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ABSTRACT

The capability of carbapenemase production is one of the chief mechanisms for the development of multidrug-resistance (MDR) and extensively drug-
resistance (XDR) in Acinetobacter baumannii. The aim of this study was to detect the prevalence of different types of carbapenemases produced by
carbapenem-resistant Acinetobacter baumannii in Tanta region. Out of 1223 clinical samples, collected from Tanta University teaching hospitals, a
total of 69 (5.6%) Acinetobacter baumannii isolates were recovered as identified by standard biochemical tests as well as polymerase chain reaction
(PCR) technique that detect the intrinsic blaoxa-si-ike gene. Susceptibility to various antimicrobials was performed by disc diffusion method and revealed
multiple (1-15) drug resistance of all isolates. Nevertheless, colistin was effective against all tested isolates. A total of 31 out of 69 (44.9%) isolates
were imipenem resistant. These isolates, which included 6 (19.4%) MDR and 25 (80.6%) XDR, were selected for further study. Detection of
carbapenemases production by both phenotypic and genotypic techniques was performed and all the imipenem resistant Acinetobacter baumannii
isolates (IMRAb) were found carbapenemases producers. These carbapenemases included metallo-B-lactamases, blaoxa-23type and blaoxa-ss-ype
carbapenemases detected in 100% (31/31), 71% (22/31) and 13% (4/31) of these isolates, respectively. Our findings highly recommend careful
monitoring for the presence of carbapenem-resistant MDR or XDR Acinetobacter baumannii among hospitalized patients especially because some of

the detected resistance genes are known to be located on a plasmid which could facilitate resistance dissemination.
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INTRODUCTION

Acinetobacter baumannii has become a significant and worrying
pathogen in hospitals worldwide, and nosocomial outbreaks have
been reported due to multidrug-resistant strains, mostly in the
intensive care units and burn units'. Acinetobacter baumannii is
often related to nosocomial pneumonia, bloodstream, urinary
tract, nosocomial meningitis, and wound infections’.
Carbapenems are powerful broad-spectrum fB-lactam antibiotics
that are widely regarded by clinicians as “last-line” antibiotics,
particularly for the management of critically ill patients and/or
those with antimicrobial-resistant 4. baumannii infections.
Unfortunately, the increased clinical use of these drugs has led to
the evolution of resistant strains*. Carbapenem-resistant A.
baumannii has become a problematic nosocomial pathogen
globally>. If one of these resistant isolates gained access to the
hospital, it is difficult to eliminate, as the hospital environment
favors its growth and transmission either by colonizing or
infecting healthcare workers or living on surfaces within bacterial
biofilms guarding it against the effects of common disinfectants®.
Different mechanisms including loss of outer membrane protein,
change of penicillin-binding protein, carbapenem-hydrolyzing
enzymes and efflux pump are involved in carbapenem resistance
in A baumannii’. However, production of carbapenem-
inactivating enzymes belonging to metallo-beta-lactamases
(MBLs) and the Class D carbapenemases oxacillinases (OXA
enzymes) are the main mechanisms of resistance in 4. baumannii
worldwide®. Our study focused on the assessment of the
antimicrobial resistance profile and prevalence of different types
of carbapenemases enzymes in A. baumannii isolates from
hospitalized patients in Tanta region.

MATERIALS AND METHODS
Ethics statement

All experiments were conducted according to national and
international ethical standards. The experimental protocols,
including sample collection from Tanta University teaching
hospitals, and consent forms, were revised and approved by the
Research Ethics Committee, Faculty of Pharmacy, Tanta
University, Egypt.

Bacterial isolates

During the period from April 2014 to July 2017, sixty-nine A.
baumannii isolates were recovered from various clinical samples
obtained from 1223 hospitalized patients admitted to different
departments of Tanta University teaching hospitals.

Bacterial identification

Our isolates were primarily identified at the genus level by
conventional biochemical tests including oxidase, catalase,
indole, motility, and sugar fermentation tests followed by using
API™ 20 NE identification system (Bio Mérieux, France).
Identification of 4. baumannii isolates at the species level has
been based on polymerase chain reaction (PCR) amplification of
the intrinsic blaoxa-si-iike gene, a 353-base-pair (bp) amplicon.
Genomic DNA for PCR was extracted by the boiling method as
previously described’. The used primers (Thermo Scientific,
USA) were Forward 5-TAA TGC TTT GAT CGG CCT TG-
3"and Reverse 5'-TGG ATT GCA CTT CAT CTT GG-3'. The
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amplification reaction was carried out in a final volume of 25 pl
with 12.5 pl of 2X PCR master mix, 2 pl of genomic DNA
extract, 1 pl of each primer, and 8.5 pl of nuclease-free water.
PCR conditions were programmed as follows: initial denaturation
at 94°C for 5 minutes, followed by 33 cycles of denaturation at
94°C for 25 seconds, annealing at 55°C for 40 seconds and
extension at 72°C for 50 seconds, and a final extension at 72°C
for 6 minutes. Storage temperature was 4°C. The PCR products
were separated by electrophoresis using 1.5% agarose gel then
visualized under UV gel documentation system after staining
with midori green dye'®.

Anti-microbial susceptibility testing

Testing of susceptibility to various antimicrobial agents was
performed by disc diffusion in Mueller-Hinton agar (MHA)'! and
results were interpreted according to guidelines of the Clinical
Laboratory Standard Institute (CLSI 2016). Bacterial suspension
at a turbidity equivalent to 0.5-McFarland standard was
inoculated on a MHA plate. The used antimicrobial discs (Oxoid,
England) included: piperacillin 100 pg, piperacillin-tazobactam
100/10 pg, ampicillin-sulbactam 10/10 pg, cefepime 30 pg,
ceftazidime 30 pg, ceftriaxone 30 pg, cefotaxime 30 pg,
imipenem 10 pg, tobramycin 10 pg, amikacin 30 pg, tetracycline
30 pg, ciprofloxacin 5 pg, levofloxacin 5 pg, gatifloxacin 5 pg,
trimethoprim/sulfamethoxazole 1.25/23.75 pg, and colistin 10

ng.
Phenotypic screening of carbapenemases production

All imipenem resistant 4. baumannii (IMRAb) isolates were
screened for carbapenemases production by modified Hodge test
(MHT)'2. The surface of a MHA plate was inoculated with a lawn
of carbapenem susceptible Escherichia coli strain (ATCC 25922)
using a sterile cotton swab. After drying, a 10-pug imipenem disc
was placed at the center of the plate according to the standard disc
diffusion method. In a straight line, tested isolates were streaked
from the edge of the disc to the periphery of the plate and
incubated at 35 + 2°C for 16-24 hours. Up to four isolates can be
tested on the same plate with one drug disc. After incubation,
plates were examined for a characteristic clover leaf-like
indentation (positive test) of the E. coli (ATCC 25922) growing
along with the tested isolate growth streak within the disc
diffusion zone.

Phenotypic screening of metallo-f-lactamases production

Ethylene diamine tetraacetic acid-combined disc test (EDTA-
CDT) was performed for detection of MBLs production among
all carbapenemase producing A. baumannii isolates. Briefly, an
overnight culture suspension of the test isolate equivalent to a 0.5
McFarland was inoculated on a MHA plate. Two 10 pg imipenem
discs were positioned within a center-to-center distance of 4-5 cm
on a dried agar plate and 10 ul of 0.5 M EDTA was added to one
of the discs. Following overnight incubation at 37°C, the
inhibition zone diameters were determined and if the diameter of
the zone around the disc to which the EDTA was added increased
by > 7 mm in diameter compared to the inhibition zone around
the imipenem disc, this was interpreted as a positive test result'>.

Genotypic detection of class d B-lactamases using duplex pcr

Amplification of the resistant determinants blaoxa-23-ike and
blaoxa-ss-ike  genes  encoding OXA-23 and OXA-58
carbapenemases was performed using total DNA extract (boiled
suspension of bacterial cells) of each tested carbapenemase
producing A. baumannii isolates using duplex polymerase chain
reaction (dPCR) technique. The primers sequences (Thermo

Scientific, USA) were OXA-23-F (5'-GAT GTG TCATAG TAT
TCG TCG-3") and OXA-23 R (5'-TCA CAA CAA CTA AAA
GCA CGT-3') and OXA-58 F (5'-CGA TCA GAA TGT TCA
AGC GC-3') and OXA-58 R (5'-ACG ATT CTC CCC TCT GCG
C-3"). The amplification reaction was carried out in a final volume
of 25 pl with 12.5 pl of 2X PCR master mix, 2 pl of total DNA
extract, 1 pl of each forward primer, 1 pl of each reverse primer
and 6.5 pl of nuclease-free water. Amplification was performed
using the following thermocycler conditions: initial denaturation
at 94°C for 5 minutes, followed by 30 cycles of denaturation at
94°C for 25 seconds, annealing at 52°C for 40 seconds and
elongation at 72°C for 50 seconds, and a final extension at 72°C
for 6 minutes'?. Storage temperature was 4°C. PCR products were
separated with electrophoresis in 1.5% agarose gel and visualized
under UV gel documentation system after staining with midori
green dye.

RESULTS AND DISCUSSION

A total of 69 A. baumannii isolates were recovered from different
clinical samples obtained from 1223 hospitalized patients
admitted to different departments of Tanta University teaching
hospitals. The isolates which were morphologically consistent
with 4. baumannii (i.e. oxidase-negative, catalase-positive,
indole-negative, nonmotile, and glucose and lactose non-
fermenting when inoculated onto Kligler Iron Agar) were further
confirmed using API™ 20 NE identification system'>16. All
isolates were positive for blaoxa-siike gene, an intrinsic
component of the species'?. Susceptibility testing to different
antimicrobials revealed 100% resistance to piperacillin, 88.4%
(61/69) to 3rd generation cephalosporins (ceftriaxone and
cefotaxime), 87% (60/69) to ceftazidime, 85.5% (59/69) to
cefepime, 76.8% (53/69) to piperacillin/tazobactam, 73.9%
(51/69) to ampicillin/sulbactam and 44.9% (31/69) to imipenem.
A relatively high resistance rate to fluoroquinolones was
observed, where resistance rate to ciprofloxacin, levofloxacin,
and gatifloxacin was exhibited by 92.8% (64/69), 85.5% (59/69)
and 71% (49/69) of the isolates, respectively. Regarding the
aminoglycosides, the resistance rates to amikacin and tobramycin
were 69.6% (48/69) and 31.9% (22/69), respectively. The
resistance rate to trimethoprim/sulfamethoxazole and tetracycline
was 75.4% (52/69) and 27.5% (19/69), respectively. However, no
colistin resistant isolate was detected. Heterogeneous resistance
patterns were observed, and all isolates exhibited resistance to 1-
15 of the tested antimicrobials. As reported by Magiorakos et al.
(2012), isolate that showed resistance to at least one agent in three
or more antimicrobial categories was considered multi-drug
resistant (MDR). The isolate that showed resistance to at least one
agent in all but two or fewer antimicrobial categories (i.e.
bacterial isolates remain susceptible to only one or two
categories) were considered extensively drug-resistant (XDR)!.
Accordingly, out of 69 tested, 35 (50.7%) and 27 (39.1%) isolates
exhibited MDR and XDR profiles, respectively. Only the 31
IMRAD isolates were selected for further study. These isolates
included 6 (19.4%) and 25 (80.6%) isolates that exhibited MDR
and XDR profiles, respectively. Basustaoglu et al. (2001) in
Pakistan; found that MDR and XDR profiles were exhibited by
82.4% and 65.0% of tested A. baumannii isolates, respectively'®.
All 31 (100%) IMRADb isolates evidenced phenotypic
carbapenemases activity using MHT. Metallo B-lactamases
production was detected in 100% of IMRADb isolates using
EDTA-CDT. Previous reports stated that Carbapenemases and
MBLSs production among A. baumannii ranged from 49% up to
99%!%2!, Among 31carbapenemase-producing A. baumannii
isolates, 22 (71%) and 4 (13%) were harboring blaoxa-23-like and
blaoxa-ss-iike, respectively as detected by dPCR technique (Figure

D).
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Figure 1: Caption

A representative electropherogram of PCR amplified products of blaoxa-23-ike and blaoxa-ss-iike genes extracted from carbapenemase-producing
Acinetobacter baumannii isolates. First lane, M; 1Kbp DNA ladder. Lanes 1-19; amplified products of tested isolates. The amplicons of the
genes are on the predicted size of blaoxa-ss-ike and blaoxa-23-ike at approximately 528 and 1058 bp, respectively

Interestingly, either blaoxa-23-iike OF blaoxa-ss-like carrying IMRADb
isolates were XDR, with co-presence of these two resistance
genes in one XDR isolate. On the other hand, blaoxa-23-ike OF
blaoxa-ss-iike genes were totally undetectable in 6 IMRAD isolates
which  exhibited MDR  profile. = The OXA-23-type
carbapenemase-producing 4. baumannii are  becoming
increasingly widespread, with reports emerging from USA,
Europe, Asia, Australia, Africa, and the Middle East?. In 2013,
blaOXA.B.uke and blaOXA,5g.1ike were identified in 72% and 20% of
studied carbapenem-resistant A. baumannii isolates in two
Egyptian centers?®. The emergence and subsequent dissemination
of carbapenem-resistant 4. baumannii, represent a global public
health threat for which there is as yet no clear solution.

CONCLUSION

Acinetobacter baumannii isolates showed high resistance rate to
most of the available antimicrobial agents. All IMRAD isolates
exhibited MDR / XDR profile and were found to produce
different carbapenemases including MBLs and OXA enzymes.
These enzymes exhibit a wide spectrum of hydrolysis activity
against various B-lactams. Therefore, careful monitoring for the
presence of XDR A. baumannii among hospitalized patients is
highly recommended to avoid wide dissemination of antibiotics
resistance and to limit the indiscriminative use of cephalosporins
and carbapenems in the hospitals. Empirical treatment of
infections using carbapenems should be restricted and given only
on the basis of clinical signs and laboratory parameters. Colistin
should be reserved as the last choice to treat infections caused by
such problematic pathogen.
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