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ABSTRACT

Treatment significantly differs with the type of carbapenemases as the variation exists with inhibitor drugs.
Culture-based phenotypic tests are labor-intensive and time-consuming whilst molecular methods are expensive
and need expertise. Therefore, there is a need of rapid, cost effective and simple method for detection of
carbapenemase. The aim of this study was to detect and characterize the carbapenemase-producing Gram
negative Bacilli among carbapenem-resistant isolates using a rapid Immunochromatographic Test (ICT). A total of
167 CRGNB isolates were subjected to rapid ICT which detects five different types of carbapenems (NDM, OXA-48,
KPC, IMP, VIM). Majority of isolates were from pus 64(38.3%) followed by blood 43(25.7%) and urine 27(16.1%).
CRGNB included genera Enterobacterales (73.6%) and non-fermenting gram-negative bacilli / NFGNB (26.3%). On
characterization with rapid ICT, 125 (74.8%) were positive for one or more of carbapenemases. NDM (83.2%)
carbapenemase was the predominate. NDM+0OXA48 was detected in 12.80% of isolates whereas IMP was not
detected. The carbapenemase production was high in K. pneumoniae (78.8%) and E. coli (76.4%). Characterization
of carbapenemases revealed that, NDM were predominate both in Enterobacterales and NFGNB. Majority of
organisms producing carbapenemase NDM, OXA, KPC were multidrug resistant but susceptible to polymyxins and
colistin. Rapid ICT being simple, easy to interpret can be incorporated in the clinical microbiology laboratory for
the early and preliminary detection of CRGNB to guide the clinicians to select most appropriate antimicrobial
drugs for management of the patient.
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Introduction

Carbapenemase - producing Gram negative bacilli
(CRGNB) have become a major therapeutic challenge in
hospital and community-acquired infections world

widelll. These bacteria cause infections such as
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pneumonia, septicemia, peritonitis, cystitis, meningitis,
pyelonephritis, = nosocomial and  device-related/
associated infectionsl?). The production of B-lactamase is
the most common mechanism of resistance to p-lactams
which includes penicillin, cephalosporins, monobactams
and carbapenems especially in gram negative bacterial®

4], Resistance to carbapenems in GNB is commonly
associated with the production of carbapenemases which

are plasmids encoded!®].

Carbapenemases are defined as group of enzymes that
hydrolyze almost all B - lactams, including carbapenems,
broad-spectrum  penicillin, cephalosporins, and
cephamycin. Carbapenemases are classified into Ambler

Class A, B and D. Klebsiella pneumonia carbapenemase
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(KPC) belongs to the class A carbapenemases and is
clinically most important. It was identified in 1996 in the

Eastern United Statesl® 7l. Class B Metallo Beta
lactamases are New Delhi Metallo Beta lactamases
(NDM), Verona integron encoded Metallo beta lactamase
(VIM) and Imipenemase (IMP). NDM, VIM and IMP have
been reported in Greece, Taiwan and Japan which
hydrolyze all beta lactams except aztreonam and are
inhibited by EDTA but not by clavulanic acid. Most MBL
producers are hospital acquired and multidrug-resistant

K. pneumoniae[gl. New Delhi Metallo-Beta-lactamase
(NDM) carbapenemases were first identified in Sweden in
2008 from a patient of Indian origin who had received
medical treatment in New Delhi, India and have been

rapidly spread worldwidel?]. Next pathogen, OXA48
belongs to the class D carbapenemase. It was first
identified from a K. pneumoniae isolated in Turkey in

2001101,

Treatment options may vary with different type of
carbapenemases which the organism may produce.
Antibiotics recommended for KPC-producing infections
include meropenem-vaborbactam, ceftazidime avibac-

tam, and imipenem—Cilastatin—relebactam[11]. Cefid-
erocol is an alternative drug for infection caused by KPC-
producing Enterobacterales.

Infections caused by NDM, IMP and VIM producing
organisms, the preferred antibiotics are ceftazidime-
avibactam and Aztreonam combination therapy or

cefiderocol monotherapy[lzl, because ceftazidime-
avibactam monotherapy, meropenem-vaborbactam, and
imipenem-cilastatin-relebactam are ineffective in
Metallo-f lactamase-producing organisms. Ceftazidime-
avibactam and cefiderocol are preferred drugs for
infection caused by OXA-48-like enzyme producing

organisms (CRE)[13]. Carbapenem resistant Acinetobacter
baumannii (CRAB), the recommended drugs are high
dose of ampicillin-sulbactam (if susceptible) or
cefoperazone-sulbactam. while Carbapenem Resistant
Pseudomonas aeruginosa, the preferred antibiotic
includes B-Lactam (ceftazidime or cefepime) or B-
lactam-B-lactamase inhibitor combination (piperacillin-
tazobactam or cefoperazone sulbactam) if it is in-vitro is
susceptibility.

The Clinical and Laboratory Standards Institute (CLSI)
recommends Modified Hodge test, the Carba NP and the
modified Carbapenem inactivation Method for

phenotypic detection of carbapenemases productionm].
Several diagnostic tools including culture-based methods
that identify resistant phenotypes and molecular
techniques based on gene amplification are widely used
in clinical microbiology laboratories for identification
and characterization of different types of

carbapenemases! 14171,

However, culture-based phenotypic methods are labor
intensive and time consuming and the molecular method
needs expensive equipment and high expertise. Recently,
multiplex immunochromatographic lateral flow assays
for detecting and characterizing carbapenemases are

developed[lg’ 191 The present study was undertaken to
evaluate the utility of the Rapid immunochromato-
graphic test (ICT) for CRGNB isolated from clinical
samples.

Material And Methods

A descriptive cross-sectional study was conducted over a
period of one year (June 2024 to June 2025) in the
Department of Microbiology of tertiary care teaching
hospital. Carbapenemases isolates from blood, pus,
tissue, body fluids like cerebrospinal fluid, ascitic fluid,

pleural fluid, urine and sputum were included!20].
Protocol of the study was approved by the Institutional
Ethics Committee (IEC/PGI-OA-15/24). The Anti-
microbial susceptibility was done on automated systems
Phoenix M50, (B.D. Diagnostics) and interpreted as per

CLSI M100[211,
Inclusion criteria:

Gram negative bacilli isolates showing resistance to
Imipenem and/or meropenem or both on antimicrobial
susceptibility testing were included in the study.

Exclusion criteria:

Multiple isolates from the same patient were excluded
from the study.

Methodology:

Bacterial identification and antimicrobial susceptibility
testing were performed as per standard microbiological
techniques.

Immunochromatography test (ICT):

The carbapenem resistant isolates were evaluated by
rapid ICT (TRURAPID O.K.N.V.L.- Resist -5), following the
kit procedure which detects five carbapenemases (KPC,
NDM, VIM, IMP and OXA-48).

1. Principle: The rapid immunochromatography test is
based on a principle of membrane technology with
colloidal gold nanoparticles. The test was carried out on
a suspension of bacterial colonies using the rapid ICT
(TRURAPID O.K.N.V.L.- Resist -5) [Fig. 1].

2. Interpretation: The presence of a reddish / pink line
after 15 minutes, indicates a positive result of
carbapenemase. If the control line does not appear, the
result is invalid, regardless of the appearance of band.
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Figure.1 Procedure and interpretation of TRURAPID O.K.N.V.I Resist 5 cassettes

TRURAPID
O.K.N.V.I Resist 5
CE marked

Fig. 1: Diagrammatic representation of Processing for
rapid Immunochromatographic test

The results of the rapid test were compared to that of
resistance profile of isolates to carbapenems. Clinical
details and demographic parameters of patients were
recorded and entered in Microsoft excel.

Statistical analysis:

All the collected data was recorded in Microsoft Excel
2010 and frequencies were calculated.

Results

A total of 167 non-duplicate clinically significant GNB
were obtained from the clinical specimens. Out of 167
CRGNB isolates 125 were positive for one or more
carbapenemase by rapid ICT. Carbapenem resistant
isolates were found more in male patients 101(60.4%)
followed by female patients 66 (39.5%).

Age wise distribution of 167 patients showed that,
majority of the isolates 45 (26.94%) were found in 41 to
50 yrs followed by 51 to 60 years 33 (19.76%), 20 to 30
years 31 (18.56%), 31 to 40 years 21 (12.57%), 61 to 70
years 16 (9.58%), less than 10 years 9 (5.38%), 11 to 20
years 7 (4.19%) and 71 to 80 years 5 (2.99%) [Fig. 2]. The
distribution of Carbapenem resistant isolates was seen
more among the ICU patients with the highest number of
105 (63%), followed by indoor patients from Ortho ward
26 (16%), Medicine ward 15 (9%), Surgery ward 10 (6%),
ENT ward 7 (4%) and Outpatient unit 4 (2%) [Fig. 3].
Sample wise distribution of the 167 isolates showed that
64 (38.3%) were from pus, 43 (25.7%) blood, 27 (16.1%)
urine, 14 (8.3%) sputum, 10 (5.9%) fluids, 9 (5.3%) tissue
[Fig. 4].

Out of 167 isolates, 123 were identified as member of
Enterobacterales and 44 isolates as non-fermenting gram
negative bacilli. Among the family of Enterobacterales
isolates, Klebsiella pneumoniae 71(42%) was the
predominant organisms followed by Escherichia coli 34
(20.30%). Acinetobacter spp and Pseudomonas aeruginosa
was the most frequent species among the non-
fermenting gram negative bacilli, accounting of 22
(11.37%) and 10 (5.74%).

Age wise distribution
26.94%
B 12.57%

19.76%
9.58%
5:45% 4.19% i 2.99%
. = b

lessthan 11t020 20to30 31tod40 41to50 51to60 61to70 71to80
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20.00%
15.00%
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Fig. 2: Age wise distribution of patients with CRGNB
isolates

Distribution of isolates in various ward

miCU
= OPD
m orthoward

m medicine ward

u surgery ward

m ENT ward

Fig. 3: Distribution of GNB according to hospital
location

Distribution of sample

38.30%

= URINE = SPUTUM = TISSUE = PUS =FLUIDS = BLOOD

Fig. 4: Distribution of isolates from clinical specimens

Characterization/Differentiation Of
Carbapenemases

Results of Rapid test revealed that Carbapenemase were
found in 125 (74.8%) of the 167 test isolates [Table. 3]
and negative in 42 (25.1%) isolates indicating other
mechanisms of resistance to Carbapenems [Fig. 5].
Carbapenemase type NDM was the most identified
104(83.2%), followed by the both NDM plus OXA48-
16(9.19%), alone of OXA48 -3(1.72%) with no production
of IMP was observed [Table. 1].
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Table 1. Characterization of Carbapenemases

Type of carbapenemases Total (n=125) Percentage

NDM 104 83.2%
NDM+0XA-48 16 12.8%
0XA-48 3 2.4%
KPC 0.8%
VIM 1 0.8%
IMP - _
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Fig. 5: Characterization of Carbapenemases. a) Isolate
showing positive result for NDM carbapenamase. b)
Isolate showing positive result for NDM plus Oxa-48
carbapenamase

Table 2. Distribution of carbapenemases in various
clinical samples (n=125)

Sample NDM KPC OXA- VIM NDM+OXA- Total
(%) (%) 48 (%) (%) 48 (%) (%)
Urine 17 (73.9) (143 1(4.3) - 4(17.3) 23(18.4)
Sputum 13 (92.8) - - - 1(7.14) 14(11.2)
Tissue 8 (88.8) - - - 1(11.1) 9(7.2)
Pus 40 (86.9) - 2 1 3 (6.5) 46(36.8)
(4.34) (2.17)
Fluids 6(85.7) - - - 1(14.2) 7(5.6)
Blood 20 (76.9) - - - 6 (23.0) 26(20.8)
Total  104(83.2) 1(0.8) 3(2.44) 1(0.8) 16(12.8) 125(100)

As shown in [Table. 2], VIM was detected only in single
isolate from pus, whereas KPC was noted in single isolate
from urine sample.

Out of 125 GNB isolates positive for one of the
carbapenemase by rapid ICT, 95 (75.2%) were
Enterobacterales and 30 (24.8%) NFGNB. The production
of carbapenemase rate was 78.8% in K. pneumoniae and
76.4% in E.coli. Among NFGNB, the Carbapenemase
production was more in Acinetobacter spp (94.73%)
followed by P. aeruginosa (70%), A. iwofii (50%) [Table. 3].
In the family of Enterobacterales, the NDM production
was highly seen in K. pneumoniae (42.3%) and E.coli
(21.1%), In the present study there was only one isolate
of K. Pneumoniae which showed KPC Production. OXA-48
carbapenemase was seen in 1 isolate of each K
pneumoniae (33.3%), E. coli (33.3%) and Citrobacter
freundii (33.3%). A combination of 2 carbapenemases
NDM+0XA48was found in 62.5% of K. pneumoniae and
31.2% of E. coli isolates.Among the group of non-
fermenters, the NDM production was highly seen in
Acinetobacter spp. of 16.3% and Paeruginosa of 5.76%.
VIM production were only seen in 1 isolate of
Paeruginosa whereas NDM+0OXA48 was seen in 6.25% of
Acinetobacter spp.

Organisms producing carbapenemases, colistin and
polymyxin B being most reliable agents, with
susceptibility ranging from 94.2-100%. Carbapenem
susceptibility was uniformly 0% across
all carbapenemases. Among NDM producers (n=104),
susceptibility to other agents was low (<6%), though
nitrofurantoin (86.5%) and norfloxacin (84.6%). The
single VIM isolate was full susceptibility to amikacin,
gentamicin, piperacillin-tazobactam, and aztreonam,
while remaining resistant to fluoroquinolones, co-
trimoxazole, and cephalosporins; KPC (n=1) and OXA-48
(n=3) isolates showed near-complete resistance, with
OXA-48 being partial susceptibility to amikacin (33.4%)
and norfloxacin (66.7%). Given the extremely small
sample sizes for VIM, KPC, and OXA-48, these
percentages should be interpreted with caution and are
not generalizable. NDM+0OXA-48 co-producers (n=16)
showed preserved susceptibility to tetracycline (31%),
nitrofurantoin (87%) and norfloxacin (94%), exceeding
NDM alone [Table. 4].

Table 3. Distribution of Carbapenemases among CRGNB (n=125)

Gram negative bacilli (n) Carbapenemase produced (%) NDM (%) KPC (%) OXA-48 (%) VIM (%) NDM +
OXA48 (%)

Enterobacterales (95)

K.pneumoniae(71) 56 (78.8) 44(42.3)  1(100) 1(33.3) - 10(62.5)
E.coli (34) 28 (76.4) 22(21) - 1(33.3) - 5(31.25)

K. aerogenes (1) - - - - - -

K. oxytoca (1) 1(100) 1(0.96) - - - -

C. freundii (7) 4(57.1) 3(2.88) - 1(33.3) - -
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Gram negative bacilli (n) Carbapenemase produced (%)

NDM (%) KPC (%) OXA-48 (%) VIM (%) NDM +

OXA48 (%)
C. koseri (4) 2 (50) 2(1.9) - - - -
P, mirabilis(1) 1 (100) 1(0.96) - - - -
M. morganii (1) - - - - - -
Pagglomerance (2) 2 (100) 2(1.9) - - - -
S. marcescens (1) 1 (100) 1(0.96) - - - -
Non-fermenters bacilli (30)
A.baumanii (5) 1(20) 1(0.96) - - - -
A. baumannii complex (7) 3 (42.85) 3(2.88) - - - -
Acinetobacter spp (19) 18 (94.7) 17(16.3) - - - 1(6.25)
A. iwofii (2) 1 (50) 1(0.96) - - - -
Paeruginosa (10) 7 (70) 6(5.76) - - 1(100) -
S. maltophilia (1) - - - - - -
Total (167) 125 (74.85) 104 (83.2) 1(0.8) 3(2.4) 1(0.8) 16 (12.8)
Table 4. Antimicrobial susceptibility pattern of CRGNB (N=125)
NDM KPC OXA-48 IMP VIM NDM + OXA-48 (n=16)
(n=104) (n=1) (n=3) (n=0) (n=1)
Antibiotic Susceptible  Susceptible  Susceptible  Susceptible  Susceptible  Susceptible
Amikacin 3% 0% 33.4% - 100% 6%
Gentamicin 6% 0% 0% - 100% 6%
Co-trimoxazole 3% 0% 0% - 0% 6.25%
Ciprofloxacin 2% 0% 0% - 0% 6%
Cefotaxime 5% 0% 0% - 0% 0%
Ceftazidime 4% 0% 0% - 0% 0%
Tetracycline 6% 0% 0% - 0% 31%
Imipenem 0% 0% 0% - 0% 0%
Meropenem 0% 0% 0% - 0% 0%
Piperacillin/ 2% 0% 0% - 100% 12%
Tazobactam
Aztreonam 4.8% 0% 0% - 100% 6%
Cefepime 2% 0% 0% - 0% 0%
Colistin 98.08% 100% 100% - 100% 100%
Polymyxin B 94.21% 100% 100% - 100% 100%
Norfloxacin 84.62% 0% 66.7% - - 94%
Nitrofurantoin 86.54% 0% - - - 87%
Discussion followed by blood (25.7%). Whereas Ebongue et al.

The prevalence of Carbapenem resistance in GNB varies
from hospital to hospital. In the present study
carbapenem resistance was observed in 33% of Gram-

negative bacilli isolates. Ebongue et al.[?2] found a rate of
37.5%. in Cameroon during the year of 2021, while study

conducted by Amber T et al.123] found prevalence rate of
34.15% in India. In the present study,
male predominance (60.4%) was observed, similar male
predominance has also been observed in other studies. In
the present study, majority of carbapenem resistant
isolates were predominantly obtained from pus (38.3%),

[22] and Amber T et al.l23] reported that majority of
isolates were obtained from urine samples (47.0 %) and
urine samples (42%) respectively.

In the present study, Klebsiella pneumoniae (78.8%) and
Escherichia coli (76.4%) were the predominant
carbapenemase  producing  Enterobacterales and
Acinetobacter spp (94.7%) and P.aeruginosa (70%) were
among non- fermenting Gram negative Dbacilli.

Similarly, Ebongue et al.[?2 for observed that Escherichia
coli was the most commonly isolated organism 68.13%
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followed Acinetobacter baumannii produced the most
carbapenemases tested (11.7%) in non-fermenting Gram
negative bacilli. Similar findings were reported in a study

conducted by Amber T et all?3], where Escherichia coli

(54%) was the predominant organism, followed by
Klebsiella pneumoniae (20%).

NDM was the predominant carbapenemase detected
(83.2%). Similar observations were reported in studies

conducted by Ebongue et all?2l and Amber T et al.
[23lwith rates of 47.50% and 60 % respectively. At

present, NDM production in gram negative bacilli has
been reported all over the world, specifically in Asia with
Indian subcontinent being the main reservoir The
limitation of this study was that molecular confirmation
of carbapenemase gene expression could not performed
due to resource limits.

Table 5. Prevalence of carbapenemases in various
studies

Author NDM KPC OXA- VIM IMP NDM+OXA-

48 48
Ebongue et 47.50% 23.55% 23.55% 5.80% - -
al.[22]
Amber Tet 60% - 37.43% - - 2.57%
al.[23]
Present 83.2% 0.80% 2.40% 0.80% - 12.80%
study
Conclusion

Rapid Immunochromatographic test is simple and easy
to implement in the workflow of clinical microbiology
laboratory for the early and preliminary detection of
carbapenemases producing GNB. Its use can aid
clinicians in selecting appropriate antimicrobial therapy.
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