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Abstract
Resistance in Gram-negative organisms has become one of the leading threats in recent years. Of the different mechanisms
described in the literature, resistance due to beta-lactamases genes have been overcomed by the use of a beta-lactamase
inhibitor in combination with a beta-lactam antibiotic. When this combination is insufficient to counter metallo-beta-
lactamases, a third antibiotic, has been added to restore susceptibility. One such recent combination is ceftazidime-avibactam
with aztreonam. In this study, 60 isolates of multidrug-resistant organisms producing metallo-beta-lactamases were included
to perform in-vitro antibiotic susceptibility testing against ceftazidime-avibactam and aztreonam alone and in combination
using three different methods. Individual testing revealed 100% (60/60) resistance to both ceftazidime-avibactam and
aztreonam in all the isolates. The disk diffusion method showed an inhibition zone size of 21 mm in all the isolates, with 16
isolates showing an increase in inhibition zone size of >16 mm. In the E-test fixed ratio method, MICs of ceftazidime-
avibactam and aztreonam when used alone ranged from 8/4 µg l−1 to ≥256/4 µg l−1 and 16 µg l−1 to 256 µg l−1, respectively,
but in combination, these MICs were reduced to 0.016/4 µg l−1 to 2/4 µg l−1 with FIC < 0.5 in all the isolates. Similar results
were obtained with the E-test agar dilution method with more than a 16-fold reduction in MIC in all the isolates when
avibactam concentration was fixed at 4 µg l−1. All three methods showed a 100% correlation with each other. The current
study depicted the usefulness of combining ceftazidime-avibactam with aztreonam against organisms producing metallo-
beta-lactamases and that disk diffusion methods can be used as a method for performing in-vitro antibiotic susceptibility
testing of this combination.

Introduction

In the current era of increasing antimicrobial resistance, the
problem of multidrug-resistant organisms is emerging at a
very fast rate. For Gram-positive organisms like methicillin-
resistant Staphylococcus aureus, vancomycin still remains
the drug of choice as the overall incidence of VRSA is small
[1]. Multi-drug resistant Gram-negative organisms are often
treated with carbapenems and their increased use has
resulted in the rapid emergence of resistance to these drugs.
The reason for this sudden rise in resistance is multifactorial
viz., continuous exposure to antibiotics including a steep
rise in carbapenem use, use of lower doses than the
approved dose of antibiotics, contamination of surgical
equipment, and long-term stay in tertiary care hospitals [2].
Very few options such as colistin/polymyxin B, tigecycline,
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and fosfomycin are available, and resistance is being
reported against these drugs also [3–6].

The success of treatment with beta-lactams against
Gram-negative organisms has been greatly reduced because
of the high prevalence of ESBLs, AmpC beta-lactamases,
and carbapenemases such as the metallo-beta-lactamases
(MBLs), and OXA-48 producing pathogens. Studies have
shown that the carbapenem-resistance rates and presence of
different types of carbapenemases genes vary in different
geographical regions and therefore knowledge about the
presence of the types of carbapenemases in a defined geo-
graphical region is of utmost importance in deciding the
choice of empirical antibiotics [7]. The co-production of
metallo-beta-lactamases along with ESBLs and serine car-
bapenemase enzymes is not uncommon in most of these
organisms, which ultimately affects the choice of antibiotic
and the patient outcome. In India, multiple studies have
reported high rates of blaNDM-1 in Gram-negative organisms
[8–10]. The currently available first-generation beta-lacta-
mase inhibitors such as clavulanic acid, tazobactam, or
sulbactam have a narrow spectrum and do not inhibit the
carbapenemases. To circumvent the overuse of carbape-
nems, newer beta-lactamase inhibitors were developed in
combination with older beta-lactams. Avibactam is one
such beta-lactam inhibitor (diazabicyclooctane or DBO)
having in-vitro activity against the carbapenemases
belonging to class A and class D beta-lactamases. Hence
avibactam was used in combination with ceftazidime to act
against these resistant isolates. But this combination was
found to have no activity against metallo-beta-lactamases
like blaNDM, blaVIM, and blaIMP [11, 12].

NDM is mainly inhibited by aztreonam, a monobactam
beta-lactam, but the presence of other beta lactamases like
ESBLs that are also found in the same organism can
hydrolyze and inhibit the activity of aztreonam against
NDM beta-lactamases. This situation is very common in
patients being referred to tertiary care facilities. Therefore,
combining ceftazidime-avibactam (CAZ-AVI) and aztreo-
nam (ATM) in these organisms will result in inhibition of
ESBLs and other beta lactamases by the former drug and
the intact ATM will act against the metallo-beta-lactamases.
Only a few studies and case reports have described this
combination to be a better option in the successful treatment
of multi-drug-resistant organisms. Even though the phase 3
clinical trial of this drug combination showing its efficacy is
still pending, Food and Drug Administration (FDA) has
approved aztreonam for the treatment of MBL-producing
organisms and is supported by the Infectious Diseases
Society of America (IDSA) [13]. Still, there is scanty data
regarding the use of this drug in the Indian context and
currently, no method is approved by CLSI or any other
organization for the in-vitro susceptibility testing of this
combination. Hence the current study aimed to perform

in-vitro susceptibility testing of ceftazidime-avibactam
along with aztreonam by comparing three different meth-
ods of susceptibility testing, disk diffusion, MIC determi-
nation by the use of E-strips, and E-strips agar synergy to
find a suitable method of testing which can be easily per-
formed in hospital settings in resource-limited countries.

Materials and methods

A total of 60 multidrug-resistant isolates belonging to the
family Enterobacterales (55) and Pseudomonas aeruginosa
(5) were collected in a tertiary care centre, Postgraduate
Institute of Medical Education and Research (PGIMER),
Chandigarh in North India over a period of 6 months and
included in the study. These isolates were collected from
different sources such as blood, pus, respiratory specimens
like sputum, bronchoalveolar lavage fluid, and other body
fluids. The Kirby-Bauer disk diffusion method along with
MIC determination using the Vitek 2 system revealed
resistance to beta-lactams, cephalosporins, and carbapenems
like imipenem and meropenem.

PCR for carbapenemase gene detection

Conventional PCR was performed on all the DNA samples
for detecting carbapenemase genes (blaKPC, blaVIM, blaNDM,
blaIMP, blaOXA-48). Further subtypes of these genes were not
identified. DNA bands were viewed under the Azure 200
gel imaging system (CA, USA). The carbapenemase genes
were detected using the following primers (Table 1).

Phenotypic tests for the expression of
carbapenemase genes: Modified carbapenem
inactivation method (mCIM) and EDTA-CIM (eCIM)

For the detection of carbapenemase genes in Enter-
obacterales - a modified carbapenem inactivation method
(mCIM) was performed and to differentiate the metallo-
beta-lactamases from the serine beta-lactamases, mCIM
was used in conjunction with EDTA carbapenem inacti-
vation method (eCIM) according to the recent CLSI
guidelines [14]. Briefly, one loopful of the test isolate was
emulsified in 2 ml of tryptone soy broth in two different
tubes, vortexed, and labeled as eCIM and mCIM. 200 µl of
0.5 M EDTA was added to the first tube labeled as eCIM.
Then,10 µg of meropenem disk was added to both the
tubes and incubated at 35 °C ± 2 °C for 4 h. In the mean-
time, 0.5 McFarland suspension of E. coli ATCC 25922
was prepared and inoculated onto the MHA plate. Later,
both the meropenem disks were removed, excess fluid
drained, and placed on the MHA plate which had been
inoculated with ATCC E. coli 25922. The plates were then
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inverted and incubated again at 35 °C ± 2 °C in ambient air
for 18–24 h.

An inhibition zone size of 6–15 mm in mCIM was
considered as indicative of the production of carbapenemase
in the test isolate thereby proving that the meropenem disk
had been hydrolyzed by the carbapenemase produced by the
test isolate. An inhibition zone diameter of ≥19 mm was
interpreted as susceptible and negative for carbapenemase
production and between 16–18 mm as indeterminate. eCIM
was interpreted only if the mCIM was positive. The pre-
sence of metallo-beta-lactamase is confirmed when there is
an increase in zone size of ≥5 mm in eCIM when compared
to mCIM. A ≤4 mm increase in zone diameter showed the
absence of metallo-beta-lactamases in the test isolate.

Susceptibility to ceftazidime-avibactam and aztreonam
was tested individually by both disk diffusion and E-strips.
Following individual drug testing, these drugs were also
tested together to determine their activity in combination.
These were performed on isolates for which the molecular
testing revealed the presence of at least one of the metallo-
beta-lactamases like blaNDM, blaVIM, or blaIMP and on iso-
lates whose phenotypic tests confirmed the presence of
carbapenemase production. We compared the three different
methods of combined testing to look for a better and more
affordable method that could be adapted to routine diag-
nostic testing.

Combination testing

Disk diffusion method

Ceftazidime-avibactam disks (30 µg /20 µg) (BD Diagnostic
Systems Sparks, MD, USA) provided by Pfizer, New York,
USA were used. In this method, ceftazidime-avibactam
antibiotic disks were initially applied onto MHA plates
inoculated with the test organism and incubated at 35 ± 2 °C
for a period of one hour. Later, these disks were removed

and replaced with aztreonam disks on the same site. After
disk inoculation, plates were re-incubated overnight and
then observed for a zone of inhibition on the next day as per
standard CLSI recommendations for disk diffusion testing.

E-test fixed ratio method

Ceftazidime-avibactam E-test strips were purchased from
(bioMérieux, Marcy-I ‘Etoile, France), and aztreonam E
-test strips from HiMedia were used for the MIC determi-
nation and E-test fixed ratio method. Here, E-test strips
containing ceftazidime-avibactam and aztreonam were
added sequentially to the bacterial lawn on Muller Hinton
agar plates; the first E-test strip (strip CAZ-AVI) was
incubated for a period of one hour which was then removed,
cleaned with alcohol, and saved as an MIC reading scale.
The second E-test strip i.e., aztreonam E strip was posi-
tioned exactly over the imprint of the first E-test strip, strip
A. The plates were re-incubated again for 18 h at 35 ± 2 °C.
Respective MIC strips/scales were used to read MICs by
placing them in each gradient’s position and the FIC
(Fractional inhibitory concentration) index was calculated.
E. coli ATCC 25922 was used as a quality control strain in
all these experiments. The FIC was calculated and inter-
preted as described below

FIC of agent A ¼ MIC of agent A in combination=MICof agent A alone

FIC of agent B ¼ MICof agent B in combination=MIC of agent B alone

Cumulative FIC ¼ FICOF agent Aþ FIC of agent B

Synergy’ is interpreted when the FIC index is ≤0.5,
additivity when the index is >0.5–1, indifference or no
interaction corresponds to the FIC index > 1–4.0, and
antagonism when the FIC index is >4.0 [15, 16].

E-test agar synergy method

Avibactam (AVI) was incorporated into MHA plates to a
final concentration of 4 µg ml−1. 0.5 McFarland standard of

Table 1 Primers for
carbapenemase gene detection

PCR name Beta-lactamase
targeted

Primers Product
size (bp)

Simplex NDM-1 NDM-1 F: GGTTTGGCGATCTGGTTTTC
NDM-1 R: CGGAATGGCTCATCACGATC

264

Simplex OXA-48 OXA-48 F: TATATTGCATTAAGCAAGGG
OXA-48 R: CACACAAATACGCGCTAACC

302

Multiplex IV metallo beta
lactamases and
carbapenamases

IMP, VIM
and KPC

IMP F:TTGACACTCCATTTACDG
IMP R:GATYGAGAATTAAGCCACYCT
VIM F:GATGGTGTTTGGTCGCATA
VIM R:CGAATGCGCAGCACCAG
KPC F:CATTCAAGGGCTTTCTTGCTGC
KPC R:ACGACGGCATAGTCATTTGC

139

390

538
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the test organisms were inoculated onto the plates, and an
ATM E-test strip (bioMérieux, Marcy-l’Etoile, France)
was applied over it, and the plates were incubated for 18 h at
35 ± 2 °C.

Synergy was defined as a ≥3-fold dilution decrease in
MIC, additivity 2-fold dilution decrease in MIC, and
indifference 1-fold dilution change in MIC value [17, 18].

Results

A total of 60 isolates including Klebsiella pneumoniae (38),
Escherichia coli (11), Enterobacter cloacae (3), Citrobacter
freundii (3), and Pseudomonas aeruginosa (5) from routine
samples were collected for a period of 6 months. These
isolates were found to be resistant to most antibiotics like
cefotaxime, ceftriaxone, cefepime, ciprofloxacin, imipenem,
meropenem, cefoperazone-sulbactam, and piperacillin-
tazobactam in the routine antimicrobial susceptibility test-
ing methods which included either Kirby-Bauer disk dif-
fusion or by MICs (Vitek 2 platform). Among these
isolates, minocycline showed the highest susceptibility of
80.3% followed by colistin (60%) and doxycycline
(48.8%). After routine antimicrobial susceptibility testing,
these isolates were subjected to molecular testing for the
detection of metallo-beta-lactamases like blaNDM, blaVIM,

and blaIMP. Testing indicated the presence of blaNDM alone
in 25 isolates, blaNDM and blaIMP in 12 isolates, blaNDM and
blaVIM in 4 isolates, and the presence of all of the three
enzymes in 19 isolates. (Figure 1) PCR testing was fol-
lowed by phenotypic methods like mCIM and eCIM and all
the isolates were positive for both these methods further
confirming the presence of carbapenemases genes in these
resistant isolates.

Disk diffusion method

Individual testing of ceftazidime, aztreonam, and even
ceftazidime-avibactam by Kirby Bauer disk diffusion
showed 100% resistance in all the 60 isolates. This was

followed by testing of ceftazidime-avibactam in combina-
tion with aztreonam by replacing the ceftazidime-avibactam
disk after one hour of incubation with aztreonam disk and
overnight incubation at 35 ± °C. Susceptibility was reported
in all the isolates with an inhibition zone diameter of ≥21
mm. This is in agreement with the susceptible criteria of
≥21 mm zone size recommended for ceftazidime-avibactam
according to CLSI guidelines. (Fig. 2) Combining
ceftazidime-avibactam and aztreonam resulted in an
increase in zone size of 4–9 mm in 17 isolates, 10–15 mm
zone size increase in 23 isolates, and 16 isolates showing a
zone size increase of more than 16 mm. Four isolates did
not show a significant increase in the inhibition zone size as
they already had a higher zone of inhibition to ceftazidime-
avibactam (Tables 2, 3).

Synergy by E-strip fixed ratio method

MIC determination by the E-test strip method for
ceftazidime-avibactam and aztreonam by individually testing
revealed MIC range between ≥8/4 µgml−1 to ≥256/4 µgml−1

Fig. 1 Isolates carrying MBL resistance genes

Fig. 2 Susceptibility testing by disk diffusion showing ceftazidime-
avibactam, aztreonam alone and in combination (CAZ-AVI+ATM)

Table 2 Isolates showing an increase of inhibition zone size with a
combination of drugs (Ceftazidime-avibactam+ aztreonam)

Zone inhibition size (mm) No of isolates

<4 mm 4

4-9 mm 17

10-15 mm 23

>16 mm 16
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and 16 µgml−1 to 256 µgml−1 respectively. The combination
of ceftazidime-avibactam and aztreonam by replacing the
first strip with that of the second strip significantly reduced
the MIC of both the agents ranging from 0.016/4 µgml−1 to
2/4 µgml−1 with FIC < 0.5 for all the isolates. All the 60
isolates showed synergy with FIC of <0.5 and none of the
isolates had additive or antagonistic responses by this method
(Fig. 3 & Table 4).

Synergy by E- test agar synergy method

In the E-test agar synergy method, the use of aztreonam
E-strips on Muller Hinton agar plate incorporated with
avibactam reduced the MIC of aztreonam by a minimum of
16-fold in all the isolates, 64–256-fold in 19 isolates,
256–1000-fold decrease in 16 isolates and more than 1000-
fold decrease has been noted in 18 isolates (Fig. 4).

Discussion

Multi-drug resistance in Gram-negative organisms has
become a great concern in recent times [19]. In the COVID-
19 pandemic, there are multiple concerns regarding the rise

in anti-microbial resistance rates due to the increased use of
antibiotics for empirical therapy [20, 21]. A study from
China has shown that 95% of their COVID patients were
started on antibiotics even though only 15% of them were
actually found to have a secondary bacterial infection [22].

Table 3 Disk diffusion Zone
size for all the isolates

Disk diffusion zone diameter 6 mm 7–12 mm 13–16 mm 17–20 mm 21–24 mm >24 mm

ALL(60)

CAZ AVI 5 3 14 38

ATM 16 40 4

CAZ-AVI+ATM 0 0 0 0 18 42

Klebsiella pneumoniae(38)

CAZ AVI 1 1 9 27

ATM 11 24 3

CAZ-AVI+ATM 7 31

Escherichia coli(11)

CAZ AVI 2 4 5

ATM 3 8

CAZ-AVI+ATM 6 5

Pseudomonas aeruginosa(5)

CAZ AVI 2 2 1

ATM 1 3 1

CAZ-AVI+ATM 3 2

Citrobacter freundii (3)

CAZ AVI 1 2

ATM 1 2

CAZ-AVI+ATM 1 2

Enterobacter cloacae(3)

CAZ AVI 3

ATM 3

CAZ-AVI+ATM 1 2

Fig. 3 Susceptibility testing with ellipsometry showing the effect of
the individual as well as a synergistic combination of CAZ-AVI
and ATM
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Hence the proper choice of antibiotic becomes pivotal in the
management of these multi-drug resistant organisms.

Metallo-beta-lactamases (MBLs) are the predominant
carbapenemases in South East Asia, particularly in India,
whereas serine carbapenemases dominate in other parts of
the world [8, 23]. The newly developed fifth-generation

cephalosporin cefiderocol has better in vitro activity against
MBLs and preliminary clinical trials also showed promising
results, but further clinical studies are needed for their
routine clinical use [13, 24, 25]. Monobactams are the only
drugs that show good activity against MBL and so a com-
bination of ceftazidime-avibactam along with aztreonam
can be used to overcome their activity. Even though other
new beta-lactamases like relebactam or vaborbactam can be
used in combination with aztreonam, they have been found
to have a lesser activity against class A serine beta-
lactamases which makes the avibactam-aztreonam combi-
nation a promising drug for the treatment of MBL produ-
cing organisms [26, 27].

An initial study of the same combination was done by
Marshall et al. in 2017 where they had shown 21 MBL
positive isolates to be individually resistant to CAZ-AVI but
with the addition of ATM, 17 out of 21 isolates became
susceptible to the disk diffusion method, and all the 21
isolates displayed a reduction in agar dilution MICs with
this drug combination [28]. In addition to this, they also
studied a thigh infection model in neutropenic mice and
found almost a 4-log10-CFU reduction at 24 h with this drug
combination. In another study by Karlowsky et al. 267
MBL positive Enterobacterales from 40 different countries
were collected and ATM-AVI combination at a MIC of
≤8 µg ml−1 was inhibitory to 99.9% of isolates showed no
regional differences [29]. Many case reports have been

Table 4 Antimicrobial susceptibility test showing MIC of ceftazidime-avibactam, aztreonam, and ceftazidime-avibactam in combination with
aztreonam by the E- strip-fixed ratio method for all the tested isolates

Isolate category Antimicrobial agent Number of isolates at each MIC (μg/mL) for each antimicrobial Agenta MIC-50 MIC-90

<0.032 0.064 0.125 0.25 0.5 1 2 4 8 16 32 64 >64

ALL (60) CAZ AVI 3 4 1 2 50 256 256

ATM 7 9 12 32 256 256

CAZ-AVI+ATM 5 2 18 15 7 6 7 0.19 1.5

Klebsiella pneumonia (38) CAZ AVI 2 3 1 32 256 256

ATM 4 7 8 19 64 256

CAZ-AVI+ATM 3 1 13 13 4 1 3 0.19 0.38

Escherichia coli (11) CAZ AVI 1 10 256 256

ATM 2 1 3 5 64 256

CAZ-AVI+ATM 2 2 2 3 2 0.5 1.5

Pseudomonas aeruginosa (5) CAZ AVI 1 4

ATM 1 4

CAZ-AVI+ATM 1 1 2 1

Citrobacter freundii (3) CAZ AVI 2 1

ATM 1 2

CAZ-AVI+ATM 1 2

Enterobacter cloacae (3) CAZ AVI 3

ATM 1 2

CAZ-AVI+ATM 1 1 1

aMIC-50 and MIC-90 were not calculated in isolates <10 in number

Fig. 4 Synergy testing showing MIC determination of aztreonam
E-strip in Muller Hinton agar incorporated with avibactam at a fixed
concentration of 4 μg l−1
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published showing the successful outcome of this combi-
nation of drugs in multi-drug resistant organisms. One such
case report is by Davido et al. where Klebsiella pneumoniae
isolate was found to be producing blaOXA48 and blaNDM-1

carbapenemases and another patient grew blaNDM-1-produ-
cing, AmpC-hyper producing strain of Pseudomonas aer-
uginosa, susceptible only to amikacin and colistin by
routine testing. Both were treated with a combination of
CAZ-AVI/ATM for a period of ten days and were found to
be free of infection even though the first patient died of
heart attack [30]. Another case report that showed a better
clinical outcome of CAZ-AVI with ATM was in two organ
transplant patients who presented with septic shock with
NDM-1-producing K. pneumonia [31].

In the current study, all the 60 isolates were subjected to
molecular methods and phenotypic tests for the detection of
metallo-beta-lactamases. The presence of at least one MBL
was reported in 25 isolates and more than one MBL was
detected in a total of 35 isolates. Initially, these isolates
were resistant to ceftazidime-avibactam and aztreonam
when they were tested alone by both the disk diffusion
method and the E-test strip method. However, in combi-
nation testing, all the isolates were found to be susceptible
to all the three different methods described in our study.
Regarding in-vitro susceptibility testing of this combination
in the literature, only a few studies have been reported.
Zou et al. compared the in-vitro susceptibility of 120
carbapenem-resistant Enterobacterales from three different
hospitals in South West China and found 96.7% of isolates
that were initially resistant to aztreonam alone showed a
128-fold (range: ≤0.125–4 mg l−1) reduction in MIC after
the addition of avibactam [32]. Wenzler et al. have studied
synergy testing of different drug combinations (CAZ+
ATM, CAZ+ CAZ-AVI, CAZ-AVI+ATM) against 7
different isolates containing serine and metallo-beta-
lactamases by two different methods i.e., E-test MIC:
MIC ratio method and agar-E-test method. CAZ-AVI with
ATM was found to be the best combination in that study
with the demonstration of synergy in five of seven tested
isolates with a minimum of 128-fold reduction in MIC. In
the agar-E test method also, synergy was demonstrated in
86% of their isolates proving that the agar-E test method
could demonstrate greater numbers for the most synergistic
combination, causing a reduction of at least 17,000-fold in
MIC value (from > 256 mg l−1 to <0.016 mg l−1) [18].
Zhang et al. from China tested 161 MBL positive Enter-
obacterales for in-vitro susceptibility testing of AVI and
ATM combination and found that 96.9% of isolates were
inhibited with that combination. Their study also found that
patients with pre-existing lung disease were associated with
the worst disease outcome [33]. Even though these studies
have used broth microdilution and E-strips for MIC deter-
mination until now, there is no accepted or gold standard

method for in-vitro susceptibility testing of this drug com-
bination. Recently, a study has been published where the
authors have used broth microdilution panels for aztreonam
–avibactam susceptibility testing and found that in all the
isolates, this drug combination has reduced the MIC of
aztreonam by ≥4-fold for 85% (51/60) of the tested isolates
[34]. In our study, 18 isolates have shown a 1000-fold
decrease in MIC value and 36 isolates have shown a
decrease in MIC by 64–1000-fold with the remaining 6
isolates showing less than 64-fold reduction in MIC by the
E-test agar synergy method. By the E-strip fixed ratio
method, all the 60 isolates have shown FIC < 0.5 showing
synergy.

Most of these studies have evaluated only a few samples
by only one method and none of the studies have described
disk diffusion as a part of their in vitro susceptibility testing.
This is the first study to be reported in the literature that
describes the in-vitro antimicrobial susceptibility testing of
ceftazidime-avibactam in combination with aztreonam by
disk diffusion method in comparison with E- test agar
synergy and E-test fixed ratio method. All the three methods
have shown 100% susceptibility to the drug combination
and they also had a 100% concordance with each other in
their susceptibility testing. Hence, the disk diffusion method
can be readily used as an alternative method for suscept-
ibility testing of ceftazidime-avibactam and aztreonam
combination effectively in a resource-limited setting.

Apart from this in-vitro susceptibility testing and clinical
studies, many clinical trials assessing the pharmacokinetic
properties of this combination also showed promising
results explaining the safety and pharmacodynamics of this
drug combination [35, 36]. Even though CAZ-AVI with
ATM has shown better activity against MBL-producing
organisms, some studies have reported the resistance of
these isolates to this drug combination. This resistance is
because of PBP3 protein showing four amino-acid inser-
tions, being either YRIN or YRIK or production of CMY-
42, which ultimately reduces the susceptibility to the drug
combination causing a significant rise in their MIC [37, 38].
However, in clinical isolates, this type of resistance is still
rarely detected and the current study showed 100% sensi-
tivity in MBL positive isolates making it a useful antibiotic
combination. Further studies with a substantial number of
isolates are needed to validate disk diffusion as a method for
testing the synergy combination of ceftazidime-avibactam
and aztreonam.

Limitations of the study

One main drawback of the current study was the limited
number of isolates i.e., only 60 samples were used for
testing by all the three methods and all the samples were
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collected from patients attending a single tertiary care
centre. Therefore, the results of this study cannot be gen-
eralized for all the organisms and for all hospital settings as
the rate of carbapenem resistance and types of beta-
lactamases vary in different geographical areas. Another
limitation is 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 other factors like pharmacodynamics and
host immune response also play a role in the clinical out-
come of the patient. The current study also did not compare
with the standard method such as the checkerboard method.
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