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ABSTRACT 
Background: Carbapenem-resistant Escherichia coli is an ongoing problem in healthcare settings, especially in the less 

developed parts of the world where antibiotics are misused and overused. Even though new combinations like 

meropenem–vaborbactam are introduced, the effectiveness is still determined by the local resistance patterns. 

Objectives: To assess the in-vitro activity of meropenem–vaborbactam against carbapenem-resistant E. coli isolates 

from clinical specimens in a tertiary care hospital in Lahore. 

Methods: A total of 94 non-duplicate carbapenem-resistant E. coli isolates were collected over a six-month period for 

this cross-sectional study. Microbiological methods and VITEK-2 system were used for the identification of isolates. 

Testing of antimicrobial susceptibility was done by disc diffusion and MIC methods according to CLSI 2023–2024 

guidelines. The analyzed data was processed with SPSS version 26.0. 

Results: The isolates were found to be all resistant to the carbapenems, third- and fourth-generation cephalosporins, 

ciprofloxacin, and piperacillin–tazobactam. Resistance was also detected at high levels against aminoglycosides and 

other non-β-lactam agents. Activity for meropenem–vaborbactam was limited to 10% of isolates being susceptible. 

Conclusion: Multidrug resistance is widespread among the carbapenem-resistant E. coli isolates, and the in-vitro effectiveness 

of meropenem–vaborbactam is low in this region. The monitoring of antibiotic resistance at the local level, along with the 

development of the right strategies for the use of antimicrobials, is necessary for establishing the right treatment. 

 

Keywords: Escherichia coli, Carbapenem resistant, antimicrobial susceptibility, Meropenem-vaborbactam 

  

How to cite this article: Saqib M, Ejaz A, Arshad A, Jabeen K, Sameen S, Jaffar Z. In Vitro Assessment Of 

Meropenem–Vaborbactam Against Carbapenem-Resistant Escherichia Coli In A Tertiary Care Setting: A Cross-

Sectional Study. Pak Postgrad Med J 2026;37(2): 67-71 
 

This is an Open Access article distributed under the terms of the Creative Commons Attribution License 

(http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and reproduction in any 

medium, provided the original work is properly cited. 

 

Correspondence to: ASMA EJAZ   

Assistant Professor Of Pathology, Allama Iqbal Medical 

College, Lahore, Pakistan. 

 

Email: ejaz.asma11@gmail.com 

Received: Mar 10,2026; Revised: Mar 20,2026 

Accepted: Mar 22,2026 
 

DOI: https://doi.org/10.51642/ppmj.v37i02.886 

 

INTRODUCTION 
Escherichia coli is a gram negative facultative anaerobic 

rod. It is a normal resident of the human gut, but, at the 

same time, some of the strains have developed into 

serious pathogens that can cause a large range of 

infections, e.g., urinary tract infections, bloodstream 

infections, pneumonia, intestinal infections, and 

meningitis.
1 

Because of its adaptability and diversity, 

genetic variability and resistance, E. coli has been 

ranked among the most important clinically relevant 

organisms in both community and hospital settings.
2
 

During the last twenty years, the emergence of 

carbapenem-resistant Escherichia coli (CREC) has 

become a global public health issue that is very 

concerning. Carbapenems were the most recommended 

drugs for treating serious infections caused by multidrug 

resistant Gram-negative strains. But as the use of these 

antimicrobial agents has increased, it has created 

massive selective pressure that has resulted in 
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developing and spreading of carbapenem-resistant 

strains.
3
 Infections caused by such resistant strains 

results in longer hospital stays, fewer treatment options, 

and higher mortality rate especially among critically ill 

and immunocompromised patients. The leading cause 

for E. coli's resistance to carbapenems is the production 

of carbapenemase enzymes like Klebsiella pneumoniae 

carbapenemase (KPC), New Delhi metallo-β-lactamase 

(NDM), and OXA-type β-lactamases which contribute 

to the loss of effectiveness of β-lactam antibiotics. 

Moreover, other resistance mechanisms such as the loss of 

porins,     overexpression of efflux pumps, and modification 

of penicillin-binding protein results in the development of 

high-level resistance and multidrug-resistant phenotypes.
4
 

The emergence of carbapenem-resistant E. coli is a prime 

challenge now in the developing world, particularly in 

countries like Pakistan, where antimicrobial stewardship 

programs are in beginning phase and antibiotics are 

frequently available over the counter. Healthcare settings, 

particularly the ICUs, are the main sources of these 

bacteria as a result of invasive processes, prolonged 

antibiotic treatment, and lack of implementation of 

infection control policies. A survey in South Asia identified 

a large number of metallo-β-lactamase–producing E. coli 

that extremely reduced the  bactericidal activity of β-

lactam/β-lactamase inhibitor combinations.
5
 

Due to emerging threat of carbapenem resistance, new  

antimicrobial combinations have been introduced.
6 

Meropenem–vaborbactam is a new β-lactam/β-lactamase 

inhibitor mixture consisting of meropenem, a wide-ranging 

carbapenem, and vaborbactam, an inhibitor based on boron 

developed to deactivate class A carbapenemases, chiefly 

KPC enzymes. Vaborbactam, by inhibiting enzymatic 

degradation of meropenem, brings back its activity to the 

majority of the carbapenem-resistant Enterobacterales.
7
 

Both, clinical and in-vitro investigations have shown 

effectiveness of meropenem–vaborbactam on KPC-

producing bacteria.It was approved for the treatment of 

complicated urinary tract and intra-abdominal 

infections. Though, its ability against bacteria that 

produce metallo-β-lactamases or OXA-type enzymes is 

still limited. Thus, the success of the treatment of 

meropenem-vaborbactam is largely influenced by the 

local patterns of resistance mechanisms.
8
 

Due to the severe burden of carbapenem-resistant E. coli in 

Pakistan as well as the scarcity of regional data on the 

activity of newer antimicrobial agents, it becomes necessary 

to assess the in-vitro activity of meropenem–vaborbactam.
9
 

The objective of this research is to evaluate the meropenem–

vaborbactam antimicrobial susceptibility against 

carbapenem-resistant Escherichia coli strains isolated from 

clinical specimens collected at a tertiary care hospital in 

Lahore, and thus provide data relevant to the region that can 

help with the antimicrobial stewardship efforts. 

 

METHODS 

Study Design and Setting: This is a cross-sectional 

study, performed at Allama Iqbal Medical College 

(AIMC), Lahore, Pakistan, Department of Pathology. 

The clinical specimens were collected from patients 

who were either admitted or visiting Jinnah Hospital, 

Lahore. The research was conducted for six months 

after getting the approval of the research synopsis. 

Sample Size and Sampling Technique: The study 

included 94 non-duplicate Escherichia coli isolates in 

total. The sample size was determined using WinPepi 

software (version 11.15) with a confidence level of 95% 

and an allowable difference of 0.05. A non-probability 

consecutive sampling procedure was utilized. 

Inclusion and Exclusion Criteria: All clinical specimens 

producing Escherichia coli isolates that were resistant to at 

least one carbapenem were incorporated into the research. 

Isolates from patients of any age group and both sexes 

were included. Isolates from the same patient within the 

same illness episode were excluded. 

Sample Collection and Processing: Clinical specimens 

were comprised of sputum, blood, wound swabs, 

tracheal aspirates, throat swabs, and urine.Specimens 

were collected before the start of antimicrobial therapy 

and were processed without delay according to standard 

microbiological procedures. The samples were cultured 

on blood agar, MacConkey agar, and chocolate agar and 

were incubated aerobically at 37°C for 48 hours. 

Identification of Isolates: Presumptive Escherichia coli 

identification was done on the basis of colony morphology 

and Gram stain results. Confirmation was carried out with 

the application of standard biochemical tests including 

oxidase, indole, methyl red, Voges–Proskauer, citrate 

utilisation, triple sugar iron agar, sulfur–indole–motility, 

and catalase tests. The isolation of the strain was also 

revealed by the VITEK-2 compact system. 

Antimicrobial Susceptibility Testing: Antimicrobial 

susceptibility testing was performed using the modified 

Kirby-Bauer disc diffusion method. In order to carry out 

the test, the first step was to prepare bacterial 

suspension which was equal to the 0.5 McFarland 

standard.Then it was inoculated on the Muller-Hinton 

agar medium. Following the Clinical and Laboratory 

Standards Institute (CLSI) 2023 guidelines, antibiotic 

discs were placed on the Muller-Hinton agar. 

The antibiotics tested in this study included, Imipenem (10 

µg), Meropenem (10 µg), Amikacin (30 µg), Piperacillin-

Tazobactam (100/10 µg), Ciprofloxacin (5 µg), Cefepime 

(30 µg), Cotrimoxazole (25 µg), Aztreonam (30 µg), 

Polymyxin B (300 U) and Gentamicin (10 µg). The media 

was then incubated for 18–24 hours at 37°C. 

Antimicrobial susceptibility testing was also performed 

using the VITEK-2 compact system, which operates on 

the principle of minimal inhibitory concentration (MIC). 

In addition, the resistance of meropenem-vaborbactam 

against carbapenem-resistant Escherichia coli was 
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evaluated. The results were reported according to the 

recommendations of the CLSI 2024 guidelines. 

Data Collection and Analysis: The demographic and 

laboratory data (age, gender, specimen type, and 

susceptibility to antimicrobials) were entered on a 

structured form. The data was then transformed and 

analyzed through the usage of the SPSS software, 

version 26.0. The analysis of the categorical variables 

drew the presentation in terms of frequencies and 

percentages, while the graphical representation of the 

data was done using bar charts and pie charts. A p-value 

below 0.05 was taken as statistically significant. 

 

RESULTS 
Demographic Characteristics of Isolates: The 

research encompassed a total of 94 isolates of 

carbapenem-resistant Escherichia coli. From that 

number, 56 (59%) came from male individuals, and 38 

(40%) were from females. 

Table 1. Percentage distribution among gender 

Gender Frequency Percentage 

Male 56 59% 

Female 38 40% 

Total 94 100% 

 

Distribution of Clinical Specimens: The number of 

isolates from different clinical specimens distributed as 

sputum and blood samples which were the sources most 

of the times with 28 isolates each (29.7%). Then came 

the wound specimens and tracheal aspirates with 16 

(15.38%) isolates each. Throat swabs were responsible 

for 12 (11.53%) isolates while urine samples had the 

least with 4 (3.84%). 

Antimicrobial Susceptibility Pattern of Carbapenem-

Resistant E. coli: Resistance of all 94 tested strains was 

absolute (100%) against cephalosporins of the third and 

fourth generation—most notably ceftriaxone and 

cefepime, as well as piperacillin–tazobactam. likewise, 

all isolates were resistant to imipenem and meropenem, 

the main carbapenems which confirmed their 

carbapenem-resistance status. At the same time, the 

isolates showed noticeable resistance to the non-β-

lactam antibiotic group. Resistance of 90% was 

observed for amikacin and gentamicin, while about one-

third of the isolates (33%) were still sensitive to the 

latter. Resistance of 100% was observed against 

ciprofloxacin, while 81% and 74% of the isolates were 

resistant to doxycycline and cotrimoxazole, respectively. 

The combination of meropenem with vaborbactam 

demonstrated an in-vitro activity that was effective 

against only a few strains, as 85 (90%) out of the 94 
were resistant and only 9 (10%) remained susceptible. 

The susceptibility profile for the Escherichia coli 

carbapenem-resistant isolates is given in Table 2. 

Table 2. Antimicrobial susceptibility profile of 

carbapenem-resistant E. coli isolates (n = 94) 

Antibiotic Susceptible 

n (%) 

Resistant n 

(%) 

Ampicillin 0 (0) 94 (100) 

Ceftriaxone 0 (0) 94 (100) 

Cefepime 0 (0) 94 (100) 

Piperacillin–Tazobactam 0 (0) 94 (100) 

Imipenem 0 (0) 94 (100) 

Meropenem 0 (0) 94 (100) 

Amikacin 23 (25) 71 (75) 

Gentamicin 27 (29) 67 (71) 

Ciprofloxacin 0 (0) 94 (100) 

Doxycycline 18 (19) 76 (81) 

Cotrimoxazole 24 (26) 70 (74) 

Meropenem–

Vaborbactam 

9 (10) 85 (90) 

 

DISCUSSION 
The findings of the present study demonstrate an extensive 

multidrug-resistant profile among carbapenem-resistant 

Escherichia coli isolates, reflecting the evolving 

complexity of antimicrobial resistance in Enterobacterales. 

All 94 isolates exhibited complete resistance to tested β-

lactam antibiotics, including ceftriaxone, cefepime, and 

piperacillin–tazobactam. This pattern is consistent with the 

observations of Nordmann et al., who reported that 

carbapenem resistance in E. coli is frequently accompanied 

by resistance to extended-spectrum cephalosporins due to 

the co-expression of carbapenemases and extended-

spectrum β-lactamases.
10

 Similar resistance patterns have 

also been described by Logan and Weinstein, highlighting 

the limited role of β-lactams once carbapenem resistance 

becomes established.
11

 

Non-susceptibility to imipenem and meropenem observed 

in this study confirms the high burden of carbapenem 

resistance within the local clinical setting. While earlier 

surveillance data from South Asia and the Middle East 

reported comparatively lower carbapenem resistance rates, 

more recent hospital-based studies indicate a sharp upward 

trend. Zhang et al. reported persistently rising carbapenem-

resistant E. coli rates in tertiary care hospitals in China over 

a five-year period, attributing this increase to selective 

pressure from broad-spectrum antibiotic use.
12

 Likewise, 

van Duin and Doi emphasized that tertiary-care and ICU 

settings serve as reservoirs for CRE, facilitating both clonal 

spread and horizontal gene transfer.
13

 

Aminoglycoside resistance was also prominent in the 

current study, with resistance rates exceeding 70% for both 

amikacin and gentamicin. These findings are in agreement 

with Jamal et al., who demonstrated that carbapenem-

resistant Enterobacterales frequently harbor 
aminoglycoside-modifying enzyme genes on the same 

plasmids that carry carbapenemase determinants.
14

 Poirel 

et al. further highlighted that co-selection of resistance 
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occurs under sustained antibiotic pressure, leading to 

multidrug resistance across unrelated antimicrobial 

classes.
15

 Such resistance patterns substantially reduce the 

utility of aminoglycosides as combination therapy options. 

The complete resistance to ciprofloxacin observed among 

all isolates further highlights the diminishing effectiveness 

of fluoroquinolones against CRE. Hooper described 

fluoroquinolone resistance in E. coli as being primarily 

driven by mutations in the quinolone resistance-

determining regions combined with efflux pump 

overexpression.
16

 Hospital-based studies by Kim et al. and 

Tamma et al. have similarly reported near-total 

fluoroquinolone resistance among carbapenem-resistant 

gram-negative isolates, particularly in regions with high 

fluoroquinolone consumption.
17,18

 

High resistance rates to doxycycline and cotrimoxazole 

observed in this study further limit therapeutic 

alternatives. Comparable findings were reported by 

Falagas et al., who noted that older antibiotics such as 

tetracyclines and folate pathway inhibitors have 

progressively lost efficacy against multidrug-resistant E. 

coli.
18

 This trend is particularly evident in healthcare 

systems where antibiotics are frequently prescribed 

empirically, often without susceptibility testing, 

facilitating sustained resistance selection. 

Meropenem–vaborbactam demonstrated limited in-vitro 

activity in the present study, with susceptibility observed in 

only 10% of isolates. Although clinical trials and global 

surveillance data have established the efficacy of 

meropenem–vaborbactam against specific carbapenemase-

producing organisms, particularly KPC-producing 

Enterobacterales, its effectiveness is highly dependent on 

the prevailing resistance mechanisms within local bacterial 

populations. The TANGO clinical trials, which supported 

the use of meropenem–vaborbactam for complicated 

urinary tract and intra-abdominal infections, reported 

favorable outcomes primarily in infections caused by 

carbapenemase producers susceptible to β-lactamase 

inhibition.
20

 The low susceptibility observed in this study is 

therefore consistent with a likely low prevalence of KPC-

producing organisms in the local setting as supported by a 

recent local study.
21

 In contrast to KPC producers, as 

highlighted by Castanheira et al., vaborbactam lacks 

activity against OXA-48–type carbapenemases and 

metallo-β-lactamases, limiting its clinical utility in regions 

where these mechanisms predominate.
22

 Furthermore, 

molecular studies by Johnston et al. have demonstrated that 

geographical variation in carbapenemase gene distribution 

significantly influences the performance of newer β-

lactam/β-lactamase inhibitor combinations, underscoring 

the importance of regional resistance profiling when 

interpreting susceptibility data.
23

 

Taken together, the resistance profile observed in this 

study aligns with global antimicrobial resistance trends 

reported by WHO and CDC all of which identify 

carbapenem-resistant E. coli as a critical public health 

threat.
24,25

 The convergence of resistance across β-

lactams, aminoglycosides, fluoroquinolones, and older 

oral agents severely compromises empirical treatment 

strategies and increasingly forces reliance on last-resort 

therapies. These findings underscore the urgent need for 

strengthened antimicrobial stewardship, routine 

resistance surveillance, and molecular characterization 

of resistance mechanisms to guide targeted therapy and 

infection control interventions. 

 

CONCLUSION  
Carbapenem-resistant Escherichia coli isolates from a 

tertiary care hospital in Lahore exhibited an extensive 

multidrug-resistant profile, with uniformly high resistance 

to carbapenems, extended-spectrum cephalosporins, 

fluoroquinolones, aminoglycosides, and commonly used 

oral agents. Meropenem–vaborbactam demonstrated 

limited in-vitro activity, consistent with the low likelihood 

of KPC-mediated resistance in the local setting and the 

predominance of resistance mechanisms not targeted by 

vaborbactam, such as OXA-48–type carbapenemases and 

metallo-β-lactamases. These findings highlight the critical 

importance of local antimicrobial resistance surveillance 

and molecular characterization to guide the rational use of 

newer β-lactam/β-lactamase inhibitor combinations. 

Strengthening antimicrobial stewardship programs, 

optimizing infection prevention and control practices, and 

implementing routine resistance profiling are essential to 

contain the spread of carbapenem-resistant E. coli and to 

preserve the effectiveness of last-line therapeutic agents. 
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