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Introduction

The emergence of carbapenem resistant
Enterobacteriaceae (CRE) is a major concern
worldwide. This is because of their importance as
human pathogens especially within the hospital settings
and its high transmissible nature and tendency for rapid
spread.1 This resistance is mediated by the production

of carbapenemases or hyper production of Amp C beta
lactamase and up regulation of efflux pumps or by
their combined mechanisms.2 Carbapenem hydrolyzing
beta lactamases which belong to Ambler classes A, B
and D have been reported worldwide in
Enterobacteriaceae. The most clinically significant
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Abstract

Carbapenem resistant Enterobacteriaceae (CRE) is becoming a major public health concern globally.
Detection of carbapenem hydrolyzing enzyme carbapenemase in Enterobacteriaceae is important to
institute appropriate therapy and to initiate preventive measures. This study was designed to determine
the presence of carbapenemase producers among the CRE isolated from patients at Dhaka Medical
College Hospital, Bangladesh. Twenty-nine CRE strains detected by disk diffusion technique were
included in the study. Minimum inhibitory concentration of imipenem and tigecycline was determined
by agar dilution method. Carbapenemase production was phenotypically detected by Modified Hodge
test while MBL producers were detected by combined disk and double disk synergy tests. Genes
encoding blaNDM-1, blaOXA-181, blaOXA-48, blaKPC, blaCTX-M-15, blaOXA-1-group were
identified by polymerase chain reaction (PCR).

Out of 29 CRE, nineteen (65.6%) were positive for carbapenemase by any of the three phenotypic
tests namely MHT, CD or DD tests. Those 19 isolates were also positive either for blaNDM-1 or
blaOXA-181/blaOXA-48 by PCR. Of the 19 PCR positive isolates, the rate of positivity for blaNDM-
1, blaOXA-181/blaOXA-48 and blaNDM-1+ blaOXA-181/blaOXA-48 was 73.7% (14/19), 57.9%
(11/19) and 31.6% (6/19) respectively. Both blaOXA-181 and blaOXA-48 co-existed. All the
carbapenemase producing organisms harboured blaCTX-M-15 except one C. freundii strain. The
rate of resistance to different classes of antibiotics ranged from 63.2% to 100% except colistin and
tigecycline. Organisms positive for OXA-181/OXA-48 had a low level of resistance to carbapenem
(MIC 1 - 4 ì g/ml) while with NDM-1 had high level resistance to imipenem (MICs 16 - ≥ 32 ì g/
ml). Out of 19 carbapenemase positive isolates, 12 (63.16%) were extensively drug-resistant (XDR)
and were only sensitive to tigecycline and colistin.

The result of this study showed the presence of blaOXA-181/ blaOXA-48, blaNDM-1 positive
strains in Bangladesh and colistin and tigecycline were the most effective drugs against carbapenemase
producing Enterobacteriaceae (CPE). Epidemiological monitoring of carbapenemase producing
organisms in Bangladesh is important to prevent their dissemination.
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ones are class A enzymes such as KPC-types, class B
enzymes such as IMP, VIM and NDM-1 types and
class D enzymes such as OXA-48 and OXA-181 types.
The genes encoding them are located on mobile genetic
elements, which allow them to spread.2-4

The class D, carbapenem hydrolyzing OXA-48 was
first identified from a Klebsiella pneumoniae in
Turkey.3 These carbapenem hydrolyzing Class D â-
lactamases are unusual among carbapenemases for their
weak hydrolysis of cephalosporins and their activity is
not inhibited by EDTA or clavulanic acid, making
them difficult to identify in the laboratory.4 OXA-181,
a variant of OXA-48, was initially reported in India
but has been sporadically detected in the United
Kingdom, Netherlands, France, New Zealand, Oman,
Singapore and Russia.4-8 In September 2012, CDC
reported isolation of blaOXA-181positive K.
pneumoniae in two patients from Bangladesh who were
admitted to separate hospitals in Singapore within a
short period of time.7 But there are no reports of
blaOXA-181 positive isolates in Bangladesh yet. This
study was designed to determine the prevalence of
carbapenemase encoding genes blaKPC, blaOXA-181,
blaOXA-48 and blaNDM-1 among CRE at Dhaka
Medical College Hospital. Efficacy of colistin and
tigecycline against CRE albeit CPE isolates were also
evaluated.

Material and Methods

The present cross-sectional study was conducted in
the Department of Microbiology of Dhaka Medical
College, Dhaka, Bangladesh, during July 2010 to June
2011. The research protocol was approved by the
Research Review Committee (RRC) and Ethical
Review Committee (ERC) of Dhaka Medical
College. Written consent was obtained from each
patient or their legal guardian before collection of
samples.

Bacterial isolates and identification: Twenty-nine
Enterobacteriaceae isolates resistant to carbapenem
by disk diffusion technique were included in the study.
The organisms were isolated from various clinical
specimens. The specimens included wound swab,
endotracheal aspirate, blood and urine. All the
organisms were identified by Gram stain, colony
morphology, hemolytic criteria, pigment production
and standard biochemical tests.9

Antimicrobial susceptibility test: Susceptibility to
antimicrobial agents was performed by Kirby Bauer
modified disk diffusion technique using Muller Hinton
agar plates and zones of inhibition were interpreted
according to CLSI guidelines.10 Antibiotic discs such
as ceftazidime (30 µg), cefotaxime (30 µg), ceftriaxone
(30 µg), aztreonam (30 µg), amoxiclav (amoxicillin 20
µg & clavulanic acid 10 µg), ciprofloxacin (5 µg),
amikacin (30 µg), gentamycin (10 µg), azithromycin
(15 µg), piperacillin-tazobactam (100/10 µg),
tetracycline (30 µg), imipenem (10 µg), meropenem
(10 µg), tigecycline (15 µg) and colistin (10 µg) were
used. Isolated organisms which were resistant to at
least one agent in three or more antimicrobial classes
were considered as multidrug-resistant (MDR) and
organisms which were resistant to at least one agent
in all but two or fewer antimicrobial classes were
considered as extensively drug-resistant (XDR).11

Dteremination of minimum inhibitory concentration:
Minimal inhibitory concentrations (MICs) of imipenem
and tigecycline were determined by agar dilution
method and results were interpreted according to
CLSI.10

Tests for carbapenamase production: CRE were tested
for carbapenemase production by Modified Hodge test
(MHT), combined disk and double disk synergy tests.
PCR was employed to detect specific genes.

Modified Hodge Test (MHT): A suspension of ATCC
Escherichia coli 25922, equivalent to 0.5 MacFarland,
was diluted 1:10 in sterile saline. This was inoculated
on a Mueller Hinton agar plate, dried for 5 minutes
and a disc of 10 ì g imipenem was placed in the centre
of the agar plate. In a straight line, test organisms
were streak from the edge of the disc, to the edge of
the plate. The plates were incubated at 370 C overnight
and were examined next day. They were checked for
an enhanced growth around the test organism, at the
intersection of the streak and for a zone of inhibition.
The presence of an enhanced growth indicated
carbapenemases production.12,13

Combined disk test (CDT): Two imipenem disks were
placed on an inoculated Mueller-Hinton agar plate.
One imipenem disk was supplemented with 5 µl of 0.5
M EDTA and incubated at 370 C for 24 hours. An
increased zone diameter of ≥ 6 mm around the disk
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containing imipenem supplemented with EDTA
compared to the disk containing imipenem alone was
interpreted as MBLs production.14

Double-disk synergy test (DDST): Imipenem disc (10
µg) and a disk containing 20 µl of Tris-EDTA (1.0 M
Tris-HCL, 0.1 M EDTA, pH approximately 8.0) and
20 µl of 1:320 diluted 2-mercaptopropionic acid (MPA)
were placed 10 mm apart in an inoculated Mueller-
Hinton agar plate and incubated at 370 C for 24 hours.
A clear extension of the edge of the inhibition zone of
imipenem disk toward the Tris-EDTA-MPA disk was
interpreted as MBLs production.15

Molecular characterization of carbapenemase
producers: The presence of blaNDM-1, blaKPC,
blaOXA-181, and blaOXA-48 among CRE were
detected by polymerase chain reaction (PCR). In
addition, ESBL encoding gene blaCTX-M-15 and
blaOXA-1group were also identified among the CRE
by PCR. The primers used are shown in Table 1.2,16-

18 To prepare bacterial pellets, a loop full of bacterial
colonies was inoculated into a Falcon tube containing
trypticase soy broth. After incubation overnight at
370 C, the Falcon tubes were centrifuged at 4,000 g
for 10 minutes, after which the supernatant was
discarded. A small amount of sterile trypticase soy
broth was added into the Falcon tubes with pellets

and mixed evenly. Then an equal amount of bacterial
suspension was placed into three 1.5 ml
microcentrifuge tubes. The microcentrifuge tubes
were then centrifuged at 4,000 g for 10 minutes and
the supernatant was discarded. The microcentrifuge
tubes containing bacterial pellets were kept at -200

C until DNA extraction. Bacterial DNA was
extracted by boiling method.17Multiplex PCR was
done for identification of blaNDM-1, blaOXA-48 and
blaKPC. Multiplex PCR reaction cycle consisted of
preheat at 940C for 10 minutes followed by
denaturation at 940C for 30 seconds, annealing at 520C
for 40 seconds, extension at 720C for 50 seconds with
a final extension at 720C for 5 minutes. In case of
OXA-181, CTX-M-15, OXA-1-group, PCR reaction
consisted of initial denaturation at 950C for 10
minutes, then 35 cycles of denaturation at 950C for
one minute, annealing at 550C for 45 seconds,
extension at 720C for one minute and final extension
at 720C for 10 minutes. The amplified DNA were
loaded into a 1.5% agarose gel, electrophoresed at
100 volts for 35 minutes, stained with 1% ethidium
bromide and visualized under UV light.

Result

Of the 29 isolated CRE, 9 Esch. coli, 8 Klebsiella
pneumoniae, 3 Klebsiella oxytoca, 7 Citrobacter
freundii and 2 Entrobacter aerogenes were identified.
Out of 29 CRE, nineteen (65.6%) were positive for
carbapenemase by any of the three phenotypic tests
namely MHT, CD or DD tests and were also positive
either for blaNDM-1 or OXA-181/OXA-48 by PCR
(Table 2). Of the 19 PCR positive isolates, the rate
of positivity of blaNDM-1, blaOXA-181/blaOXA-48
and blaNDM-1+ blaOXA-181/blaOXA-48 was 73.7%
(14/19), 57.9% (11/19) and 31.6% (6/19) respectively
(Table 2). All the organisms having blaOXA-181 also
contained blaOXA-48. None of the isolate was positive
for blaKPC. All the carbapenemase producing
organisms had co-existing blaCTX-M-15 gene except
in one C. freundii strain. OXA-1 group gene was
detected in 47.4% isolates and it co-existed with
blaCTX-M-15 gene. Table 3 shows the rate of
positivity of CDT, DDST and MHT of 14 NDM-1
and 11 blaOXA-181/blaOXA-48 positive isolates. The
rate of positivity for NDM-1 positive isolates was
highest by CDT (78.6%) followed by DDST (64.3%)
and MHT (35.7%).

Table-1: Primers used in this study.2,16-18

Target gene Primer sequence 5’→→→→→3’ Product
size(bp)

blaCTX-M-15 F-CACACGTGGAATTTAGGGACT 996
R-GCCGTCTAAGGCGATAAACA

blaOXA-1-group F-ACCAGATTCCAACTTTCAA 996
R-TCTTGGCTTTTATGCTTG

blaNDM-1 F-GGTTTGGCGATCTGGTTTTC 621
R-CGGAATGGCTCATCACGATC

blaOXA-48 F-GCGTGGTTAAGGATGAACAC 438
R-CATCAAGTTCAACCCAACCG

blaKPC F-CGTCTAGTTCTGCTGTCTTG 798
R-CTTGTCATCCTTGTTAGGCG

blaOXA-181 F-ATGCGTGTATTAGCCTTATCG 888
R-AACTACAAGCGCATCGAGCA
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The rate of resistance to different classes of antibiotics
ranged from 63.2% to 100% except colistin and
tigecycline (Table 4). All 19 isolates were sensitive
to colistin. The rate of resistance to tigecycline and
tetracycline was 5.3% and 63.2% respectively.
Organism positive for OXA-181/OXA-48 had a low
level of resistance to imipenem (MIC 1 - 4 ì g/ml)
while NDM-1 positive organisms had high level
resistance to imipenem (MICs 16 - ≥ 32 ì g/ml (Table
2). MIC of tigecycline ranged from 2-0.5 ì g/ml except
one had MIC 8 ì g/ml (Table 2). Out of 19

Table-2: Results of phenotypic tests for detection of carbapenemase and distribution of blaNDM-1,
blaOXA-181, blaOXA-48 and ESBL genes among the CRE

Isolates               MIC (µg/ml) CDT DDST MHT Gene

Imipenem Tigecycline NDM-1 OXA-181 OXA-48 KPC CTX-M-15 OXA-1-GRP

Esch. coli >32 0.5 + - + + + + - + +

Esch. coli 16 1 + + - + - - - + +

Esch. coli 8 2 + - - + - - - + -

Esch. coli 16 2 - + - + + + - + +

Esch. coli 2 1 - - + - + + - + -

K. pneaumoniae 8 2 + + - + - - - + -

K. pneaumoniae >32 8 + - - + + + - + +

K. pneaumoniae 4 1 - - + - + + - + -

K. pneaumoniae 16 2 + + - + - - - + +

K .pneaumoniae 16 0.5 - + + + + + - + +

K. oxytoca 16 1 + + - + - - - + -

K. oxytoca >32 1 + - + + + + - + +

C. freundii 16 0.5 + + - + - - - + -

C. freundii 2 1 - - + - + + - + -

C. freundii 4 0.5 + + - + - - - - -

C. freundii 1 1 - - + - + + - + +

C. freundii >32 2 - + + + + + - + -

E. aerogenes 8 0.5 + - + + - - - + +

E. aerogenes 2 1 - - + - + + - + -

Total 11 09 10 14 11 11 0 18 09
(57.9) (47.4) (52.6) (73.7) (57.9) (57.9) (94.7) (47.4)

MIC range of imipenem: Sensitive ≤ 1 µg/ml, Intermediate 2 µg/ml, Resistant ≥ 4µg/ml;  MIC range tigecycline: Susceptible
≤ 2 µg/ml, Intermediate resistant 4 µg/ml, Resistant ≥ 8 µg/ml; NDN-1+ OXA181/OXA48 positive 6/19 (31.6%); 3
strains with intermediate imipenem MIC  were positive by MHT and OXA 48 and OXA 181; One C. freundi sensitive to
imipenem by MIC was found positive by MHT OXA 181, OXA 48 and CTX m genes.  Figure within parenthesis indicate %.

Table-3: Comparison of phenotypic tests with blaNDM-1 and
blaOXA-181/blaOXA-48   positive Enterobacteriaceae

Positive by

Genes Number CDT DDST MHT
N (%) N (%) (%)

blaNDM-1 14 11 (78.6) 09 (64.3) 05 (35.7)
  positive
blaOXA-181/ 11 03a (27.3) 03a (27.3) 09 (81.8)
  blaOXA-48
  positive

Note: a= 3 isolates positive by CDT and DDST for MBL
         wetre also positive for NDM-1.
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carbapenemase positive isolates, 12 (63.16%) were
extensively drug-resistant (XDR) and were only
sensitive to tigecycline and colistin.

Discussion

Generally, OXA-48 carbapenemase and its variants
hydrolyze penicillins more effectively, but it is less in
can of carbapenems. They show very weak activity
against extended spectrum cephalosporins such as
ceftazidime and aztreonam. Hence, the blaOXA-48
producers’ exhibit reduced susceptibility to
carbapenems. Their MIC of carbapenems may remain
in the susceptible range and their activity is not inhibited
by EDTA or clavulanic acid, thus making them
difficult to identify in the laboratory.4,19-22 But the level
of resistance to carbapenems is usually higher when
ESBL and permeability defects are associated.19 In
such infections, treatment with carbapenems results
in adverse outcomes. Their detection is therefore
crucial for appropriate therapy and to initiate
preventive measures.2,23

OXA-181 is a close relative of OXA-48 from which it
differs by 4 amino acids.24 blaOXA-181 positive K.
pneumonia infections were first described in India but
imported cases have since been described in Oman,
Netherlands and New Zealand.6,7,20 There are no
reports of blaOXA-181 positive isolates in Bangladesh.
However, this country borders India, which is a source

of blaOXA-181 positive Enterobacteriaceae. These
cases highlight potential problems that may arise from
the rapidly increasing practice of traveling across
international borders to obtain health care. The present
study is the first report of the presence of blaOXA-
181/blaOXA-48 genes in Enterobacteriaceae in
Bangladesh. In this study, eleven OXA-181/OXA-48
producing organisms were isolated. Out of 11 OXA-
181/OXA-48 producing organisms 6 were co-harbored
with NDM-1 producing gene and showed high level of
resistance to imipenem, 5 isolates which harbored only
OXA-181/OXA-48 producing genes showed low level
of resistance which correlates with one study where it
was shown that co-producing NDM-1 and OXA-181
was fully resistant to carbapenem whereas all OXA-
181 producing isolates showed an apparent
susceptibility to carbapenem.5 This study evaluated
the presence of ESBL encoding genes in CPE. All the
CPE harbored ESBL producing gene blaCTX-M-15
except one C. freundii and nine isolates had blaOXA-
1-group gene.

In the present study, regarding MIC of tigecycline it
was observed that among 29 CRE, 28 (96.55%) isolates
were susceptible to tigecycline (MICs 0.5 µg/ml – 2
µg/ml), one Klebsiella pneumoniae isolate showed
resistance to tigecycline with MIC of 8 µg/ml (Table-
2). In a previous study from India reported 95.2% MBL
producing Enterobacteriaceae as susceptible to
tigecycline.25

Table-4: Resistance pattern of CPE to different classes of antibiotics  by disc diffusion method

Antimicrobial Esch. Coli Klebsialla spp. C. freundii E. aerogenes Total
agents (n=5) (n=7) (n=5) (n=2) Enterobacteri

N (%) N (%) N (%) N (%) aceae (n=19)

Colistin 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0
Tigecycline 0 (0.00) 1 (14.29) 0 (0.00) 0 (0.00) 1 (5.3)
Tetracycline 3 (60.00) 5 (71.43) 3 (60.00) 1 (50.00) 12 (63.2)
Amoxiclav 5 (100.00) 7 (100.00) 5 (100.00) 2 (100.00) 19 (100)
Tazobactam+Piperacillin 4 (80.00) 6 (85.71) 5 (100.00) 1 (50.00) 16 (84.2)
Aztreonam 4 (80.00) 6 (85.71) 5 (100.00) 2 (100.00) 17 (89.5)
Cephalosporins 5 (100.00) 7 (100.00) 5 (100.00) 2 (100.00) 19 (100)
Gentamicin 5 (100.00) 7 (100.00) 5 (100.00) 2 (100.00) 19 (100)
Amikacin 5 (100.00) 6 (85.71) 4 (80.00) 2 (100.00) 17 (89.5)
Ciprofloxacin 4 (80.00) 7 (100.00) 4 (80.00) 2 (100.00) 17 (89.5)

Note: 1. Cepholosporins : Ceftriazone, Ceftazidime, Cefotaxime
       2.  Klebsialla spp.: K. pneumoniae (5), K. oxytoca (2).
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In the present study, CDT was found to be the most
sensitive test in detecting carbapenemase producing
organisms compared to DDST and MHT. It was
reported that, sensitivity of MHT was low for NDM-
1 producers (50%) but was increased to 85.7% by
adding ZnSO4 (100 µg/ml) in the culture medium.26

The effect of Zinc might be multiple such as, it acts
by increasing stability of the enzyme or/and by
modifying porin expression.27 But in the present study,
MHT detected 81.82% OXA-181/OXA-48 producers.
It appears that MHT is suitable for OXA-181/OXA-48
producers but not for NDM-1. No phenotypic method
is adequate to detect carbapenemase producers. It may
be concluded that multiple phenotypic methods and
PCR could be the most reliable and acceptable
approach for early and accurate identification of
carbapenemase producers.

The findings of the current study indicate that blaOXA-
181/blaOXA-48 is an emerging cause of carbapenem
resistance in Enterobacteriaceae in Bangladesh in
addition to blaNDM-1. The carbapenemase encoding
genes are often harbored along with other resistance
genes, resulting into multidrug resistance. Colistin was
found as the most effective drug against CPE. But its
clinical application is difficult because of its
neurotoxicity and nephrotoxicity. Tigecycline having
less adverse effects was found to be a highly effective
drug against CPE. In conclusion, the study highlights
the dissemination of carbapenemase producers,
especially NDM-1 and OXA-181/OXA-48 producers
in Bangladesh. Most of the carbapenemase producers
co-harbored ESBL encoding gene CTX-M-15. Rigorous
screening for carbapenemase producers and ESBL
producing organisms is warranted for early diagnosis,
effective management and prevention of its spread in
the hospitals and in community.
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