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Abstract:

Background: The emergence of extended-spectrum f-lactamase (ESBL) and carbapenemase-producing
Enterobacteriaceae poses a serious therapeutic challenge globally. Accurate phenotypic detection is critical in
resource-limited settings.

Aim: To determine the prevalence of ESBL and carbapenemase-producing Enterobacteriaceae using phenotypic
methods at a tertiary care hospital.

Materials and Methods: A retrospective study was conducted at Jawaharlal Nehru Medical College, Bhagalpur,
Bihar, from February 2025 to December 2025. Eighty non-duplicate Enterobacteriaceae isolates were included.
ESBL detection was performed using the Combined Disc Diffusion Test (CDDT). Carbapenemase production
was detected using Modified Hodge Test (MHT) and confirmed by Modified Carbapenem Inactivation Method
(mCIM) as per CLSI 2024 guidelines. Statistical analysis was performed using Chi-square test.

Results: Among 80 isolates, 38 (47.5%) were ESBL producers, and 18 (22.5%) were carbapenemase producers.
Co-production was observed in 14 (17.5%) isolates. Carbapenemase production was significantly higher in ICU
patients (40%) compared to non-ICU patients (12%) (y*>=5.61, p=0.018).

Conclusion: A high prevalence of ESBL and carbapenemase producers underscores the importance of routine
phenotypic screening and antimicrobial stewardship.
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Introduction

Members of the family Enterobacteriaceae are
among the most common pathogens responsible for
urinary tract infections, bloodstream infections,
pneumonia, and intra-abdominal infections
worldwide [1]. Over the past two decades,
antimicrobial resistance among these organisms has
escalated significantly, largely due to production of
B-lactamase enzymes [2].

Extended-spectrum f-lactamases (ESBLs) are
enzymes capable of hydrolyzing third-generation
cephalosporins and aztreonam while being inhibited
by B-lactamase inhibitors such as clavulanic acid [3].
The earliest ESBLs evolved from TEM and SHV
enzymes through point mutations [4]. Subsequently,
CTX-M enzymes emerged and rapidly became
globally predominant [5].
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The spread of ESBL-producing Enterobacteriaceae
has been documented in both hospital and
community settings, with significant geographic
variation [6]. In India, ESBL prevalence among
Enterobacteriaceae ranges from 30% to 70%,
depending on region and healthcare setting [7].

Carbapenems became the preferred treatment for
serious infections caused by ESBL producers due to
their stability against ESBL-mediated hydrolysis
[8]. However, the increasing use of carbapenems has
contributed to the emergence of carbapenem-
resistant Enterobacteriaceae (CRE) [9].

Carbapenem resistance is primarily mediated by
carbapenemase enzymes such as KPC, VIM, IMP,
NDM, and OXA-48 types [10]. The identification of
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New Delhi Metallo-f3-lactamase (NDM-1) marked a
significant turning point in global antimicrobial
resistance epidemiology [11].

Carbapenemase-producing Enterobacteriaceae
(CPE) are associated with increased mortality,
prolonged hospital stays, and higher healthcare costs
[12]. The Centers for Disease Control and
Prevention (CDC) categorize CRE as an urgent
public health threat [13].

In resource-limited settings, molecular detection
methods may not be routinely available; therefore,
reliable phenotypic methods remain essential for
early detection and infection control [14].

Given the limited regional data from Bihar, this
study aimed to determine the prevalence of ESBL
and carbapenemase-producing Enterobacteriaceae
using standardized phenotypic methods in a tertiary
care setting.

Materials and Methods

Study Design and Setting: This retrospective
observational study was conducted in the
Department of Microbiology, Jawaharlal Nehru
Medical College and Hospital, Bhagalpur, Bihar, a
tertiary care teaching hospital catering to both urban
and rural populations. The study period extended
from February 2025 to December 2025 (10 months).

Study Population and Sample Size: A total of 80
non-duplicate Enterobacteriaceae isolates recovered
from clinically significant specimens were included
in the study. Only the first isolate from each patient
during the study period was considered to avoid
duplication bias.

Clinical specimens included:

Urine (n=38)

Blood (n=16)

Pus (n=14)

Respiratory samples including sputum and
endotracheal aspirates (n=12)

Demographic and clinical data, including age,
gender, and hospital location (ICU or non-ICU),
were obtained from laboratory records and hospital
information systems.

Inclusion Criteria

e All clinically significant isolates belonging to
the family Enterobacteriaceae

e Isolates obtained from patients of all age groups
and both genders

e Non-repetitive isolates (first isolate per patient)

Exclusion Criteria

e Duplicate isolates from the same patient

e Environmental isolates

e Samples considered contaminants based on
clinical correlation
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Isolation and Identification of Organisms:
Specimens were processed according to standard
microbiological procedures. Urine samples were
cultured using calibrated loop technique on Cysteine
Lactose Electrolyte Deficient (CLED) agar and
MacConkey agar. Blood samples were processed
using automated blood culture systems, followed by
subculture onto blood agar and MacConkey agar.
Pus and respiratory specimens were inoculated onto
blood agar and MacConkey agar.

Isolates were identified based on colony
morphology, Gram staining, and standard
biochemical tests including:

Indole test

Methyl Red test

Voges-Proskauer test

Citrate utilization test

Triple Sugar Iron (TSI) agar reaction
Urease test

Motility test

Identification was confirmed as per standard
laboratory protocols.

Antimicrobial Susceptibility Testing:
Antimicrobial susceptibility testing was performed
using the Kirby—Bauer disc diffusion method on
Mueller-Hinton agar plates. Results were interpreted
according to Clinical and Laboratory Standards
Institute (CLSI) guidelines (2024 edition).

Antibiotics tested included:

Cefotaxime (30 pug)
Ceftazidime (30 pg)
Ceftriaxone (30 ug)
Meropenem (10 pg)
Imipenem (10 pg)

Quality control was maintained using Escherichia
coli ATCC 25922 and Klebsiella pneumoniae
ATCC 700603 strains.

Detection of ESBL Production

Screening Test: Isolates showing reduced zone of
inhibition to third-generation cephalosporins
(cefotaxime <27 mm and/or ceftazidime <22 mm)
were considered potential ESBL producers.

Phenotypic Confirmation — Combined Disc
Diffusion Test (CDDT): ESBL production was
confirmed using the Combined Disc Diffusion Test.
Discs of:

1. Ceftazidime (30 pg)
2. Ceftazidime + clavulanic acid (30/10 pg)

were placed 25 mm apart on Mueller-Hinton agar
inoculated with a standardized bacterial suspension
(0.5 McFarland standard).

An increase of >5 mm in zone diameter around the
ceftazidime-clavulanic acid disc compared to
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ceftazidime alone was interpreted as confirmation of
ESBL production.

Detection of Carbapenemase Production

Screening Test: Isolates showing reduced
susceptibility to meropenem (zone diameter <19
mm) were screened for carbapenemase production.

Modified Hodge Test (MHT): Screen-positive
isolates were subjected to Modified Hodge Test. A
lawn culture of E. coli ATCC 25922 was prepared
on Mueller-Hinton agar, and a meropenem disc was
placed at the center. Test organism was streaked
from the edge of the disc to the periphery.
Cloverleaf-shaped indentation indicated
carbapenemase production.

Modified Carbapenem Inactivation Method
(mCIM): Final confirmation was performed using
the Modified Carbapenem Inactivation Method
(mCIM) as recommended by CLSI 2024. Briefly:

e A meropenem disc was incubated in a
suspension of the test organism for 4 hours.

e The disc was then placed on a Mueller-Hinton
agar plate previously inoculated with E. coli
ATCC 25922.

e  After overnight incubation, a reduced inhibition
zone (6—15 mm or presence of pinpoint colonies
within  zone) confirmed carbapenemase
production.

Only isolates positive by mCIM were considered
confirmed carbapenemase producers.

Data Collection and Variables Assessed: The
following variables were recorded:

Age

Gender

Hospital location (ICU vs Non-ICU)
Specimen type

Organism identified

ESBL production status
Carbapenemase production status

These variables directly correspond to the analyses
presented in the Results section.

Statistical Analysis

All collected data were entered into Microsoft Excel
and analyzed using Statistical Package for the Social
Sciences (SPSS) version 25.0 (IBM Corp., Armonk,
NY, USA).
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Categorical variables were expressed as frequencies
and percentages. The association between
categorical variables—such as ICU admission,
species distribution, and resistance patterns—was
evaluated using the Chi-square (?) test.

The following statistical comparisons were
performed:

ESBL prevalence between species
Carbapenemase prevalence between species
ICU vs Non-ICU distribution of ESBL

ICU vs Non-ICU distribution of carbapenemase
production

A p-value of <0.05 was considered statistically
significant.

Ethical Considerations: As this was a retrospective
laboratory-based study using anonymized patient
data, no direct patient interaction was involved.
Institutional ethical clearance was obtained prior to
commencement of the study. Patient confidentiality
was strictly maintained throughout the analysis.

Results

A total of 80 non-duplicate Enterobacteriaceae
isolates were included in the study during the 10-
month period (February 2025-December 2025).

1. Demographic and Clinical Distribution
Out of 80 patients:

e Male: 46 (57.5%)
o  Female: 34 (42.5%)

Age range: 18-78 years
Mean age: 44.6 = 16.8 years
Ward distribution:

e ICU:30(37.5%)
e  Non-ICU wards: 50 (62.5%)

Specimen distribution:

Urine: 38 (47.5%)

Blood: 16 (20%)

Pus: 14 (17.5%)

Respiratory samples: 12 (15%)

These baseline characteristics are summarized in
Table 1.
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Table 1: Baseline Demographic and Clinical Characteristics (n=80)

Variable Number Percentage
Gender

Male 46 57.5%
Female 34 42.5%
Location

ICU 30 37.5%
Non-ICU 50 62.5%
Specimen Type

Urine 38 47.5%
Blood 16 20%
Pus 14 17.5%
Respiratory 12 15%

Escherichia coli (45%), followed by Klebsiella
pneumoniae (35%).
Detailed distribution is shown in Table 2.

2. Distribution of Enterobacteriaceae Isolates:
The most frequently isolated organism was

Table 2: Species Distribution of Isolates (n=80)

Organism Number Percentage
Escherichia coli 36 45%
Klebsiella pneumoniae 28 35%
Enterobacter spp. 10 12.5%
Proteus spp. 6 7.5%

3. Prevalence of ESBL Production: Out of 80 Species-wise ESBL production is presented in Table
isolates, 38 (47.5%) were confirmed ESBL 3.
producers by Combined Disc Diffusion Test.

Table 3: Species-wise ESBL Production

Organism Total Isolates ESBL Positive % within Species
E. coli 36 18 50%

K. pneumoniae 28 14 50%

Enterobacter spp. 10 4 40%

Proteus spp. 6 2 33.3%

Total 80 38 47.5%

No statistically significant difference in ESBL
prevalence between E. coli and K. pneumoniae was

observed (p=1.0).

After confirmation with mCIM, 18 isolates (22.5%)
were confirmed carbapenemase producers.

Species distribution is shown in Table 4, Figure 1.

4. Prevalence of Carbapenemase Production:
Carbapenem resistance on screening Wwas
observed in 20 isolates.

Table 4: Species-wise Carbapenemase Production

Organism Total Isolates Carbapenemase Positive % within Species
K. pneumoniae 28 10 35.7%
E. coli 36 5 13.9%
Enterobacter spp. 10 2 20%
Proteus spp. 6 1 16.7%
Total 80 18 22.5%
Gopal et al. International Journal of Current Pharmaceutical Review and Research
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Carbapenemase production was significantly higher
in Klebsiella pneumoniae compared to E. coli
(x>=4.21, p=0.040).

Organism

Out of 38 ESBL producers, 14 (36.8%) were also
carbapenemase producers.

Overall co-producer prevalence: 17.5% (14/80).

3. Co-production of ESBL and Carbapenemase This distribution is illustrated in Figure 2.
2
2
S
b
E
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Figure 2: Overall Prevalence of ESBL, Carbapenemase and Co-producers
6. ICU vs Non-ICU Comparison ESBL production:

Carbapenemase production:

ICU: 12/30 (40%)
Non-ICU: 6/50 (12%)

[ ]
Chi-square analysis:

¥ =5.61
p = 0.018 (Statistically significant)
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ICU: 18/30 (60%)
Non-ICU: 20/50 (40%)

[ ]
Chi-square:

¥ =2.78
p = 0.095 (Not statistically significant)

Comparison is summarized in Table 5.

International Journal of Current Pharmaceutical Review and Research

1384



International Journal of Current Pharmaceutical Review and Research

e-ISSN: 0976-822X, p-ISSN: 2961-6042

Table 5: ICU vs Non-ICU Distribution of Resistance

Parameter ICU (n=30) Non-ICU (n=50) N p-value
ESBL 18 (60%) 20 (40%) 2.78 0.095
Carbapenemase 12 (40%) 6 (12%) 5.61 0.018
7. Specimen-wise Distribution of respiratory isolates (33.3%), followed by blood
Carbapenemase Producers: Highest isolates (31.2%). Detailed distribution is shown

carbapenemase prevalence was observed in

in Table 6.

Table 6: Specimen-wise Carbapenemase Distribution

Specimen Total Samples Carbapenemase Positive Percentage
Urine 38 6 15.8%
Blood 16 5 31.2%
Pus 14 3 21.4%
Respiratory 12 4 33.3%

Summary of Key Statistical Findings

The overall prevalence of ESBL-producing
Enterobacteriaceae in the present study was 47.5%
(38/80), while 22.5% (18/80) of isolates were
confirmed  carbapenemase  producers.  Co-
production of both ESBL and carbapenemase
enzymes was observed in 17.5% (14/80) of isolates.
A statistically significant association was found
between ICU stay and carbapenemase production (2
= 5.61, p = 0.018), indicating a higher prevalence
among ICU patients. Additionally, a significant
association was observed between bacterial species
and carbapenemase production (3> = 4.21, p =
0.040), with Klebsiella pneumoniae demonstrating a
comparatively higher rate of carbapenemase
production.

Discussion

The present study demonstrated an ESBL
prevalence of 47.5%, which is consistent with
multicentric Indian data reporting rates between
40% and 60% [15]. Similar prevalence rates have
been reported from tertiary care centers in North
India [16].

E. coli and K. pneumoniae were the predominant
ESBL producers in our study. This observation
aligns with previous Indian surveillance studies
highlighting these organisms as major ESBL carriers
[17]. The global expansion of CTX-M-type ESBLs
has significantly contributed to this trend [18].

Carbapenemase production was detected in 22.5%
isolates. This finding is comparable to reports from
Indian tertiary hospitals documenting carbapenem
resistance rates ranging from 15% to 30% [19]. The
rise in carbapenem resistance is particularly
concerning due to limited therapeutic alternatives
[20].

K. pneumoniac showed the highest rate of
carbapenemase production in our study. Similar
findings were reported in a multicentric Indian study
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where Klebsiella species accounted for the majority
of CRE isolates [21].

The statistically significant association between ICU
stay and carbapenemase production (p=0.018)
reflects increased antibiotic pressure and invasive
procedures in critical care settings [22]. ICU
environments are well-recognized reservoirs for
multidrug-resistant organisms.

Phenotypic detection methods such as CDDT and
mCIM  remain practical tools in routine
microbiology  laboratories, especially where
molecular testing is unavailable [23]. The mCIM
method has shown superior sensitivity and
specificity compared to older phenotypic tests [24].

The presence of co-producers (17.5%) in our study
is alarming, as such strains severely restrict
treatment options and increase mortality risk [25].

Overall, the findings emphasize the urgent need for
routine surveillance, antimicrobial stewardship
programs, and strict infection control measures in
tertiary healthcare institutions.

Limitations

This study has certain limitations. Being a single-
centre retrospective study with a relatively small
sample size (n=80), the findings may not be
generalizable to other regions. Molecular
characterization of ESBL and carbapenemase genes
was not performed due to resource constraints.
Therefore, specific resistance genes such as
blaCTX-M, blaNDM, or blaKPC could not be
identified.

Conclusion

This study reveals a high prevalence of ESBL
(47.5%) and carbapenemase-producing (22.5%)
Enterobacteriaceae in a tertiary care centre in Bihar.
ICU stay was significantly associated with
carbapenemase production. Routine phenotypic
screening and antimicrobial stewardship are
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essential to curb the spread of multidrug-resistant
organisms.
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