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INTRODUCTION

ABSTRACT

Gram-negative isolates with multiple beta-lactamase enzymes often possess gene determinants for
resistance to non-beta-lactam antibiotics. The present study evaluates the in-vitro efficacy of 3 lactam/
non-f lactam antimicrobials against extended-spectrum beta-lactamase (ESBL) genotypes from wound
infection. The minimum inhibitory concentrations (MICs) of antimicrobials against 38 Enterobacteriaceae
isolates from wound infection were determined by Vitek 2 ID/AST cards. ESBL genotypes: SHV, TEM,
CTX-M, and OXA-10/11 genes were detected by real-time PCR. A correlation was found between ESBL
genotypes and its resistance to imipenem and amoxycillin clavulanate that is statistically significant (p-value
<0.005). No statistically significant finding was noted among ESBL genotypes which showed resistance
to meropenem, amikacin, gentamicin, piperacillin-tazobactam, ciprofloxacin and cotrimoxazole (p-value
>0.005). About 85.19% ESBL genotypes showed imipenem and meropenem susceptibility (MIC:- 0.025-1
pg) and to amikacin (MIC:< 2-16 pg). In 44.44% of ESBL genotypes showed susceptibility to cefepime
(MIC: < 2 pg) and 7.41% showed cefepime MIC of 4 to 8 pg (Susceptible Dose-Dependent). The emergence
of carbapenem-resistant Enterobacterales have highlighted the need to assess the in-vitro efficacy of non-
carbapenem betalactam and non-betalactam therapeutic alternatives to treat ESBL infections. Depending
on the MIC of cefepime and susceptibility data of aminoglycosides, cotrimoxazole and fluoroquinolones,
these drugs can be considered as carbapenem sparing drug as well as for non bacteremic ESBL therapy.

ceftazidime will also raise depending upon CTX-M type

The ability of beta-lactamase families to disseminate on  exhibited by the particular isolate.!®!

plasmids and other mobile genetic elements across a wide
range of gram-negative organisms and their expanded
spectrum of activity while a new substrate is introduced
to the clinic lead to the evolution of extended-spectrum
beta-lactamases (ESBLs).l!! The synthesis of temoniera
(TEM ESBL) and sulfhydryl variable (SHV ESBL) lead to
increased minimum inhibitory concentration (MIC) value
of third-generation cephalosporin, ceftazidime and fourth-
generation cephalosporin, cefepime but not of cefotaxime.
[2Most CTX-M ESBL types exhibit high resistance pattern
to cefotaxime and ceftriaxone but variable levels of
resistance towards cefepime and cefpirome. The MIC of
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The evolution of resistant strains has compromised the
clinical and in-vitro efficacy of beta-lactamase inhibitor
drugs during the past decade. Derepressed class C f8
lactamase, overproduction of TEM or production of
TEM and OXA (low-affinity inhibitor-resistant enzymes)
contribute to beta-lactam/lactamase inhibitor resistance./*!
Against CTX-M Enterobacteriaceae, beta-lactam/
lactamase inhibitor combinations remain active in-vitro but
their use in the treatment is controversial.[! Clavulanate,
sulbactam, and tazobactam in conventional doses are
regarded as clinically equivalent at counteracting common
beta-lactamases, TEM and SHV. The broad-spectrum
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activity of piperacillin-tazobactam against gram-negative
bacterial isolates makes it an important agent for sparing
the use of carbapenems which are globally recognised as
important last-line antibiotics.[®!

ESBL isolates with multiple beta-lactamase (KPC, TEM &
SHV) often possess gene determinants for aminoglycosides
and quinolone resistance determinants on the same
plasmid.[”) Imipenem and meropenem are frequently
used for ESBL Enterobacteriaceae invasive infections.[?! It
is important to evaluate the efficacy of non-carbapenem
beta-lactams and non-beta-lactam drugs as an alternative
therapy for ESBL infections as well as for deescalating
carbapenems. Even though beta-lactam/beta-lactamase
inhibitor drugs and quinolones are considered as less
effective agents when compared to carbapenems for
ESBL invasive therapy, their use in non-bacteremic ESBL
infection needs to be assessed. Quinolone drugs are
recommended as oral option, whenever susceptibility
data is available and high-dose cefepime can be effective
for ESBLs as a carbapenem-sparing agent. Synergism
has been observed with the antibiotic combination of
beta-lactam and aminoglycoside for gram-negative
infections.®?! In clinically stable patients, the use of
cotrimoxazole as a carbapenem-sparing alternative
therapy against ESBL Enterobacteriaceae have been
reported. There are study reports on the in-vitro efficacy
of cotrimoxazole, fluoroquinolone and aminoglycoside
for milder infection caused by ESBL uropathogens.” This
study was undertaken to evaluate the in-vitro efficacy of
beta-lactam/non-f-lactam antimicrobials against ESBL
genotypes from wound infection.

MATERIALS AND METHODS

This study was conducted over one year period from
March 2021 to February 2022 after obtaining Institutional
Ethical Committee approval. About 38 Enterobacteriaceae
isolates collected from wound samples were subjected to
standard biochemical techniques such as catalase test,
oxidase test, mannitol motility medium, triple sugar iron
agar test, indole test, citrate utilization test, and urea
hydrolysis test. Susceptibility to antimicrobials was tested
by the Kirby-Bauer disc diffusion method on Muller Hinton
agar using the following discs (Hi Media Laboratories
Pvt. Ltd., Mumbai, India): Imipenem (10 pg), meropenem
(10 pg), cefoperazone/sulbactam (75/30 pg), piperacillin/
tazobactam (100/10 pg), amoxycillin/clavulanate
(20/10 pg), amikacin (30 pg), gentamicin (10 pg),
cefepime (30 pg), cefotaxime (30 pug), ceftazidime (30 pg),
ciprofloxacin (5 pg) and cotrimoxazole (25 pg).

Enterobacteriaceae isolates with zone size < 27 mm for
cefotaxime and < 22 mm to ceftazidime were subjected
to phenotypic confirmation by Vitek 2 ID / AST gram-
negative cards. The MICs for amikacin, gentamicin,
ciprofloxacin, imipenem, meropenem, piperacillin/
tazobactam, amoxycillin/clavulanate, cotrimoxazole,
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cefepime, cefotaxime, ceftazidime and ceftriazone were
determined by Vitek 2 ID/AST cards and antibiotic
susceptibility data was interpreted according to Clinical
Laboratory Standard Institute guidelines. [1°1 ATCC
Escherichia coli 25922 and ATCC Klebsiella pneumoniae
700603 were used as negative and positive controls,
respectively.

ESBLgenotypes: SHV,TEM,CTX-M,0XA 10/11 were detected
by real time PCR as per manufacturer's instructions.
(MBPCR 131/Hi Media Laboratories Pvt. Ltd., Mumbai,
India). Final reaction volume of 25 pL was subjected to
the following cyclic condition: Initial denaturation for
10 minutes at 95°C followed by denaturation for 15 seconds
at95°Cand annealing and extension for 30 seconds at 60°C.
The cycle threshold (Ct) value of <40 was interpreted as
positive for ESBL genes SHV, TEM, CTX-M and 0XA-10/11.

RESULTS

Out of 38 isolates studied 23 (60.53%) were E. coli, 9
(23.68%) were K. pneumoniae, 4 (10.53%) were Proteus
mirabilis, one each was Enterobacter aerogenes (2.63%)
and E. cloaceae (2.63%). ESBL genotypes were detected
in 27 (71.05%) Enterobacteriaceae isolates by PCR. Out
of these 27 isolates, 20 were E. coli, 6 were K. pneumoniae
and a single isolate was E. aerogenes. CTX-M was detected
in 48.15% (13/27) isolates. CTX-M and TEM type were
identified in 29.63% of strains (8/27). Presence of multiple
ESBL genotypes, SHV, CTX-M & TEM were noted in 22.22%
(6/27) isolates.

CTX-M was identified in 12 (60.00%) E. coli isolates and
a single (100%) isolate of E. aerogenes. Presence of CTX
M and TEM was noted in 40.00% (8/20) E. coli isolates.
Co-harbouring of multiple ESBL genotypes, SHV, CTX-M &
TEM were detected in 100% (6/6) K. pneumoniae isolates.
Of 20 ESBL E. coli, 12/20 (60.00%) with CTX-M gene and
8/20 (40.00%) isolate with CTX M & TEM genes showed
resistance to ceftriaxone, ceftazidime and cefotaxime
(MIC:-16-64 pg). 4/12 (33.33%) CTX-M E. coli exhibited
resistance to cefepime (16-64 ng), 7 (58.33%) CTX-M E.
coli showed susceptibility to cefepime (<2 pg) and a single
isolate (8.33%) showed a MIC of 4 to 8 pg (Susceptible
Dose-Dependent). In 4/8 (50.00%) isolates each of E. coli
with CTX-M & TEM exhibited resistance (16-64 pg) and
susceptibility to cefepime (<2 pg), respectively.

Five (83.33%) out of six K. pneumoniae showed cefepime
resistance (16-64 pg) and a single isolate (16.67%) showed
a MIC of 4 to 8 pg (Susceptible Dose-Dependent). In 6
(100%) isolates of K. pneumoniae with multiple enzymes,
CTX M, TEM and SHV genes exhibited resistance to
ceftriaxone, ceftazidime and cefotaxime (MIC:-16-64 pg).
A single isolate (100%) of E. aerogenes with CTX M
gene showed resistance to ceftriaxone, ceftazidime and
cefotaxime (MIC:-16-64 ng). A single (100%) isolate of E.
aerogenes with CTX M ESBL type showed susceptibility
to cefepime (<2 pg).
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Table 1: MIC of beta-lactam/beta-lactamase inhibitors against ESBL genotypes

Organisms

Amoxycillin/Clavulanate

s2-8ug (S)
d(f) = 6; p=0.003
10 (83.33%)

16 ug (D
No of isolates (27)

E. coli (12) (CTX- M) 0 (00.00%)

E.coli (8) CTX-M & TEM 2 (25.00%) 5 (62.5%)
E. aerogenes (1) (CTX- M) 0 (0.00%) 0 (0.00%)
K. pneumoniae (6) CTX-M, 3 (50.00%) 0 (0.00%)

SHV & TEM

Among the beta-lactam/beta-lactamase inhibitors
tested, 7 (25.93%) out of 27 ESBL isolates exhibited
resistance to amoxicillin/clavulanic acid (232 pg) and 9
(33.33%) isolates were piperacillin/tazobactam resistant
(2128 pg) (Table 1).

In our study, an association was observed between
ESBL genotypes studied and its resistance to
amoxycillin clavulanate, which is statistically significant
(p-value < 0.005). No significant finding was noted among
ESBL genotypes which showed resistance to piperacillin
tazobactam (p > 0.005).

Among the aminoglycosides tested, 4 (14.81%) out of 27
isolates were resistant to amikacin (= 64 pg) and eleven
(40.74%) isolates showed resistance to gentamicin
(216 pg) (Table 2).

19/20 (95.00%) E. coliisolates with ESBL genotype showed
susceptibility to amikacin and 12/20 (60.00%) isolates
were susceptible to gentamicin. In 3 (50%) out of six
K. pneumoniae isolates (CTX-M, TEM and SHV) showed
susceptibility to amikacin and gentamicin. Among the
aminoglycosides studied, no statistically significant
finding was observed among ESBL genotypes which
showed resistance to amikacin and gentamicin. (p > 0.005)
Among the carbapenems tested, 4 (14.81%) out of
27 isolates each showed resistance to imipenem and
meropenem (4-16 pug) (Table 3). About 3 (50%) out of six
K. pneumoniae isolates with multiple enzymes showed
resistance to carbapenems. In 19/20 (95.00%) ESBL E.
coli showed susceptibility to carbapenems. A significant

Mic

Piperacillin/Tazobactam

232 ug (R) <0.5-16 ug (S) 32-64 ug (1) 2128 ug (R)
d(f)=6;p=0.49
2 (16.67%) 7 (58.33%) 3 (25.00%) 2 (16.67%)

1(12.5%)
1(100%)
3 (50.00%)

3 (37.50%)
0 (0.00%)
1(16.67%)

2 (25.00%)
0 (0.00%)
2 (33.33%)

3 (37.50%)
1(100%)
3 (50.00%)

correlation was observed between ESBL isolates and
its resistance to imepenem (p <0.005). No significant
finding was found among ESBL genotypes which showed
resistance to meropenem. (p >0.005)

As 24/27(88.89%) isolates showed resistance to
ciprofloxacin (24 pg) and 21/27 (77.78%) isolates
were resistant to cotrimoxazole (2320 pg) (Table 4).
No significant correlation was noted among ESBL
isolates which showed resistance to ciprofloxacin and
cotrimoxazole (p > 0.005).

DISCUSSION

The in-vitro efficacy of antimicrobials against multidrug-
resistant Enterobacterales from wound infection have
been evaluated in our study. In the present study ESBL
CTX-M type was detected in 12 (60%) out of 20 E. coli
isolates and a single isolate of E. aerogenes. The presence
of CTX M and TEM was identified in 40% (8/20) E. coli
isolates. The presence of multiple ESBL genotypes, SHV,
CTX-M & TEM were detected in 100% (6/6) K. pneumoniae
isolates. In a similar study, TEM and CTX-M was reported
as the predominant ESBL genotypes in 39.2% E. coli and
TEM, CTX-M and SHV in 42.6% K. pneumoniae isolates.[']
The activity of B lactam agents against ESBLs vary
depending upon TEM, SHV and CTX-M enzyme ESBL
subgroups and they have variable (3-lactam/B-lactamase
inhibitor combinations susceptibility.[*?]

In our study 16.67% CTX-M E.coli showed resistance

Table 2: MIC of aminoglycosides against ESBL genotypes

Organisms MIC
Amikacin Gentamicin

s2-16pg (S)  32pg (1) 264ug (R)  <1-4ug(S) 8ug (1) 216 ug (R)
No of isolates (27) d(f) = 3; p=0.049 d(f)=3;p=0.816
E. coli (12) (CTX- M) 11 (91.67%) 0 (0.00%) 1(8.33%) 7 (58.33%) 0 (0.00%) 5(41.67%)
E. coli (8) CTX-M & TEM 8 (100%) 0 (0.00%) 0 (0.00%) 5(62.50%) 0 (0.00%) 3 (37.50%)
E. aerogenes (1) (CTX- M) 1 (100%) 0 (0.00%) 0 (0.00%) 1(100%) 0 (0.00%) 0 (0.00%)
K. pneumoniae (6) CTX-M, SHV & TEM 3 (50.00%) 0 (0.00%) 3(50.00%) 3 (50.00%) 0 (0.00%) 3(50.00%)
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Table 3: MIC of carbapenems against ESBL genotypes

Organisms MIC
Imipenem Meropenem

0.025-1 pug (S) 2ug () 4-16 ug (R) 0.025-1 ug (S) 2ug (1) 4-16 ug (R)
No of isolates (27) d(f) =6; p=0.003 d(f) =3; p=0.042
E. coli (12) (CTX- M) 12 (100%) 0 (0.00%) 0 (0.00%) 12 (100%) 0 (0.00%) 0 (0.00%)
E. coli (8) CTX-M & TEM 7 (87.50%) 0 (0.00%) 1(12.50%) 7 (87.50%) 0 (0.00%) 1(12.50%)
E. aerogenes (1) (CTX- M) 1(100%) 0 (0.00%) 0 (0.00%) 1(100%) 0 (0.00%) 0 (0.00%)
K. pneumoniae (6) CTX-M, SHV & TEM 3 (50.00%) 0 (0.00%) 3(50.00%) 3(50.00%) 0 (0.00%) 3 (50.00%)

to amoxycillin clavulanate (=32 pg) and piperacillin-
tazobactam (=128 pg) whereas 12.5% CTX-M and TEM
E. coli showed resistance to amoxycillin clavulanate and
37.50% E. coli isolates each with CTX-M and TEM showed
resistance to piperacillin-tazobactam. In 3 (50%) out
of 6 K. pneumoniae isolates with CTX-M, SHV and TEM
showed resistance to amoxycillin clavulanate (MIC: 232
ug), and piperacillin-tazobactam (MIC : 2128 pg). In our
study, a significant association was observed between
ESBL genotypes (CTX-M, TEM, SHV) detected among the
isolates and its resistance to amoxycillin clavulanate (p
<0.005). No significant correlation was observed among
ESBL genotypes that showed resistance to piperacillin-
tazobactam (p > 0.005). Piperacillin-tazobactam is
considered as less effective drug when compared to
carbapenems for treating bacteremic ESBL infection.
Piperacillin-tazobactam should be considered for therapy
in low inoculum infections when MIC is <4 mg/L and
when used in appropriate doses. The combination of
piperacillin-tazobactam with a non-beta-lactam drug
such as aminoglycosides or fluoroquinolone increases the
susceptibility of ESBL isolates.!®]

In our study 83.33% CTX-M E. coli and 62.5% CTX-M and
TEM type E. coli showed resistance to cotrimoxazole with
a MIC of 2320 pg . A single E. coli isolate with CTX-M ESBL
type showed resistance to amikacin (MIC:- 2 64 pg). In
3 (50%) out of 6 K. pneumoniae isolates with multiple
enzymes, CTX-M, SHV and TEM showed resistance to
Amikacin (MIC =64 pg). About 100% K. pneumoniae

isolates with multiple enzymes, CTX-M, SHV and TEM
showed resistance to cotrimoxazole with a MIC of 2320 pg.
No significant finding was observed in our study among
ESBL isolates which showed resistance to amikacin and
cotrimoxazole (p > 0.005). The present study showed high
susceptibility of ESBL genotypes to amikacin. A study on
the in-vitro efficacy of non-beta-lactam drugs showed that
the combination of amikacin and piperacillin-tazobactam
will be a susceptible regime against ESBL isolates when
compared with carbapenems. Amikacin can be considered
for combination therapy with beta-lactam drugs such
as cefepime or piperacillin-tazobactam against ESBL
isolates.®]

Our study showed 91.67% E. coliand a single (100%) isolate
of E. aerogenes with CTX-M enzyme, 87.50% CTX-M and
TEM E. coli and 83.33% K. pneumoniae isolates (multiple
enzymes) with ciprofloxacin resistance (MIC:- 24 pg).
In our study, no significant finding was observed among
ESBL isolates, which showed resistance to ciprofloxacin
(p >0.005). In a similar study report, 68% multidrug-
resistant isolates of K. pneumoniae showed CTX-M
enzyme, 45% isolates exhibited SHV and TEM enzymes,
respectively with the association between coexistence
of enzymes CTX-M, SHV and TEM and fluoroquinolone
resistance that s statistically significant!*3! G. Rajiv Gandhi
et al. have reported the coexistence of TEM, SHV, CTX-M
and OXA type ESBL genotypes among ciprofloxacin-
resistant gram-negative bacilli.l*¥

Table 4: MIC of ciprofloxacin and cotrimoxazole against ESBL genotypes

Organisms MIC
Ciprofloxacin Cotrimoxazole

<0.5-1pug (S) 2pg (1) 24ug (R) <20pg (S) 2320 pug (R)
No of isolates (27) d(f)=3;p=0.94 d(f)=3; p=0.09
E. coli (12) (CTX-M) 1(8.33%) 0 (0.00%) 11 (91.67%) 2 (16.67%) 10 (83.33%)
E. coli (8) CTX-M & TEM 1(12.50%) 0 (0.00%) 7 (87.50%) 3 (37.5(%) 5 (62.5%)
E. aerogenes (1) (CTX- M) 0 (0.00%) 0 (0.00%) 1 (100%) 1(100%) 0 (0.00%)
K. pneumoniae (6) CTX-M, SHV & TEM 1(16.67%) 0 (0.00%) 5(83.33%) 0 (0.00%) 6 (100%)

Int. J. Pharm. Sci. Drug Res., May - June, 2024, Vol 16, Issue 3, 302-307 305



Reena Rajan et al.

In our study, 100% CTX-M E. coli and, 87.50% CTX-M
and TEM type E. coli and 50% K. pneumoniae isolates
with CTX-M, SHV and TEM showed susceptibility to the
carbapenems tested with a MIC range of 0.025 to 1 pg. In
3 (50%) out of six K. pneumoniae isolates with CTX-M, SHV
and TEM showed resistance to imipenem and Meropenem
(MIC: 4-16 ng). Haji, S.H et al. have reported carbapenem
susceptibility among 28.5% E. coli and 55.55% K.
pneumoniae with SHV gene.'® A significant association
was noted between ESBL isolates and its resistance
to imepenem (p <0.005) in our study. No significant
association was noted in ESBL genotypes, which showed
resistance to meropenem. (p >0.005)

In our study 20.00% E. coli each with CTX-M enzyme and
CTX-M and TEM enzyme, 83.33% K. pneumoniae with
CTX-M, SHV and TEM were resistant to cefepime (MIC:16-
64 ng). A single isolate of E. aerogenes with CTX- M gene
showed susceptibility to cefepime (<2 pg). Manandhar
S et al. have reported significant correlation between
existence of CTX-M and OXA enzymes and decreased
susceptibility to cefotaxime, ceftriaxone and cefepime.
In their study finding, a significant association was
observed between multidrug-resistant phenotypes and
presence of CTX M and TEM enzymes.[*] In our study,
44.44% ESBL genotypes showed susceptibility to cefepime
(MIC: <2 pg). Cefepime may be considered as an effective
agent against ESBL genotypes if it is test susceptible
(MIC:-< 2 pg) and when administered in high dose.[?)
The cefepime susceptibility rate in combination with non
beta-lactam drug was observed to be higher than that of
cefepime alone in a study report.!®!

Expanded spectrum beta-lactamases are more prevalent
among Enterobacterales, such as E. coli and K. pneumoniae.
It is essential to find non-f3-lactam/non-carbapenem
beta-lactams as alternatives to bring down the effects
associated with overuse of carbapenems. It is still
debatable whether beta-lactam/beta-lactam Inhibitor
combination can be considered for patients with ESBL
Enterobacterales infections.[!”] Analysis of clinical
study reports has shown the results of in-vitro studies
on beta-lactams, aminoglycosides, fluoroquinolones and
cotrimoxazole synergy is contrary to those of in-vivo
studies [

CONCLUSION

Carbapenems are a globally important last-line drug to
treat severe ESBL infections. With emerging carbapenem
resistant Enterobacterales in clinical settings, the
evaluation of in-vitro efficacy of non-carbapenem beta-
lactam and non-beta-lactam drugs helps to assess
various therapeutic alternatives for ESBL infections as
monotherapy or combination therapy. Our study showed
an association between ESBL isolates with genotypes
(CTX-M, SHV and TEM) and its resistance to beta-lactam-
beta-lactamase inhibitor (Amoxycillin-Clavulanate) and
carbapenem (Imipenem) that is statistically significant. In
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the present study, no significant association was observed
among ESBL isolates, which showed resistance to non-
beta-lactam drugs: aminoglycosides, fluoroquinolones
and cotrimoxazole.

LIMITATION OF THE STUDY

The present study report is limited to isolates obtained
from wound infection and the in-vitro efficacy of beta-
lactam/non- beta-lactam antibiotics against ESBL
genotypes. Further study is required to evaluate the
efficacy of non-beta-lactam drugs against Amp C and
carbapenemase-producing isolates. This study gives an
insight to the efficacy of beta-lactam/non- beta-lactam
drugs against isolates with ESBL genotypes in a clinical
setting and possible therapeutic options for ESBL wound
infection.

REFERENCES

1. Therrien C, Levesque RC. Molecular basis of antibiotic resistance
and beta-lactamase inhibition by mechanism-based inactivators:
perspectives and future directions. FEMS Microbiology
Reviews.2000;24:251-262. Available from: doi: 10.1111/j.1574-
6976.2000.tb00541.x..

2. Karaiskos I, Giamarellou H. Carbapenem-Sparing Strategies for
ESBL Producers: When and How. Antibiotics (Basel). 2020;9(2):61.
Available from: doi: 10.3390/antibiotics9020061

3. Bethel CR, Taracila M, Shyr T, Thomson JM, Distler AM, Hujer KM et
al. .Exploring the inhibition of CTX-M-9 by beta-lactamase inhibitors
and carbapenems. Antimicrobial Agents and Chemotherapy.
2011;55:3465-3475. Available from: doi: 10.1128/AAC.00089-11.

4. Akova M. Sulbactam-containing beta-lactamase inhibitor
combinations. Clinical Microbiology and Infection. 2008;5:21-24.
Available from: doi: 10.1111/j.1469-0691.2007.01847.x.

5. Ripoll A, Baquero F, Novais A, Rodriguez-Dominguez MJ, Turrientes
MC, Cantén R, et al. In-vitro selection of variants resistant to beta-
lactams plus beta-lactamase inhibitors in CTX-M beta-lactamases:
predicting the in vivo scenario? Antimicrobial Agents and
Chemotherapy. 2011; 55:4530-4536. Available from: doi: 10.1128/
AAC.00178-11

6. Lee N, Yuen KY, Kumana CR. Clinical role of beta-lactam/beta-
lactamase inhibitor combinations. Drugs. 2003;63:1511-1524.
Available from: doi: 10.2165/00003495-200363140-00006.

7. Haidar G, Alkroud A, Cheng S, Churilla TM, Churilla BM, Shields RK, et
al. Association between the Presence of Aminoglycoside-Modifying
Enzymes and In-vitro Activity of Gentamicin, Tobramycin, Amikacin,
and Plazomicin against Klebsiella pneumoniae Carbapenemase and
Extended-Spectrum-f-Lactamase-Producing Enterobacter Species.
Antimicrobial Agents and Chemotherapy.2016;60:5208-5214.
Available from: doi: 10.1128/AAC.00869-16.

8. Cha MK, Kang CI, Kim SH, Cho SY, Ha YE, Wi YM, et al. Korean
Network for Study on Infectious Diseases (KONSID). In-vitro
activities of 21 antimicrobial agents alone and in combination with
aminoglycosides or fluoroquinolones against extended-spectrum-
B-lactamase-producing Escherichia coliisolates causing bacteremia.
Antimicrobial Agents and Chemotherapy. 2015 ;59:5834-5837.
Available from: doi: 10.1128/AAC.01121-15.

9. Krause KM, Serio AW, Kane TR, Connolly LE. Aminoglycosides:
An Overview. Cold Spring Harbor Perspectives in Medicine.
2016;6:a027029. Available from: doi: 10.1101/cshperspect.a027029.

10. CLSI. Performance Standards for Antimicrobial Susceptibility
testing 31°" ed.CLSI supplement M100.Clinical and Laboratory
standard Institute, 2021.

11. Manoharan A, Premalatha K, Chatterjee S, Mathai D. SARI Study
Group. Correlation of TEM, SHV and CTX-M extended-spectrum




Evaluation of In-vitro Efficacy of Blactam/non flactam Antimicrobials against ESBL Genotypes from Wound Infection

beta-lactamases among Enterobacteriaceae with their in-vitro
antimicrobial susceptibility. Indian Journal of Medical Microbiology.
2011;29:161-164. Available from: doi: 10.4103/0255-0857.81799.

12.Harada Y, Morinaga Y, Kaku N, Nakamura S, Uno N, Hasegawa
H. In-vitro and in vivo activities of piperacillin-tazobactam and
meropenem atdifferentinoculum sizes of ESBL-producing Klebsiella
pneumoniae. Clinical Microbiology and Infection. 2014 ;20:0831-9.
Available from: doi: 10.1111/1469-0691.12677.

13.Abdelaziz SM, Aboshanab KM, Yahia IS, Yassien MA, Hassouna
NA. Correlation between the Antibiotic Resistance Genes and
Susceptibility to Antibiotics among the Carbapenem-Resistant
Gram-Negative Pathogens. Antibiotics (Basel). 2021;10:255.
Available from: doi: 10.3390/antibiotics10030255.

14. Rajivgandhi G, Maruthupandy M, Ramachandran G, Priyanga M,
Manoharan N. Detection of ESBL genes from ciprofloxacin resistant
Gram negative bacteria isolated from urinary tract infections
(UTIs), Frontiers in Laboratory. 2018;2: 5-13. Available from: doi.
org/10.1016/j.flm.2018.01.001

15.Haji SH, Jalal ST, Omer SA, Mawlood AH. Molecular detection of

16.

17.

18.

SHV-Type ESBL in E. coli and K. pneumoniae and their antimicrobial
resistance profile. Zanco Journal of Medical Sciences. 2018; 22:262-
272. Available from: doi.org/10.15218/zjms.2018.035
Manandhar S, Zellweger RM, Maharjan N, Dongol S, Prajapati KG,
Thwaites G, et al. A high prevalence of multidrug resistant Gram-
negative bacilli in a Nepali tertiary care hospital and associated
widespread distribution of Extended-Spectrum Beta-Lactamase
(ESBL) and carbapenemase-encoding genes. Annals of Clinical
Microbiology and Antimicrobials. 2020;19:48. Available from: doi.
org/10.1186/s12941-020-00390-y

Maseda E, Suarez de la Rica A. Controversies in the management
of ESBL-producing Enterobacterales. Clinical Implications. Revista
Espafola de Quimioterapia. 2022; 35:41-45. Available from: doi:
10.37201/req/s03.10.2022.

Umemura T, Kato H, Hagihara M, Hirai ], Yamagishi Y, Mikamo H.
Efficacy of Combination Therapies for the Treatment of Multidrug
Resistant Gram-Negative Bacterial Infections Based on Meta-
Analyses. Antibiotics (Basel). 2022;11:524. Available from: doi:
10.3390/antibiotics11040524.

HOW TO CITE THIS ARTICLE: Rajan R, Mathavi S, Rao AVR. Evaluation of In-vitro Efficacy of Beta-lactam/Non-Beta-lactam Antimicrobials against
ESBL Genotypes from Wound Infection. Int. J. Pharm. Sci. Drug Res. 2024;16(3):302-307. DOI: 10.25004/1JPSDR.2024.160301

Int. J. Pharm. Sci. Drug Res., May - June, 2024, Vol 16, Issue 3, 302-307

307



	_Hlk128154102
	_Hlk128155826
	_Hlk128156607
	_Hlk128155505
	_Hlk164426863
	_Hlk128154967
	_Hlk128158182
	_Hlk164440997
	_Hlk128331174
	_Hlk128159681
	_Hlk128173610
	_Hlk128173074
	_Hlk128172662
	_Hlk128335559
	_Hlk128172691
	_Hlk128173443
	_Hlk128336671
	_Hlk128339545
	_Hlk128336683
	_Hlk128339561
	_Hlk128336874
	_Hlk164531248
	_Hlk128165678
	_Hlk128336848
	_Hlk128170443
	_Hlk128342571
	_Hlk155886017
	_Hlk155886437
	_Hlk155885904
	_Hlk155887388
	_Hlk155887752
	_Hlk155886699
	_Hlk155887640
	_Hlk164446238
	_Hlk155890616
	_Hlk155890755
	_Hlk155890638
	_Hlk155888374
	_Hlk164446699
	_Hlk155385006
	_Hlk128853415
	_Hlk164449164
	_Hlk164449312

