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Comparison of Genotypic and Phenotypic Methods of
Metallo-p- lactamase Detection in Acinetobacter spp.

Priyam Batra, Vijeta Bajpai, Aishwarya Govindaswamy, Surbhi Khurana, Muruganantham Ayyanar, Purva Mathur, Rajesh Malhotra’
Departments of Laboratory Medicine and 'Orthopaedics, JPNA Trauma Centre, All India Institute of Medical Sciences, New Delhi, India

Introduction: MBL containing genes have been reported in all GNBs including Acinetobacter spp since 1990s which are worrisome as they
are transmitted by mobile genetic elements. Thus, early detection of MBL encoding organisms is necessary. The current study was designed to
identify the most sensitive cost-effective test which could be used as a screening test for detection of cabapenamase producing Acinetobacter
isolates. Methodology: All consecutive strains of Acinetobacter spp isolated from various clinical samples were included. All isolates found
resistant to any of the carbapenems were tested for MBL production using MHT (on MacConkey Agar and Mueller Hinton Agar), Etest (using
Imipenem/Meropenem-EDTA) and Combined Disc Test (using EDTA and 2 MPA as inhibitors and Ceftazidime/Imipenem/Meropenem as
substrate discs). PCR was performed for representative strains for IMP, VIM, KPC, OXA and NDM-1 gene. Results: Total of 154 non-duplicate
strains of Acinetobacter spp were isolated and identified, of which, 134 (88%) and 126 (82%) were resistant to meropenem and imipenem
respectively. All 134 meropenem resistant strains were tested for MBL production and PCR was performed on 100 strains. 3(3%), 5(5%), 7(7%),
26(26%), and 51(51%) strains had IMP gene, VIM gene, KPC gene, OXA gene and NDM-1 gene. MHT on MAC had better performance
than on MHA and dilution to 0.05 McFarland was not required. Conclusion: MHT on MAC had best sensitivity when compared with gold
standard PCR and was also cost effective. With ROC curve, we found that 2MPA was not a good MBL inhibitor when compared with EDTA..
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INTRODUCTION at a 186-bedded Level 1 trauma center in India to include
consecutive strains of Acinetobacter spp. isolated from various
clinical samples. Identification and sensitivity (SN) testing were
performed using Vitek 2 system (Biomerieux, France), and all
carbapenem-resistant isolates were tested for MBL production.
Phenotypic detection was done using the MHT®! (on Mueller—
Hinton agar [MHA] and MacConkey agar [MAC] using 0.5
and 0.05 McFarland density, respectively), double-disc synergy
test!*! using ethylenediaminetetraacetic acid (EDTA) and 2
Mercaptopropionic Acid (2 MPA) as enzyme inhibitors, and
MBL E-test.[ All the methods were compared with the PCR as

Multidrug-resistant Acinetobacter spp. are increasingly being
reported to cause various outbreaks in the intensive care
units.! Multidrug resistance has been found to be caused by
various metallo-f3-lactamase (MBL)-encoding genes which
are detected by polymerase chain reaction (PCR). Various
phenotypic methods are available such as combined disc test or
E-test using various inhibitors or modified Hodge test (MHT)
for the detection of MBL producers.”) However, no single test
has been found to be sensitive and cost-effective for MBL
detection when compared to the gold standard genotypic
tests. Thus, the current study was planned to determine the
prevalence of carbapenem-resistant Acinetobacter spp. and Address for correspondence: Dr. Purva Mathur,

to find the most sensitive and cost-effective methods of Room No. 211, Second Floor, Department of Laboratory Medicine, JPNA
. . Trauma Centre, All India Institute of Medical Sciences, New Delhi, India.
phenotypic detection of MBL.
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Table 1: Primers for the detection of carbapenemase
genes

Primer Sequence Amplicon
name size
IMP-F GGCAGTCGCCCTAAAACAAA 737
IMP-R TAGTTACTTGGCTGTGATGG

VIM-F AAAGTTATGCCGCACTCACC 865
VIM-R TGCAACTTCATGTTATGCCG

OXA-1-F CGCAAATGGCACCAGCTTCAAC 464
OXA-1-R TCCTGCACCAGTTTTCCCATACAG

KPC-F ATGTCACTGTATCGCCGTC 382
KPC-R AATCCCTCCGAGCGCGAGT

NDM-1-F GGTGCATGCCCGGTGAAATC 660
NDM-1-R ATGCTGGCCTTGGGGAACG

Table 2: Performance of MacConkey agar and Mueller-
Hinton agar

Inoculum Mean distortion in millimeter
(McFarland) MacConkey Agar MHA
0.5 5.2 43
0.05 3.82 3.12

MHA: Mueller-Hinton agar

the gold standard.>” PCR was performed to detect the presence
of blay, bla,, ., bla,,,, bla, ., and bla , the primer details
of which are summarized in Table 1 and a picture of the same

is depicted in Figure 1.

ResuLt

Ofthe 154 nonduplicate strains of Acinetobacter spp. isolated,
134 (88%) and 126 (82%) strains were resistant to meropenem
and imipenem, respectively, but PCR of only 100 strains could
be performed. PCR analysis of the 100 strains showed that
3 (3%), 5 (5%), 7 (7%), 26 (26%), and 51 (51%) strains had
IMP gene, VIM gene, KPC gene, OXA gene, and NDM-1 gene,
respectively. The mean distortion in MHT on MHA and MAC
is summarized in Table 2. A picture of the distortions in MAC
and MHA is depicted in Figure 2. To evaluate the combined
disc test with EDTA and 2 MPA as the inhibitors and imipenem/
meropenem/ceftazidime as the substrates, receiver operating
characteristic (ROC) curve was plotted between the difference
in the zone sizes obtained and the PCR results (keeping
PCR results as the gold standard). The ROC curve was
made using the STATA software (STATA Version 12.1, Stata
Corp, Texas-77845, USA). ROC is a graph which shows the
relationship between SN and specificity (SP) of any test for all
cutoff values. Thus, the curve plots the true positives against the
false positives. As the ROC graph is between SN and 1 — SP,
the most accurate test would pass through the upper left corner
of the graph, and the closer the graph to the 45° diagonal line,
the least accurate the test would be. In addition, area under
the ROC curve (AUC) measures the test accuracy. With the
help of ROC curve, we found that 2 MPA was not a good MBL

Figure 1: Gel doc picture showing samples 1-7 as positive and sample
8 as negative

Figure 2: Modified Hodge test on MacConkey agar and Mueller—Hinton
agar
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Figure 3: Receiver operating characteristic curve of
the various methods of MBL detection includes IMP-EDTA,
IMP-2 MPA, MRP-EDTA, MRP-2 MPA, CAZ-EDTA, and CAZ-2
MPA. IMP: Imipenem, EDTA: Ethylenediaminetetraacetic acid,
MRP: Meropenem, CAZ: Ceftazidime, MPA: 2 Mercaptopropionic Acid,
MBL: Metallo-p-lactamase

inhibitor when compared with EDTA (as seen by the AUC).
The results are depicted in Figure 3.

ConcLusion

In our study, we found that MHT on MAC had better SN when
compared with the gold standard PCR than MHT on MHA. In
addition, there is no need of dilution to 0.05 McFarland to perform
MHT on MAC plates. With the help of ROC curve, we found
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that 2 MPA was not a good MBL inhibitor when compared with
EDTA (as seen by the AUC). Upon comparison of the AUC of
ceftazidime/imipenem/meropenem-EDTA AUC, it was seen that
imipenem-EDTA performed the best with a cutoff of 4-mm increase
in zone diameter. The SP (83.3%) and SN (90.3%) of imipenem
EDTA E-test were better than those of the combined disc test.
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