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ABSTRACT

Background: Carbapenem-resistant Enterobacterales (CRE) represent a critical global health challenge due to
resistance to lastline antibiotics and their involvement in hospital-acquired infections. Rapid detection of
carbapenemase-producing Enterobacterales (CPE) is essential for guiding therapy and preventing transmission,
particularly in resourcelimited settings where molecular diagnostics are not routinely available.

Methods: A hospital-based cross-sectional study was conducted over the period of 1 year at a tertiary care centre. A
total of 227 clinical isolates of CRE were processed using standard microbiological methods.Phenotypic assays,
including Modified Hodge Test (MHT), EDTA inhibition test, and Boronic acid inhibition test, were employed to
detect carbapenemase production among carbapenem-esistant isolates.

Results: Of the 227 CRE isolates, most were recovered from urine (53.3%), followed by pus (12.3%), pus swabs
(10.1%), and respiratory specimens. Escherichia coli (66.08%) was the predominant isolate, followed by Klebsiella
pneumoniae (16.74%) and Enterobacter spp. (4.41%). Specialty-wise, the majority of isolates originated from ICU
(25.99%) and general medicine wards (22.03%). Phenotypic detection revealed the highest positivity with MHT
(88.6%), followed by EDTA inhibition test (66.9%) and Boronic acid inhibition test (15%).

Conclusion: The study highlights the predominance of E. coli and K. pneumoniae among CRE isolates, with urine
as the most frequent specimen source. Among phenotypic methods, MHT showed the highest detection efficiency, while
the EDTA test was useful for identifying metallo-B-lactamase producers. Early phenotypic detection remains vital for
effective management and infection control, especially in settings with limited molecular facilities.

Keywords: Carbapenem-esistant Enterobacterales (CRE), Carbapenemase, Modified Hodge Test, Phenotypic
detection, Antimicrobial resistance.

INTRODUCTION

Carbapenem-resistant Enterobacteriaceae (CRE) are a group of gram-negative bacteria that either produce
carbapenemase enzymes or exhibit resistance to at least one carbapenem-class antibiotic"? Several
phenotypic methods—such as the Modified Hodge Test, EDTA inhibition test, and Boronic Acid
Inhibition Test—are routinely utilised in clinical laboratories for their detection due to ease of
implementation. **”

Globally, the rise of CRE has become a major clinical concern, associated with high morbidity and
mortality rates”®” These pathogens are typically resistant to one or more carbapenem agents, including
imipenem, meropenem, ertapenem, or doripenem, either by reduced susceptibility or confirmed presence
of carbapenemase genes.*®

Carbapenems, members of the B-lactam antibiotic class, offer a broad antimicrobial spectrum and are
typically reserved for severe or multidrugresistant infections—especially those caused by extended-
spectrum PB-lactamase (ESBL) and AmpC-producing Enterobacteriaceae.>” However, the proliferation of
CRE has significantly undermined their therapeutic effectiveness, posing a serious threat to infection
control and public health systems worldwide.*®
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CRE infections are complicated to manage because conventional antibiotics are largely ineffective,
necessitating early and accurate identification in microbiology laboratories.**®Of greatest concern are
carbapenemase-producing  Enterobacteriaceae (CPE), which secrete enzymes capable of
hydrolysingcarbapenems and facilitating horizontal transmission within healthcare settings, thereby
complicating patient outcomes and containment efforts.”

The surge in antimicrobial resistance over recent decades—exacerbated by antibiotic misuse, inadequate
stewardship, and weak regulatory frameworks—has contributed to the emergence of multidrugresistant
Gramrnegative pathogens.®”'“Notably, members of the Enterobacteriaceae family have demonstrated
high-level resistance to multiple antibiotic classes, with CRE now representing one of the most pressing
threats in modern clinical microbiology and infectious disease management.””

MATERIALS AND METHODS

A hospital-based cross-sectional observational study was conducted over the period of 1 year, in the
Department of Microbiology at Sharda Hospital, Greater Noida. Clinical specimens received in the
bacteriology laboratory during this period— urine, blood, sputum, endotracheal tube aspirates (ETT),
tracheal secretions, pus (frank and swab), tissue samples, high vaginal swabs, and bronchoalveolar lavage
(BAL)—were included in the study. All samples were processed according to standard microbiological
procedures.!"!

Primary bacterial isolation and identification were performed using conventional techniques such as
Gram staining and a battery of biochemical tests (e.g., indole, citrate, urease, triple sugar iron test, etc.).
Antimicrobial susceptibility testing was performed using the Kirby-Bauer disk diffusion method on
Mueller-Hinton agar, per the Clinical and Laboratory Standards Institute (CLSI) guidelines.!?

To assess carbapenemase production among the Enterobacteriaceae isolates, three phenotypic assays were
employed:

1.Modified Hodge Test (MHT) - used as a general screen for carbapenemase activity.

2.EDTA Inhibition Test - employed to detect metallo-B-lactamase (MBL) production.

3.Boronic Acid Inhibition Test - used to identify the presence of class A serine carbapenemases, such as
KPC.!"

All phenotypic tests were performed on isolates resistant or showing reduced susceptibility to
carbapenems (imipenem, meropenem, or ertapenem) based on initial disk diffusion screening. The results
were interpreted according to CLSI recommendations.!"”

RESULTS

A total of 227 CRE isolates were collected from various clinical samples comprising urine (53.3%), frank
pus (12.3%), pus swabs (10.1%), endotracheal tube (ETT) aspirates (6.2%), tracheal secretions (4.8%),
blood (4.4%), sputum (4.4%), high vaginal swabs (3.1%), tissue samples (0.9%) and bronchoalveolar
lavage (BAL) specimens (0.4%). The predominant bacterial isolate was Escherichia coli (66.08%),
followed by Klebsiella pneumoniae (16.74%), Klebsiella spp. (5.29%), Enterobacter spp. (4.41%),
Citrobacter spp. (3.08%), Klebsiellaoxytoca (1.76%), Citrobacterkoseri (1.32%), Citrobacterfreundii
(0.88%) and Proteus mirabilis (0.44%).

Carbapenemase production was evaluated using three different phenotypic assays. The Modified Hodge
Test (MHT) vyielded the highest detection rate, identifying 201 (88.6%) isolates as carbapenemase
producers, while 26 (11.4%) were negative. The EDTA Inhibition Test, indicative of metallo-B-lactamase
activity, detected carbapenemase production in 152 isolates (66.9%), with 75 (33.1%) testing negative. In
contrast, the Boronic Acid Inhibition Test, which targets class A carbapenemases, showed comparatively
lower sensitivity, detecting carbapenemase activity in only 34 isolates (15.0%), while 193 (85.0%)
remained negative.

PHENOTYPICTEST RESULTS OF CARBAPENEM RESISTANT ENTEROBACTERALES

MODIFIED HODGE TEST POSITIVE 88.6
MODIFIED HODGE TEST NEGATIVE 114
EDTA INHIBITION TEST POSITIVE 66.9
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EDTA INHIBITION TEST NEGATIVE 33.1
BORONIC INHIBITION | POSITIVE 15.0
TEST
BORONIC INHIBITION | NEGATIVE 85.0
TEST

Modified Hodge

Negative

Positive

Modified
Hodge Test

88.6%0

EDTA Inhibition

Negative

Positive

Boronic
Inhibition
Test

35.0% 6

EDTA
Inhibition Test

66.9%

SPECIALITY WISE DISTRIBUTION OF CARBAPENEM RESISTANYT ENTEROBACTERALES

Positive 246
Negative 246

Boronic Inhibition

Positive

85.0%

Negative

SPECIALITY TOTAL COUNT RATIO (%)
ICU 59 25.99%
GENERAL MEDICINE 50 22.03%
GENERAL SURGERY 45 19.82%
RESPIRATORY MEDICINE | 11 4.85%
OPD 13 5.13%
SEMI PRIVATE/ PRIVATE 9 3.96%
LABOR ROOM 13 5.13%
PAEDIATRICS/ PICU 13 5.73%
OBSTETRICS 5 2.2%
ORTHOPEDICS 6 2.64%
EMERGENCY 2 0.88%
ENT 1 0.44%

CARBAPENEM RESISTANT ENTEROBACTERALES DISTRIBUTION

ORGANISM COUNT PERCENTAGE (%)
E.coli 150 66.08%

Klebsiella pneumoniae 38 16.74%

Klebsiella spp. 12 5.29%
Klebsiellaoxytoca 4 1.76%

Enterobacter spp. 10 4.41%

Citrobacter spp. 7 3.08%
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Citrobacterfreundii 2 0.88%
Citrobacterkoseri 3 1.32%
Proteus mirabilis 1 0.44%

Distribution of Total C&“grtvexépecialty
Paediatrics / PICU Semi Private / Pyt

Obstetrics.
Orthopedics

SN asmapusion of Isolages By, Qrganism

Enterobacter spp.

Respiratory Medicine Citrobacter spp.
itrobacter freundii

i undi Kiebsiella pneumonia«
itrobacter i
SRR TRraeTE"

cu
General Surgery

SPECIMEN TYPE DISTRIBUTION OF CARBAPENEM RESISTANT ENTEROBACTERALES

. R A
URINE 121 53.3%
BLOOD 10 4.4%
SPUTUM 10 4.4%
ETT 14 6.2%
TRACHEAL SECRETION 11 4.8%
BAL 1 0.4%
PUS 28 12.3%
HIGH VAGINAL SWAB 7 3.1%
PUS SWAB 23 10.1%
TISSUE 2 0.9%

Distribution of Specimen Types (Total = 227)

High Vaginal Swab (3.1%)

o
Pus Swab (10.1%) PHS (1223%8)

BAL (0.4%)

Tracheal Secretion (4.8%)

Tissue (0.9%)

ETT (6.2%)

Sputum (4.4%)

Blood (4.4%)

Urine (53.3%)

GENDER WISE DISTRIBUTION OF CARBAPENEM RESISTANT ENTEROBACTERALES
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ATEGOR O RATIO (O O R /
FEMALE 105 105:227 46.26%
MALE 122 122:227 53.74%

DISCUSSION

Our study observed that Escherichia coli was the predominant carbapenem-resistant Enterobacterales
(CRE) isolate (66.08%), followed by Klebsiella pneumoniae (16.74%). This is consistent with several
previous studies, including those by Thomas et al." and Shree RS et al.'" who reported E. coli as the
leading organism in 52.1% and 54% of cases, respectively. However, other reports indicate a reversed
trend. Sharma K et al. ™ documented K. pneumoniae in 67.6% of isolates, while Pawar SK et al. "
found 63% K. pneumoniae and only 19% E. coli. Wattal C et al. " also highlighted high carbapenem
resistance rates in both E. coli and Klebsiella spp., emphasising that the prevalence can vary according to
institutional epidemiology and patient population.

When evaluated by sample type, urine emerged as the most frequent specimen in our study (53.3%),
followed by pus, respiratory, blood, and vaginal samples. This mirrors the findings of Thomas et al. "’
(52.1% urine, 20% pus) and Shree RS et al. " (42% urine, 34% pus). Such a pattern likely reflects the
high burden of urinary tract infections in hospitalised patients and the efficiency of urinary screening in
detecting CRE.

Regarding gender distribution, our data demonstrated a slight male predominance (53.7%), similar to
observations by Thomas et al. " and Pawar SK et al. " indicating potential demographic or exposure-
related factors contributing to the distribution. Specialty-wise, our highest CRE isolation rate was from
ICU patients (25.99%), followed by general medicine wards (22.03%). This aligns with the ICU-
associated high resistance rates reported by Wattal C et al. ', though Thomas et al. " found a peak in
surgical units (36.23%), underscoring variability in patient population risk.

The comparison of phenotypic methods across multiple studies shows that the Modified Hodge Test
(MHT) remains a widely used screening tool, with our study recording the highest positivity (88.6%)
compared to EDTA Inhibition Test (66.9%) and Boronic Acid Inhibition Test (15%). Our findings align
with Josa M et al. ' who reported 93.2% positivity with MHT, and Bartolini A et al. **, who documented
~94% sensitivity with 100% specificity. Kamel et al. ®! and Elsherif R et al. ** also confirmed high MHT
specificity. However, other authors have questioned MHT’s diagnostic precision: Datta et al. ' Seah C
etal. " and Falahat S et al. ' noted limitations, including false-negative results and reduced specificity,
especially for non-KPC carbapenemases.

Boronic acid-based tests demonstrated variable sensitivity—ranging from 15% in our work to >80% in
Josa M et al. ' Falahat S et al. *” and Elsherif R et al. *"—likely reflecting differences in enzyme type
prevalence (e.g., KPC vs. OXA-48) and methodology. EDTA-based assays, while useful for detecting
metallo-B-lactamases, exhibited lower sensitivity in several reports, including Bartolini A et al. '
(754.5%) and Kamel et al. ®"' (762%), consistent with our own moderate detection rate. Interestingly,
some studies (e.g., Seah C et al. "' highlight the complementary value of combining boronic acid and
EDTA assays to detect a broader range of carbapenemases.

Recent studies from 2024 and 2025 further reinforce the growing concern of carbapenem-resistant
Enterobacterales (CRE) as a global health challenge. A multicenter Canadian surveillance report in 2024
demonstrated increasing prevalence of E. coli and K. pneumoniae isolates harboring carbapenemase
genes, particularly in intensive care units, with notable therapeutic failures despite newer [-lactam-f3-
lactamase inhibitor combinations . Similarly, an international study in 2025 highlighted that phenotypic
methods such as Modified Hodge Test continue to serve as valuable frontline tools in low-resource
laboratories, although molecular assays are rapidly becoming standard in high-resource settings .
Moreover, a 2025 review emphasized that regional epidemiology significantly influences the dominant
carbapenemase types detected, with KPC and NDM remaining most frequent in Asia and rising OXA-48
reports in Europe . These findings align with our results, underscoring the importance of strengthening
local surveillance, integrating phenotypic with molecular detection strategies, and implementing rigorous
infection control measures to mitigate the spread of CRE*?..
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Overall, organism distribution patterns indicate that both E. coli and K. pneumoniae remain key CRE
pathogens, with urine samples and ICU patients being frequent sources. Phenotypic test performance
varies considerably across settings, and while MHT offers consistent specificity, integrating multiple
phenotypic assays may enhance detection, particularly in resource-limited laboratories.

CONCLUSION

The present study underscores the growing prevalence of carbapenem-resistant Enterobacterales (CRE)
in clinical settings, highlighting a critical public health concern. Among the tested isolates, Escherichia
coli and Klebsiella pneumoniae were the most frequently identified, with urine being the most common
specimen source. The Modified Hodge Test (MHT) demonstrated the highest detection rate for
carbapenemase production, indicating its strong potential as a primary screening method in resource-
limited laboratories. While the EDTA inhibition test proved useful for identifying metallo-B-lactamase
activity, the Boronic acid inhibition test showed comparatively low sensitivity, suggesting limited utility
in routine diagnostics. Overall, the findings emphasize the importance of early detection through
phenotypic assays to guide appropriate therapeutic strategies and containment efforts, especially in
regions with limited access to molecular diagnostics.
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