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Abstract Background Isepamicin is a 1-N-S-a-hydroxy-b-aminopropionyl derivative of genta-
micin B and the spectrum of pathogenic microorganisms covered by it and its
effectiveness is similar to that of amikacin except the action of aminoglycoside
inhibitor enzymes is ineffectual on it.
Material and Methods We performed a prospective study in the Bacteriology section
of the Department of Microbiology at a 1,600-bedded hospital in Northern India from
Jan 2022 toMarch 2022. Isepamicin was tested for susceptibility against gram-negative
bacteria, identified by routine biochemicals and matrix-assisted-desorption/ionization
–time of flight-mass spectrometry (MALDI-TOF-MS) assay. The antibiotic susceptibility
testing for each of the isolates was performed by Kirby Bauer’s disc diffusion method,
according to the CLSI 2019 guidelines.
Results The majority of isolates were obtained from blood samples (50, 39.1%).
Among the non-inducible Enterobacteriaceae, Escherichia coli was least susceptible to
amikacin (8/27, 29.63%) and most susceptible to isepamicin (18/27, 66.67%). Klebsiella
pneumoniae followed the same pattern of susceptibility as E. coli and was least
susceptible to Amikacin (20/46, 43.48%) and most susceptible to isepamicin (24/46,
52.17%). Enterobacter cloacae (6/7, 85.71%) was most susceptible to both amikacin and
isepamicin, followed by 71.43% (5/7, 71.43%) susceptibility to gentamicin and
tobramycin each. Enterobacter aerogenes was equally 53.33% (8/15) susceptible to all
antibiotics. Pseudomonas aeruginosa was the most susceptible isolate to all antibiotics
(18/21, 85.71%).
Conclusion Isepamicin is a potential antimicrobial agent for treating an array of gram-
negative bacteria-associated infections and shows better in vitro activity than older
aminoglycoside agents.
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Introduction

Aminoglycosides serves as the fundamental drug for treating
a spectrum of life-threatening ailments caused by gram-
negative bacteria. Its rampant and imprudent use in hospi-
tals has encouraged the emergence of resistance to these
antibiotics among the isolates obtained from clinical sam-
ples.1 The emergence of this resistance is attributed to the
acquisition of plasmids that program the microorganisms to
secrete aminoglycoside inactivating enzymes.2

Earlier the most widely used aminoglycosides used were
gentamicin, netilmicin, and tobramycin. Amikacin was dis-
covered to thwart the microorganisms that developed resis-
tance to the above-mentioned drugs. Although amikacin has
had a successful outcome in combating most multidrug-
resistant infections over time resistance of 30% to 40% was
observed among the isolates due to the emergence of ami-
kacin resistant microorganisms producing a specific 6-N’

aminoglycoside transferase [AAC(6’)- I].3–6

Isepamicin is a 1-N-S-a-hydroxy-b-aminopropionyl de-
rivative of gentamicin B.7 The spectrum of pathogenicmicro-
organisms covered by it and its effectiveness is similar to that
of Amikacin except the action of aminoglycoside inhibitor
enzymes is ineffectual on it.8–12 It has beenmade available in
countries such as Belgium, China, Italy, Japan, and South
Korea.13 It is also manufactured in India but not used
commonly at our center due to a lack of data on better in
vitro activity in comparison to other aminoglycosides, espe-
cially amikacin.

Gram-negative bacteria have been the flag-bearers of
emerging multidrug resistance. It is the need of the hour
to produce newer antimicrobial agents to combat this drug
resistance. It is due to this reason that the old and forgotten
antibiotics such as fosfomycin and colistin that have not been
used for a considerable amount of time are being brought
into use again. Similarly, isepamicin could be one of those
forgotten agents that can be effective against gram-negative
bacteria.14,15

Our study aimed to demonstrate and compare the in vitro
activity of isepamicin to other aminoglycosides used against
the gram-negative bacteria obtained from the clinical sam-
ples included in the study.

Materials and Methods

Study Design
A prospective observational study was conducted in the
Bacteriology section of the Department of Microbiology at
university hospital in Northern India from January 2022 to
March2022.We intended to demonstrate the in vitro activity
of isepamicin against the gram-negative bacteria isolated
from the clinical samples included in this study over
3 months and to compare its activity to three other amino-
glycoside antibiotics which include amikacin, gentamicin,
and tobramycin that are regularly used in the wards and
critical care units of our hospital. We did not test its activity
against all non-lactose fermenting bacteria except Pseudo-
monas aeruginosa as there are no cut-off guidelines.

The identification of each isolate was done using conven-
tional biochemical tests and/or matrix-assisted laser
desorption/ionization–time of flight-mass spectrometry
(MALDI-TOF-MS) assay. The sample from which the isolate
was obtained and the outcome of the patient was included
and recorded. We did not make any endeavor to identify the
pathogenic or colonizing nature of the microorganism, nor
was the ability of the infection to influence the outcome of
the patients.

Selection of the Isolates
We included non-repeat samples in the study so that no
similar gram-negative isolate was included in the study
twice. Samples that were inappropriate or delayed in
transport were excluded. All gram-positive isolates along
with bacterial isolates belonging to Neisseria, Haemophi-
lus, and Moraxella species were discarded. Bacterial iso-
lates against which isepamicin was tested mainly include
gram-negative bacteria isolates from the blood samples
and respiratory samples which include sputum, tracheal
aspirates, and endotracheal aspirates. Samples from only
patients admitted to our hospital were included in the
study and samples from the outpatient department (OPD)
were excluded.

Antimicrobial Susceptibility Testing
The antibiotic susceptibility for each of the bacterial isolates
was conducted by using Kirby Bauer disc diffusion method,
according to the CLSI 2019 guidelines.16 Antibiotic discs
containing amikacin (30 µg), gentamicin (10 µg), tobramycin
(10 µg), and isepamicin (30 µg) were obtained from HiMedia
diagnostics (Mumbai, India). Standard inocula for each bac-
terial isolate were prepared and set to 0.5 McFarland and a
lawn culture was applied on cation-adjusted Muller–Hinton
agar plates. The above-mentioned antibiotic discs were
manually placed on the lawn cultured plates and incubated
overnight at 37°C. The measurement of zones of inhibition
for each antibiotic against each isolate was measured and
classified as sensitive, intermediate, and resistant according
to the tables and guidelines by CLSI 2019.16 The zone
diameter interpretation for amikacin was applied to that of
isepamicin: � 17mm zone diameter is susceptible; 15–
16mm diameter is intermediate; and a zone diameter �
14mm is resistant. Escherichia coli American Type Culture
Collection (ATCC; Rockville, MD, USA) 25922 and Pseudomo-
nas aeruginosa ATCC27853 were used for daily quality
control testing recommended by the CLSI.

Results

A total of 128 non-repeat gram-negative isolates were
obtained from the clinical samples obtained from adult
patients admitted to the inpatient department of our
hospital. ►Figure 1 shows the distribution of samples from
which the isolated microorganisms were tested for suscep-
tibility to isepamicin. The majority of isolates were obtained
from blood samples (50, 39.1%), followed by sputum samples
(43, 33.6%). The other samples included in our study were
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tracheal aspirates (21, 16.4%) and endotracheal aspirates (14,
10.9%).

Overall, the most frequent microorganism tested for
susceptibility to this drug was K. pneumoniae (46, 35.9%),
followed by E. coli (27, 21.1%) and P. aeruginosa (21, 16.4%) as
seen in ►Table 1. As far as the groups of microorganisms go,
the antibiotic was more predominantly tested for its suscep-
tibility against the non-inducible Enterobacteriaceae group
(which includes E. coli and K. pneumoniae) in comparison to
the inducible Enterobacteriaceae group (which includes
Enterobacter aerogenes, Enterobacter cloacae, and Serratia
marcescens), which is 57.03% (n¼73) versus 17.96% (n¼23)
respectively. Isepamicin was also tested for susceptibility
against non- fermenters groups in 25.0% (n¼32) isolates
identified in our study. Being a single-center study, no
comparison in the prevalence of the isolates being tested
could be made among other centers and this limits our study
from representing the susceptibility to isepamicin among

the isolates identified from the whole region of Northern
India.

►Table 2 represents the susceptibility of the isolates
included in the study to amikacin, gentamicin, tobramycin,
and isepamicin. Pseudomonas aeruginosa was the most
susceptible isolate to all the antibiotics and was 85.71%
(18/21, 85.71%) susceptible to all four antibiotics. Klebsiella
pneumoniae and Enterobacter aerogeneswere most resistant
to all four antibiotics. Klebsiella pneumoniae was most resis-
tant to amikacin (26, 56.52%) followed by gentamicin (24,
52.17%) and tobramycin (23, 50.0%), and was marginally
more susceptible to isepamicin (24, 52.17%). Enterobacter
aerogenes was equally resistant to all four antibiotics by
46.67% (7/15). The overall susceptibility to all antibiotics in
descending order was isepamicin (81/128, 63.28%), tobra-
mycin (76/128, 59.38%), gentamicin (75/128, 58.59%), and
amikacin (66/128, 51.56%). Pseudomonas aeruginosawas the
most susceptible isolate to all the antibiotics (18/21, 85.71%).

Among the non-inducible Enterobacteriaceae, E. coli was
the least susceptible to amikacin (8/27, 29.63%) and most
susceptible to isepamicin (18/27, 66.67%). Klebsiella pneumo-
niae followed the same pattern of susceptibility as E. coli and
was least susceptible to amikacin (20/46, 43.48%) and most
susceptible to isepamicin (24/46, 52.17%).

Among the inducible Enterobacteriaceae, E. cloacae was
the most susceptible to all four antibiotics. Enterobacter
cloacae (6/7, 85.71%) was most susceptible to both amikacin
and isepamicin, followed by 71.43% (5/7, 71.43%) suscepti-
bility to gentamicin and tobramycin each. Enterobacter aero-
geneswas equally 53.33% (8/15) susceptible to all antibiotics,
which records the equivocal rate of resistance of the isolates
to all the aminoglycosides included in the study.

On overall analysis, the activity of amikacin and isepami-
cin was almost comparable among the inducible Enterobac-
teriaceae and non-fermenter isolates included in our study.
But the activity of isepamicin was better in comparison to
amikacin in the case of non-inducible Enterobacteriaceae

Fig. 1 The distribution of samples that were included in our study (N¼ 128).

Table 1 Microorganisms isolated from the samples included in
our study (N¼128)

Microorganism Number of isolates (%)

Non-inducible Enterobacteriaceae (n¼73)

Escherichia coli 27 (21.1)

Klebsiella pneumoniae 46 (35.9)

Inducible Enterobacteriaceae (n¼23)

Enterobacter aerogenes 15 (11.7)

Enterobacter cloacae 7 (5.5)

Serratia marcescens 1 (0.8)

Non- fermenters (n¼32)

Acinetobacter baumannii 11 (8.6)

Pseudomonas aeruginosa 21 (16.4)
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which includes E. coli and K. pneumoniae. Further compara-
tive activity of isepamicin and amikacin against the three
most common isolates against which sensitivity of the
above-mentioned aminoglycoside was tested has been dis-
cussed in ►Table 3.

The three most common microorganisms isolated from
the samples included in our study were K. pneumoniae
(n¼46), E. coli (n¼27), and P. aeruginosa (n¼21). The
isolates were sensitive to both amikacin and isepamicin in
43.48% (20/46) K. pneumoniae, 33.33% (9/27) E. coli and
85.71% (18/21) P. aeruginosa. The isolates were resistant to
both amikacin and isepamicin in 47.83% (22/46) K. pneumo-
niae, 33.33% (9/27) E. coli and 14.28% (3/21) P. aeruginosa.
The isolates were sensitive to isepamicin and resistant to
amikacin in 8.69% (4/46) K. pneumoniae, 33.33% (9/27) E. coli,
and 0% (0/21) P. aeruginosa isolates. None of the above-
mentionedmicroorganismswere resistant to isepamicin and
sensitive to amikacin.

Among the 128 isolates, 54.68% (70/128) isolates were
found to be multidrug resistant organisms (MDROs). Among
these isolates,K. pneumoniaewas found to be 69.57% (32/46),
E. coliwas found to be 66.67% (18/27), and P. aeruginosawas
found to be 61.90% (13/21) resistant to one drug in three or
more categories of antimicrobials. While isolates were found
most resistant to fluoroquinolones (�90%), followed by
third-generation cephalosporins (�80%), K. pneumoniae
was found to be 96.88% (31/32), E. coli was found to be
100% (18/18), and P. aeruginosa was found to be 92.31%
(12/13) sensitive to the drug of last resort, colistin. While we
report one isolate each of K. pneumoniae and P. aeruginosa to
be extremely drug resistant.

Isepamicin had better activity in comparison to other
aminoglycosides against the isolates from the samples in-
cluded in our study. Whereas the isolates were least suscep-

tible to amikacin and the susceptibility to tobramycin and
gentamicin was almost similar to each other while was low
in comparison to isepamicin.

Discussion

The most common pathogens accountable for increased
morbidity and mortality in hospitalized patients are
gram-negative bacteria.17 Administration of appropriate
antibiotic treatment early in case of gram-negative bacterial
infection can avoid the chances of complications leading to
increased morbidity and mortality.18 The identification of
bacterial isolates and their antibiotic susceptibility can help
decide the appropriate treatment and the best antibiotic
agents for the particular isolate.19 Newer antibiotic agents
are the need of the hour to combat the alarming increase in
multidrug resistance among infection-causing gram-nega-
tive bacteria. A new agent among aminoglycosides is ise-
pamicin, but it is not routinely used in India. Therefore, our
study aimed to demonstrate the susceptibility of isepamicin
against gram-negative isolates from clinical samples includ-
ed in this study.

Aminoglycosides are either used alone or in combination
with other drugs to treat many serious gram-negative bac-
terial infections.20 The aminoglycosides exert their function
by uptake of the antibiotic by an energy-dependent mecha-
nism that binds to the 30S ribosomal subunit and blocks the
protein synthesis leading to cell death by loss of cell mem-
brane function.21 The chemical formula of isepamicin is 1-N-
S-α-hydroxy-β-aminoproprionyl. It is derived from genta-
micin B and acts as an active agent against many bacteria
including non-inducible and inducible Enterobacteriaceae
microorganisms and non-fermenters not susceptible to oth-
er aminoglycoside agents.22–24

Table 3 Comparative activity of isepamicin and amikacin against three most common microorganisms isolated from the samples
included in our study (N¼94)

Microorganisms Susceptible to both
amikacin and
isepamicin

Resistant to both
amikacin and
isepamicin

Sensitive to
isepamicin and
resistant to amikacin

Resistant to
isepamicin and
sensitive to amikacin

Klebsiella pneumoniae (n¼46) 20 (43.48%) 22 (47.83%) 4 (8.69%) 0 (0.0%)

Escherichia coli (n¼ 27) 9 (33.33%) 9 (33.33%) 9 (33.33%) 0 (0.0%)

Pseudomonas aeruginosa
(n¼21)

18 (85.71%) 3 (14.28%) 0 (0.0%) 0 (0.0%)

Table 2 Antimicrobial susceptibilities of the evaluated species (N¼128)

Antibiotics Acinetobacter
baumannii
(n¼11)

Enterobacter
aerogenes
(n¼15)

Enterobacter
cloacae
(n¼7)

Escherichia
coli (n¼27)

Klebsiella
pneumoniae
(n¼46)

Pseudomonas
aeruginosa
(n¼21)

Serratia
marcescens
(n¼1)

All isolates
(N¼128)

Amikacin 5 (45.45%) 8 (53.33%) 6 (85.71%) 8 (29.63%) 20 (43.48%) 18 (85.71%) 1 (100.0%) 66 (51.56%)

Gentamicin 6 (54.54%) 8 (53.33%) 5 (71.43%) 16 (59.26%) 22 (47.83%) 18 (85.71%) 0 (0.0%) 75 (58.59%)

Tobramycin 6 (54.54%) 8 (53.33%) 5 (71.43%) 16 (59.26%) 23 (50.0%) 18 (85.71%) 0 (0.0%) 76 (59.38%)

Isepamicin 6 (54.54%) 8 (53.33%) 6 (85.71%) 18 (66.67%) 24 (52.17%) 18 (85.71%) 1 (100.0%) 81 (63.28%)
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Among the isolates recovered in our study K. pneumoniae,
E. coli, and P. aeruginosawere identified as themost common
microorganisms against which isepamicin was tested for its
susceptibility along with other aminoglycosides used rou-
tinely in our clinical setting. A similar predominance of E. coli
and P. aeruginosa was observed in studies conducted by
Verbist et al,25 Glupczynski et al,26 Vincent et al,27 Spencer
et al,28 Jarlier et al,29 and Belgian Isepamicin Multicenter
Study Group.1

As observed in ►Table 2, almost all four aminoglycoside
drugs were active against the gram-negative bacilli. The
resistance rate ranged from 36.72% to 48.44% among all
aminoglycosides tested against the isolates, which is fairly
higher in comparison to a study conducted by the Belgian
Isepamicin Multicenter Study Group1 where the resistance
range averaged around 10% among all the isolates. In a study
by Tsai et al,19 susceptibility of 247 gram-negative bacilli was
tested to isepamicin and found to be 95%,which is in contrast
to the susceptibility of 63.3% of isolates in our study. The
reason for this difference in susceptibility can be attributed
to the fact that patients received inappropriate or incomplete
treatment from various government and private medical
centers before getting referred to our hospital which pro-
motes the inheritance of multidrug resistance.

A study conducted by the Belgian Isepamicin Multicen-
ter Study Group also suggested that isepamicin was ren-
dered most sensitive to all gram-negative bacteria isolated
from clinical samples obtained from intensive care unit
(ICU) patients,1 which corroborates with the isolates from
our study. Another study conducted in Turkey by Küçü-
kates et al tested the susceptibility of isepamicin to be
compared with carbapenems and found it to be more
effective against the Enterobacteriaceae group of gram-
negative bacteria, which correlates with the findings in our
study.30

As isepamicin is less affected by aminoglycosides modi-
fying enzymes, this could be the reason for its good in vitro
activity against the bacterial isolates. Older studies suggest
that the aac (6)-I subfamily of enzymes were inactive against
isepamicin.2,11 This study suggests that although isepamicin
was not used in gram-negative bacterial infections at our
hospital; nevertheless, 36.72% resistancewas observed in the
isolates in agreement to a studywhere soon after initiation of
isepamicin against gram-negative bacteria, emerging anti-
microbial resistance was encountered.2 The presence to a
combination of more than one aminoglycoside-modifying
enzymes or efflux mechanisms or decreased influx of the
antibiotic molecules associated with such an enzyme in the
gram negative bacteria, rendering it resistant to the actions
of tsepamicin.11

The total death of 62 (62/128, 48.44%) patients was
recorded in our study. Out of 62 patients, isolates from
clinical samples of 38 (38/62, 61.29%) patients were sensitive
to isepamicin except as it is not commonly used in thewards,
its in vivo activity could not be interpreted. Thus, the use of
aminoglycoside such as isepamicin holds a chance to
improve the outcome of the patients admitted to the ward
or intensive care unit.

Conclusion

Our study defines a good in vitro activity of isepamicin
against non-inducible, inducible, and non-fermenters in
comparison to other aminoglycosides used routinely in
the wards and intensive care units. It is a potential antimi-
crobial agent for treating an array of gram-negative bacte-
ria-associated infections and it improves the outcome of
patients suffering mainly from bacteremia and respiratory
tract infections in comparison to other aminoglycoside
agents.
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