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Abstract

Background:Antimicrobial resistance in multidrug-resistantAcinetobacter baumannii(MDR-AB) isolated from burn
wound infections is a major concern in intensive care or burns units worldwide, and molecular studies are
considered critical strategies for control of MDR-AB outbreaks in this regard. Thus, in this study, antibiotic resistance,
biofilm-forming ability, molecular epidemiology of MDRA. baumanniistrains recovered from patients with burns
were investigated in three major hospital centers of Iran.

Methods: In this cross-sectional research, 163 non-repetitiveA. baumanniistrains were tested for susceptibility to
antimicrobial agents. Polymerase chain reaction (PCR) was performed to characterize ambler classes A, B, and D� -
lactamases, ISAba1and integrons, biofilm formation was also investigated. Clonal relatedness was analyzed using
Pulsed-Field Gel Electrophoresis (PFGE).

Results:Among 163A. baumanniistrains collected, 94.5% of them were Carbapenem-Non-SusceptibleA.
baumannii(CNSAB) and also 90.1 and 52.2% of them were Metallo-� -Lactamases (MBL) and Extended-Spectrum� -
Lactamases (ESBL) producing isolates, respectively. Colistin and polymyxin B exhibited excellent activity against
CNSAB strains. High prevalence ofblaOXA� 23-like(85.1%),blaVIM(60.5%),blaPER� 1 (42.3%),tetB(67.8%), and Class 1
integrons (65.6%) were identified in CNSAB strains. ISAba1element was associated with 42 (25.8%) and 129 (98.5%)
of blaOXA-51-likeand blaOXA-23-likegenes, respectively. 6 clusters with the ability to form strong biofilms were found to
be dominant and endemic in our entire areas.

Conclusions:Results of the present study show that antimicrobial resistance in CNSAB isolates from burn wound
infections in monitored hospitals in Iran is multifactorial, and also findings of the study suggested that local antibiotic
prescription policies should be regularly reviewed, and efficient infection control measures should be observed.
Therefore, further strengthening of surveillance of antimicrobial resistance is urgently needed in these regions.
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Background
Acinetobacter baumannii is a frequent cause of nosoco-
mial infections in burn patients and has remained an
important opportunistic pathogen responsible for increas-
ing rates of morbidity and mortality due to infection in
developing countries [1, 2]. Dissemination of MDR A. bau-
mannii causes a global public health challenge. Antibiotic
treatment of Acinetobacter baumannii (A. baumannii)
infections plays an essential role in reducing prevalence and
death rates, but about half of strains of A. baumannii in
many parts of the world are now resistant to multiple drugs
[3]. Prevalence of carbapenemases, cephalosporinase
(AmpCs), Extended-Spectrum β-Lactamases (ESBLs), and
Metallo-β-Lactamases (MBLs) producing A. baumannii is
rapidly increasing and conventional antibiotic therapeutics
have become increasingly inefficient [3, 4]. Coexistence of
various antibiotic resistance mechanisms including extru-
sion of drugs by active efflux pumps (encoded by various
tet genes), Carbapenem-Hydrolyzing Class D β-Lactamases
(CHDLs) (OXA-23, OXA-24/40, OXA-58, OXA-143, and
OXA-235), MBLs (IMP, VIM, NDM, SPM, GIM, and
SIM), ESBLs (PER, TEM, SHV,and CTX), contributes to
the increase in the number of MDR- AB strains [3, 5].
Multidrug resistance conferred by ESBLs and MBLs genes
has recently been raised around the world among
Carbapenem-Non-Susceptible A. baumannii (CNSAB)
strains, and also these resistance genes can be harbored by
a transferable plasmid containing integrons or Insertion
Sequence (IS) elements into chromosome becoming widely
disseminated among other strains, and conferring resist-
ance to almost all β-lactam antibiotics [3, 6]. Recently,
much attention has been focused on biofilm formation in
A. baumannii, because microbial cells grown in biofilms
are less sensitive to antimicrobial agents and more persist-
ent to environmental conditions such as intubation tubes,
catheters, and cleaning instruments [7, 8].
Drug resistance in CNSAB can result from many

mechanisms such as extrusion of drugs by active efflux
pumps, decrease in cellular permeability, biofilm forma-
tion, and overexpression of drug-modifying and -inacti-
vating enzymes or target modification by mutation [9].
There are few studies conducted in Iran on coexistence
of different antibiotic resistance mechanisms with the
ability to form biofilms in multidrug-resistant Acineto-
bacter baumannii isolated from burn wound infections,
and there is relatively few information on diversity of
these strains. Nowadays, understanding molecular charac-
teristics of various antibiotic resistance mechanisms along
with molecular epidemiology analysis in regions with high
prevalence rates of MDR A. baumannii infection plays an
essential role in developing therapeutic strategies and
controlling MDR-AB outbreaks, both in community and
hospitals [1, 7, 10]. Among molecular typing methods,
Pulsed-Field Gel Electrophoresis (PFGE) is usually

considered gold standard for epidemiological typing of A.
baumannii [6]. Therefore, this study was carried out to
determine antimicrobial susceptibility profiles, biofilm-
forming ability, resistance determinants, and clonal related-
ness among MDR A. baumannii strains recovered from
patients with burns in Iran.

Methods
Bacterial isolates
In this cross-sectional research, a total of 163 non-repetitive
A. baumannii strains were recovered from January 2016 to
July 2018, from burn wound infections of hospitalized pa-
tients in three major hospital centers in Iran, including
Markazi (central of Iran, Valiasr Hospital), Khuzestan
(southwest of Iran, Taleghani hospital), and Kermanshah
(west of Iran, Imam Khomeini hospital).
Isolates were initially identified using the API 20 NE kit

(bioMérieux, Marcy-l’Etoile, France) and then confirmed
as A. baumannii by PCR/sequencing for the intrinsic
blaOXA-51-like gene described previously [10]. According to
the Clinical Laboratory Standards Institute (CLSI), follow-
ing quality control strains were used as reference strains:
A. baumannii ATCC 19606, Pseudomonas aeruginosa
ATCC 27853, and Escherichia coli ATCC, 25922.

Antimicrobial susceptibility testing
Susceptibility to the following antimicrobial agents were
determined on the Mueller–Hinton agar (Merck,
Germany) by Kirby Bauer disc diffusion method as per
Clinical and Laboratory Standards Institute (CLSI, 2017)
guidelines [11]: ceftazidime (30 μg), cefotaxime (30 μg),
cefepime (30 μg), ceftriaxone (30 μg), tobramycin (10 μg),
gentamicin (10 μg), amikacin (30 μg), levofloxacin (5 μg),
ciprofloxacin (5 μg), gatifloxacin (5 μg), co-trimoxazole
(1.25/23.75 μg), rifampin (5 μg), ampicillin-sulbactam
(10 μg/10 μg), piperacillin-tazobactam (100 μg/10 μg), pi-
peracillin (100 μg) (MAST, Group Ltd., Merseyside, UK).
The susceptibility testing to imipenem, meropenem, co-
listin, polymyxin B, doxycycline, minocycline, and tetra-
cycline was carried out using the broth microdilution
method according to CLSI instructions and breakpoint
criteria [12]. The phenotype(s) of A. baumannii isolates
were categorized as multidrug-resistant (MDR) when
they are “non-susceptibility to at least one agent in three
or more antimicrobial categories”, extensively drug-
resistant (XDR) means “non-susceptibility to at least one
agent in all but two or fewer antimicrobial categories”,
and pan drug-resistant (PDR) when they are “non-sus-
ceptible to all agents in all antimicrobial categories” [4].

Phenotypic detection of ESBLs
The isolates were screened for identification of ESBL pro-
duction by adopting a modified double disc synergy test.
As previously described, the antibiotic discs of ceftriaxone
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(30 μg), ceftazidime (30 μg), cefepime (30 μg), Amoxicillin/
clavulanic acid (20/10 μg) and aztreonam (30 μg) were
used [13].

Phenotypic detection of carbapenemase and MBL
positive isolates
Carbapenemase production was recognized using modi-
fied Hodge test according to Clinical and Laboratory
Standard Institute instructions [11]. For the identifica-
tion of MBL production, all the isolates resistant to imi-
penem and/or meropenem were tested by E-test MBL
strips (AB Biodisk, Solna, Sweden) as per the manufac-
turer’s instructions.

Phenotypic detection of efflux pump activity
Efflux pump activity was determined by the broth micro-
dilution method for tetracyclines resistant isolates ac-
cording to previous studies [14]. MICs of tetracycline,

doxycycline, and minocycline were determined in the
presence of the following efflux pump inhibitors (EPIs):
phenyl-arginine-β-naphthylamide (PAβN) and carbonyl
cyanide 3-chlorophenylhydrazone (CCCP) (Sigma-Al-
drich Co. St. Louis, USA). A 4-fold or more significant
decrease in the MIC values in the presence of EPIs was
defined as significant inhibition.

DNA extraction and polymerase chain reaction assay
DNA templates of isolates were extracted and prepared by
QIAamp DNA Mini Kit (Qiagen, Hilden, Germany) ac-
cording to the manufacturer’s protocol. Concentrations
and purity of DNA were determined by NanoDrop one
(Thermo Scientific NanoDrop, United States) at 260 nm,
and used as a template in PCR technique. Nucleotide se-
quences of primers used in the study are listed in Table 1.
The PCR reactions were prepared in 20 μl total reac-

tion mixture volume by comprising 10 μl of Taq DNA

Table 1 Primers sequences used in this study

Primers Forward sequence Reverse Sequence Annealing Temperature
(°C)

Expected size
(pb)

Reference

OXA-51 TAATGCTTTGATCGGCCTTG TGGATTGCACTTCATCTTGG 52 353 [10]

OXA-23 GATCGGATTGGAGAACCAGA ATTTCTGACCGCATTTCCAT 52 501

OXA-40 GGTTAGTTGGCCCCCTTAAA AGTTGAGCGAAAAGGGGATT 52 246

OXA-58 AAGTATTGGGGCTTGTGCTG CCCCTCTGCGCTCTACATAC 52 599

OXA-143 TGGCACTTTCAGCAGTTCCT TAATCTTGAGGGGGCCAACC 52 149

ISAba1 CACGAATGCAGAAGTTG CGACGAATACTATGACAC 50 548

ISAba1+ OXA-
23

GTGTCATAGTATTCGTCG ATTTCTGACCGCATTTCCAT 50 875

ISAba1+ OXA-
51

CAAGGCCGATCAAAGCATTA GTGTCATAGTATTCGTCG 50 359

OXA-253 TTGTTGCCTTTACTTAGTTGC CAAAATTTTAAGACGGATCG 56 768 [2]

GES ATGCGCTTCATTCACGCAC CTATTTGTCCGTGCTCAGG 55 860 [1]

PER-1 ATGAATGTCATTATAAAAG TTGGGCTTAGGGCAG 45 920 [15]

VEB-1 ATGAAAATCGTAAAAAGGATATT TTATTTATTCAAATAGTAATTCC 48 900

CTX� M ATGATGACTCAGAGCATT
CGCCGCT

TCAGAAACCGTGGGTTACGATT
TTCG

70 876

TEM AAACGCTGGTGAAAGTA AGCGATCTGTCTAT 45 752

SHV ATGCGTTATATTCGCCTGTG TGCTTTGTTATTCGGGCCAA 60 753

VIM TTTGGTCGCATATCGCAACG CCATTCAGCCAGATCGGCAT 66 500

GIM TCAATTAGCTCTTGGGCTGAC CGGAACGACCATTTGAATGG 53 729

IMP GTTTATGTTCATACWTCG GGTTTAAYAAAACAACCAC 45 188

SIM TACAAGGGATTCGGCATCG TAATGGCCTGTTCCCATGTG 58 741 [16]

NDM� 1 GGTTTGGCGATCTGGTTTTC CGGAATGGCTCATCACGATC 52 621 [1]

tet A GTAATTCTGAGCACTGTCGC CTGCCTGGACAACATTGCTT 62 954

tet B CTCAGTATTCCAAGCCTTTG ACTCCCCTGAGCTTGAGGGG 57 414

intI1 CAGTGGACATAAGCCTGTTC CCCGAGGCATAGGCTGTA 55 160 [17]

intI2 TTG CGA GTA TCC ATA ACC TG TTA CCT GCA CTG GAT TAA GC 55 288

IntI3 GCCTCCGGCAGCGACTTTCAG ACGGATCTGCCAAACCTGACT 62 980 [18]
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Polymerase Master Mix Red (Ampliqon, Copenhagen,
Denmark), with 3 μl (50 ng) of extracted DNA, and ster-
ile deionized water to achieve a final volume of 20 μl.
The amplifications were carried out in a thermocycler

(C1000 Touch, Bio-Rad), with the following conditions:
initial denaturation at 95 °C for 1 min, followed by 35 cy-
cles of denaturation at 94 °C, for 30 s, annealing for 40 s
(temperature was depending on the nucleotide se-
quences and mentioned in Table 1), and extension at
72 °C for 90 s with a final extension at 72 °C for 5 min.
Five μl of PCR products were subsequently loaded on

a 1.5% agarose gel (Merck Co, Germany) and then
stained with SYBR Safe DNA gel stain (Invitrogen), and
the DNA bands were visualized and photographed under
UV transilluminator (Uvidoc, Gel documentation sys-
tem, and Cambridge, UK). PCR amplicons were purified
by PCR Clean-Up Kit (Vivantis Technologies Sdn. Bhd.,
Subang Jaya, Malaysia); after that, sent for direct sequen-
cing using an ABI 3730 XL DNA analyzer (Bioneer Cor-
poration, Daejeon, South Korea). All the obtained
sequences were trimmed at both the 5′ and 3′ ends and
analyzed by the Chromas software version 2.6 and simi-
larity was checked at the NCBI BLAST tool (http://
www.ncbi.nlm.nih.gov/BLAST). Also, a positive control
for each gene was purchased from the Pasteur Institute
of Iran (Karaj, Iran).

Molecular typing
Genotyping and the clonal relationship between A. bau-
mannii strains were determined by pulsed-field gel elec-
trophoresis (PFGE) using ApaI restriction enzyme
(Thermo Fisher Scientific, USA) for digestion. The
Lambda Ladder 48.5–727.5 kb PFG Marker (New Eng-
land Biolabs, US) was used as DNA size marker. DNA
fragments were separated in 1% ultra-pure agarose gels
(Invitrogen) using the CHEF Mapper apparatus (Bio-
Rad, Munich, Germany) under the following conditions:
voltage 6 V/cm; temperature at 14 °C; with switch times
ranging from 5 s to 30s; at an angle of 120°, for 19 h.
After that, the gels were stained by ethidium bromide,
and the DNA bands were visualized and photographed
under UV transilluminator. DNA banding pattern im-
ages were analyzed using Bionumeric 7.6.3 software (Ap-
plied Maths NV, St-Martens-Latem Belgium) and the
dendrogram was constructed by UPGMA method (Un-
weighted Pair Group Method with Arithmetic Mean),
based on Dice’s similarity coefficient at a 1.5% tolerance
[6]. The similarity of 80% or higher was defined as the
same PFGE genotype, whereas the similarity of < 80% in-
dicated various PFGE genotypes.

Biofilm analysis
Biofilm formation abilities in A. baumannii strains were de-
termined by flat-bottomed sterile polystyrene microplates

based on the crystal violet staining method according to a
previous study [19]. The results were classified into the four
following categories: a) OD � ODc = non-biofilm producer;
b) ODc <OD � 2ODc =weak biofilm producer; c) 3ODc <
OD � 4ODc =medium biofilm producer; d) 4OD <ODc =
strong biofilm producer [20].

Statistical analysis
All statistical analyses performed by SPSS (version 20)
(IBM, Chicago, IL, USA). Student’s t-test, chi-square,
and Fisher’s exact tests carried out for data analysis. A P
value of � 0.05 in all experiments considered statistically
significant.

Results
Clinical isolates
Throughout the study period, 163 A. baumannii isolates
were recovered from burn wound infections in three
major hospital centers located in different parts of Iran,
including Valiasr Hospital (n = 52), Taleghani hospital
(n = 76), and Imam Khomeini hospital (n = 35). The
number of different types of burns and relative geo-
graphical locations of each hospital centers are repre-
sented in Fig. 1. All of the centers have > 160 beds for
patients and are the main referral center for burn vic-
tims not only for the capital province but also for the
neighboring provinces.

Antimicrobial susceptibility testing
Among 163 clinical isolates of A. baumannii recovered
from burn wound infections, 89 (54.6%) isolates
belonged to male patients and 74 (45.4) belonged to fe-
male patients, with a mean age of 29.74 ± 23 years old
(Table 2). Out of 163 isolates, 154 (94.5%) isolates were
resistant to imipenem and meropenem. Among those
isolates, 148/154 (96.1%) revealed positive results on
modified Hodge test. Antimicrobial susceptibility testing
showed that � 93% of isolates were non-susceptible to pi-
peracillin, cefepime, ceftriaxone, ceftazidime, cefotaxime,
ciprofloxacin, co-Trimoxazole, rifampin, and levofloxa-
cin but high susceptibility to polymyxin B (100%), and
colistin (85.9%) (Tables 3 and 4). Among 163 isolates,
140 (85.8%) and 128 (78.5%) of A. baumannii strains re-
vealed MDR and XDR phenotypes, respectively. MIC50
and MIC90 for each antibiotic were determined by broth
microdilution method (Table 4).

Biofilm production
Out of 163 A. baumannii isolates, 115 (70.6%) of all A.
baumannii strains formed a strong biofilm, while 20
(12.2%) and 28 (17.2%) of these isolates were considered
as medium and weak biofilm-forming isolates, respect-
ively. Also, our results indicated a significant association
of antimicrobial resistance patterns with strong biofilm
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formation (P = 0.001). In addition, a significant associ-
ation was observed between biofilm-forming ability and
XDR phenotype (P < 0.05).

Investigation of resistance mechanisms
blaOXA-51-like gene, which is intrinsic to A. baumannii
was identified in all isolates, and other resistance genes
for carbapenems were consisted of 85.1% (131/154) and
54.5% (84/154) of blaOXA-23-like and blaOXA-40-like, re-
spectively. Table 5 represents association between

minimum inhibitory concentrations, blaOXA carbapene-
mase genes, and co-existence of them among CNSAB
strains. It is worthy to note that; co-occurrence of OXA-
23/OXA-40 was present among 70/128 (54.7%) of XDR
A. baumannii isolates. Other carbapenemase genes such
as blaOXA-58-like, blaOXA-143-like, and blaOXA-253-like were
not detected in any of strains. As shown in Table 5,
ISAba1 element was detected in all CNSAB isolates. As-
sociation between ISAba1 and three OXA-type carbape-
nemases revealed that ISAba1 element was associated

Fig. 1 The relative geographical location of each hospital centers are marked in different colors, and the numbers of isolates and constituent
ratios are added to the side of the map
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