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ABSTRACT

The rapid emergence of carbapenem-resistant Escherichia coli has become a major global public health concern,
significantly limiting therapeutic options for the treatment of serious bacterial infections. Carbapenems are considered
last-resort antibiotics for infections caused by multidrug-resistant Gram-negative bacteria; however, their increasing
misuse has accelerated the development of resistance. E. coli, a common member of the intestinal flora, is also one of the
leading causes of urinary tract infections, septicemia, gastrointestinal infections, and wound infections. The present study
focuses on the isolation and identification of carbapenem-resistant E. coli from various clinical samples to understand its
prevalence and resistance profile. Clinical specimens including urine, blood, pus, sputum, and stool were processed using
standard microbiological techniques. Isolation was carried out on selective and differential media, followed by
identification through morphological, staining, and biochemical tests. Antibiotic susceptibility testing was performed
using the Kirby—Bauer disc diffusion method in accordance with Clinical and Laboratory Standards Institute (CLSI)
guidelines. Carbapenem resistance was screened using imipenem and meropenem discs and confirmed by phenotypic
methods. The findings of this study highlight a growing prevalence of carbapenem-resistant E. coli, posing serious
challenges to clinicians and microbiologists. Early detection, routine surveillance, and strict antibiotic stewardship
programs are essential to control the spread of these resistant strains. The study emphasizes the urgent need for continuous
monitoring and implementation of effective infection control measures in healthcare settings.
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1. INTRODUCTION risk. Carbapenem resistance in E. coli may arise due to

Antimicrobial resistance (AMR) has emerged as one of
the most critical challenges to global health in the
twenty-first century. The widespread and often
inappropriate use of antibiotics has led to the evolution
of resistant bacterial strains, resulting in increased
morbidity, mortality, and healthcare costs. Among Gram-
negative bacteria, Escherichia coli occupies a central
position due to its dual role as a harmless commensal of
the human gastrointestinal tract and as a significant
opportunistic pathogen responsible for a wide range of
infections (Varki A, 2017). These include urinary tract
infections (UTIs), bloodstream infections, neonatal
meningitis, intra-abdominal infections, and wound
infections (Collee, et. al., 2019). Carbapenems such as
imipenem, meropenem, doripenem, and ertapenem, are
- lactam antibiotics with a broad spectrum of activity
and high stability against most - lactamases (Lee, Y. et.
al., 2000). They are considered drugs of last resort for
the treatment of severe infections caused by extended-
spectrum f-lactamase (ESBL)producing and multidrug-
resistant Enterobacteriaceae. However, the increasing
reliance on carbapenems has resulted in the emergence
of carbapenem-resistant Enterobacteriaceae (CRE),
including carbapenem- resistant E. coli (Nordmann, et.
al., 2012). The spread of such resistant strains has
become a serious threat, particularly in hospital
environments where vulnerable patients are at higher
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several mechanisms. The most important mechanism is
the production of carbapenemase enzymes, which
hydrolyze carbapenems and render them ineffective
(Zhou, et. al., 2020). These enzymes include New Delhi
metallo-B- lactamase (NDM), Klebsiella pneumoniae
carbapenemase (KPC), oxacillinase-48 (OXA-48),
Verona integron-encoded metallo-B-lactamase (VIM),
and imipenemase (IMP) (Yong, et al., 2009). In addition
to carbapenemase production, resistance may also result
from a combination of porin loss, efflux pump
overexpression, and the presence of ESBLs or AmpC -
lactamases (Sun, L. et al, 2022). These multiple
resistance  mechanisms  significantly = complicate
diagnosis and treatment.The clinical implications of
carbapenem-resistant E. coli infections are severe.
Patients infected with these strains often experience
prolonged hospital stays, increased treatment costs,
limited therapeutic options, and higher mortality rates
(Spaulding, et. al, 2017). In many cases, treatment is
restricted to older or more toxic antibiotics such as
colistin or tigecycline, which may have significant side
effects. Furthermore, carbapenem-resistant strains can
easily spread within healthcare facilities through
contaminated hands, medical equipment, or
environmental surfaces, leading to outbreaks that are
difficult to control (Donlan, et. al., 2021). In developing
countries like India, the problem of carbapenem
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resistance is particularly alarming due to factors such as
over-the-counter availability of antibiotics, lack of strict
antibiotic stewardship programs, inadequate infection
control practices, and limited diagnostic facilities.
Studies have reported a rising trend of carbapenem-
resistant E. coli isolates from both hospital-acquired and
community-acquired infections (Imberty, A. et. al,
2021). This situation underscores the urgent need fo
continuous surveillance and early detection of resistant
strains to prevent their further spread (Zhang, Y. et. al.,
2022). Accurate isolation and identification of E. coli
from clinical samples from the cornerstone of effective
diagnosis and management of infections. Conventional
microbiological methods, including culture
characteristics, Gram staining, and biochemical tests,
remain widely used due to their reliability and cost-
effectiveness (Forbes, et. al, 2017). Antibiotic
susceptibility testing using standardized guidelines is
essential to determine resistance patterns and guide
appropriate therapy (Daniel, et. al., 2021). Phenotypic
methods for detecting carbapenem resistance, such as
disc diffusion screening tests and confirmatory assays,
are particularly valuable in routine diagnostic
laboratories where molecular techniques may not be
readily available. Present study is undertaken to isolate
and identify carbapenem-resistant E. coli from various
clinical samples and to analyse their antibiotic
susceptibility patterns. By generating local data on the
prevalence and resistance mechanisms of E. coli, this
study aims to contribute to a better understanding of the
current resistance scenario. Such information is crucial
for clinicians to make informed treatment decisions and

2.3 TIsolation of Escherichia coli

for policymakers to design effective infection control
and antibiotic stewardship strategies (Francesco, et.
al.,2022). Ultimately, controlling the spread of
carbapenem-resistant E. coli requires a coordinated
approach involving early diagnosis, rational antibiotic
use, continuous surveillance, and strict adherence to
infection prevention measures (Sharma, et. al., 2022).

2. MATERIALS ANDMETHODS

2.1 Study Design and Setting

The present study was a laboratory-based cross-
sectional study conducted in the Department of
Microbiology, Motherhood University, Roorkee. The
study was carried out over a period of six months to
determine the prevalence of carbapenem-resistant
Escherichia coli from clinical samples. Ethical clearance
was obtained from the Institutional Ethics Committee
prior to sample collection.

2.2 Sample Collection and Processing

A total of clinically relevant samples including urine,
blood, pus, sputum, and stool was collected from both
inpatients and outpatients using sterile techniques.
Samples were transported immediately to the
microbiology laboratory and processed according to
standard

microbiological ~ procedures. = Samples  showing
contamination or improper labelling were excluded from
the study. All specimens were processed within two
hours of collection to maintain sample integrity
(Sharma, H. et. al., 2021).

Clinical specimens were inoculated onto MacConkey agar and Eosin Methylene Blue (EMB) agar plates and incubated
aerobically at 37° C for 18-24 hours. Lactose-fermenting colonies appearing pink on MacConkey agar and colonies
showing a characteristic metallic green sheen on EMB agar were presumptively identified as E. coli. Pure cultures were
obtained by sub-culturing suspected colonies on nutrient agar (Sharma, H. et. al., 2021).

Figure 1: Growth of Bacteria from urine on Nutrient Agar Medium after 24 hours.

2.4 Identification of E. coli

Identification of isolates was performed based on colony morphology, Gram staining, and a series of biochemical tests.
Gram staining revealed Gram-negative, non-spore forming bacilli. Biochemical characterization included Indole, Methyl
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Red, Voges-Proskauer, and Citrate (IMViC) tests, Triple Sugar Iron (TSI) agar test, Urease test, and Oxidase test. Typical
E. coli isolates were indole positive, methyl red positive, Voges-Proskauer negative, citrate negative, urease negative, and

oxidase negative (Sharma, H. et. al., 2025).

Figure 2: Gram staining showing light pink rod-shaped bacilli observed under oil immersion.

Figure 3: Growth of E. Coli on MacConkey agar medium after 24hours, showing characteristics pink to
magenta-colored colonies.

2.5 Antimicrobial Susceptibility Testing (AST)
Antimicrobial susceptibility testing was performed
using the Kirby-Bauer disk diffusion method on
Mueller-Hinton agar following Clinical and Laboratory
Standards Institute (CLSI) guidelines. A standardized
inoculum equivalent to 0.5 McFarland turbidity standard
was used. Antibiotic discs tested included ampicillin,
cefotaxime, ceftazidime, ciprofloxacin, gentamicin,
imipenem, and meropenem. After incubation at 37° C
for 1824 hours, zones of inhibition were measured and
interpreted as sensitive, intermediate, or resistant
according to CLSI breakpoints (CLSI, 2023).

2.6 Screening for Carbapenem Resistance

Isolates showing reduced susceptibility or resistance to
imipenem or meropenem were considered potential
carbapenem-resistant E. coli. These isolates were further
subjected to confirmatory phenotypic tests. Screening
cut-off values recommended by CLSI were used to
identify suspected carbapenemase producers (Kiessling,

L. et al, 2021).

2.7 Phenotypic Confirmation of Carbapenemase
Production

Carbapenemase production was confirmed using the
Modified Hodge Test (MHT) and EDTA disk synergy
test. In the Modified Hodge Test, a cloverleaf-like
indentation indicated carbapenemase activity. The
EDTA disk synergy test was used to detect metallo-f-
lactamase (MBL) production by demonstrating
enhancement of the inhibition zone around carbapenem
discs in the presence of EDTA (Jolly, et. al., 2025).

2.8 Quality Control

Quality control was ensured by using standard reference
strains. Escherichia coli ATCC 25922 was used as a
quality control strain for antimicrobial susceptibility
testing. All media and reagents were tested for sterility
and performance before use (CLSI, 2023). Data obtained
were entered into Microsoft Excel and analysed using
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descriptive statistics. Results were processed during the study. Urine samples constituted
expressed as frequencies and percentages. Statistical the highest proportion (45%), indicating urinary tract
analysis was performed to determine the prevalence of infections as the most common clinical condition
carbapenem-resistant E. coli among the total isolates investigated. Blood samples accounted for 22.5%,
(Sharma, H. et. al., 2019). reflecting cases of septicaemia and systemic infections.

Pus samples (17.5%) were mainly associated with
3. RESULT& DISCUSSION wound and soft tissue infections, while sputum samples
Table 1 shows the distribution of clinical samples (10%) represented respiratory tract infections. Stool

samples formed the smallest proportion (5%).

Table 1: Distribution of Clinical Samples Collected.

Sample Type |Number (n) |Percentage (%)
Urine 180 45.0

Blood 90 22.5

Pus 70 17.5

Sputum 40 10.0

Stool 20 5.0

Total 400 100

The predominance of urine samples highlights the major role of E. coli as a leading uropathogen. The wide range of
sample types ensures comprehensive assessment of E. coli infections across different clinical conditions.

Table 2: Isolation Rate of E. coli from Clinical Samples

Sample Type Samples IE. coli Isolation Rate
IProcessed Isolated (%)

Urine 180 92 51.1

Blood 90 34 37.8

Pus 70 26 37.1

Sputum 40 12 30.0

Stool 20 8 40.0

Total 400 172 43.0

Table 2 depicts the isolation rate of E. coli from various clinical samples. Overall, E. coli was isolated from 43% of the
processed samples, confirming its significant role in clinical infections. The highest isolation rate was observed in urine
samples (51.1%), reinforcing E. coli as the predominant cause of urinary tract infections. Stool samples also showed a
considerable isolation rate (40%), reflecting gastrointestinal colonization and infection. Blood and pus samples exhibited
moderate isolation rates, suggesting E. coli involvement in systemic and wound infections. The relatively lower isolation
rate from sputum samples indicates limited respiratory involvement. These findings emphasize the clinical importance of
E. coli across multiple infection sites.

Table 3: Gender-wise Distribution of E. coli Isolates

Gender Number of Isolates Percentage (%)
Male 68 39.5
Female 104 60.5
Total 172 100

Table 3 presents the gender-wise distribution of E. coli isolates. Female patients accounted for a higher proportion of
isolates (60.5%) compared to males (39.5%). This difference is primarily attributed to the higher prevalence of urinary
tract infections among females due to anatomical and physiological factors. The findings are consistent with previous
studies reporting a female predominance in E. coli-associated infections. The data indicate that gender plays a significant
role in susceptibility to E. coli infections. Understanding such demographic patterns is essential for developing targeted
preventive strategies and improving clinical management of infections caused by E. coli.

Table 4: Age-wise Distribution of E. coli Isolates
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IAge Group (years) Number IPercentage (%)
<20 18 10.5

21-40 52 30.2

41-60 64 37.2

>60 38 22.1

Total 172 100

Table 4 illustrates the age-wise distribution of E. coli isolates. The highest prevalence was observed in the 41-60 years
age group (37.2%), followed by the 21-40 years group (30.2%). Elderly patients (>60 years) also showed a significant
proportion of isolates, likely due to weakened immunity and associated comorbidities. The lower prevalence in individuals
below 20 years may reflect reduced exposure to healthcare settings and invasive procedures. These findings indicate that
middle-aged and elderly populations are more susceptible to E. coli infections, highlighting the need for increased
surveillance and preventive measures in these age groups.

Table 5: Antibiotic Susceptibility Pattern of E. coli Isolates

|Antibiotic Sensitive (%) IResistant (%)
IAmpicillin 22.0 78.0
Cefotaxime 34.3 65.7
Ciprofloxacin 40.1 59.9
Gentamicin 48.8 51.2
Imipenem 72.1 27.9
Meropenem 70.3 29.7

Table 5 shows the antibiotic susceptibility pattern of E. coli isolates. High resistance was observed against ampicillin
(78%) and cefotaxime (65.7%), indicating widespread B-lactam resistance. Fluoroquinolone resistance was also
considerable, with nearly 60% of isolates resistant to ciprofloxacin. Aminoglycosides showed moderate effectiveness.
Although carbapenems remained relatively effective, resistance to imipenem (27.9%) and meropenem (29.7%) is
alarming. These findings reflect the growing problem of multidrug resistance among E. coli isolates and emphasize the
urgent need for rational antibiotic use and regular susceptibility monitoring.
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Figure 4: Antibiotic susceptibility patter of E. Coli showing percentage sensitivity and resistance to different
antibiotics
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Table 6: Prevalence of Carbapenem-Resistant E. coli

Category Number Percentage (%)
Carbapenem Resistant @48 27.9
Carbapenem Sensitive (124 72.1
Total 172 100

Table 6 highlights the prevalence of carbapenem-resistant E. coli isolates. Nearly 28% of the isolates were found to be
resistant to carbapenems, which is a matter of serious concern. Carbapenems are considered last-line antibiotics, and
resistance to these drugs significantly limits treatment options. The presence of such a high proportion of resistant isolates
indicates the increasing misuse of broad-spectrum antibiotics and inadequate infection control practices. These results
underscore the importance of early detection of carbapenem resistance to prevent further spread and to guide appropriate
therapeutic decisions.

Table 7: Sample-wise Distribution of Carbapenem-Resistant E. coli

Sample Type Resistant Isolates IPercentage (%)
Urine 22 45.8

Blood 12 25.0

Pus 8 16.7

Sputum 4 8.3

Stool 2 4.2

Total 48 100

Table 7 presents the distribution of carbapenem-resistant E. coli across different sample types. Urine samples showed the
highest proportion of resistant isolates (45.8%), reflecting extensive antibiotic exposure in urinary tract infections. Blood
samples accounted for 25%, indicating serious systemic infections caused by resistant strains. Pus and sputum samples
contributed moderate proportions, while stool samples showed the least resistance. The predominance of resistant isolates
in urine and blood samples emphasizes the clinical severity and therapeutic challenges associated with carbapenem-
resistant E. coli infections.

Table 8: Phenotypic Detection of Carbapenemase Production

Test Method Positive Isolates IPercentage (%)
Modified Hodge Test 30 62.5
EDTA Synergy Test 18 37.5
Total 48 100

Table 8 shows the results of phenotypic tests used to confirm carbapenemase production. The Modified Hodge Test
detected carbapenemase activity in 62.5% of resistant isolates, indicating its usefulness as a screening method. The EDTA
synergy test identified metallo-p- lactamase production in 37.5% of isolates, suggesting a significant presence of MBL-
producing strains. The variation in detection highlights the diversity of resistance mechanisms. These findings support the
use of multiple phenotypic tests to accurately identify carbapenemase-producing E. coli in routine diagnostic laboratories.

Table 9: Multidrug Resistance Pattern among Carbapenem-Resistant Isolates

Resistance Category Number Percentage (%)
Resistant to 3 classes 14 29.2
Resistant to 4 classes 20 41.6
Resistant to >5 classes 14 29.2
Total 48 100

Table 9 demonstrates the multidrug resistance pattern among carbapenem-resistant E. coli isolates. Most isolates showed
resistance to four or more classes of antibiotics, indicating extensive drug resistance. Nearly 30% of isolates were resistant
to five or more antibiotic classes, severely limiting treatment options. This high level of multidrug resistance suggests the
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accumulation of multiple resistance mechanisms within the same isolate. Such findings highlight the urgent need for
antimicrobial stewardship and strict infection control practices to curb the spread of these highly resistant pathogens.

Table 10: Hospital Ward-wise Distribution of Carbapenem-Resistant E. coli

‘Ward Number Percentage (%)
ICU 18 37.5
Medical Ward 14 29.2
Surgical Ward 10 20.8
OPD 6 12.5
Total 48 100

Table 10 illustrates the ward-wise distribution of
carbapenem-resistant E. coli isolates. The highest
proportion was observed in intensive care units (37.5%),
reflecting increased antibiotic pressure, invasive
procedures, and prolonged hospital stays. Medical and
surgical wards also showed significant resistance levels,
indicating widespread dissemination within hospital
settings. The presence of resistant isolates in OPD
patients suggests possible community acquisition. These
findings emphasize the importance of stringent infection
control measures, especially in critical care areas, to
prevent hospital-associated transmission of resistant E.
coli.

4. DISCUSSION

The present study highlights the increasing prevalence
of carbapenem-resistant Escherichia coli isolated from
various clinical samples, indicating a growing challenge
in the management of bacterial infections. The overall
isolation rate of E. coli was highest from urine samples,
which aligns with the well-established role of E. coli as
the  predominant  uropathogen. The  female
predominance observed in the study is consistent with
earlier findings and can be attributed to anatomical
and physiological factors that increasesusceptibility
to urinary tract infections. A significant finding of this
study is the high proportion of resistance to commonly
used antibiotics such as ampicillin, third-generation
cephalosporins, and fluoroquinolones. This pattern
reflects widespread and often irrational use of
antibiotics, leading to selective pressure and emergence
of multidrug-resistant strains. Although carbapenems
showed comparatively better efficacy, the detection of
nearly one- third of isolates exhibiting resistance to
imipenem and meropenem is alarming. Similar
resistance trends have been reported in several national
and international studies, emphasizing the global nature
of this problem. The prevalence of carbapenem-resistant
E. coli observed in the present study is of particular
concern as carbapenems are considered last-line drugs
for severe Gram-negative infections. The high
occurrence of resistant isolates in urine and blood
samples indicates serious clinical implications,
including limited therapeutic options and increased risk
of treatment failure. The ward-wise distribution further
revealed that intensive care units had the highest number
of resistant isolates, likely due to prolonged
hospitalization, invasive procedures, and extensive use
of broad-spectrum antibiotics. Phenotypic detection
methods confirmed the presence of carbapenemase-

producing E. coli, with Modified Hodge Test and EDTA
synergy test identifying different resistance
mechanisms. The coexistence of multiple resistance
mechanisms may explain the high levels of multidrug
resistance  observed among carbapenem-resistant
isolates. Such organisms pose a serious threat as they can
spread rapidly within healthcare settings and are difficult
to eradicate. the findings of this study underscore the
urgent need for routine surveillance of antimicrobial
resistance, early detection of carbapenem-resistant
strains, and strict adherence to infection control
measures. Without effective interventions, the continued
emergence and spread of carbapenem-resistant

E. coli could significantly compromise patient outcomes
and public health.

5. CONCLUSION

The present study concludes that Escherichia coli
remains a major pathogen responsible for a wide range
of clinical infections, particularly urinary tract
infections. A high level of resistance to commonly
prescribed antibiotics was observed, indicating
widespread multidrug resistance among E. coli isolates.
Although carbapenems continue to be effective against
most isolates, the increasing prevalence of carbapenem-
resistant E. coli is a serious cause for concern. The
detection of carbapenemase-producing strains highlights
the growing threat posed by last-line antibiotic
resistance. Such resistance significantly limits
therapeutic options, increases treatment  costs,
prolongs hospital stays, and is associated with higher
morbidity and mortality rates. The predominance of
resistant isolates in critical care units further emphasizes
the role of hospital-acquired infections and antibiotic
pressure in the emergence of resistance. This study
reinforces the importance of routine antimicrobial
susceptibility testing and early identification of
carbapenem resistance in clinical laboratories.
Phenotypic  detection methods remain valuable,
especially in resource-limited settings, for timely
diagnosis and appropriate treatment planning. Effective
infection control practices, combined with rational
antibiotic use, are essential to curb the spread of resistant
strains. continuous surveillance, strict antimicrobial
stewardship programs, and improved diagnostic
strategies are crucial to prevent the further escalation of
carbapenem-resistant E. coli. Coordinated efforts by
clinicians, microbiologists, and healthcare
administrators are required to preserve the effectiveness
of existing antibiotics and safeguard public health.
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