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ABSTRACT

Objective: To determine in vitro efficacy of Imipenem/Relebactam against multi-drug resistant strains.

Study Design: Cross-sectional study.

Place and Duration of Study: Department of Microbiology, Fauji Foundation Hospital (FFH) Rawalpindi, Pakistan from Jul to
Dec 2022.

Methodology: All specimens from indoor and outdoor patients with infection due to Gram-negative organisms showing
resistance to Imipenem disc (10pg) were included. Cultures were inoculated on Blood and MacConkey’s agar. Imipenem-
resistant Gram-negative species identification was made by Gram stain, Oxidase test and commercially available identification
strips Analytical profile index 10S (API-10S) (from bioMerieux, Inc.).Imipenem-resistant species were identified, showing a
zone diameter of less than 23mm againstlOpg Imipenem disc for Enterobacterale and Non-Enterobacterales, and for
Pseudomonas species, zone size is <19mm. These resistant organisms were tested for sensitivity against
Imipenem/Relebactam by E-strip (MTSTM -MIC Test Strip) (Liofilchem, Inc., Waltham, MA).

Results: Out of 160 Carbapenem-resistant Enterobacterale and Non-Enterobacterales specimens, only 14 isolates (including 02
Pseudomonas spp.) showed susceptibility to Imipenem/Relebactam combination of drug. US-FDA Imipenem/Relebactam
susceptibility interpretive criteria (STIC) was used.

Conclusion: In our setup, only 8.75% isolates showed sensitivity to this newer drug combination Imipenem/Relebactum. This
highlights the importance of evaluating newer drugs in our population before using them empirically.
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INTRODUCTION

Highly resistant organisms are becoming more
and more prevalent, and we are left with fewer
treatment options. There are the number of factors
involved in causing this situation of drug resistance.l?

moiety of antibiotics. It is spectrum of activity is
broader compared to other B-lactam drugs like
Penicillins and Cephalosporins.® It was the drug of
choice for severalseveral medical conditions
complicated by gram-positive or gram-negative

Over-use and misuse of antibiotics, not practising
regular de-escalation of drugs for chronically ill
patients taking these antibiotics, and use of multiple
antimicrobial combinations as empirical treatments
and prescribing them without consulting their
sensitivities.> To overcome the problem of fewer
treatment options for chronically ill patients with
drug-resistant organisms, medical scientists are
constantly working on providing some effective
treatment options and introducing newer drugs every
now and then.*

Imipenem, a p-lactam drug, is a carbapenem
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organisms. Imipenem was taken as the drug of last
resort for patients with complicated urinary tract
infections, complicated intra-abdominal infections,
lung infections, and various skin and soft tissue
infections. It was used in combination with other
antimicrobial classes such as aminoglycosides or
glycopeptides.®”

Several drug combinations have been tried
and tested such as Piperacillin/Tazobactam,
Ceftazidime/Avibactam and Meropenem Vabor-
bactam. They have shown promising results for the
treatment of complicated cases of urinary tract
infections, intra-abdominal infections and bacteremia
caused by gram-negative organisms.® Imipenem-
relebactam is an addition to such assets of
antimicrobials, especially for the treatment of multi-
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drug resistant organisms.”!? Imipenem is a P-lactam
drug and relebactam is a p-lactamase inhibitor.
Together, they work synergistically to improve the
bactericidal effect of Imipenem by sparing it from (-
lactamases. The study aims to assess the in vitro
efficacy of Imipenem/Relebactam against multi-drug
resistant strains, providing valuable insights into the
susceptibility of Gram-negative organisms to this drug
combination. The study findings contribute to
informed decision-making for empirical treatment in
our population, emphasizing the need for local
assessments of newer drugs.

METHODOLOGY

The cross-sectional study was conducted at the
Department of Microbiology, Fauji Foundation
Hospital, (FFH) Rawalpindi Pakistan, from July to
December 2022, after approval from the Ethical Review
Board (No. 510/RC/FFH/RWP). Sample size was
calculated using the WHO sample size calculator,
taking a confidence the reported proportion of
antibiotic sensitivity of 33.5%.11

Inclusion Criteria: All indoor and outdoor patients
aged 12-60 years, of either gender with infections due
to gram-negative organisms, showing resistance for
Imipenem as a disc zone size of 223mm and for
Pseudomonas zone size of 219mm were included.

Exclusion Criteria: Patients with infections due to
gram-negative  organisms, showing  antibiotic
sensitivity for Imipenem as a disc zone size of <23mm
and for Pseudomonas zone size of <19mm were
excluded.

A total of 160 Carbapenem-resistant Enter-
obacterale and Non-Enterobacterales isolates were
checked for the the Imipenem/Relebactam drug
combination sensitivity. Cultures were collected in the
Microbiology department FFH and were inoculated on
Blood agar and McConkey agar. These plates were
incubated for 24-48 hours at 37°C. Gram-negative
species identification was done by Gram stain for
morphology and oxidase test and was further
confirmed by commercially available identification

strips, ~ Analytical profile  index  10S(API-
10S)(bioMerieux, Inc. USA).
Further, these species were identified for

Imipenem resistance by inoculating these Gram-
negative species on the Mueller Hinton agar plate.
According to a recommendation given by CLSI 2022,
the antibiotic panel was placed. The plates were
incubated for 18-24 hours at 37°C and were read for

antibiotic sensitivities. The organisms showing a zone
size of less than 23mm (and for Pseudomonas, zone
size was <19mm) against Imipenem disc(10pg) were
selected for the study.

E-strips tested these resistant organisms
for Minimal inhibitory concentration (MIC)
of Imipenem/Relebactam. MIC of the

Imipenem/Relebactam isolates were obtained using E
strips (MTSTM -MIC Test Strip) (Liofilchem, Inc.,
Waltham, MA). These E-strips were stored at -20 °C as
guided by the manufacturer. Fresh growth, within 24
hours of carbapenem-resistant Enterobacterale and
Non-Enterobacterales, was used to inoculate on muller
hinton agar. ATCC Quality control strains were also
inoculated  with  them. Imipenem/Relebactam
concentration E-strips of 0.002/4-32/4 pg/ml were
used. The inoculated plates were read after 18-24 hours
of incubation. The elliptical zone of MIC was read
according to US FDA susceptibility interpretive criteria
(STIC).12

Statistical Package for Social Sciences (SPSS)
version 20.0 was used for the data analysis. Quanti-
tative variables were expressed as MeantSD and
qualitative variables were expressed as frequency and
percentages.

RESULTS

A total of 160 Carbapenem-resistant strains of
Enterobacterale and Non-Enterobacterales were
included in the study. These were isolated from pus,
urine, respiratory tract, blood, CSF, and fluid samples.
Table-I shows the different types of samples included
in the study. Pus samples were most frequently used,
comprising 40% of total samples, followed by urine
and respiratory tract samples, 26.5% and 25% of total
samples, respectively. Cerebrospinal fluid (CSF) and
ascitic fluid were the least common, accounting for
only 2.5% of the sample.

Table-I: Types of Samples Included in Study (n=160)

Types of samples n (%)
Pus 64(40%)
Urine 42(26.25%)
Respiratory Tract 40(25%)
Blood 10(6.25%)
CSF and Ascitic Fluid 04(2.5%)
Total 160(100%)

Of 160 carbapenem-resistant strains, the most
common isolated organism was Pseudomonas species,
making 38.75% of all isolates. This was followed
by Escherichia  coli and  Acinetobacter — baumannii,

Pak Armed Forces Med ] 2024; 74(1): 95



In Vitro Efficacy of Imipenem

constituting 25% and 17.5% of all isolates, respectively.
Enterobacter species were least commonly isolated,
having only 1.25% representation.

Only 14 isolates (8.75%) showed susceptibility to
Imipenem/Relebactam. Among Pseudomonas species,
04 out of 62(6.45%) were sensitive to Imi-
penem/Relebactam, whereas 02 out of 40(5%)
isolates  of Escherichia ~ coli  were  susceptible
to Imipenem/Relebactam.  Table-II  shows  the
distribution of various isolated species and
their sensitivity to Imipenem/Relebactam. Provi-
dencia isolates showed the lowest MICs, whereas
isolates  of Acinetobacter and  Pseudomonas species
displayed the highest MICs. Table-III depicts the range
of MICs of Imipenem/relebactam 0.002/4-32/4 pg/ml
E-strip for susceptible organisms.

Table-II: Organisms Isolated and Susceptibility of
Carbapenem Resistant Isolates to Imipenem/Relebactam E-
strips (n=160)

Carbapenem Susceptible
resistant to
. Enterobacterales | Imipene
Organisms and Non- Relgaact::g
Enterobacterales E-strip
n (%) n (%)
Pseudomonas species 62(38.75%) 04(2.5%)
Escherichia coli 40(25%) 02(1.25%)
Klebsiella pneumoniae 10(6.25%) 00
Klebsiella oxytoca 12(7.5%) 00
Acinetobacter baumannii 28(17.5%) 02(1.25%)
Enterobacter species 02(1.25%) 02(1.25%)
Providencia species 02(1.25%) 02(1.25%)
Serratia marcescens 04(2.5%) 02(1.25%)
Total 160(100%) 14(8.75%)

DISCUSSION

The emergence of MDR gram-negative bacteria
has become a significant challenge in treating
infections. Imipenem/relebactam is a new weapon in
the armamentarium of antimicrobials.’213 FDA
approved it in 2019 for adults with complicated intra-
abdominal and urinary tract infections.!4

Our study conducted in Rawalpindi, at a tertiary
level hospital, showed that the newer drug
combination Imipenem/Relebactam showed no
promising results. Out of 160 Carbapenem-resistant
isolates, only 8.75% showed susceptibility to
Imipenem/Relebactam. This finding contrasts the
studies conducted in various regions of Europe and
America. In a study by Lob et al. conducted in Europe
from 2015-2017, the addition of relebactam makes 42-
75% of Imipenem-resistant gram-negative isolates
susceptible.’? Similarly, a study conducted in Japan by
Kurihara et al. showed higher (around 70%) sensitivity
to a combination of Imipenem- Relebactam in
Imipenem-resistant gram-negative isolates.’% A notable
finding of the Japanese study was the sensitivity of
100% isolates of Acinetobacterbaumannii to Imipenem-

relebactam, whereas only 2 out of
28(7.1%) Acinetobacter ~ baumannii strains showed
susceptibility in our study.

This marked difference in sensitivity to

Imipenem- Relebactam may be related to different
genetic makeup of bacteria where the prevalence of
drug-resistant genes may vary with geographical
variations.15-18

All newer drugs must be evaluated in vitro and in

Table-III: Range of MICs of Imipenem/Relebactam 0.002/4-32/4 pg/ml E-strip for Susceptible Organisms

8 6 4 3 2
pg/ml | yg/ml | pg/ml | pg/ml | pg/ml

Organisms 1.5

pg/ml

1 0.75
pg/ml | pg/ml

0.50
pg/ml

0.38
pg/ml

0.25
pg/ml

0.125
pg/ml

0.19
pg/ml

Pseudomonas

1

Pseudomonas

0.75

Pseudomonas

Pseudomonas

0.75

E.coli

E.coli

Acinetobacter 2

Acinetobacter 2

Enterobacter

0.75

Enterobacter

0.50

Providencia

0.125

Providencia

0.19

Serratia

0.25

Serratia

0.38
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vivo to be used in our setup, according to the genetic
setup of bacterial isolates.

Nevertheless, our study has highlighted that the
antimicrobial sensitivity pattern is unique in our part
of the world. More local studies are needed to establish
and update Pakistan's antimicrobial stewardship
guidelines. Our study is the first to evaluate in vitro
efficacy of Imipenem-Relebactam in Pakistan.

LIMITATION OF STUDY

One of the limitations of our study was that genetic
analysis was not performed in resistant strains. Our study
was conducted in the region of Punjab, so a review of the
general population could not be given.

CONCLUSION

In contrast to foreign data, the combination
Imipenem/Relebactam did not show in vitro efficacy against
MDR gram-negative isolates. In our setup, newer drug
combinations should always be evaluated regarding their
efficiency and sensitivity patterns. First, we should always
know their effectiveness as MDR bacterial strains with
different genetic configurations exist in different
geographical locations. Their sensitivity pattern shows
diverse variability according to different regions.
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