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ABSTRACT

Background: Antibiotic resistance specially in the form of metallobetalactamase production (MBL) in gram negative bacilli
is major health concern and present a major therapeutic challenge nowadays. In this study, phenotypic confirmation of
various methods for detection of MBL is done by various methods. Material& Methods: The isolates were screened for
metallo-beta-lactamase production by using imipenem. All the imipenem resistant isolates were further subjected to a
phenotypic confirmation by the combined disk synergy test, modified Hodge test and Vitek 2 system. The results were
analyzed and tabulated. Results: 63% of our isolates were MDR organisms. Of 260 isolates, 68 were found to be
carbapenem resistant. A total of 34 of 37 (91.8%) A. baumannii isolates were carbapenem resistant.. In case of
Enterobacterales only 29 of 119 (24.3%) and 5 of 8 (62.5%) P. aeruginosa were carbapenem resistant. Many of these
isolates were resistant to multiple antimicrobial drugs with the highest resistance shown by carbapenem resistant isolates of
A. baumannii. The majority of the strains were sensitive to colistin and polymyxin B. In our study, MHT for detection of
carbapenemases was positive in 76% (52/68) of carbapenem resistant isolates. This study also depicts that Class B
carbapenemases i.e. MBL can be detected by Vitek as compared to CDST and VItek. Conclusions: Carbapenem resistance
has been found to be widespread. This emergence might outcome from the absence of public health surveillance programs in
most countries. So the public health surveillance programs must be set up in all countries to discover these problems as early
as possible.
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INTRODUCTION reports of increased prevalence of MDR GNB

Antimicrobial resistance is a major clinical and public
health problem. In 2014, World Health Organization
(WHO) reported alarmingly high rates of bacterial
resistance across all WHO regions and declared
‘combat drug resistance: no action today, no cure
tomorrow’ a theme to fight drug resistance.™ It has
been estimated that at-least 2 million people every
year acquire bacterial infections which are resistant to
standard therapy in the United States alone. GNB
have a propensity to develop and acquire resistance to
multiple antibiotics and in the recent years, many
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(resistant to three or more antibiotics of different
classes or groups) have been published globally which
presents a major challenge to modern medical
practice.[*®]

GNB have a number of mechanisms by which they
become resistant to antibiotics. However, the primary
mechanism is the production of beta-lactamase (B-
lactamase) enzymes and there are more than one
thousand of them in GNB.®! Production of p-
lactamases was first recognized mechanism of
bacterial resistance to B-lactam antibiotics and still
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remains the major cause of drug resistance in gram
negative pathogens.®B-lactam enzymes which confer
resistance to third generation cephalosporins
(ceftriaxone,  cefotaxime,  cefoperazone  and
ceftazidime) are called Extended Spectrum Beta
Lactamases (ESBLs). These enzymes are sensitive to
carbapenems and [-lactamase inhibitors (sulbactam,
clavulanic acid and tazobactam).["!

But nowadays, carbapenem resistant GNB has
emerged as an issue of major concern.®lCarbapenems
are the broad spectrum antimicrobials and often
viewed as the last line of antimicrobial agents for the
treatment of MDR GNB.[*?ICarbapenemases are the
enzymes which confer resistance to carbapenems. The
carbapenemases are diverse enzymes that vary in their
abilities in hydrolyzing carbapenems and other beta
lactams. Hence, their detection is a crucial issue
because they often show an extensive and sometimes
a total antibiotic resistance. The more resistant
organisms like the strains of Pseudomonas and
Acinetobacter spp. have acquired the resistance from
the Enterobacterales(?. The carbapenemases belong to
the molecular classes A, B and D. The class B
enzymes (Bush group 3) are metallobetalactamases
(MBLs). The MBLs hydrolyze almost all the beta
lactam antibiotics. The MBLs typically hydrolyze
carbapenem efficiently, but they are inhibited by
chelating agents such as EDTA.

New Delhi Metallo-beta-lactamase (NDM-1) is a
newer type of metallo-beta-lactamase (MBLSs) which
was first described in 2009. NDM is a type of
carbapenemase produced by certain strains of bacteria
and is able to inactivate all B-lactams except
aztreonam. Thus, it provides resistance against all
compounds that contain a beta-lactam ring such as
penicillins, cephalosporins and carbapenems. NDM-1
has been identified mostly in Enterobacterales, but
nowadays it has been found in non-enterobacterales
members like Pseudomonas
aeruginosa and Acinetobacter.!

Organisms which carry plasmid for the blaNDM-1
gene also carry a number of other genes conferring
resistance to all aminoglycosides, macrolides and
sulphamethoxazole, thus making these isolates
multidrug resistant. [ Various phenotypic and
genotypic tests are employed for detection of MBL
production in bacteria. The phenotypic methods are
based on the ability of metal chelators, such as EDTA
and thiol-based compound to inhibit the activity of
MBLs. These phenotypic methods are Modified
Hodge Test (MHT) and Combined Disk Synergy Test
(CDST). %12 These tests have proved to be rapid and
convenient tests for their detection in the clinical
laboratory. Various studies have shown that although
phenotypic tests bear significant role in the detection
of MBLs and help in the preliminary screening of the
NDM-1 but these tests do not differentiate between
the chromosomal and plasmid encoded genes. So,
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genetic confirmation by PCR and analysis of the
genetic context and relatedness of the MBL producers
mandatory for isolates screened positive by
phenotypic tests.*!

Present study aimed to detect metallo-beta-lactamase
production in GNB by two phenotypic methods-
Modified Hodge Test (MHT), Combined Disk
Synergy Test (CDST). It also aimed to compare MHT
and CDST in the diagnosis for MBL production

MATERIAL & METHODS

This descriptive study was conducted over the period
of 6 months in the Department of Microbiology of
Guru Gobind Singh Medical College and Hospital,
Faridkot among patients presenting to various
departments of Guru Gobind Singh Medical College
and Hospital, Faridkot. A sample size of 260 was
taken for the purpose of the above study.

Inclusion criteria

e All the clinical specimens from the indoor
patients which were received in the Microbiology
department of Guru Gobind Singh Medical

College and Hospital, Faridkot for culture
sensitivity.
e Multidrug resistant gram negative bacteria

(resistant to 3 or more antibiotics of different
classes or groups)

Exclusion criteria

e Samples showing organisms other than gram
negative bacteria.

e Samples showing no growth of organisms on
culture.

e GNB resistant to one or two drugs only.

Sample collection and transport

Various clinical samples were collected using the
standard techniques. Samples received from patients
was inoculated on Blood agar, MacConkey agar or
CLED and incubated at 37*C for 24-48 hrs.
Identification of bacteria was done by colony
morphology, gram staining and biochemical tests. The
antibiotic susceptibility test of GNB isolates was
performed by Kirby Bauer Disc Diffusion method as
per CLSI guidelines and VITEK 2 compact automatic
system. Phenotypic assay was done by double disk
synergy test and Modified hodge test according to
standard clinical and laboratory standards institute
(CLSI) guidelines for detection of carbapenemases.

RESULTS

The present study was conducted on 260 GNB
isolated from 5307 clinical specimens processed in the
department of microbiology. The following
observations were made.
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Table 1- Distribution of various GNB isolated (n=260)

ORGANISMS GNB | Percentage (%) of GNB
Enterobacterales group 185 71.2
P. aeruginosa 35 13.5
A.baumannii complex 40 154
260 100
Table 2- Distribution of various MDR GNB (n=164)
ORGANISMS MDR GNB | Percentage (%) of GNB
Enterobacterales group 119 72.7
P. aeruginosa 8 4.8
A. baumannii complex 37 22.5
164 100

Proportion of MDR GNB isolated (n=164)

ENON-MDR GNB
63% 63%
HMDR GNB

Figure 1: Proportion of MDR GNB isolated (n=164)
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Figure 2: Distribution of specimens showing isolation of MDR GNB (n=164)
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Distribution of 164 MDR GNB according to the age of the patients
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Figure 3: Distribution of 164 MDR GNB according to the age of the patients
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Distribution of 164 MDR GNB according to the gender of the patients
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Figure 4- Distribution of 164 MDR GNB according to the gender of the patients

Table 3- Distribution of Imipenem Resistant GNB (n=68)

ORGANISMS Imipenem Resistant | Imipenem Sensitive
Enterobacterale group 29 90
P. aeruginosa 5 3
A. baumannii complex 34 3
68 96
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Distribution of 68 Imipenem resistant MDR GNB according to the age of
patients
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Figure 5- Distribution of 68 Imipenem resistant MDR GNB according to the age of patients

Distribution of 68 imipenem resistant MDR GNB according to the
gender of patients

Figure 6-Distribution of 68 imipenem resistant MDR GNB accordingto the gender of patients

Table 4: Sensitivity and Specificity of tests

S.No Name of the test Positives | Negatives | Sensitivity | Specificity
1 Modified Hodge Test 52 16
2 Combine disc synergy test 49 19
3 Vitek 44 24

Table 3: Number of positive and negative results by using different phenotypic methods in different

organisms (n=68)

Result MHT CDST VITEK
Positive Negative | Positive  Negative | Positive  Negative
Enterobacteriales (29) 24 5 19 10 20 9
Pseudomonas aeruginosa (5) 3 2 3 2 3 2
Acinetobacte rbaumannii 25 9 26 8 21 13
complex (34)
P value <.001 Not significant
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MBL positive by Vitek | MBL negative by Vitek
MHT (Positive) 24 18 6
MHT (Negative)5 2 3
CDST (Positive) 19 15 4
CDST (Negative) 10 5 5

in

Table 5: Comparison of different phenotypic tests for metallo-beta-lactamase production in Acinetobacter

baumannii complex (n=34)

MBL positive by Vitek | MBL negative by Vitek
MHT (Positive) 25 21 4
MHT (Negative) 9 1 8
CDST (Positive) 26 18 8
CDST (Negative) 8 3 5

Table 6: Comparison of different phenotypic tests for metallo-beta-lactamase production in Pseudomonas

aeruginosa (n=5)

MBL positive by Vitek MBL negative by Vitek
MHT (Positive) 3 0
MHT (Negative) 0 2
CDST (Positive) 3 0
CDST (Negative) 0 2

DISCUSSION

Gram negative bacteria producing Metallo-B-
lactamase (MBL) enzyme are associated with severe
bacterial infections. Antibacterial drug resistant
microorganisms limit and complicate treatment due to
limited treatment options. Carbapenems are one of the
antibiotics that offer broad spectrum activity and are
used as a last resort drug.

In many healthcare facilities around the world,
bacterial pathogens that express multiple resistance
mechanisms are becoming rampant, complicating
treatment and increasing both human morbidity and
financial costs. This necessitates the need for
detecting the resistant bacteria so that unnecessary use
of broad spectrum antimicrobials can be avoided. The
significant finding of our study was the fact thatquite
large percentage i.e 63% (Fig 1) of our isolates were
MDR organisms.

Of 260 isolates, 68 were found to be carbapenem
resistant. A total of 34 of 37 (91.8%) A.
baumanniiisolates were carbapenem resistant. In case
of Enterobacteriales only 29 of 119 (24.3%) and 5 of
8 (62.5%) P. aeruginosawere carbapenem resistant.
Many of these isolates were resistant to multiple
antimicrobial drugs with the highest resistance shown
by carbapenem resistant isolates of A. baumannii. The
majority of the strains were sensitive to colistin and
polymyxin B.

The MHT is used as the earliest developed phenotypic
method to detect carbapenemase; however, the poor
sensitivity in detection of NDM carriers has hindered
its wide clinical application. In our study, MHT for
detection of carbapenemases was positive in 76%
(52/68) of carbapenem resistant isolates.Amjad et al
and Kalra et al have detected carbapenemase in
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69%and 85% of isolates by MHT method. Other
methods such as loss of porin channel or increased
efflux mechanism may be responsible for IPM
resistance in the rest of MHT-negative isolates. CDST
test was used for detection of MBL production
incarbapenem resistant isolates and it was positive in
70%(48/68) of isolates. Vitek was used for detection
of Carbapenemases which was positive in 44 isolates
Fifty-eight percent of total carbapenem-resistant
isolates were MBL positive by the DET, whereas 56%
were MBL positive bythe CDST.Hence majority of
such patients would be prescribed carbapenems which
would be disastrous on two accounts, firstly the
patient would end up in treatment failure and secondly
unnecessary usage of carbapenems would further
expose this antimicrobial with potential for more
resistance. The treatment of infections caused by
drugs resistant bacteria is sometimes impracticable. In
another study on comparison of various phenotypic
tests (DDST, CDT, MHT). Modified Hodge test was
comparatively more specific and sensitive than
Double disc synergy test and combination disc test4.
Though the definite diagnosis of NDM-1 rests on
PCR but Modified Hodge test can be a very useful
screening test for suspecting such cases for
epidemiological purpose.This study also depicts that
Class B carbapenemases i.e. MBL can be detected by
Vitek as compared to CDST and Vltek

CONCLUSIONS

We found carbapenem resistance is widespread. This
emergence might outcome from the absence of public
health surveillance programs in most countries. So the
public health surveillance programs must be set up in
all countries to discover these problems as early as
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possible. Also new substitute therapies are required to
be developed to face bacteria with this kind of

resistance;
infection treatment and control

and the hospitals require excellent

to prevent the

morbidity.
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