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ABSTRACT
Introduction: Multidrug resistant (MDR) Acinetobacter baumanii (A. baumannii) strains have
emerged as novel nosocomial pathogens threatening patients’ lives, especially in intensive-
care units (ICUs). This study aims to determine the prevalence of carbapenemase genes and
CTX-M-15 and the resistance pattern of carbapenemase producing isolates.
Methods: A total of 530 clinical specimens were collected from patients suffering from
different infections, antibiotic susceptibility test was performed using kirby-bauer disk diffusion
method. ESβL production was detected phenotypically by double-disc synergy test (DDST).
Carbapenemase production was tested by Modified Hodge Test (MHT). Then, these isolates
were tested for MBL detection by disc potentiation test. Carbapenemase encoding genes (VIM,
IMP, GIM and SPM, OXA-51, OXA-23 and OXA-143) and CTX-M-15 were tested by polymerase
chain reaction (PCR).
Results:Out of 530 samples, 20 bacterial isolates were identified as A. baumannii from different
infectious cases, 35% of isolates were ESBL-producers. Eleven isolates were resistant to imipe-
nem (4 isolates) and meropenem (7 isolates). All carbapenem resistant isolates were MHT
positive. Nine (45%) isolates were confirmed as A. baumannii by OXA-51 (all were carbapenem
resistant). Distribution of IMP, VIM, GIM and SPM, OXA-23, OXA-143 and CTX-M-15 by PCR were
55, 50, 50, 25, 35, 45 and 33% respectively.
Conclusion: The high prevalence of resistance genes and the resistance pattern of the isolates
indicate that the detection of ESBLs and MBLs phenotypically and genotypically with the study
of the resistance pattern of the isolates is critically important for the surveillance of drug
resistance in the hospital environment.
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1. Introduction

Acinetobacter baumannii (A. baumannii) is an aerobic
Gram-negative bacilli and saccharide non-fermenter
[1]. It is widely spread in nature, hospital environ-
ments, skin surface of humans and organs such as
intestinal, respiratory and urinary tract [2]. It is con-
sidered the main pathogen that causes nosocomial
infections as ventilator-associated pneumonia (VAP),
endocarditis, bacteremia, wound infections, meningi-
tis and urinary tract infections in immunocompro-
mised patients and in patients underlying disease
with prolonged hospitalization [3] with arising preva-
lence in ICUs [4]. The multidrug-resistant
A. baumannii (MDRAB) which is resistant to at least
three different classes of antimicrobial agents mainly
beta lactams, aminoglycosides, fluoroquinolones, and
carbapenems causes serious problems in various clin-
ical settings worldwide [5]. This organism has become
increasingly resistant to broad-spectrum cephalos-
porin due to extended-spectrum β- lactamase pro-
duced by it.

Extended spectrum beta lactamases (ESBLs) are
a class of group A beta lactamases which result in
hydrolysis of first, second, and third-generation
cephalosporins but are inhibited by beta-lactamase
inhibitors like clavulanic acid [6]. In Acinetobacter
spp, ESBL genes identified in those species are mostly
of VEB or PER types but TEM, SHV, GES, and CTX-
M derivatives have also been reported [7,8].

The carbapenem antibiotic has been used in the
management of hospital-acquired Gram-negative
infections, because of their broad spectrum of activity
and stability to hydrolysis by most of β lactamases,
including ESBLs. Carbapenem resistance in
A. baumannii is mainly due to the production of
carbapenemases, especially OXA type carbapenem-
hydrolyzing (class D) β-lactamases, which are either
chromosomally located, like as blaOXA-51, which
become expressed only when the insertion sequence
ISAba1 element is inserted upstream of the gene, or
acquired, mostly blaOXA-23-like, blaOXA-24-like and
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blaOXA-58-like subfamilies, and metallo-β-lactamases
(class B; bla-IMP, bla-VIM, bla-NDM) [5].

This study was carried out to determine the pre-
valence of ESBL, carbapenemase and MBL production
in clinical isolates of A. baumannii from Minia hospi-
tals phenotypically and genotypically.

1. Subjects and methods

1.1. Samples collection

Totally 530 clinical samples were obtained from
patients with wound infection, ear infection, chest
infection, burn infection, urinary tract infection, gas-
trointestinal infection and from patients resident in
the intensive-care unit at Minia hospital, Minia, Egypt,
throughout the period from August 2016 to
January 2017.

1.2. Bacterial growth and identification

All samples were cultured on Herellea agar (Himedia,
India) in aerobic conditions at 37°C for 24 h and then
identified by conventional biochemical tests as citrate
test, Catalase test, oxidase, Indole, oxidative fermenta-
tion test, fermentation of galactose, glucose, lactate,
malonate, maltose, mannose, rhamnose, and xylose,
arginine dihydrolase, histidine, leucine, malate, phe-
nylalanine deaminase, and tyrosine hydrolysis tests.
Also, A. baumannii was identified by their growth on
Herellea agar (Himedia, India) showing pale lavender
colonies [9], followed by PCR amplification of
blaOXA-51-like gene

1.3. Antimicrobial susceptibility testing

Antimicrobial susceptibility patterns were determined
by disk diffusion method on Mueller–Hinton agar
(MHA) (Biolab, Hungary) according to CLSI guide-
lines [10]. The following antimicrobial disks (Mast
Diagnostic, UK) were used Azlocillin (75 µg), cipro-
floxacin (5 µg), ampicillin/sulbactam (20 µg), levoflox-
acin (5 µg) cefepime (30 µg), meropenem (10 µg),
aztreonam (30 µg), imipenem (10 µg), polymyxin
B (300 µg), colistin sulfate (10 µg), tigecycline (15
µg), tobramycin (10 µg), ceftazidime (30 µg), amox-
icillin/clavulanic (20/10 µg), carbenicillin (100 µg),
amikacin (30 µg), gentamicin (10 µg), piperacillin
(100 µg), cefoperazone (75 µg).

1.4. Phenotypic detection of extended-spectrum
beta-lactamases (ESBL) production by double-disc
synergy test (DDST)

Detection of the ESBL production by A. baumannii
strains was performed by placing discs of ceftazidime,
cefotaxime, aztreonam, and cefepime (30 µg each) at

a distance of 30 or 20 mm (center to center) from
a disk containing AMC (amoxicillin 20 µg and clavu-
lanic acid 10 µg). ESBL production was inferred when
the cephalosporin zone was expanded by the clavula-
nate. Enhancement of zone of inhibition is indicative
of the presence of an ESBL [11].

1.5. Phenotypic detection of carbapenemases by

1.5.1. Modified hodge test (MHT)
The presence of carbapenemases in A. baumannii iso-
lates was primarily detected using Modified Hodge
test. The diluted culture of Escherichia coli ATCC
25,922 (0.5 McFarland standard) was swabbed on the
surface of Mueller-Hinton agar plates in three differ-
ent directions. Meropenem disc (10 μg) (Oxoid,
Basingstoke, UK) was placed at the center of each
plate. The tested isolates were streaked as a thin line
from the edge of the meropenem disk to the edge of
the plate. Bacterial growth was allowed for 18 h at 37°
C. Indentation in the inhibition zone of E. coli or clove
growth of E. coli around the meropenem disk revealed
a positive MHT which indicates that this isolate is
producing a carbapenemase [12].

1.5.2. Disc potentiation test
Imipenem-resistant isolates were screened for the pro-
duction of MBL. The double disk method was used to
detect this enzyme. Colonies from overnight cultures
on blood agar plates were suspended in Mueller-
Hinton broth and the turbidity standardized to equal
that of a bacterial concentration of 1:100 suspensions
of the 0.5 McFarland standards. Then, the suspension
was streaked onto Mueller-Hinton agar plates (Hi
Media, Mumbai, India). A disc of Imipenem alone
(10 μg) and Imipenem (10 μg) in combination with
EDTA (750 μg/disc) was placed at the distance of
20 mm (Center to Center). After overnight incubation
at 35°C, a ≥ 7 mm increase in the inhibition zone of
diameter around Imipenem-EDTA discs, as compared
to imipenem discs alone, interpreted as indicative of
MBL production [13].

1.6. Molecular detection of blaCTXM-15 like gene

The DNA template was prepared by boiling of suspen-
sion of bacterial pellet for 10 min and directly used in the
polymerase chain reaction (PCR) assay [14]. CTXM (15)
gene was amplified using PCR as follows: DNA sample (1
µl) was added to PCRmix (12.5 µl) including 1 µl each of
forward and reverse primers (CTX- F5ʹ-
CGTCACGCTGTTGTTAGGAA-’3, CTX R5ʹ-
ACGGCTTTCTGCCTTAGGTT-3ʹ). Total volume of
the mixture was 25 µl for each sample. PCR conditions
were set to 95°C denaturation for 5 min, 58°C annealing
for 45 s, 72°C extension for 1min and final extension step
at 72°C for 1 min. A total of 35 cycles were run followed
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by separation of amplified product on 1.5% agarose gel
stained with 10μg/ml ethidium bromide. DNA bands
were visualized using UV transilluminator. 100-bp
DNA ladder was used to assess the expected amplicon
size (780 bp) [15].

1.7. Amplification of carbapenemases encoding
genes

The primers used to amplify the carbapenemases
encoding genes (VIM, IMP, GIM, and SPM) are
shown in table 1 and their sequence is previously
published [16]. DNA sample (1 µl) was added to
PCR mix (12.5 µl) including 1 µl each of forward
and reverse primers for each gene. Total volume of
the mixture was 25 µl for each sample. PCR con-
ditions were set to 95°C denaturation for 5 min,
56°C annealing for45 s, and 72°C extension for 1
min and final extension step was done at 72°
C. A total of 35 cycles were run followed by run-
ning of amplified product on 1.5% agarose gel
stained with 10 μg/ml of ethidium bromide. DNA
bands were visualized as mentioned before.

1.8. Amplification of blaOxa-51, blaOxa-23 and
blaOxa-143 like genes

Oxa-51, OXA-23 and OXA-143 primers (Table 1)
were used to partially amplify the gene encoding the
intrinsic OXA-51-like enzymes and the acquired resis-
tant genes of OXA-23 and OXA-143 gene, respectively
[17,18]. The amplification conditions were, initial
denaturation at 94°C for 5 min 30 cycles of 94°C for
25 s, 52°C for 40 s and 72°C for 50 s, and a final
extension step at 72°C for 6 min.

2. Results

From totally 530 Clinical samples, just 20 isolates were
identified to be A. baumannii (3.8%) according to
cultural characteristics (pale lavender colonies on
Herellea agar) and biochemical reaction results. The

highest distribution of A. baumannii was presented in
patients admitted to Intensive-care unit (ICU) (7.8%),
followed by patients with wound infections (4.8%),
and patients with burns (3.8%) (Table 2).

Among the 19 used antibiotics, A. baumannii was
completely resistant to Ampicillin/sulbactam, amoxicil-
lin/clavulanic and azlocillin, highly resistant to piperacil-
lin, Aztreonam, ciprofloxacin (80%, 60%, and 60%,
respectively). The lowest rate of resistance was shown
against imipenem and polymyxin B (20% each)
(Figure 1).

All β-lactams resistant A. baumanniiwere tested for
ESBLs production. It was found that 7 (35%) of
A. baumannii isolates were positive for ESBLs produc-
tion. These strains were collected from patients with
wound infections (5 strains) and patients resident in
intensive-care unit (two strains) (Table 3).

All imipenem (four isolates) and meropenem (seven
isolates) resistant A. baumannii strains were positive for
MHT in which carbapenemase production was detected
by the appearance of the enhancedEscherichia coliATCC
25,922 growth along with the tested organism that
revealed a clover-leaf-like indentation. On the other
hand, 10 isolates were positive for carbapenemase by
disc potentiation test (four imipenem resistant and six
meropenem resistant strains). Co-production of both
ESBL and MBL was shown in 3/20 (15%) of isolates
(Table 3).

Out of 20 A. baumannii strains, only 6 (30%) of
them harboring CTX-M-15 gene as shown in table 4
and Figure 2. As shown in table (4), out of 20 isolates
(showing pale lavender colonies on Herellea agar),
eleven isolates (55%) of A. baumannii were positive
for bla-IMP while bla-VIM and bla-GIM were found in 10
isolates. In addition, bla-SPM was found in five isolates
(25%). Moreover, all bla−IMP positive isolates were
positive for MHT. Figure 3(a–d) show gel electrophor-
esis for the PCR amplicon of bla-IMP, bla-VIM,bla- SPM

and bla-GIM respectively. Additionally, table 4 shows
that out of 20 isolates showing colonies characteristics
of A. baumannii on Herellea agar, 9 isolates harbored
OXA-51 which confirming A. baumannii species. All
OXA-51 positive strains were found to be positive for
OXA-143 like gene while 7 isolates were positive for

Table 1. List of primers used in this study.

Genes Primers Sequences
Product
size (bp)

blaVIM VIM-F
VIM-R

5'-GATGGTGTTTGGTCGCATA-3'
5'-CGAATGCGCAGCACCAG-3'

390-bp

blaIMP IMP-F
IMP-R

5'GGAATAGAGTGGCTTAATTCTC3'
5'-CCAAACCACTACGTTATCT-3'

188-bp

blaGIM GIM-F
GIM-R

5'-TCGACACACCTTGGTCTGAA3'
5'-AACTTCCAACTTTGCCATGC-3'

477-bp

blaSPM SPM-F
SPM-R

5'-AAAATCTGGGTACGCAAA CG-3'5'-
ACATTATCCGCTGGAACAGG-3'

271-bp

OXA-51 Forward
Reverse

5'-TAATGCTTTGATCGGCCTTG-3'
5' TGGATTGCACTTCATCTTGG-3'

353 bp

OXA-23 Forward
Reverse

5'-GATCGGATTGGAGAACCAGA-3'
5'-ATTTCTGACCGCATTTCCAT-3'

501 bp

OXA-143 Forward
Reverse

+5'-TGGCACTTTCAGCAGTTCCT-3'
5' TAATCTTGAGGGGGCCAACC-3'

149 bp

Table 2. Prevalence of A. baumannii isolated from different
patients in relation to the type of infections.

Type of infection
No. of
samples

No. of
A. baumanii
isolates

% of A.
baumanii

Wound infections 332 16 4.8
Ear infections 57 - -
Burns 26 1 3.8
Urinary tract infections 30 - -
Chest infections 12 - -
Gastro-enteritis 35 - -
Patients attended in Intensive care
unit(from buccal cavity, skin
swab and eye swab)

38 3 7.8

Total 530 20 3.8

6 R. M. ABD EL-BAKY ET AL.



OXA-23. Figure 4(a–c) showed gel electrophoresis for
the PCR amplicon of OXA 51, OXA-23 and OXA-143.
Results represented in table 4 showed that some iso-
lates were resistant to all or most of the tested genes
such as Strain no. Ac11 which was positive for all
tested genes (CTX-M-15, Class B, and class
D carbapenemases) showing resistance to 17 of the
tested antibiotics but sensitive for tigecycline and
colistin sulfate . Another strain, Strain no. Ac14 was
positive for all the tested genes except bla-SPM showing
resistance to 16 antibiotics but susceptible for imipe-
nem, tigecycline, and polymxyin B.

3. Discussion

Acinetobacter baumannii is a common opportunistic
pathogen present in health care setting worldwide.
A. baumannii plays an important role in nosocomial
infections due to its resistance against multiple classes
of antibiotics [19].

Analysis of our results indicated the occurrence of
3.8% A. baumannii infections in all Minia hospitals
from clinical patient specimens. Our results closely
nearer to that obtained by Safwat, Abdelwahab [20]
who reported that A. baumannii does not represent
a major health hazard at MUH (Minia university hos-
pitals), where it represented 5.4% and 5.8% of the

clinical and environmental samples examined. On
the other hand, Sadeghi, Khosravi [21] showed higher
percentage than our results (25.4%) while lower per-
centage (0.95%) was obtained by Kateete,
Nakanjako [22].

The majority of A. baumannii were isolated from
patients resident in Intensive-care unit (7.8%) that
agreed with results obtained by Petrova, Stanimirova
[23] who reported that the greatest number of isolates
was obtained from the Intensive-Care Unit (ICU) and
discussed that Acinetobacter baumannii was one of the
main opportunistic pathogens of ICU infections. As
the majority of patients in ICU are in poor health
owing to various diseases including cardiovascular
disease and diabetes. Also, they are required to remain
in the ICU for a long period of time administering
antibiotics with strong antimicrobial activity and wide
antibacterial spectrum. Additionally, medical histories
of patients including being on a ventilator machine
and undergoing tracheostomy making them are at risk
of obtaining opportunistic infections [24].

In the present study, A. baumannii were completely
resistant to azlocillin, Ampicillin/sulbactam and
amoxicillin/clavulanic while 20% of isolates were resis-
tant to imipenem and polymyxin B. During the last
decade, the emergence of multi-drug resistant
A. baumanii was reported due to the extensive use of
antimicrobial agents worldwide in intensive-care units
(ICUs). Carbapenems were considered the last resort
for treating infections associated with multi-drug
resistant strains due to its ability to be stable against
ESBL and Ampc β-lactamases [8]. Few years ago,
carbapenem-resistant strains emerged due to the
extensive use of these antibiotics. Furthermore, the
inter-hospital dissemination of resistant strains in the
absence of strict infection controls measures.
Carbapenem resistance was found to be associated
with high mortality rate and resistance to other classes
of antibiotics such as aminoglycosides and quinolones
[25]. Dias, Resende [26] reported that absolute resis-
tance was shown by A.baumannii against imipenem,

Figure 1. Antibiotic resistance pattern of the isolated Acinetobacter baumannii.

Table 3. Distribution of ESBLs and MBL production among
A. baumannii strain.

ESBLs MBL

Type of infection
Resistant A.baumannii to

β-lactams No. % No. %

Wound
infections

16 5 31.3 9 56.25

Burns 1 - - 1 100
Patients reisdent
in Intensive
care unit(from
buccal cavity,
skin swab and
eye swab)

3 2 66.7 1 33.3

Total 20 7 35 11 55
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meropenem, ceftazidime, cefepime, and ciprofloxacin
but in our study, low resistance rate for meropenem
and imipenem, high resistance rate for ceftazidime
and cefepime was observed. Furthermore, they
showed that Tigecycline was the most effective anti-
biotics against A. baumannii but we reported that
imipenem and colistin were the most effective anti-
biotic [27].

Carbapenemases represent three classes of β-
lactamases. The three classes are Ambler class A and

D carbapenemase (serine carbapenemases) and class
B carbapenemases (zinc dependent) which are inhib-
ited by metal chelators, such as EDTA and are called
metallo- β-lactamases (MBLs). Metallo-β-lactamases
(MBLs) enzymes are able to hydrolyze all β-lactam
antibiotics with the exception of monobactams.
Genes encoding theses enzymes may be plasmid
mediated or chromosomally mediated. The most com-
mon MBLs enzymes are belonged to VIM, IMP, SPM,
GIM, SIM and NDM families [28,29]. On the other

Figure 2. PCR amplicons of A. baumannii strains CTX-M-15 gene. Lanes order is as follows: marker (100 bp); isolates number.

Figure 3. PCR amplicons of carbapenemases encoding genes in A. baumannii strains.
A: IMP gene. B: VIM gene C:SPM gene D:GIM gene
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hand, ESBLs production is considered as important
mechanisms of resistance and their association with
MBLs increases the level of resistance. Phenotypic
methods for the detection of ESBL and MBL that
were used in this study were double-disc synergy test
(DDST), modified Hodge test (MHT), and combined
disc diffusion test using imipenem or meropenem and
EDTA.

High incidence of ESBLs production by
A. baumannii was reported by many studies [30–32]
but lower rate was shown in our study (35%).
Carbapenem-resistant isolates were tested for carba-
penemase enzyme production by MHT and Disc
potentiation test, it was found that all (11 isolates)
carbapenem-resistant isolates were MHT positive
that agreed with results obtained by Petrova,
Stanimirova [23] who reported that out of 43
A. baumannii, 42 (97.7%) isolates were positive for
carbapenemase production using MHT while 10 iso-
lates were found to be positive by disc potentiation test
(10/11, 90.9%). Many studies agreed with our results
[31,33,34]. Differences in the prevalence of ESBL and
MBL-producing A. baumanni strains seem to be the
result of the variation among different patients studied
and different rates of antibiotic uses in different
hospitals.

Table 4 shows the distribution of the tested genes
encoding ESBLs (CTX-M-15), Class B Ccarbapenemase

(IMP, VIM, GIM, SPM like genes) and class
D Oxacillinases (OXA-51, OXA-143, OXA-23 like
genes) and their resistance pattern. As there are some
oxacillinase genes are expressed naturally in
A. baumannii, bla-OXA-51 is used for confirming
A. baumannii [17]. Our results showed that nine iso-
lates were confirmed to be A. baumannii (bla-OXA-51
positive). All confirmed isolates were positive for OXA-
143 and seven isolates were positive for OXA-23.
Higher incidence rate of bla OXA-51 (94%) positive
A. baumanii was reported by Shahcheraghi,
Abbasalipour [35] and Woodford, Ellington [36]
(93%). On the other hand, Safwat, Abdelwahab [20]
reported that blaoxa-51-like gene was found in 4/48 pus
samples (8.3%) that did not show pale lavender colonies
on herellea agar and in 8 pus samples (16.7%) showing
pale lavendar colonies on herellea agar, which is lower
than our result. It was found that the presence of OXA-
51 has weak carbapenemase activity and it causes
increase in A. baumanii when it was overproduced.
So, A. baumanii resistance to carbapenem required
the presence of the other acquired oxacillinases as
OXA-23, OXA-143, OXA-24. OXA-143 enzyme (Class
D carbapenem-hydrolyzing enzyme) in Acinetobacter
baumannii was firstly described by Higgins, Poirel [37].
Furthermore, Neves, Clemente [38] found that OXA-23
was the most common acquired cabapenemase (51.2%)
followed by OXA-143 (18.6%) among carbapenem-

Figure 4. PCR amplicons of Oxa carbapenemase in A. baumannii strains.
(a) OXA-143 gene; (B) OXA-51gene.; (c) OXA- 23 gene
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resistant Acinetobacter baumanii which confirm their
important role in carbapenem resistance. In this study,
OXA-143 was the most common followed by OXA-23.
High prevalence of OXA-143 and OXA-23 was also
reported by Antonio, Neves [39] (58.3%) and
Mostachio, Levin [40] (76%). CTX-M-15 was found in
4/9 isolates that play a role in the increase in the level of
resistance in association with otherOXA genes. Hakemi
Vala, Hallajzadeh [41] detected that out of 28
Acinetobacter baumannii isolates, 3 (10.7%) were posi-
tive for CTX-M-15.

Our study reported that bla-IMP was the most pro-
minent carbapenemase gene (55%) followed by
bla−VIM, bla−GIM (50% each) and bla−SPM (25%) but
lower percentage of isolates harboring bla-IMP was
shown by Kazi, Nikam [42]. Amudhan, Sekar [43]
indicated that out of the 116 A. baumannii isolates,
54 (46.5%) were bla VIM/blaIMP producers that are
close to our study.

Safari, Mozaffari Nejad [44] reported that 30% of
100 A. baumannii isolates were confirmed to harbor
the blaVIM-family genes but the other genes including
bla-IMP Family, bla- SPM-1, bla- SIM-1 and bla- GIM-1

were not be detected. On the other hand, lower per-
cents for both bla-IMP (3.48%) and bla-IMP, bla-VIM
(17.44%) were reported by . Also, Erfani, Yaghuobi
[45] reported higher percents for bla-VIM (60.4%) but
they did not found any isolate that was positive for
bla-IMP. It seems that the pattern of resistance over
different years and the results of geographically differ-
ent countries are effective factors in these variations.

Furthermore, we observed that there were some
strains (strain no. 11, 14 and 17) that were isolated
from the same source (Minia University hospital, ICU
and Surgery unit) carrying CTX-M-15 gene in associa-
tion with class B and class D β-lactamases. In addition,
these isolates showed resistance to most of the tested
antibiotics which is an alarm for the possibility of the
dessimination of resistance among different bacteria in
the hospital environment by the horizontal gene trans-
fer in the absence of strict infection control measures.

4. Conclusion

Our results revealed a high level of antimicrobial resis-
tance among the studied clinical isolates of A. baumanii.
The prevalence of β-lactamase-producing isolates and
their isolation from life-threatening infections is increas-
ing at an alarming rate worldwide. Detection of ESBLs
and MBLs phenotypically and genotypically with the
study of the resistance pattern of these isolates is critically
important for the surveillance of drug resistance in the
hospital environment.
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