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Abstract:

Background: Carbapenem-resistant Enterobacterales (CRE) pose a serious threat to patient safety in tertiary care
hospitals, limiting treatment options and increasing morbidity and mortality.

Aim: To evaluate the prevalence, species distribution, and carbapenem resistance patterns among
Enterobacterales isolated from clinical specimens in a tertiary care hospital.

Methodology: An observational laboratory-based study was conducted over a period of seven months at Patna
Medical College and Hospital, Patna, Bihar, India. A total of eighty non-duplicate carbapenem-resistant
Enterobacterales isolates obtained from hospitalized patients were included. Identification and antimicrobial
susceptibility testing were performed using standard microbiological methods in accordance with Clinical and
Laboratory Standards Institute (CLSI) 2025 guidelines. Data were analyzed using SPSS version 27.0.

Results: CRE infections were most commonly observed among patients aged 41-60 years (40%) and in males
(60%). Blood (27.5%) and respiratory samples (22.5%) were the predominant sources of isolates. Klebsiella
pneumoniae (42.5%) was the most frequently isolated organism, followed by Escherichia coli (32.5%). High
resistance rates were observed against ertapenem (82.5%), imipenem (77.5%), meropenem (72.5%), and
doripenem (67.5%). The highest proportion of isolates was reported from the intensive care unit (37.5%).
Conclusion: The high burden of carbapenem-resistant Enterobacterales, particularly in critical care settings,
highlights the need for continuous surveillance, strict infection control practices, and effective antimicrobial
stewardship programs.
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Introduction

Carbapenem-resistant Enterobacterales are posing a
serious and growing danger to the world health and
the situation gets worse in the case of hospitals of
the highest level where the pressure of antibiotics is
at its peak and the most susceptible patients are lo-
cated [1]. Enterobacterales (the order of gram-nega-
tive bacilli that contains the medically important
genera such as Escherichia, Klebsiella, Enterobac-
ter, Proteus, Citrobacter, and Serratia) have been and
still are present almost everywhere including the
community and hospitals. In the past, these patho-
gens were easily treated with broad-spectrum -lac-
tam antibiotics; however, the introduction and
spread of B-lactamase enzymes that can break down
carbapenems have changed the therapeutic strate-
gies in a radical manner. Carbapenems are a group
of antibiotics that includes imipenem, meropenem,
doripenem, and ertapenem, and they have been re-
garded as the last resort for severe infections caused
by multidrug-resistant gram-negative bacteria [2].
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Their power has made these drugs impossible to be
disregarded in the control of complicated intra-ab-
dominal infections, sepsis, pneumonia, urinary tract
infections, and neonatal infections. The resistance of
Enterobacterales to carbapenems not only leads to
poor clinical outcomes but also predicts higher rates
of illness, death, hospital stay, and costs in health
care.

Enterobacterales have multiple and complex mech-
anisms that grant them the ability to resist car-
bapenems, showing both their natural character of
bacterial adaptability and the influence of antibiotic
selection pressures from outside [3]. To be more pre-
cise, among the sulfamethoxazole and trimethoprim
resistance mechanisms, carbapenemase production
is recognized as the most significant one in clinics,
and that is due to the fact that the enzymes responsi-
ble for the drug's hydrolysis are in charge of it. Ser-
ine carbapenemases, for example Klebsiella
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pneumoniae carbapenemases (KPCs), metallo-f-
lactamases (MBLs) such as New Delhi metallo-f3-
lactamase (NDM), Verona integron-encoded
metallo-B-lactamase (VIM), and imipenemase
(IMP), and oxacillinase-type enzymes such as OXA-
48-like carbapenems are the main types of resistance
enzymes. The genes for these carbapenemases are
often found on plasmids, which are mobile genetic
elements that allow for the transfer of genes between
different bacterial species and genera. Therefore, re-
sistance to carbapenem-producing Enterobacterales
(CPE) poses a big problem in the medical field, as
they can easily move around within the hospital
through patients, health personnel, and even the en-
vironment.

Besides carbapenemase synthesis, decreased sus-
ceptibility also comes from the modified expression
of porins (the outer membrane proteins that permit
the entry of antibiotics) and the rise in the number of
efflux pumps [4]. The co-occurrence of the ex-
tended-spectrum B-lactamases (ESBLs) or AmpC f-
lactamases with the loss of porin can result in car-
bapenem resistance in some strains even when a car-
bapenemase is not present. The hospital environ-
ment plays a significant role in creating the perfect
conditions for the resistant clones to be selected and
amplified due to factors like constant antibiotic ex-
posure, the frequent use of devices (for example,
ventilators, urinary catheters, and central venous
catheters), and high patient density [5]. Importantly,
‘the organisms that are resistant to antibiotics not
only cause localized outbreaks but also contribute to
the emergence of systemic infections that are very
hard to treat with conventional antibiotics.

Tertiary-care hospitals are very important in the
comprehension of resistance patterns as they are the
ones that receive and treat patients with complex,
even immunocompromised, cases including those in
the ICU, transplant wards, oncology, and surgery
[6]. Being the centers where antibiotic use and mis-
use are utmost prevalent has made them the first to
notice changes in resistance patterns [7]. The hospi-
tals' epidemiological surveillance is the one that pro-
vides the most useful insights regarding the re-
sistance patterns of carbapenem among Enterobac-
terales in terms of their availability, how they are
distributed, and when they are found. Recognizing
the resistance patterns in the vicinity is needed to en-
able the directing of empirical therapy, the improve-
ment of antimicrobial stewardship interventions,
and the introduction of targeted infection control
measures. In the absence of such data, the clinicians
have no choice but to rely on broad, often ineffec-
tive, empiric regimens that only contribute to further
promoting resistance.

The consequences of carbapenem-resistant Entero-
bacterales (CRE) infections on the clinical field are
very widespread and serious [8]. It is partly due to
the very few and limited therapeutic options that
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CRE infections have a mortality rate that is signifi-
cantly higher than that of the infections caused by
sensitive strains. In some instances, doctors turn to
older, more toxic agents like polymyxins (colistin),
tigecycline, or aminoglycosides but these drugs all
come with drawbacks such as poor pharmacokinet-
ics, nephrotoxicity, and doubtfulness of efficacy in
the case of severe disease. Treatment failures and
side effects of such drug combinations could also be
a factor in keeping the patient challenged for a
longer time to ‘recover. The economic factor is like-
wise a nightmarish one: CRE infections cause longer
hospital stays, more diagnostic testing, isolation pre-
cautions, and increased healthcare resources usage

[9].

As a reply to this escalating dilemma, global health
bodies such as the World Health Organization
(WHO) have recognized carbapenem-resistant En-
terobacterales as the most critical ones that urgently
need research, surveillance, and new treatment de-
velopment [10]. Knowing the resistance patterns at
the hospital level is crucial for taking evidence-
based approaches in policy-making, creating antibi-
ograms, and adjusting antibiotic prescribing guide-
lines. In combination with strong antimicrobial
stewardship programs, thorough hand hygiene prac-
tices, environmental cleaning, active surveillance
cultures, contact isolation, and careful use of inva-
sive devices are the main components of complete
infection prevention and control measures.

To put it simply, the resistance of Enterobacterales
to carbapenem in tertiary care hospitals is a compli-
cated and multi-layered problem that has very seri-
ous consequences for both the treatment of patients
and public health. The pattern of resistance at the lo-
cal level needs to be monitored regularly as it will
enable the fast detection, proper treatment, and con-
tainment of these resistant microorganisms. Under-
standing the pattern of carbapenem resistance in En-
terobacterales will allow healthcare facilities to pro-
tect their patients more effectively, keep existing an-
tibiotics usable for a longer period of time, and also
play their part in the worldwide fight against antimi-
crobial resistance.

Methodology

Study Design: The research was structured as a for-
ward-looking observational lab study in which the
trends of carbapenem resistance in Enterobacterales
from different clinical specimens of patients in a ter-
tiary care hospital were determined. The main objec-
tive of the study was the detection of carbapenem-
resistant Enterobacterales (CRE) and their suscepti-
bility to antibiotics tested according to the norms of
standard microbiological techniques and guidelines.

Study Area: The research was done in the Depart-
ment of Microbiology, Patna Medical College and
Hospital (PMCH), Patna, Bihar, India.
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Study Duration: The study was conducted over a
period of 7 months from March 2025 to September
2025.

Study Participants: The study participants com-
prised hospitalized patients of all age groups and
both sexes from whom clinical samples were re-
ceived in the Department of Microbiology and
yielded Enterobacterales on culture.

Inclusion Criteria

e  Clinical specimens obtained from admitted pa-
tients yielding growth of Enterobacterales

e Isolates showing resistance to at least one car-
bapenem antibiotic

e Samples including blood, respiratory speci-
mens, pus, body fluids, and other relevant clin-
ical samples

e Only the first isolate per patient was included to
avoid duplication

Exclusion Criteria

Non-Enterobacterales bacterial isolates
Duplicate isolates from the same patient
Environmental or surveillance samples

Isolates showing complete susceptibility to car-
bapenems

Sample Size: A total of 80 non-duplicate car-
bapenem-resistant Enterobacterales isolates were in-
cluded in the study. The sample size was determined
based on the availability of isolates during the study
period and feasibility within ‘the stipulated time
frame.

Procedure: Clinical specimens including blood,
respiratory samples (sputum and endotracheal aspi-
rates), pus, urine, body fluids, and other relevant
samples were collected from patients using standard
aseptic techniques. All samples were processed us-
ing conventional bacteriological methods and cul-
tured on appropriate media such as blood agar and
MacConkey agar. Identification of Enterobacterales
was performed based on colony morphology, Gram
staining, and standard biochemical tests.
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Antimicrobial susceptibility testing (AST) was car-
ried out for all Enterobacterales isolates using the
Kirby—Bauer disc diffusion method in accordance
with the Clinical and Laboratory Standards Institute
(CLSI) 2025 guidelines. The carbapenem antibiotics
tested included imipenem, meropenem, ertapenem,
and doripenem. Isolates were classified as car-
bapenem-resistant based on CLSI 2025 interpreta-
tive criteria for disc diffusion. Only isolates ful-
filling the resistance criteria were included in the fi-
nal analysis.

Statistical Analysis: The data collected throughout
the study were first input into Microsoft Excel and
then analyzed with Statistical Package for Social
Sciences (SPSS) version 27.0. The deployment of
descriptive statistics consisted in the summarization
of the data. The frequencies and percentages de-
picted categorical variables, i.e., demographic fea-
tures, distribution of Enterobacterale isolates, and
carbapenem resistance patterns. The tables and
graphics were used for the presentation of the re-
sults, as they were the most suitable means of
providing clearer and better-interpreted data. Infer-
ential statistical analysis was carried out whenever
needed and a p-value of less than 0.05 was taken to
mean statistically significant.

Result

The demographic distribution of ‘the 80 study par-
ticipants is illustrated in Table 1. The age-wise anal-
ysis disclosed that the age group of 41-60 years per-
sons was the largest among the participants (40.0%),
followed by those who were older than 60 years
(30.0%), which means that the study population was
mainly composed of middle-aged and old people.
The age group of 21-40 years accounted for 22.5%,
whereas the youngest age group (<20 years) made
up only 7.5% of the total sample. In terms of gender
distribution, the number of males was greater than
that of females in the study population (60.0% and
40.0%, respectively), thus revealing the male pre-
dominance among the participants.

Table 1: Demographic Distribution of Study Participants (n = 80)
Variable | Frequency (n) | Percentage (%)
Age Group (years)
<20 6 7.5
2140 18 22.5
41-60 32 40.0
>60 24 30.0
Gender
Male 48 60.0
Female 32 40.0

The data shown in Table 2 illustrate the proportion
of clinical samples from which carbapenem-re-
sistant Enterobacterales were isolated from the 80
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samples under study. The most significant propor-
tion was formed by blood samples that represented
22 isolates (27.5%), which means that there was a
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considerable amount of resistant bacteria behind the
bloodstream infections. Then, the respiratory sam-
ples came with 18 isolates (22.5%), which indicated
their considerable part in hospital-associated dis-
ecases. From 'the pus samples, there were 15 isolates
(18.8%), and from the urine samples, there were 14
isolates (17.5%), which shows that these two
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infection types are quite common. Body fluids pro-
vided 7 isolates (8.7%), and other sample types were
the least with 4 isolates (5.0%). All in all, the results
point to blood and respiratory samples as the main
sources of carbapenem-resistant Enterobacterales in
the study group.

Table 2: Distribution of Clinical Samples Yielding Carbapenem-Resistant Enterobacterales (n = 80)

Type of Clinical Sample Number of Isolates (n) Percentage (%)

Blood 22 27.5

Respiratory samples 18 22.5

Pus 15 18.8

Urine 14 17.5

Body fluids 7 8.7

Others 4 5.0

Table 3 illustrates the distribution of carbapenem-
resistant Enterobacterales by species among the 80
isolates that were analyzed. Klebsiella pneumoniae
was the most dominant organism, making up 34 iso-
lates (42.5%) which points to its crucial role in car-
bapenem resistance. Following closely was Esche-
richia coli with 26 isolates (32.5%) which amounted
to almost one-third of the total isolates resistant to

carbapenem. Enterobacter cloacae made up 10 iso-
lates (12.5%) while Citrobacter freundii and Proteus
mirabilis were even rarer and accounted for 6 (7.5%)
and 4 (5.0%) isolates, respectively. In summary, the
results point that carbapenem resistance was primar-
ily associated with Klebsiella pneumoniae and Esch-
erichia coli, who together constituted the 75% of the
‘resistant Enterobacterales found in the study.

Table 3: Species-wise Distribution of Carbapenem-Resistant Enterobacterales (n = 80)
Organism Number of Isolates (n) Percentage (%)
Klebsiella pneumoniae 34 42.5
Escherichia coli 26 32.5
Enterobacter cloacae 10 12.5
Citrobacter freundii 6 7.5
Proteus mirabilis 4 5.0

The carbapenem resistance pattern in 80 Enterobac-
terales isolates is represented in Table 4. The table
shows that the resistance to all carbapenes tested was
extremely high, and the highest resistance was ob-
served with ertapenem, which was the case with 66
isolates (82.5%); then imipenem with 62 (77.5%)
and meropenem with 58 (72.5%). Although dor-
ipenem displayed a relatively low resistance rate,

still a large number of isolates (54, 67.5%) were re-
sistant. In general, the results suggested that the re-
sistance to carbapenems among Enterobacterales
isolates was very widespread, which presented a
huge therapeutic challenge, and this need for strong
antimicrobial stewardship and infection control
measures was recognized as urgent.

Table 4: Carbapenem Resistance Pattern among Enterobacterales Isolates (n = 80)
Carbapenem Antibiotic Resistant (n) Percentage (%)
Imipenem 62 71.5
Meropenem 58 72.5
Ertapenem 66 82.5
Doripenem 54 67.5

The ward-wise distribution of carbapenem-resistant
Enterobacterales is illustrated in Table 5 among the
80 isolates studied. The major site of isolation was
the Intensive Care Unit (ICU), which had 30 isolates
(37.5%), thus emphasizing the high incidence of car-
bapenem resistance among critically ill patients. The
second place was occupied by the medical wards
with 22 isolates (27.5%) and the surgical wards with
18 isolates (22.5%), which means quite a lot of
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resistance among both medical and postoperative
patients. The emergency department had the fewest
isolates with 10 (12.5%) cases. In general, the results
point out that although the distribution of car-
bapenem resistant Enterobacterales is in different
hospital areas, the predominance in the ICU means
the urgent need for strict infection control and the
antimicrobial stewardship measures to be applied in
the high-risk wards.
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Table 5: Ward-wise Distribution of Carbapenem-Resistant Enterobacterales (n = 80)
Hospital Ward Number of Isolates (n) Percentage (%)
Intensive Care Unit (ICU) 30 37.5
Medical wards 22 27.5
Surgical wards 18 22.5
Emergency 10 12.5
Discussion indicating the severity of illness and invasive nature

The hospital was considered a tertiary care centre
and carbapenem-resistant Enterobacterales (CRE)
have made large incursions in such hospitals world-
wide so far, that they have been dramatically reduc-
ing both, the success of treatment and infection con-
trol. The current research paper shows a great bur-
den of CRE, resistance encompassing a huge demo-
graphic and clinical spectrum, making the public
health issue even worse. Just like in other regions of
the world, patients in our hospital mostly got in-
fected with CRE if ‘they were being treated with an-
tibiotics for a long time, had undergone invasive
procedures, or were in the hospital for a long time.

The present study's age-wise analysis showed that
the highest rate of CRE was seen in the 41-60 years
and the over 60 years age groups, which together ac-
counted for almost 70% of the cases. This is in
agreement with the study conducted by Satyajeet et
al. (2018) [11] where the largest cupcake of CRE
was found in the individuals aged 41-60 years, es-
pecially, due to around 35% of them having comor-
bidities and being exposed to the healthcare setting.
Older patients are also more often subjected to inva-
sive procedures and taking several rounds of broad-
spectrum antibiotics which, in turn, creates the se-
lective pressure for the emergence of carbapenem-
resistant bacteria. Such age-related patterns have
also been observed in studies conducted in India and
other places (Wattal et al., 2010) [12].

The current study shows a strong male predomi-
nance, which is in line with previous Indian studies
that found higher rates of CRE isolation in males as
compared to females. In the study of Satyajeet et al.
(2018), the male-to-female ratios were similar to our
findings and proposed that higher hospitalization
rates, occupational exposure, and healthcare-seek-
ing behavior among males could be the reasons for
this difference. Even though gender may not directly
influence the risk, the related behavioral and clinical
factors seem to be involved.

In this study, samples from the bloodstream were the
primary source of CRE isolates, followed by respir-
atory specimens. This is in contrast to some Indian
studies where pus and urine were the main sources,
especially in cases related to post-surgical infections
(Nair & Vaz, 2013) [13]. On the other hand, our re-
sults are in line with studies from intensive tertiary
settings which reported that bloodstream infections
were responsible for 30-40% of the CRE cases, thus,
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of infections in referral hospitals (Marchaim et al.,
2010) [14]. Bloodstream infections with CRE are
extremely concerning because they are associated
with increased mortality, as shown by Hauck et al.
(2016) [15], who Teported that carbapenem-re-
sistant Klebsiella pneumoniae infections led to sig-
nificantly increased excess mortality.

Through species distribution analysis, it turned out
that Klebsiella pneumoniae was the chief CRE iso-
late identified in our study, with Escherichia coli fol-
lowing next, together accounting for nearly 75% of
the cases. This finding corroborates the data of Chat-
terjee et al. (2017) [16], who indicated that K. pneu-
moniae and E. coli accounted for around 66% of
CRE isolates in the hospital of northern India. The
supremacy of K. pneumoniae, already recognized by
its ability to obtain carbapenemase genes such as
NDM and OXA-48 (Pitout et al., 2019) [17], has
been reported through various studies across the
globe. The increasing share of carbapenem-resistant
E. coli in our analysis is a worrying sign, meaning
one of the germ's resistance mechanisms is crossing
over to the organisms usually linked with commu-
nity-acquired infections.

In this study, the resistance pattern that was identi-
fied had the greatest resistance to ertapenem and
then more resistance to imipenem and meropenem
while doripenem had some resistance but much less
than the others. Indian studies have also reported re-
sistance hierarchies similar to this one with
ertapenem resistance being 70-90% among CRE
isolates in one case (Wattal et al., 2010). Resistance
to ertapenem is usually regarded as an early indica-
tor of carbapenemase production and in our study,
the high resistance rate signifies the vast spread of
the resistance mechanisms among the different areas
of the hospital.

The ward-wise distribution showed that the greatest
isolation of CRE was from ICU areas, and then
medical and surgical wards. This was in line with the
‘report from Ravikant et al. (2014) [18], who noted
that as much as 60% of the CRE strains come from
ICUs. Counter to this, our study pointed out that
non-ICU wards have made a significant contribu-
tion, which confirms the elimination of CRE from
critical care areas, thus agreeing with the statement
made by Nair and Vaz (2013) that CRE has become
a common ward problem in the hospital. This could
be an indication of possible horizontal transmission
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and failure in infection control measures not only in
ICUs but also in other wards.

In general, the outcomes of this investigation are in
line with the trends globally and nationally, high-
lighting the fact that CRE has become a common
pathogen in tertiary care hospitals. The very high re-
sistance rates, dominance of K. pneumoniae, and
distribution of cases in the departments that are most
at risk are the factors that make it very essential to
carry out infection control measures, surveillance,
and antimicrobial stewardship programs of high
quality strictly and routinely. The use of antibiotics
based on the results of laboratory tests and detection
at an early stage will always be the two major factors
determining the success of controlling carbapenem
resistance spread and improving clinical outcome.

Conclusion

The current investigation reveals a very high inci-
dence of carbapenem-resistant Enterobacterales in a
tertiary care hospital, which constitutes a major con-
cern regarding the success of clinical programs. Re-
sistance was mainly found in the middle-aged and
older patients, with a marked predominance of
males, and was most commonly seen in cases of
bloodstream and respiratory infections. Klebsiella
pneumoniae and Escherichia coli were the main re-
sistant species considered, which indicates their in-
creased capability of acquiring and spreading re-
sistance traits. Very high resistance rates of all the
tested carbapenems, especially that of ertapenem,
point to the fact that there are very few therapeutic
options and a great deal of selective pressure in the
hospital setting. The presence of strains from ICUs
mainly is showing the weakness of critically ill pa-
tients. This is a clear signal that very stringent
measures should be adopted such as the implemen-
tation of continuous monitoring for the resistance
pattern, infection control and antimicrobial steward-
ship programs to prevent further spread of car-
bapenem resistance and consequently, better patient
recovery.
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