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Abstract

The objective of this study was to evaluate the incidence of multidrug resistance nodulation-
cell division pump (RND pump) genes and integrons in multidrug-resistant Acinetobacter
baumannii isolated from in-patients in Malaysian hospitals. A total of 43 clinical isolates of
A. baumannii were examined. All samples were found to be 100% resistant to ampicilin
(n=43), ceftriaxone (n=43) and cefuroxime (n=43), followed by augmentin (n=40) and
chloramphenicol (n=40) (93%). Local isolates of A. baumannii were also found to develop
resistance towards the new class of antibiotic-tigecycline (58.14%b). The presence of adeA,
adelJ, adeY RND efflux system genes and integrase gene was assessed by polymerase chain
reaction (PCR). adeY was not detected in any of the samples. However, majority of the iso-
lates (62.7%, n=27) carried adeA and adelJ genes, but not integrase gene. Interestingly, the
isolates harboring these genes also showed the highest level of resistance toward all antibiot-
ics. In addition, 13.9% of the isolates (n=6) did not carry any of the RND genes; while class
1 integrons were only detected in three isolates (7%, n=3), in which all harbored the same
gene cassette aacA4-catB8-aadAl. This suggests the possibility of higher usage of RND efflux
pump genes in antibiotic resistance mechanism for local A. baumannii compared to integron
genes. Besides, the co-presence of adeA and adelJ genes also reveals their possible relation-

ship for antimicrobial resistance in A. baumannii isolates.
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Introduction

Acinetobacter baumannii, a Gram-negative opportunistic
pathogen, is the agent that frequently causes various types
nosocomial infections, including urinary tract infections,
meningitis and bacteremia in hospitalised patients [1-3]. It
has been observed to be resistant to all existing classes of
antibiotics [2], including glycylcyclines; a new class of
modified tetracycline antibiotics [4].

Resistance-nodulation division (RND) family, a member
of active efflux pump mechanism has been known to play
an important role in multidrug resistance in Gram-
negative bacteria. The efflux transporters are organized as
multicomponent system where it is protected by an outer
membrane and the efflux pump works in conjunction with
a periplasmic fusion protein together with an outer mem-
brane protein [5]. To date, five kinds of RND system has
been described in Acinetobacter sp. [6-9]. Indeed, Ade-
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ABC efflux pump is well characterized. The increased
expression of the adeABC genes has led to resistance to
many antibiotics including aminoglycosides, beta-
lactams, chloramphenicol, erythromycin, tetracyclines,
and the dye ethidium bromide [6-10]. However, studies
on the other two RND pump genes, adelJK and adeXYZ
are limited as compared to adeABC. Structural genes for
adelJK have been perceived to contribute to intrinsic low-
level of resistance to several antibiotics in A. baumannii
[11]. The role of AdeXYZ in antimicrobial resistance, on
the other hand, has yet to be ascertained.

Integrons, first described by Stokes and Hall [12], have
strong linkage with multidrug resistance in Gram-
negative bacteria [13]. The association of the integron-
driven capture system with mobile elements such as
transposons and plasmids has facilitated the spread of
antibiotic resistance genes between species significantly.
To date, five distinct classes of integrons have been de-
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scribed [14]. Class 1 integrons are commonly found in
clinical isolates of Gram-negative bacilli, including A.
baumannii [15-16]. In this study, we assessed the distri-
bution of RND pump genes adeA, adel, adeJ and adeY,
and integrase genes in A. baumannii collected from hospi-
tals around peninsular Malaysia, and analyzed their anti-
biotic susceptibility pattern. Such typing can be used to
further characterize isolates and should prove to be very
useful in epidemiological studies.

Materials and Methods

Bacteria strains and growth media

A total of 43 multidrug resistant (MDR) clinical A.
baumannii strains were collected from various hospitals
around Malaysia. These isolates were obtained from
wound (n=10), pus (n=4), sputum (n=8), blood (n=1),
swab (n=9) and others (n=11). The isolates were routinely
grown at 37°C on Luria Bertani (LB) agar.

Antimicrobial susceptibility testing

Antimicrobial susceptibility was determined according to
the Clinical and Laboratory Standards Institute (CLSI)
using the Kirby-Bauer disk diffusion assay on Mueller
Hinton agar (Oxoid, UK) in accordance to the described
method in Cheong et al. [17]. The susceptibility profile
was determined for 15 antibiotics: Amikacin (30 pg),
Amoxicllin/ Clavulanic acid (Augmentin, 3 pg), Ampicil-
lin (10 pg), Ceftazidime (30 pg), Ceftriaxone (30 pg),
Cefuroxime (30 pg), Chloramphenicol (30 pg), Cipro-
floxacin (5 pg), Gentamicin (10 pg), Imipenem (10 pg),
Meropenem (10 pg), Norfloxacin (10 pg), Tetracycline
(30 ne), Tigecycline (15 ne), and
Trimethoprim/Sulfamethoxazole (Co-trimoxazole, 25 pg).
All antibiotic discs were purchased from Oxoid, United
Kingdom.

Preparation of DNA template

Total DNA template was prepared using fast-boiling
method. Overnight bacterial culture was centrifuged at
12,000 rpm for 5 min and pellet was re-suspended with
300 pl of sterile deionized water. The bacterial suspension
was then boiled for 5 min and placed immediately on ice
for another 2 min before before centrifuging at 12,000
rpm for 2 min. The supernatant was aspirated and used for
subsequent polymerase chain reaction.

Amplification of efflux pump genes

The presence of adeA, adel, adeJ and adeY genes of RND
efflux pump system was determined by PCR. The primers
used and their references are listed in Table 1. PCR reac-
tion was performed in a final volume of 25 pl containing
PCR buffer, 2 mM of MgCl,, 0.4 uM of each primers, 0.4
mM of dNTP mix, 1 U of Taq polymerase (Promega,
USA) and 250 ng/ul of template DNA. PCR reaction was
performed in thermal cycler (Biometra, Germany) with
the parameter: initial denaturation 94°C for 5 min, 30 cy-
cles of 94°C for 60 sec, 56°C for 60 sec and 72°C for 60
sec, and a final elongation at 72°C for 7 min. The pres-
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ence and sizes of the amplicons were assessed by electro-
phoresis in 1.5% agarose gels stained with ethidium bro-
mide.

Integrons, gene cassettes amplification and restriction
fragment length polymorphism

Integrons were detected using degenerate primers, hep35
and hep36, which hybridize to the conserved region of
integrase genes intll, intl2, and intl3. Class of integrons
was further determined by performing restriction frag-
ment length polymorphism (RFLP) using Hinfl and Rsal
[18-19]. To detect for the inserted gene cassettes, 5’CS
and 3°CS primers were used to amplify the variable re-
gions of class 1 integrons [19-20]. The amplification pro-
tocol used was: denaturation step at 94°C for 5 min, 30
cycles of 94°C for 30 sec, 55°C for 30 sec and 72°C for 45
sec for integrase gene or 90 sec for amplification of gene
cassette.

Results

Figure 1 shows the antimicrobial susceptibility profiles of
the 43 clinical isolates of A. baumannii. As observed, all
the isolates (100%) were resistant to ampicillin, ceftri-
axone and cefuroxime. This was followed closely by
augmentin and chloramphenicol (93%), tetracycline
(79.1%), amikacin and ceftazidime (74.4%), and gen-
tamicin and meropenem (72.1%). More than 58.1% of the
isolates showed resistance to tigecycline.

In this study, four RND pump system genes (adeA, adel,
adeJ, adeY) and integrons were chosen as the target gene.
The specificity of all primers used was confirmed with
nucleotide sequencing of generated PCR product (data not
shown). From the results obtained, the distribution of
RND pump genes and integrons were classified into six
groups (Table 2). All of the clinical isolates were screened
negative for adeY, indicating its non-existence in A.
baumannii samples. The PCR results also revealed that 29
samples (67.4%) carried adeA, adel as well carried adeJ
genes, indicating that AdeABC and AdelJK could co-
exist in A. baumanii [7, 21].

Out of these 29 samples, a total of 27 (93.1%) samples
did not harbor any integrons (Group 1), but this group
displayed high resistance towards the antibiotics tested
especially ampicillin, ceftriaxone, cefuroxime, chloram-
phenicol. The isolates classified under Group 3 and S5,
which carried only one type of RND efflux genes showed
reduced resistance to most of the antibiotics as compared
to isolates from Group 1. This proved that isolates with
the co-existence of both RND efflux pumps were signifi-
cantly more resistant to all of the tested antibiotics.

Group 4 consisted of the two samples, which were posi-
tive for all adeA, adel, adeJ genes and integrons. As ob-
served in Table 2, the presence of the genes in these sam
ples significantly increased the resistance towards all an-
tibiotics tested significantly. Both the isolates in this
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Figure 1. Analysis of antibiotics susceptibility profiles on 43 clinical isolates of A. baumannii.
AK, amikacin; GN, gentamicin; IMP, imipenem; MEM, meropenem; CAZ, ceftazidime; CXM, cefuroxime; CRO, ceftriaxone;
AM, ampicilin; AmC, amoxicllin/ clavulanic acid (Augmentin); CIP, ciprofloxacin; NOR, norfloxacin; SXT, trimethoprim/
Sulfamethoxazole; TE, tetracycline; C, chloramphenicol; and TGC, tigecycline

Table 1: Primers used in this study.

Gene Sequence Expected Size Sources
(bp)

adeA F:5- ATCTTC CTG CAC GTG TAC AT -3’ 513 [16]
R: 5’- GGC GTT CAT ACT CACTAACC -3’

adel F:5’- ATC GCG CTT GTT GGT TGT AG -3’ 541 [16]
R: 5°- AAG CAC CAG CCG TTA CTG AA-3°

adeJ F:5°- ATT GCA CCA CCA ACCGTA AC-3 453 [16]
R: 5’- TAG CTG GAT CAA GCC AGA TA -3’

adeY F:5’- CAA TCT GCA ACT GCG CTT -3’ 587 [22]
R: 5°- TCA ACA GCT TCT GCG GTA -3’

integrase F:5’- TGC GGG TYA ARG ATB TKG ATT T -3° 491 [18]
R: 5’- CAR CAC ATG CGT RTA RAT -3’

Gene cassette 5’CS: 5’- GGC ATC CAA GCA GCA AG- 3’ variable [20]
3°CS: 5’- AAG CAG ACT TGA CCT GA- 3’

16S rRNA F: 5’- GAC GTA CTC GCA GAA TAA GC -3’ 426 [16]
R: 5’- TTA GTC TTG CGA CCG TACTC -3’
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Table 2. Antimicrobial susceptibility profiles in accordance to group distribution of adeA, adel, adeJ and integron genes in clinical isolates of A. baumannii.

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
Antimicrobial adeA ¥, adeld ,int~ | adeA”, adeld”,int” | adeA ", adeld ~,int” | adeA ™, adeld *,int* | adeA~, adeld ¥, int | adeA™, adelJ ", int*
agents (n=27) (n=5) (n=6) (n=2) - (n=1)
(n=2)
R S R S R S R S R S R S
AK 24 3 1 4 4 2 2 0 0 2 1 0
(88.9%) (11.1%) (20%) (80%) (66.7%)  (33.3%) | (100%) (0%) (0%) (100%) | (100%) (0%)
AmC 26 1 4 1 5 1 2 0 2 0 1 0
(96.3%)  (3.7%) | (80%)  (20%) | (83.3%) (16.7%) | (100%) (0%) | (100%)  (0%) | (100%)  (0%)
AM 27 0 5 0 6 0 2 0 2 0 1 0
(100%) (0%) (100%)  (0%) (100%) (0%) (100%) (0%) | (100%)  (0%) | (100%)  (0%)
CAZ 23 4 1 4 4 2 2 0 1 1 1 0
(85.2%)  (14.8%) | (20%)  (80%) | (66.7%) (33.3%) | (100%) (0%) (50%)  (50%) | (100%)  (0%)
CRO 27 0 5 0 6 0 2 0 2 0 1 0
(100%) (0%) (100%)  (0%) (100%) (0%) (100%) (0%) | (100%)  (0%) | (100%)  (0%)
CXM 27 0 5 0 6 0 2 0 2 0 1 0
(100%) (0%) (100%)  (0%) (100%) (0%) (100%) 0%) | (100%)  (0%) | (100%)  (0%)
C 27 0 2 3 6 0 2 0 2 0 1 0
(100%) (0%) (40%) (60%) (100%) (0%) (100%) (0%) (100%) (0%) (100%) (0%)
CIP 25 2 2 3 4 2 2 0 1 1 1 0
(92.6%)  (74%) | (40%)  (60%) | (66.7%) (33.3%) | (100%) (0%) (50%)  (50%) | (100%)  (0%)
GN 23 4 1 4 4 2 2 0 0 2 1 0
(85.2%)  (14.8%) | (20%)  (80%) | (66.7%)  (33.3%) | (100%) (0%) (0%)  (100%) | (100%)  (0%)
IMP 21 6 1 4 4 2 2 0 0 2 0 1
(77.8%)  (222%) | (20%)  (80%) | (66.7%) (33.3%) | (100%) (0%) (0%)  (100%) | (0%)  (100%)
MEM 24 3 0 5 4 2 2 0 0 2 1 0
(88.9%) (11.1%) | (0%)  (100%) | (66.7%)  (33.3%) | (100%) (0%) (0%)  (100%) | (100%)  (0%)
NOR 23 4 0 5 4 2 2 0 0 2 1 0
(85.2%)  (14.8%) | (0%)  (100%) | (66.7%)  (33.3%) | (100%) (0%) (0%)  (100%) | (100%)  (0%)
TE 25 2 1 4 4 2 2 0 1 1 (50%) 1 0
(92.6%)  (74%) | (20%)  (80%) | (66.7%) (33.3%) | (100%) (0%) (50%) (100%)  (0%)
TGC 18 9 2 3 2 4 1 1 0 2 1 0
(66.7%)  (33.3%) | (40%)  (60%) | (33.3%) (66.7%) | (50%) (50%) (0%)  (100%) | (100%)  (0%)
SXT 21 6 0 5 4 2 2 0 0 2 1 0
(77.8%)  (222%) | (0%)  (100%) | (66.7%) (33.3%) | (100%) (0%) (0%)  (100%) | (100%)  (0%)
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group demonstrated resistance to all antibiotics, except
for tigecycline. Our study revealed that adeA was the
most prevalent RND pump, constituting to 81.4% (35/43)
of the clinical isolates and this was followed closely by
adelJ which constituted 72.1% (31/43).

Only three out of 43 isolates (9.38%) was detected as
class 1 integron positive: two isolates were placed in
Group 4, while another was placed in Group 6. Interest-
ingly, these samples exhibited much higher resistance to
almost all of the antibiotics tested. PCR amplification of
gene cassettes of class 1 integrons successfully generated
amplicons with sizes of 2.3 kb. Nucleotide sequencing
confirmed the presence of gene cassette aacA4-catB8-
aadAl in all three integron-positive isolates of A.
baumannii.

Group 2 comprises of 11.6% of the clinical isolates,
which did not carry any of the adeA, adelJ or integron
genes. Other than the penicillins (i.e. augmentin and am-
picilin) and the cephalosporins (i.e. ceftriaxone and cefu-
roxime), it was observed that more than 60% of the iso-
lates in this group were sensitive to the antibiotics, which
harbored at least one of the genes tested. The results here
confirm the role played by RND genes and integrons in
bacterial multidrug resistance.

Discussion

In this study, adeA gene is shown to be the most prevalent
in our clinical isolates. adeA gene encodes for one of the
proteins that make up the tripartite system of efflux pump
AdeABC. The finding is consistent with several studies,
which showed the high prevalence of AdeABC amongst
A. baumannii strains [22-23]. Both adel and adeJ genes
also encode for component proteins of efflux pump
AdelJK, and they are co-transcribed simultaneously [11].
Here, adel and adeJ were proven to be highly prevalent in
A. baumannii isolated from Malaysian hospitals, and they
were always detected together in the isolates. The organi-
zation of three adjacent adel, adeJ and adeK genes sug-
gests that AdelJK formed an operon that is similar to
AdeABC efflux system [7]. Therefore, the results con-
formed to previous studies [7, 11].

A high percentage of the isolates also harbored both adeA
and adelJ genes, which indicates the co-existence of
AdeABC and AdelJK efflux pumps system in A.
baumannii. This is in line with other studies whereby ma-
jority of the isolates were positive for the presence of both
groups of RND efflux pump and their roles in resistance
development [16]. As expected, the co-existence of adeA
and adelJ genes greatly increased the resistance profile of
the isolates, and thus, signifying their role in antibiotic
resistance development [11]. This study also showed the
increasing resistance toward tigecycline in this region,
and thus conforming to recent studies [24-25].

Although not extensively distributed, the discovery of
class 1 integrons in three of our clinical isolates is still an
interesting find. The existence of the integron alone in the
isolate (Group 6) rendered the isolate resistance to 14 out
of 15 of the antibiotics tested. Similar to most studies,
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only class 1 integrons were detected here. Class 1 inte-
grons are by far the most common class of integrons in
clinical isolates of Gram-negative bacteria [15, 19], in-
cluding A. baumanii [26-29]. Gene cassette array showed
the presence of a 2.3 kb cassette array, aacA4-catB8-
aadAl, in all the integron-positive A. baumannii isolates.
This array is particularly common in A. baumannii
worldwide [29-31]. The high percentage of aacA4-catB8-
aadAl existence in class 1 integrons implicates that this
cassette is the prevalent one among the A. baumannii iso-
lates and the epidemiological relationship to other A.
baumannii strains worldwide. Further studies are required
to determine the clonal relationship with the A. baumannii
strains reported in other countries, and also to determine
if there are mutations occurring inside the gene cassettes
that affect cassette gene expression.

In conclusion, the present work gives a brief description
on the distribution of RND efflux pumps, integrons and
their associated cassette arrays in A. baumannii isolates in
Malaysia. A. baumannii isolates in this study demonstrate
the frequent use of RND efflux pump genes rather than
the acquisition of mobile gene cassette using site-specific
recombination integrons.
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