (CPE) genes after genome sequencing. The most predominant
carbapenemase enzyme was KPC in Western European and Latin American countries with its presence detected in
66.5% and 70.0% respectively in CRE isolates. Among CRE isolates from the Asia-Pacific region MBL genes were
detected in 61.6% of which 92.7% (101/109) were NDM. KPC, MBL and OXA-48-like enzymes were detected in
25.6%, 29.5% and 31.7% of CRE isolates from Eastern Europe, respectively. In Greece and Romania, KPC
predominated while in Russia and Turkey OXA-48-like was the predominant enzyme. MBLs, mainly NDM, were
found to be common in Russia, Turkey Poland Belarus, and Greece.™ In a Japanese study IMP-type MBLs were
uniquely dominant in CREs.™ According to a study from Ghana, carbapenem resistance among Enterobacteriaceae
was low 5.7% and among these NDM was the commonest carbapenemase.*®! An Egyptian study reported resistance to
both CAZ-AVI and ATM in 90% of 100 carbapenem-resistant Klebsiella pneumoniae and E. coli isolates, but 90% of
these showed synergy between the two. These isolates were found to produce both metallo f-lactamases and serine f3-
lactamases. ™! In another similar study, the combination of CAZ-AVI and ATM was found to be synergistic for all
CRE isolates, and hence the same was found to be useful against MBL-producing Klebsiella pneumoniae and
particularly against those isolates producing more than one carbapenemases. Therefore, the combination of CAZ-AVI
and ATM is considered an effective therapeutic option particularly against Klebsiella pneumoniae and E. coli isolates
producing multiple metallo B-lactamases and serine p-lactamases.™ A recent Indian study from Pune detected NDM in
62.5% of the CRE isolates. OXA-48 enzyme was also predominant its presence detected in 66.3% of the isolates. KPC
enzyme was detected only in 3.8% of CRE isolates."™® Presence of NDM were more in E coli compared to Klebsiella .
Another Indian study revealed the same pattern where Klebsiella was the predominant CRE accounting for two-third of
the isolates and presence of NDM in a great majority (nearly 80%).2% In our study as well, among CREs, Klebsiella
pneumoniae was the most common (239/294), followed by E coli (42/294). 121/239 Klebsiella pneumoniae isolates
were sensitive to CAZ-AVI whereas only 3/42 Escherichia coli were sensitive to CAZ-AVI. This indicates most of the
E coli harboured MBLs. In India, empirical therapy with Ceftazidime-Avibactam will be ineffective among 50-75% of
CRE. A majority of these will be sensitive to CAZ-AVI-ATM. Empirical therapy with Ceftazidime-Avibactam alone
will be ineffective among 50-75% of CRE in Indian scenario and a majority of these will be sensitive to CAZ-AVI-
ATM. According to IDSA, if Enterobacterales isolates produce NDMs (or any other MBLs), preferred antibiotic
options include Ceftazidime-Avibactam plus Aztreonam, or cefiderocol monotherapy. IDSA also suggests combining
ATM with CAZ-AVI to treat CRE resistant to both Ertapenem and Meropenem, when carbapenemase testing results
are not available, if the risk of MBL is high."¥ CAZ-AVI is freely available in India these days as it has become a
generic drug. Indiscriminate use of CAZ-AVI alone or in combination with ATM to treat CRE infections is a potential

challenge in places where the antibiotic stewardship system is fragile.*!

CONCLUSION

Klebsiella pneumoniae was the commonest organism among CREs. 56% of CRE isolates were resistant to Ceftazidime-
avibactam and Aztreonam individually. However majority (83%) of them exhibited synergy when used together. This
pattern is suggestive of the presence of NDM along with OXA 48 among CREs as reported by other Indian studies.

This indicates that Ceftazidime-Avibactam as a monotherapy will likely result in clinical failure in a majority of CRE
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infections. Susceptibility testing with Ceftazidime Avibactam and synergy testing with Aztreonam should be used to

guide treatment of CRESs to ensure good outcome and to avoid misuse of these drugs.
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