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ABSTRACT

Introduction: The rise in carbapenem-resistant Klebsiella pneumoniae (CRKP) poses a serious
therapeutic challenge, especially in resource-limited settings. Phenotypic tests serve as essential
diagnostic tools for detecting carbapenemase production.

Aim: To evaluate and compare the efficacy of three phenotypic methods—Modified Hodge Test
(MHT), Combined Disc Test (CDT), and Rapidec Carba NP (RCNP)—in detecting carbapenemase
production among K. pneumoniae isolates.

Methods: In a prospective study from September 2016 to August 2017, a total of 196 non-repetitive
clinical isolates of K. pneumoniae were collected from a tertiary care hospital. Isolates were tested
for meropenem resistance using E-test, followed by phenotypic detection using MHT, CDT, and
RCNP.

Results: Out of 196 isolates, 26 (13.27%) were resistant to meropenem (MIC >4 pg/ml). Among these
26, 16 (61.5%) were positive by MHT, 22 (84.6%) were MBL-positive by CDT, and 21 (80.8%) were
positive by RCNP.

Conclusion: Among the three methods, the Combined Disc Test showed the highest detection rate,
followed by RCNP. The MHT demonstrated relatively lower sensitivity. Phenotypic methods continue
to be valuable diagnostic tools in settings where molecular diagnostics are unavailable.

Keywords: Klebsiella pneumoniae, Carbapenemase, Phenotypic detection, MHT, CDT, Rapidec Carba
NP.

INTRODUCTION particular concern due to the role of

Klebsiella pneumoniae is a Gram-negative,
encapsulated, facultative anaerobic bacillus
belonging to the Enterobacteriaceae family
[1]. It is a major cause of healthcare-
associated infections, especially in
immunocompromised individuals, patients in
intensive care units (ICUs), and those with
prolonged hospital stays [2]. Clinically, K.
pneumoniae is frequently isolated from
respiratory tract infections, urinary tract
infections, bloodstream infections, wound
infections, and device-associated infections
such as ventilator-associated pneumonia and
catheter-associated infections [3, 4]. The
organism’s ability to acquire and disseminate
antibiotic resistance genes has elevated it to a
pathogen of global concern [5, 6]. Over the
past decade, K. pneumoniae has shown an
alarming rise in resistance to multiple
antibiotics, including B-lactams,
fluoroquinolones, and aminoglycosides [7, 8].
Among these, carbapenem resistance is of

carbapenems as last-line agents in treating
infections caused by multidrug-resistant Gram-
negative bacteria [9, 10]. Carbapenem-
resistant K. pneumoniae (CRKP) poses a
significant challenge to clinicians and
microbiologists because of limited therapeutic
options, poor patient outcomes, and increased
healthcare costs [11, 12]. The World Health
Organization (WHO) has recognized CRKP as a
"critical priority pathogen" in the global effort
to combat antimicrobial resistance [13, 14].
The primary mechanism underlying
carbapenem resistance in K. pneumoniae is
the production of carbapenemases—@-
lactamases that hydrolyze not only
carbapenems but also a wide range of other -
lactam antibiotics [15, 16]. These enzymes
include KPC (Klebsiella pneumoniae
carbapenemase), NDM (New Delhi metallo-(-
lactamase), OXA-48, VIM (Verona integron-
encoded metallo-B-lactamase), and IMP
(Imipenemase) [17, 18]. The genes encoding
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these enzymes are often located on plasmids,
which facilitate horizontal gene transfer
between bacterial strains and species,
accelerating the spread of resistance [19].

Early detection of carbapenemase-producing
organisms (CPOs) is crucial for several
reasons. Firstly, it enables clinicians to tailor
antibiotic therapy based on susceptibility
patterns, avoiding the use of ineffective drugs
and preserving remaining treatment options.
Secondly, early detection supports timely
implementation of infection prevention and
control (IPC) measures to contain nosocomial
transmission [20-22]. Thirdly, surveillance data
on carbapenem resistance can inform
antibiotic stewardship programs and public
health interventions [23]. While molecular
techniques such as PCR, real-time PCR, and
whole-genome sequencing offer rapid and
highly specific identification of carbapenemase
genes, their use in many developing countries
remains limited due to high costs, need for
skilled personnel, and lack of infrastructure
[24, 25]. Consequently, there is a continued
reliance on phenotypic methods in routine
clinical laboratories, especially in resource-
constrained settings [26]. Phenotypic detection
methods are cost-effective, relatively easy to
perform, and can provide valuable information
on the functional expression of resistance
mechanisms [27]. Among the commonly used
phenotypic methods, the Modified Hodge Test
(MHT) was once widely employed but is now
considered less reliable due to its low
specificity and high false-positive rates,
particularly  with certain  strains  of
Enterobacteriaceae. Nevertheless, it still has
relevance in some settings as a preliminary
screening tool [28, 29]. The Combined Disc
Test (CDT), which detects metallo-B-lactamase
(MBL) activity based on the inhibition of
carbapenemase enzymes by EDTA or other
chelating agents, offers better sensitivity and
specificity [30]. Another promising method is
the Rapidec Carba NP (RCNP) test, a rapid
colorimetric assay that detects carbapenemase
activity through hydrolysis of the imipenem
substrate, resulting in a pH shift and
observable color change [31]. This test
provides results in less than two hours and
does not require specialized equipment,
making it a viable option for laboratories with
limited resources [32]. This study focuses on
evaluating three phenotypic methods—the
Modified Hodge Test (MHT), Combined Disc
Test (CDT), and Rapidec Carba NP Test
(RCNP)—to assess their reliability in detecting

carbapenemase production in clinical isolates
of K. pneumoniae from a tertiary care hospital.

MATERIALS AND METHODS

2.1 Study Design and Duration

A prospective, cross-sectional study was
conducted over a period of 12 months, from
September 2016 to August 2017, in the
Department of Microbiology at a tertiary care
hospital. The study aimed to detect
carbapenemase production in K. pneumoniae
isolates using three phenotypic methods and
to evaluate their diagnostic performance.

2.2 Sample Collection and Identification

A total of 196 non-repetitive clinical isolates of
K. pneumoniae were collected from various
clinical specimens, including blood, urine,
sputum, wound swabs, pus, tracheal aspirates,
and other body fluids. Only one isolate per
patient was included to avoid duplication.

All specimens were processed according to
standard microbiological procedures. Isolates
were cultured on appropriate media, such as
MacConkey agar and blood agar, and
incubated at 37°C for 18-24 hours. Colonies
suggestive of K. pneumoniae were identified
based on colony morphology, Gram staining,
biochemical tests (indole negative, citrate
positive, urease positive, oxidase negative),
and further confirmed using an automated
identification system or manual identification
kits where applicable.

2.3 Antibiotic Susceptibility Testing

All isolates were subjected to antimicrobial
susceptibility testing using the Kirby-Bauer disc
diffusion method on Mueller-Hinton agar,
following Clinical and Laboratory Standards
Institute (CLSI) guidelines. Meropenem (10
Hg) and imipenem (10 ug) discs were used for
preliminary  screening  of  carbapenem
resistance. Isolates  showing reduced
susceptibility (zone diameter <19 mm) to
meropenem or imipenem were further
subjected to Minimum Inhibitory Concentration
(MIC) determination by E-test (epsilometer
test). An MIC of >4 ug/ml for meropenem was
considered indicative  of  carbapenem
resistance as per CLSI breakpoints.

2.4 Phenotypic Tests for Carbapenemase
Detection

All  carbapenem-resistant K. pneumoniae
isolates (based on MIC) were subjected to the
following phenotypic tests:

2.4.1 Modified Hodge Test (MHT)
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The Modified Hodge Test was performed to
detect carbapenemase activity using £ colf
ATCC 25922 as the indicator strain. A lawn
culture of the indicator strain was made on
Mueller-Hinton agar, and a 10 pg meropenem
disc was placed at the center. Test isolates
were streaked from the edge of the disc to the
periphery in straight lines. Plates were
incubated at 35°C for 16-24 hours. A
cloverleaf-like indentation of growth of the
indicator strain towards the meropenem disc
was interpreted as a positive result, indicating
carbapenemase production.

2.4.2 Combined Disc Test (CDT)

The CDT was used to detect metallo-B-
lactamase (MBL) production. Two imipenem
discs (10 pg) were placed on a Mueller-Hinton
agar plate inoculated with the test organism.
To one of the discs, 10 pl of 0.5 M EDTA
solution was added. After overnight incubation
at 37°C, an increase in the zone of inhibition
of 27 mm around the imipenem + EDTA disc
compared to imipenem alone was considered
positive for MBL production.

2.4.3 Rapidec Carba NP (RCNP) Test

The Rapidec Carba NP test (bioMérieux,
France) was performed according to the
manufacturer’'s  instructions.  This  rapid
biochemical test detects carbapenemase
activity through hydrolysis of the imipenem
substrate, which results in a pH change and
corresponding color shift in the indicator
medium. A color change from red to
yellow/orange was interpreted as positive,
while no color change indicated a negative
result. Results were recorded within 2 hours.

2.5 Quality Control

Quality control strains used included:

e Escherichia coli ATCC 25922 - Negative
control

e Klebsiella pneumoniae ATCC BAA-1705 -
Positive control for KPC production

e Pseudomonas aeruginosa ATCC BAA-2108 —
Positive control for MBL production

All media and reagents were quality checked

before use. Tests were repeated in case of

ambiguous results.

2.6 Data Analysis

The data were compiled and analyzed using
Microsoft  Excel. = The  proportion  of
carbapenem-resistant isolates was calculated.
The sensitivity and specificity of each
phenotypic method were compared using
RCNP as the reference standard. Descriptive
statistics (percentages, frequencies) were used
to summarize the findings.

RESULTS

3.1 Isolation and Sample Distribution

A total of 196 non-repetitive clinical isolates of
K. pneumoniae were collected from various
clinical specimens of patients admitted to
Government Rajaji Hospital, Madurai, over one
year. The isolates were obtained from urine,
pus, blood, sputum, wound swabs, and
tracheal aspirates. The distribution of isolates
by specimen type is shown in Figure 1. The
highest number of isolates were recovered
from urine samples (37.76%), followed by pus
(30.10%), and blood (16.84%). The least
number of isolates were from tracheal
aspirates (2.55%).

Specimen wise isolation of
Klebsiella pneumoniae (n=196)

W Urine Pus Blood

% 2%

Sputum

Wound Swab Tracheal Aspirate

Fig: 1 Distribution of K. pneumoniae isolates by specimen type (n=196)
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3.2 Age-Wise Distribution of K. Pneumoniae
Infections among Patients

The age-wise distribution of K. pneumoniae
infections among 196 patients shows that the
highest prevalence was observed in individuals
aged above 60 years, accounting for 23% of
the cases. This was closely followed by the
46—-60 years age group, with 21.9%, and the
31-45 years group, comprising 19.4% of the
total cases. Notably, a significant number of
infections were also seen in infants under 1
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year, representing 21% of the patients. In

contrast, younger age groups had a lower

incidence, with the 1-15 years group making

up 7.7%, and the 16-30 vyears group

comprising only 7% of the cases (Figure 2).

This distribution suggests that both the elderly

and infants are more vulnerable to K

pneumoniae infections, possibly due to weaker

immune defences or underlying health
conditions.

Age wise distribution

<1yr 1- 15yrs 16-30yrs

31-45yrs

21.90%

19.40%

46- 60 yrs >60 yrs

Fig: 2 Age Wise Distribution of K. Pneumoniae

3.3 Sex-Wise Distribution of K. Pneumoniae
Isolates among Patients

Out of the 196 K. pneumoniae isolates
analyzed, a higher prevalence was observed in
male patients, who accounted for 125 cases
(63.78%). In comparison, female patients

made up 71 cases (36.22%) (Figure 3). This
data indicates a male predominance in the
incidence of K. pneumoniae infections,
suggesting that males may be at a higher risk
of infection in the studied population.

Sex wise distribution

H Male

H Female

Fig: 3 Sex wise distribution of K. pneumoniae isolates

2302| International Journal of Pharmacy Research & Technology | June - Dec 2025 | Vol 15 | Issue 2



3.4 Ward-Wise

Pneumoniae Isolates
Among the 196 K. pneumoniae isolates, the
highest number were obtained from Intensive
Care Units (ICUs), including IMCU, IRCU, and
PICU, accounting for 78 isolates (39.8%). This
was followed by the Surgery department with
35 isolates (17.86%), and the Obstetrics &
Gynaecology (OG) ward with 25 isolates
(12.76%). The Orthopaedics and Medicine
departments contributed 22 (11.22%) and 20

Distribution of K.
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(10.2%) isolates, respectively. The lowest

number of isolates was reported from the

Paediatrics ward, with 16 cases (8.16%)

(Figure 4). These findings highlight the

significant burden of K. pneumoniae infections

in critical care settings, particularly in ICUs,

where patients are often more vulnerable due

to underlying illnesses and invasive
procedures.

Ward wise isolation of Klebsiella
phneumoniae

39.80%
17.86%

12.76%

A A

11.22% 10.20% 8.16%

SH 4

L&
&
&%
N

Fig: 4 Ward-Wise Distributions of K. Pneumoniae Isolates

3.5 Antimicrobial Susceptibility Testing

All isolates underwent antibiotic susceptibility
testing using the Kirby-Bauer disc diffusion
method for multiple antibiotics, including
meropenem. The susceptibility results revealed
that the isolates exhibited the highest
sensitivity to tigecycline (100%), followed by
amikacin and netilmicin (both 85.71%), and
meropenem (83.67%). Ampicillin showed the

lowest sensitivity, with only 5.10% of isolates
susceptible. The susceptibility pattern for
meropenem specifically is detailed in Table 1.
Meropenem resistance was observed in 30
isolates  (15.31%), while 164 isolates
(83.67%) were susceptible. Two isolates
(1.02%) displayed intermediate susceptibility.

Table 1: Meropenem Susceptibility Pattern among K. Pneumoniae Isolates (N=196)

CLSI Interpretation Number of isolates Percentage (%)
(ZSZU3S(r:§r[:1t Itz)fI;e) 164 83.67
(233??1??'35@ 2 1.02
& ge?wsr;a;tane) 30 15.31

Total 196 100

3.5.1 Confirmation of
Resistance by MIC

The 32 isolates that showed resistant or
intermediate susceptibility to meropenem by

Carbapenem

disc diffusion were further analyzed by E-test
to determine the Minimum Inhibitory
Concentrations (MIC). Out of these, 26 isolates
(81.25%) had MIC values = 4 pg/mL,
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confirming carbapenem resistance, while 6
isolates (18.75%) had MICs within the
susceptible range (£ 1 pg/mL). No isolates
had intermediate MIC values. This confirmed

that 13.27% (26/196) of the total isolates
were carbapenem-resistant K. pneumoniae
(Table 2).

Table 2: Meropenem MIC Distribution Among Resistant And Intermediate Isolates (N=32)

MIC Range (pg/mL) Number of Isolates Percentage (%)
Susceptible (£1) 6 18.75
Intermediate  (2) 0 0
Resistant (=4 26 81.25
Total 32 100
3.6 Phenotypic Detection of e Combined Disc Test (CDT) detected

Carbapenemase Enzymes

The 26 confirmed carbapenem-resistant
isolates were tested for carbapenemase
production using three phenotypic assays:
Modified Hodge Test (MHT), Combined Disc

carbapenemase production in 22 isolates
(84.6%), showing the highest sensitivity
among the phenotypic tests.

e Rapidec Carba NP test showed positive
results in 21 isolates (80.77%), providing

Test (CDT) with EDTA, and Rapidec Carba NP rapid and reliable results.
(RCNP) test (Table 3).
¢ Modified Hodge Test (MHT) was positive in
16 isolates (61.54%), indicating
carbapenemase production.
Table 3: Phenotypic Detection of Carbapenemase Production
. Positive Percentage Negative Percentage
Phenotypic Test isolates (%) isolates (%)
Modified Hodge Test
(MHT) 16 61.54 10 38.46
Combined Disc Test
(CDT) 22 84.6 4 15.4
Rapidec Carba NP Test
(RCNP) 21 80.77 5 19.23

3.7 Comparative Analysis of Phenotypic
Tests

The Combined Disc Test demonstrated the
highest detection rate of carbapenemase
producers, with a sensitivity of 84.6%, closely
followed by the Rapidec Carba NP test
(80.77%). The Modified Hodge Test detected
carbapenemase production in only 61.54% of

resistant isolates, highlighting its limitations,
especially in detecting certain carbapenemase
types like NDM (Table 4).

Table 4: Comparative Performance of
Phenotypic Tests for Carbapenemase Detection
(n = 26)

Phenotypic Test Positive Isolates (n) Detection Rate (%)
Modified Hodge Test (MHT) 16 61.54%
Combined Disc Test (CDT) 22 84.60%
Rapidec Carba NP Test (RCNP) 21 80.77%
DISCUSSION (RCNP)—for detecting carbapenemase

The emergence of carbapenem-resistant
Klebsiella pneumoniae (CRKP) is a growing
public health concern worldwide due to its
association with high morbidity, mortality, and
limited therapeutic options. This study
evaluated the efficacy of three phenotypic
tests—Modified Hodge Test (MHT), Combined
Disc Test (CDT), and Rapidec Carba NP

production in clinical isolates of K. pneumoniae
in a tertiary care hospital setting. In our study,
13.27% (26/196) of K. pneumoniae isolates
were confirmed to be carbapenem-resistant
based on MIC determination (MIC > 4 pg/ml
for meropenem). This prevalence is consistent
with other studies conducted in Indian tertiary
care centers, where the prevalence of CRKP
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has ranged from 10% to 20% depending on
geographical region, hospital practices, and
patient population [33, 34].

4.1 Performance of Phenotypic Tests
Among the phenotypic tests evaluated, the
Combined Disc Test (CDT) demonstrated the
highest detection rate (84.6%), followed by
the Rapidec Carba NP test (80.77%), and the
Modified Hodge Test (61.54%). The high
sensitivity of CDT in our study supports its
effectiveness in detecting metallo-B-lactamase
(MBL) producers, which are common in Indian
isolates, particularly those harboring NDM
genes [35]. The Rapidec Carba NP test, a
colorimetric assay based on imipenem
hydrolysis, showed a detection rate of over
80%, consistent with findings from other
studies that have reported sensitivity ranging
from 70-95%, depending on the prevalence of
specific carbapenemase genes and bacterial
species [36, 37]. Its rapid turnaround time
(under 2 hours) makes it a practical option for
routine diagnostics, especially where molecular
methods are unavailable. The Modified Hodge
Test, while once considered a reference
method, showed the Ilowest sensitivity
(61.54%) in our study. This is in line with
published data highlighting its poor
performance in detecting certain
carbapenemases, particularly NDM and OXA-
48-like enzymes, and its tendency to vyield
false-positive results due to AmpC production
or porin loss [38, 39]. Consequently, MHT is
no longer recommended by the CLSI (Clinical
and Laboratory Standards Institute) as a
confirmatory test for carbapenemase detection
[40].

4.2 Clinical Implications

The predominance of CRKP isolates from ICUs
(39.8%), as seen in our ward-wise
distribution, highlights the vulnerability of
critically ill patients to multidrug-resistant
infections. ICU patients often undergo invasive
procedures, have prolonged hospital stays,
and are frequently exposed to broad-spectrum
antibiotics—all of which contribute to the
emergence and spread of resistant pathogens
[41]. The higher proportion of CRKP in the
elderly population (>60 years) and infants (<1
year) indicates age-related
immunosuppression as a significant risk factor.
Similar demographic patterns have been
reported in previous epidemiological studies,
suggesting that these age groups should be

closely monitored for multidrug-resistant
infections [42].

4.3 Utility of Phenotypic Methods in
Resource-Limited Settings

In many low- and middle-income countries,
phenotypic methods remain the mainstay for
detecting carbapenemase-producing
organisms due to the cost and infrastructure
limitations  associated with molecular
techniques. While molecular assays (e.g., PCR,
multiplex PCR) provide accurate identification
of carbapenemase genes (e.g., bla_KPC,
bla_NDM, bla_0OXA-48), their high cost and
technical requirements limit their accessibility
in routine hospital laboratories [43]. Hence,
CDT and RCNP offer valuable alternatives for
early detection and surveillance. However,
phenotypic methods have limitations—they
may fail to detect low-level enzyme producers
or rare carbapenemases and cannot
differentiate between different carbapenemase
types. As such, a combination of phenotypic
and genotypic approaches, where feasible, is
ideal for comprehensive surveillance and
infection control.

5. Limitations

This study has a few limitations. First,
molecular confirmation of the carbapenemase
genes was not performed due to resource
constraints, which would have validated the
phenotypic test results and provided genotype-
phenotype correlation. Second, sample size of
carbapenem-resistant isolates (n=26) was
relatively small, though reflective of the actual
prevalence in the hospital during the study
period. Further multicenter studies with larger
sample sizes and molecular confirmation are
recommended.

CONCLUSION

Carbapenem-resistant K. pneumoniae poses a
major threat in healthcare settings due to
limited treatment options and high mortality.
In this study, 13.27% of isolates were
carbapenem-resistant. Among the phenotypic
methods evaluated, the Combined Disc Test
showed the highest sensitivity (84.6%),
followed by Rapidec Carba NP (80.77%), while
the Modified Hodge Test (61.54%) was least
effective. Phenotypic tests remain valuable
diagnostic tools, especially in resource-limited
settings lacking molecular facilities. Early
detection of carbapenemase producers is
critical for effective patient management and
infection control. Strengthening laboratory
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stewardship is

essential to combat the spread of CRKP.
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