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ABSTRACT
Antibiotic resistance is a growing concern worldwide, and combination therapy has emerged as a promising strategy to

address this issue. Combination therapy involves using two or more antibiotics at the same time to treat bacterial infections. The
combination of colistin and azithromycin has demonstrated encouraging results in treating multidrug-resistant bacterial infections.
Colistin disrupts the bacterial cell membrane, enhancing the uptake of azithromycin and ultimately leading to bacterial death.
Azithromycin inhibits bacterial protein synthesis by binding to the 50S ribosomal subunit, preventing translocation and
transpeptidation. This research article focuses on colistin and azithromycin-resistant isolates among Enterobacter spp. and their
combination to investigate the synergistic and antagonistic relationships against these resistant isolates.
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Introduction
The digestive tract is the primary site for the

anaerobic, Gram-negative bacterial strain Enterobacter
cloacae, which is widely distributed in soil, water, and
sewage.  It is one of the most prevalent nosocomial
bacteria that can cause infections, immunosuppression,
and prolonged hospital stays in patients with underlying
illnesses, particularly in intensive care and burn unit15.
The bacteria seldom induce septic osteoarthritis but

typically cause sepsis, urethritis, and lower respiratory
tract infections17. Globally, antibiotic resistance is
becoming an increasingly serious health concern12. Both
Gram-positive and Gram-negative species are in the
bacterial group known as ESKAPE. Acinetobacter
baumannii, Pseudomonas aeruginosa, Enterococcus
faecium, Staphylococcus aureus, Klebsiella
pneumoniae, and Enterobacter species are among
them. These microbes frequently cause nosocomial
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samples were used to obtain these isolates.

Isolation and characterisation of clinical isolates

A total of 51 isolates of Enterobacter species were
isolated using standard microbiological techniques.
These isolates were subjected to PCR-based
discrimination using specific primers targeting each
species. The isolates were identified at the species level
using EC-F (52 -TGAAAACCTTATCCGCGA-32 ) and
EC-R (52 -GGCAGGCTGGAAGATAAA-32 ) primers (Ji
et al. 2021). Positive control was E. cloacae subsp.
cloacae ATCC 13047 type strains. For the reaction MQW
(13.57 ìL), 2.5 ìL of 10x buffer, 2 ìL of dNTP, 0.8 ìL of
each primer (forward and reverse), 5 ìL of DNA template,
and 0.33 ìL of Taq Polymerase were mixed for a single
PCR reaction (25 ìL). In brief, denaturation at 94ÚC for
30 s, annealing at 50ÚC for 30 s, an extension phase at
72ÚCfor 1 min, and a final extension at 72ÚC for 5 min.
The amplified product was analysed by 1% agarose gel
electrophoresis (GeNei TM Sl. No-07/19/F/328, Peenya,
and Bangalore, India).

Antibiotic susceptibility test
The Clinical and Laboratory Standards Institute’s

Guidelines were used to identify the Enterobacter
isolates, and the broth dilution method was accurately
used to test for antibiotic susceptibility (CLSI 2021).  The
Enterobacter cloacae subspecies cloacae ATCC 13047
reference strain was used. Clinical isolates were
subjected to assays for sensitivity to azithromycin and
colistin methanesulfonate (CMS). The broth dilution
method was used to determine the minimum inhibitory
concentration (MIC) of colistin methanesulfonate and
azithromycin. The CLSI (2021) recommended
azithromycin > 32 µg/mL and colistin > 4 µg/mL as
resistance breakpoints. Hi-Media Laboratories Pvt. Ltd.
in Mumbai, India, supplied laboratory-standard powders
of azithromycin and colistin methanesulfonate, which
were then reconstituted according to their directions18.

infections that can be fatal in severely ill and
immunocompromised individuals, and they may have
pathways for medication resistance16. Combining various
drugs can effectively treat antibiotic resistance11.
Multidrug-resistant (MDR) Gram-negative bacteria in
hospitals is a prominent cause of morbidity and mortality
due to comorbidity and a lack of suitable treatment
options20. Clinically available and efficacious medications
are in short supply due to the rapid rise in extended-
spectrum beta-lactamase-mediated bacterial resistance.
The last resort for treating Gram-negative bacteria
resistant to many drugs is colistin18. High-level colistin
resistance, however, quickly arises due to chromosomal
abnormalities in several genes, such as pmrAB, phoPQ,
and mgrB10. When two antibiotics are combined,
antagonistic, indifferent, or synergistic effects may occur.
Combining the two medications results in microbial
inhibition at doses lower than those of either drug alone13.
Thus, two agents working together to produce notably
more activity than acting alone is called synergy14.

Increased activity or a synergistic effect is the
primary justification for combining two drugs. Decreased
toxicity is a secondary justification for permitting lower
antibiotic doses. Combining two drugs can help to stop
the emergence of antibiotic resistance5. The current
study aimed to characterised the in vitro synergy effect
of colistin and azithromycin, as well as the prevalence
of colistin and azithromycin resistance in Enterobacter
species recently isolated from clinical samples resistant
to either colistin, azithromycin, or both antibiotics.

Materials and Methods
Isolation of Enterobacter cloacae from clinical

specimens

The samples were collected from the
bacteriological section at the Institute of Medical
Sciences, Banaras Hindu University, Varanasi, between
July 2021 and April 2023, yielding 51 clinical isolates of
Enterobacter. Pus, blood, urine, faeces, and sputum

TABLE-1: Resistance pattern of clinical (n=40) isolates of Enterobacter cloacae by broth diffusion method

Tested antibiotics Range (µg/mL) MIC Breakpoint Resistant %
(CLSI 2021)

Macrolides

Azithromycin 0.76-3125 < 32 µg/mL (26/40) 65 %

Lipopeptides

Colistin 0.25-16750 < 4 µg/mL (7/40) 17.5 %

128 Srishti Singh,  Alok Kumar Singh, Gopal Nath and Anand Prakash Singh



Synergy studies against colistin and
azithromycin-resistant isolates

The synergistic effectiveness of colistin and
azithromycin in vitro was evaluated against seven
colistin-resistant Enterobacter cloacae and twenty-six
clinical isolates of Enterobacter cloacae that were
resistant to azithromycin. Azithromycin resistance was
also present in three (42.85 %) of the seven clinical
isolates of Enterobacter cloacae that showed colistin
resistance. The in vitro synergistic effectiveness of
colistin and azithromycin was evaluated against seven
colistin-resistant Enterobacter cloacae and twenty-six
clinical isolates of Enterobacter cloacae resistant to
azithromycin.  Inoculum was applied to each well to
achieve a final concentration of 1 × 105 CFU/well. For a
whole day, the plates were incubated at 37°C. The MIC
is the lowest concentration of the inhibitor that prevents
detectable bacterial growth in the well. The fractional
inhibitory concentration index (ÓFIC) was determined
using the following formula.

The FICs were evaluated in the manner described below:

FIC of Drug A =

Minimum inhibitory concentration of Drug A in
combination

Minimum inhibitory concentration of Drug A alone;

FIC of drug B =

Minimum inhibitory concentration of Drug B in
combination

Minimum inhibitory concentration of Drug B alone

The fractional inhibitory concentration index, or
FICI, is the total FICs of drugs A and B. Synergy was
defined as FICI < 0.5, Indifference as FICI >0.5 and < 4,
and Antagonism as FICI >4.

Antibiotic susceptibility testing and
minimum inhibitory concentration
determination by the broth dilution

Method
Of the 40 clinically isolated Enterobacter cloacae,

7 (17.5 %) were confirmed to be colistin-resistant.

Results

Identification of bacterial isolates
A species-specific primer identified 40 of the 51

(78.43 %) Enterobacter isolates as Enterobacter cloacae
(Fig.1).

It was found that 29 out of 40 clinical isolates of
Enterobacter cloacae (72.5%) were resistant to
azithromycin (Table-1).

Enterobacter cloacae isolates (clinical) sensitive
to colistin but resistant to azithromycin, sensitive to
azithromycin and resistant to colistin, sensitive to both
colistin and azithromycin and resistant to both colistin
and azithromycin were found.

Synergy study of colistin-resistant
Enterobacter cloacae

The in vitro synergy test for colistin and
azithromycin combination examined four (4/40) clinical
isolates with MIC valuese > 4µg/mL and colistin resistant.
Table-2 shows that the combination of azithromycin and
colistin showed indifference against three isolates (75%),
antagonism against 0 isolates (0%) and synergy against
one isolate (25%). (Table-2).

Synergy study of azithromycin-resistant
Enterobacter cloacae

The azithromycin and colistin combination
demonstrated synergy against 6 (26.08%) isolates,

TABLE-2: in vitro activity of Colistin in combination with Azithromycin against Colistin-resistant clinical
isolates of Enterobacter cloacae

Isolates AZ MIC CO MIC CO+AZ FIC FIC FICI Result
breakpoint breakpoint MIC value value index
(>32 µg/mL) (>4 µg/mL)  of CO of AZ

EC 01 12.205 65.07 4.065 0.06 0.33 0.39 Synergy

EC 12 24.41 130.155 65.07 0.49 2.66 3.15 Indifferent

EC 50 24.41 16.26 16.27 1.00 0.66 1.66 Indifferent

EC 45 24.41 32.53 32.55 1.00 1.33 2.33 Indifferent
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TABLE-3: In vitro activity of azithromycin and colistin against azithromycin-resistant clinical isolates of
Enterobacter cloacae

Isolates AZ MIC CO MIC CO+AZ FIC FIC FICI Result
breakpoint breakpoint MIC value value index
(>32 µg/mL) (>4 µg/mL)  of CO of AZ

EC 51 1.015 48.82 8.137 8.016 0.16 8.182 Antagonism

EC 40 1.015 48.82 4.068 4.007 0.083 4.090 Indifferent

EC 47 1.015 97.65 8.137 8.016 0.083 8.099 Antagonism

EC 41 2.03 97.65 8.137 4.008 0.083 4.091 Indifferent

EC 44 2.03 48.82 4.068 2.003 0.083 2.086 Indifferent

EC 43 2.03 1562.5 4.068 2.003 0.002 2.005 Indifferent

EC 48 2.03 1562.5 4.068 1 0.002 2.0056 Indifferent

EC 34 2.03 48.82 2.03 1 0.041 1.041 Indifferent

EC 37 2.03 97.65 2.03 0.5 0.020 1.020 Indifferent

EC 36 4.06 195.31 2.03 4.007 0.01 0.51 Synergy

EC 22 1.015 1562.5 4.068 4.007 0.002 4.009 Indifferent

EC 19 1.015 195.31 8.137 8.016 0.041 8.057 Antagonism

EC 18 1.015 195.31 4.068 4.007 0.020 4.027 Indifferent

EC 17 2.03 195.31 1.015 0.5 0.0051 0.50 Synergy

EC 11 2.03 97.65 1.015 0.5 0.010 0.51 Synergy

EC 10 2.03 48.82 1.015 0.5 0.020 0.52 Synergy

EC 09 2.03 97.65 2.03 1 0.020 1.020 Indifferent

EC 06 2.03 48.82 4.068 2.003 0.083 2.086 Indifferent

EC 03 2.03 48.82 1.015 0.5 0.020 0.52 Synergy

EC 15 4.068 48.82 1.015 0.249 0.020 0.269 Synergy

EC 31 1.015 97.65 2.03 2 0.020 2.020 Indifference

EC 46 1.015 48.82 1.015 1 0.020 1.020 Indifference

EC 25 1.015 48.82 2.03 2 0.041 2.041 Indifference
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antagonism against 3 (13.04 %), and indifference against
14 (60.86%) of the 23 clinical Enterobacter cloacae that
were resistant to azithromycin (Table-3).

Synergy study of both colistin and
azithromycin-resistant Enterobacter

cloacae
Colistin and azithromycin together showed

synergy against one isolate (33.33%), antagonism
against one isolate (33.33%), and indifference against
one isolate (33.33%) of the three clinical Enterobacter
cloacae that were resistant to both antibiotics.
(Table-4).

Discussion
Antibiotic combination therapy is finally used due

to a shortage of novel, effective antibiotics. The primary
objective of this study was to identify and collect antibiotic
combinations that may be effective in combating colistin
and azithromycin-resistant Enterobacter cloacae. The
macrolide antibiotic azithromycin was used with
imipenem, colistin, and fosfomycin, three commonly
used antibiotics. It binds to the 50S ribosomal subunit at
the 23S rRNA site, stopping translocation and
transpeptidation during protein synthesis.  Although
colistin is a cationic antimicrobial peptide (CAMP), its
nephrotoxicity and neurotoxicity led to the termination
of its therapeutic usage. However, due to the emergence
of multidrug-resistant (MDR) bacteria and the need for
effective antimicrobials, the therapeutic potential of
colistin is being reevaluated. Colistin primarily acts by
breaking down bacterial membranes, which significantly
alters the bacteria’s permeability3.  Because restricted
entry or improved efflux frequently cause medication
resistance, modest doses of colistin have been employed
to make bacteria more sensitive to certain
antimicrobials2,9. There has been evidence of in vitro
synergy with low-dose colistin and other antimicrobials
in E. Coli, Pseudomonas aeruginosa, and Acinetobacter

baumannii 1,4,6,19. Therefore, we examined the in vitro
efficacy of colistin and azithromycin in treating 36 clinical
isolates of drug-resistant Enterobacter cloacae. The
antibiotic susceptibility of clinical isolates of Enterobacter
cloacae was studied, as anticipated, using the broth
dilution method to determine the minimum inhibitory
concentration (MIC) of azithromycin and colistin. We
found that Enterobacter cloacae clinical isolates
exhibited greater resistance to azithromycin than colistin.
In our investigation, we discovered that 69 % of
Enterobacter cloacae from clinical specimens were
resistant to azithromycin, while 16.6 % were resistant to
colistin. Combination therapy is often suggested as an
initial empirical treatment because there aren’t many
effective substances available to stop the growth of
germs that are resistant to drugs. In light of this, we
conducted in vitro tests using the colistin and
azithromycin combination against seven colistin-resistant
clinical isolates, yielding some interesting outcomes.
Only synergy was seen in 25 % of the clinical isolates
that were resistant to colistin. Similarly, 26 % of clinical
isolates of Enterobacter cloacae resistant to azithromycin
exhibited synergy. No information exists on the synergy
between colistin and azithromycin against Enterobacter
cloacae in any Indian report. One of the most plausible
explanations for the synergy of colistin-azithromycin
combinations is that colistin may increase the
permeability of the bacterial outer membrane, allowing
azithromycin to enter. In a similar vein, a previous study
showed that colistin and high dosages of azithromycin
(2.5 mg/litre) combined to combat colistin-resistant E.
coli effectively isolates in vitro at a minimum inhibitory
concentration (MIC) of just 25% to 50% of colistin2.

Dispute: Because of the increased permeability of the
Gram-negative outer membrane, which enables
azithromycin to access the 50S ribosomal subunit,
studies employing MDR K. pneumoniae have shown that
azithromycin and colistin work in concert8. Interestingly,

TABLE-4: In-vitro activity of azithromycin (AZ) and colistin (CO) against both colistin and azithromycin-
resistant Enterobacter isolates

Isolates AZ MIC CO MIC CO+AZ FIC FIC FICI Result
breakpoint breakpoint MIC value value index
(>32 µg/mL) (>4 µg/mL)  of CO of AZ

EC 32 781.25 2082.5 520 0.250 0.666 0.9 Indifferent

EC 08 48.82 260 260 1 5.32 6.32 Antagonism

EC 21 97.65 65.07 16.27 0.25 0.166 0.416 synergy

The appearance of colistin and azithromycin resistance in recent clinical isolates of Enterobacter cloacae, together with their antagonistic and synergistic interactions    131



25-26 % of the isolates exhibit synergy of clinical origin,
meaning they are either azithromycin or colistin-resistant.
It is necessary to look into the complex mechanism.
However, because of its poor synergy, this combination
is not recommended for empirically treating Enterobacter
cloacae infections. This work is notable for its
examination of antibiotic resistance patterns, minimum
inhibitory concentrations, and the synergy of colistin and
azithromycin in clinical isolates of Enterobacter cloacae
strains. Furthermore, we demonstrated that the two
medications synergise in clinical Enterobacter cloacae
isolates resistant to both azithromycin and colistin, with
certain isolates exhibiting a significant decrease in MIC
values. According to the study’s findings, clinical isolates
develop high levels of drug resistance due to the strong
selection pressure exerted by a range of antimicrobials
present in the clinical setting.

Conclusion
Finally, based on the in vitro checker board

experiment, we found that colistin and azithromycin
synergistically inhibited Enterobacter cloacae isolates.
The combination of colistin and azithromycin is also not
promising, as it carries a risk of failure in more than 60%
of cases of sickness caused by Enterobacter cloacae.
This study raises serious concerns, as it implies that
Enterobacter cloacae are also gaining ground in the last
line of defence against infection treatment. Furthermore,
Enterobacter cloacae infections are resistant to the
current antibiotic arsenal, and due to their resistance to
every antibacterial on the market, the bacteria have
evolved into a superbug. We need to work on developing
alternative antimicrobials, including synthetic chemicals,
small polypeptides, bacteriophage treatment, and novel
plant-based molecules.

Fig.1 : Gel image showing molecular identification
using a species-specific primer (Lane1: 100 bp

Ladder, Lane 2: Enterobacter cloacae ATCC 13047
(Positive control), Lane 3, 4 & 5 showing clinical

isolates (Enterobacter cloacae subspecies
cloacae).
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