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Abstract

Background and Objective The emergence and widespread dissemination of antibiotic resistance in A. baurmnannii,
has become a globally challenge. The increasing hospital outbreaks by multi-drug resistant (MDR) A. baumannii
strains, shows the necessity of continuous monitoring to find sources of resistant strains in hospitals. This study aimed
to identify the presence of class 1 integrons and metallo-B-lactamase (MBL) related genes in A. baumannii isolates
from hospital environment.

Methods In order to identify A. baumannii isolates, a total of 297 environmental samples were collected from burn
wards and intensive care units (ICUs) of two university hospitals. Resistance to common antibiotics was studied by
disk diffusion method and microbroth dilution assay was used to determine the minimum inhibitory concentrations
(MICs) of imipenem, colistin and tigecycline. The A. baumannii isolates were studied by polymerase chain reaction
(PCR) for the presence of class 1 integrons (int!1, int/ CS) and metallo-B-lactamases (MBLs) (blap, blayy, blaypy) genes.

Results A. baumannii was identified in 68/297 (22.9%) of hospital environment. All A. baumannii strains were
multidrug-resistant (MDR), but none of them were resistant to colistin, tigecycline and ampicillin-sulbactam. All
(100%) and 38 (95.0%) of A. baumannii isolates from ICUs and burn wards were imipenem resistant respectively. Class
1 integrons was identified in 30/40 (75.0%) and 23/28 (82.1%) isolates from burn wards and ICUs respectively. Two
different types of gene cassettes were identified, which included: arr-2, ereC, aadA1, cmIA5 and arr2, cmIA5. MBL genes
including blay,, and bla,,, were detected in 26/28 (92.8%), 27/28(96.4%) and 39/40 (97.5%) and 31/40 (77.5%) of the
isolates from the ICUs and the burn wards respectively. None of the isolates contained the blaypy_; gene.

Conclusion The findings of the present study showed that the isolation rate of MBL producing carbapenem-
resistant A. baumannii (CRAB) was relatively high in the environmental surface of burn wards and ICUs, which can be
considered as a potential source of outbreaks in hospitalized patients.
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Introduction

Carbapenem-resistant Acinetobacter baumannii (CRAB)
is considered as a dangerous hospital pathogen [1]. The
feature is related to its ability to persist in the hospital
environment and acquire antibiotic resistance genes [2].
The environment is the main reservoir of A. baumannii
and acts as a source of infection. A. baumannii persists
for long periods of time in all hospital environments,
including dry surfaces with limited nutrients. Some stud-
ies indicate that up to 48% of environmental surface are
contaminated with Acinetobacter (3, 4]. The patient sur-
rounding environmental sites that have a high prob-
ability of contamination include: patient’s bed, bed rails,
bed sheets, and medical equipments such as ventilators,
respiratory monitors as well as the hands of healthcare
workers [5]. Hospitalized patients, especially intensive
care units (ICUs) patients, are at high risk of acquiring
multi-drug resistant (MDR) A. baumannii directly from
contaminated environmental surface [6]. The MDR A.
baumannii strains are defined as resistance to three or
more antimicrobial classes [7]. The critical role of envi-
ronmentally contaminated surfaces such as supply carts,
floors, infusion pumps, and ventilator touch pads in the
transmission of A. baumannii to patients has been dem-
onstrated in previous studies [8, 9]. The long-term persis-
tence of A. baumannii on hospital surfaces is also due to
the high potential of acquiring antibiotic resistance genes
[10]. A. baumannii has the ability to develop resistance
against a wide range of antibiotics, including carbapen-
ems, through various mechanisms [11]. The growing
rate of resistance to carbapenems and other treatment
options such as colistin in A. baumannii strains in the
world is alarming [12]. The most important mechanism
of resistance to carbapenems is enzymatic hydrolysis,
which is carried out by enzymes called carbapenemases
[13].

The Ambler class B B-lactamases includes zinc-depen-
dent [B-lactamases called metallo-p-lactamase (MBL),
which are among the most important carbapenemases in
A. baumannii strains [14]. The most effective MBLs with
wide distribution in A. baumannii strains include VIM
and IMP [15]. New Delhi B-lactamase (NDM) is also
a MBL that has been reported in human and environ-
mental isolates of A. baumannii in most regions of the
world [16]. The high potential of metallobetalactamases
for widespread expansion is related to the association of
their coding genes with transferable genetic elements,
including integrons [17, 18]. Integrons are mobile genetic
elements with unique characteristics which commonly
carry the cassettes containing the antimicrobial resis-
tance genes. The most common integrons found in A.

baumannii strains, are classes 1 and 2, which play a fun-
damental role in antibiotic resistance and commonly
encode P-lactamases and metallo-B-lactamases genes,
followed by genes for resistance to chloramphenicol, and
aminoglycoside and trimethoprim classes [19]. The asso-
ciation of MBL genes and integrons, in clinical strains of
A. baumannii has been shown in many studies [15]. Iden-
tifying of A. baumannii sources in the hospital environ-
ment strengthens our knowledge about potential routes
of A. baumannii transmission and helps to adopt more
appropriate control policies against the spread of infec-
tion caused by this bacterium among patients. Therefore,
the present study aimed to characterize class 1 integrons
in metallo-p-lactamase-producing Acinetobacter bau-
mannii isolates from the hospital environment.

Materials and methods

Samples

A total of 297 environmental samples, were collected
from burn wards and ICUs of two university hospitals
[Shahid Motahari Hospital (n=240) and Shahid Madani
Hospital (n=57)] between April and September 2021.
For sample collection moistened sterile cotton swabs
were used, which was rolled over the surfaces. The col-
lected environmental swabs were individually transferred
to Brain Heart Infusion broth (BHI, Merck, Germany)
media and incubated overnight at 37°C. Then the swabs
were cultured on MacConkey agar and blood agar
(Merck, Germany) plates at 37°C for 24 h. A. baumannii
isolates were identified by standard biochemical tests and
confirmed using PCR amplification of the rpoB, blayy s s,
and gluconolactonase genes [15, 20].

Antimicrobial susceptibility

Resistance patterns of A. baumannii isolates were deter-
mined by Kirby-Bauer disk diffusion test in accordance
with Clinical and Laboratory Standard Institute (CLSI)
[21], using antibiotics disks: imipenem (10 pg), ceftazi-
dime (30 pg), ampicillin-sulbactam (20 pg), doxycycline
(30 pg), ciprofloxacin (5 pg), gentamicin (10 pg), mino-
cycline (30 pg), and trimethoprim/sulphamethoxazole
(1.25/23.75 pg) (Mast, UK) [6]. The A. baumannii isolate
was defined as MDR if it was resistant to three or more
antimicrobial classes.

The minimum inhibitory concentrations (MICs) of
imipenem, colistin and tigecycline were determined by
microbroth dilution method. Susceptibility interpreta-
tion was done according to antimicrobial breakpoints
organized by CLSI and European Committee on Antimi-
crobial Susceptibility Testing (EUCAST) [14]. Further-
more, the FDA breakpoints for susceptible (MIC<2 pg/
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mL), intermediate (4 pg/mL), and resistant (MIC>8 pg/
mL) were used to categorize tigecycline susceptibility.
Escherichia coli ATCC 25,922 and Pseudomonas aerugi-
nosa ATCC 27,853, were obtained from Pasteur Institute
of Iran, used as the quality control strains.

Detection of class 1 integrons and MBLs genes

The presence of class 1 integrons genes (intll, intl CS)
and MBLs genes (blayp, blayy, blaypy— 1) was assessed
by PCR using specific primers (Table 1) [15, 20, 22]. For
this purpose, genomic DNA was extracted from all A.
baumannii isolates by boiling method [6]. The total vol-
ume of the PCR reaction mixture was 25 pL, and PCR
amplification was conducted in PCR thermal cycler
(Eppendorf master cycler’, MA). PCR cycling condi-
tions for amplification of class 1 integrons genes includ-
ing intl1, and intl CS were: 1 cycle of (94°C for 5 min), 40
cycles of (94°C for 30 s, 58°C for 30 s and 72°C for 30 s),
followed with 5 min at 72°C. The amplification programs
of the blayy;, and bla;y;p genes were as follows: one cycle
of 95 °C for 5 min; 35 cycles of 95 °C for 45 s; 55 °C for
45 s and 72 °C for 1 min, ending with a final extension
temperature of 72°C for 10 min [15, 16, 23]. The thermal
conditions of the PCR reaction for blayn,._, gene were
programmed as follows: initial denaturation at 94 °C for
10 min, 36 cycles of denaturation (94 °C, 30 s), anneal-
ing (52 °C, 40 s) and primer extension (72 °C, 50 s),
with a final extension at 72 °C for 10 min [22]. The PCR
products were visualized after electrophoresis on 1%
gel agarose using UV transilluminator (Bio-Rad, UK).
A. baumannii strains carrying the studied genes, which
were previously confirmed by sequencing, were used as
positive controls.
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Statistical analysis

The data were analyzed using the Statistical Package for
Social Sciences software version 23 (SPSS, Inc.). Com-
parison between variables was done using Chi-square or
Fisher’s exact tests. P-values<0.05 were considered sta-
tistically significant.

Results
Of 297 environmental samples collected, 53/240 (22.1%)
A. baumannii isolates were identified in different envi-
ronmental surface of Shahid Motahari Hospital in Tehran
and 15/57 (26.3%) A. baumannii isolates from different
environment of Shahid Madani Hospital in Karaj (Fig. 1).
The hospital environment from which A. baumannii was
isolated included the environmental surface of the ICUs
and burn wards, which are separately shown in Table 2.
The results of resistance pattern investigation revealed
all A. baumannii isolates from the hospital environment
were MDR and showed resistance to three or more anti-
microbial classes. In addition, none of the isolates were
resistant to colistin, tigecycline and ampicillin-sulbac-
tam. The highest level of resistance was obtained to tri-
methoprim/sulphamethoxazole and ceftazidime and
100% A. baumannii isolates from burn wards and ICUs
were resistant to the mentioned antibiotics. In addition,
resistance rates to imipenem in ICUs and burn wards
were 100% and 95% respectively. All 28/28(100%), 33/40
(82.5%), 26/28(92.9%), 33/40 (82.5%) of A. baumannii
isolates from ICUs and burn wards, were resistant to cip-
rofloxacin, and gentamicin respectively. The study of the
resistance pattern also indicated that 4/28 (14.3%), 2/28
(7.1%) and 2/28 (7.1%) of A. baumannii isolates from
ICUs were resistant to doxycycline, ampicillin-sulbactam
and minocycline respectively, while none of the isolates
from the burn wards were resistant to the mentioned

Table 1 Specific PCR primers for the detection of genes used in this study

Gene Primer Sequence (5’-3') Size (bp)/Annealing temp. References
blacya_s1 F CTA ATA ATT GAT CTA CTC AAG TTA C 988/56.5 [15]
R GAATACTCC ATT TGA ACC ART GG
rpoB F CTG ACTTGA CGC GTG A 1024/57.0 [15,20]
R TGTTTG AAC CCATGA GC
gluconolactonase F TTG GAG AAT GCC CAA CTT GG 185/56.5 [20]
R CCCGTCTTC GAG CGC AAC
intl F CAGTGG ACATAA GCCTGT TC 160/58.0 [15]
R CCC GAG GCATAG ACT GTA
cS F GGC ATC CAA GCA GCA AG Variable/58.0 [15]
R AAG CAG ACT TGA CCT GA
blay, F GAT GGT GTTTGGTCG CAT A 390/55.0 [15,22]
R CGA ATG CGC AGC ACC AG
bla,e F GGA ATA GAGTGG CTT AAYTCT C 232/55.0 [15,22]
R GGTTTA AYA AAA CAA CCA CC
blayowm F GGTTTG GCG ATCTGGTTTTC 621/52.0 [22]
R CGG AAT GGCTCATCA CGATC
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Fig. 1 Amplification of (A) gluconolactonase, (B) blagy,_s;, and (C) rpoB genes. Lanes M: 100-bp DNA size marker; (A) Lane 1: positive control; lanes 2 and
3: gluconolactonase positive isolates; lane 4: negative control; (B) Lane 1: positive control; lanes 2—6: blany,_s; positive isolates; lane 7: negative control; (C)

Lane 1: positive control; lanes: 2-7: rpoB positive isolates

Table 2 A baumannii isolates from environmental samples in
burn wards and ICUs"

Source Number percent
ICUs (N=28)

Medical equipment 19 67.9
Bed surfaces and bed rails 5 17.9
Door handles 2 7.1
Other sites 2 7.1
Burn wards (N=40)

Medical equipment 8 20.0
Bed surfaces and bed rails 11 275
Bedside tables 12 30.0
Door handles 3 7.5
Computer 1 2.5
Keyboard 1 25
Nursing stations 2 5.0
Mops 2 5.0

fICUs: Intensive care units

antibiotics. Class 1 integrons integrase gene (intll),
was detected in 53/68 (77.9%) of A. baumannii isolates
including 30/40 (75.0%) isolates from burn wards and

@)

23/28 (82.1%) isolates from ICUs. All the intiI-positive
A. baumannii strains were also positive for the intl CS
gene (Fig. 2). Two types of gene cassettes were obtained
in class 1 integron- carrying strains including arr-2, ereC,
aadAl, cmlAS5 and arr2, cmlAS. The integron gene cas-
sette array arr2, cmIAS5 was the most prevalent type and
identified in 42 (79.2%) of intlI-positive A. baumannii
strains. MBL genes including blay;,, and bla,, were
detected in 65/68 (95.6%) and 58/68 (85.3%) of A. bau-
mannii isolates respectively, out of which 26/28 (92.8%)
and 27/28(96.4%) % of the isolates from ICUs and 39/40
(97.5%) and 31/40 (77.5%) of the isolates from the burn
wards contained blayy,, and bla,,p genes respectively
(Fig. 3). None of the A. baumannii strains studied con-
tained the blaypy, gene. The co-carriage of three genes
intll, blayy, and blap was observed in 23/28 (82.1%)
and 29/40 (72.5%) of isolates from the ICUs and the burn
wards respectively (Table 3).

(B)

Fig. 2 Electrophoresis of class lintegron (A) int/1 gene and (B) gene cassettes. Lanes M: 100-bp DNA ladder; (A) Lane 1: positive control; lanes 2 and 3:int/1
positive isolates; lane 4: negative control; (B) Lane 1: negative control; lanes 2 and 3: isolates containing gene cassettes with a length of 1350 bp (arr-2,
ereC, aadAl, cmlA5); lanes 4 and 5: isolates containing gene cassettes with a length of 700 bp (arr-2, cmlA5)
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Fig. 3 Electrophoresis of the PCR products for blay,, and bla, genes. Lanes M: 100-bp DNA size marker; (A) Lane 1: positive control; lanes 2-4: blay,

positive isolates; (B) Lane 1: positive control; lanes 2-4: bla,,, positive isolates

Table 3 Distribution of MBLs and class 1 integrons genes in A. baumannii isolates from environmental samples in burn wards and

ICUs'

Isolates N (%) Source blay,, bla,yp blaypm_+ intl1 intl CS
23(82.2) ICUs (N=28) + + - + +
2(7.1) + + - - -
1(3.6) + - - - -
2(7.0) - + - - -
29 (72.5) Burn wards (N=40) + + - + +
4(10.0) + + - - -
1(2.5) + - - + +
4(10.0) + - - - -
2(5.0) - - - - -

fICUs: Intensive care units

Discussion

The persistence of A. baumannii in the hospital environ-
ment leads to this bacterium facing selective pressure
caused by antibiotics [24]. This feature, along with the
high potential in acquiring antibiotic resistance genes,
leads to the emergence and spread of MDR A. bauman-
nii strains in the hospital environment. MDR A. bauman-
nii causes life-threatening infections with high mortality,
especially in immunocompromised patients admitted to
the ICUs [25]. Our study showed that 22.9% of 297 envi-
ronmental samples collected from the surfaces of studied
hospitals were positive for A. baumannii, which is some-
what higher compared to other similar studies [10, 26].
The hygiene of the hospital environment is multi-factorial
and complex and depends on various variables, including
surface type, imprecise disinfectant contact time, exces-
sive dilution of disinfectant solutions, and other factors.

Studies indicate that the manual disinfection of surfaces
in hospitals is suboptimal, and despite the use of proper
disinfection protocols, about 5 to 30% of surfaces remain
contaminated [27]. The high-level surface contamina-
tion with A. baumannii in the present study may be
related to the mentioned factors or it may be due to the
lack of accurate knowledge of the characteristics of this
bacterium during the disinfection of the hospital envi-
ronment. In a study investigating the persistence char-
acteristics of A. baumannii, it was shown that after four
rounds of manual disinfection with a bleach solution,
25% of the rooms were still contaminated with A. bau-
mannii [28]. The study of the resistance pattern indicated
that, all (100%) A. baumannii isolates from burn wards
and ICUs were MDR and the resistance rate to imipe-
nem in ICUs was also 100%. In a study in Brazil, 80% of
A. baumannii isolates from ICU environment and 80.4%
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of isolates from ICU patients at the same hospital were
imipenem resistance [24]. Consistent with the present
study, in other studies conducted in Iran and Asian coun-
tries, the majority of A. baumannii isolates from clini-
cal and environmental samples in ICUs were MDR, and
resistance to carbapenems has been reported with high
frequency [10, 29]. Likewise, all studied strains of A. bau-
mannii were sensitive to colistin, and tigecycline. Since
the environmental isolates of A. baumannii are consid-
ered as the source of outbreaks in hospitalized patients,
the susceptibility of these strains to last resort antibiot-
ics such as colistin and tigecycline is of great importance.
In some studies, conducted in Iran, resistance to the
above antibiotics has been reported among clinical resis-
tant A. baumannii isolates from ICUs [29]. In addition,
the resistance to minocycline and ampicillin-sulbactam
in the studied isolates was 7.1%, which is similar to the
study conducted by Ying et al. in A. baumannii isolates
from the environment of the ICUs [10]. Enzymatic inac-
tivation of carbapenems is the most important mecha-
nism of carbapenem resistance in A. baumannii and is
usually carried out by carbapenemases, which are com-
monly associated with transmissible genetic elements
such as integrons [30]. MBLs and OXA-type carbapen-
emases are the most prevalent carbapenemases in A.
baumannii [6]. The results of the analysis of MBL genes
indicated that blayy, and blay,,, genes were highly prev-
alent in the studied isolates although blaypy_; was not
detected in the mentioned isolates. In agreement with
our results, in study conducted by Amin et al. in Ahvaz
in the southwest of Iran blay,, has been reported as the
most common MBL encoding gene followed by blap,
among clinical isolates of A. baumannii [31]. Our pre-
vious study in A. baumannii isolates from burn wound
infection, also indicated blay;,, was the most common
MBL [15]. Although this finding is contrary to the results
obtained in the northwest of Iran in which no clinical A.
baumannii isolates from the hospital wards and ICUs
carried blayy; gene, and the blayp,_, has been reported
as the most common MBL gene in the mentioned iso-
lates [32]. The blaypy_; has also been reported as the
predominant MBL in A. baumannii strains isolated from
neonatal sepsis in India [33]. The findings indicate that
the pattern of MBL genes in A. baumannii strains in vari-
ous geographical regions and distinct clinical settings is
different from each other. Various studies have identi-
fied integrons as one of the most important factors in the
acquisition of antibiotic resistance genes in A. baumannii
strains [34]. In particular, the relationship between inte-
grons and MBL genes has been reported in A. bauman-
nii strains [15]. In the present study, a high percentage
of A. baumannii isolates, especially strains isolated from
ICUs, carried class 1 integron. Compared to the results
obtained in the study conducted in Africa on the A.
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baumannii isolates from the extra-hospital environment
which lacked integrons class 1, this finding shows the
very high potential of our studied strains to acquire and
expand antibiotic resistance genes [35].

Conclusion

The findings of the present study showed that the isola-
tion rate of MBL producing CRAB was relatively high
in the environmental surface of burn wards and ICUs,
which can be considered as a potential source of out-
breaks in hospitalized patients. Applying standard hospi-
tal infection prevention and control measures including
hand hygiene, intense monitoring and better environ-
mental disinfection can be the effective activities to pre-
vent the outbreak of MDR A. baumannii in the hospitals.

Limitations

The most important limitation that can be expressed in
this study is the lack of investigation of A. baumannii
strains isolated from clinical samples and comparison
with environmental isolates in the studied hospitals.
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SPSS Statistical Package for Social Sciences software

Acknowledgements

The technical assistance of the staff of Microbiology Laboratory, the
Department of Microbiology, School of Medicine, Alborz University of Medical
Sciences are gratefully acknowledged. The results described in this paper form
a part of the medical doctorate thesis of Mr. Mohammad Ghorbani.

Author contributions

All authors listed in this research article have been contributed for this

study. FF and MZ conceptualized and designed the study. FF, MG, NO, FBM
and FB performed the lab work. FF, MF, FBM, and MG analyzed the dataset.
Manuscript was prepared and revised by FF, MZ and FBM. All authors read and
approved the final manuscript.

Funding
No funding was received for this research study.

Data availability
The datasets analyzed during the current study are available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the ethical clearance committees of the Alborz
University of Medical Sciences (IRABZUMS.REC.1401.116).

Consent for publication
Not applicable.



Firoozeh et al. BMC Research Notes

(2023) 16:365

Competing interests
The authors declare no competing interests.

Author details

'Department of Microbiology, School of Medicine, Alborz University of
Medical Sciences, Karaj 3149779453, Iran

’Evidence- Based Phytotherapy and Complementary Medicine Research
Center, Alborz University of Medical Sciences, Karaj, Iran

*Department of Parasitology and Mycology, School of Medicine, Alborz
University of Medical Sciences, Karaj, Iran

“Department of Bacteriology, Pasteur Institute of Iran, Tehran, Iran
5Social Determinants of Health Research Center, Alborz University of
Medical Sciences, Karaj, Iran

Received: 20 May 2023 / Accepted: 29 November 2023
Published online: 09 December 2023

References

1.

Kakoullis L, Papachristodoulou E, Chra P, Panos G. Mechanisms of antibi-

otic resistance in important gram-positive and gram-negative pathogens
and novel antibiotic solutions. Antibiot (Basel). 2021;10:415. https://doi.
0rg/10.3390/antibiotics10040415.

Bagheri Josheghani S, Moniri R, Firoozeh F, Sehat M, Dastehgoli K, Koosha

H, et al. Emergence of blagy,-carrying carbapenem resistance in multidrug-
resistant Acinetobacter baumannii in the intensive care unit. Iran Red Crescent
Med J. 2017,19:e27327. https://doi.org/10.5812/ircmj.27327.

Uwingabiye J, Lemnouer A, Roca |, Alouane T, Frikh M, Belefquih B, et al.
Clonal diversity and detection of carbapenem resistance encoding genes
among multidrug-resistant Acinetobacter baumannii isolates recovered

from patients and environment in two intensive care units in a Moroccan
hospital. Antimicrob Resist Infect Control. 2017;6:99. https://doi.org/10.1186/
$13756-017-0262-4.

Kirkgoz E, Zer Y. Clonal comparison of Acinetobacter strains isolated from
intensive care patients and the intensive care unit environment. Turk J Med
Sci. 2014;44:643-8. https://doi.org/10.3906/sag-1304-126.

Ertdrk A, Cicek AC, Gimus A, Cure E, Sen A, Kurt A, et al. Molecular charac-
terisation and control of Acinetobacter baumannii isolates resistant to multi-
drugs emerging in inter-intensive care units. Ann Clin Microbiol Antimicrob.
2014;13:36. https://doi.org/10.1186/512941-014-0036-2.

Bakhshi F, Firoozeh F, Badmasti F, Dadashi M, Zibaei M, Khaledi A. Molecular
detection of OXA-type carbapenemases among Acinetobacter baumannii
isolated from burn patients and hospital environments. Open Microbiol J.
2022;16:1-6. https://doi.org/10.2174/18742858-v16-2206101.

Magiorakos AP, Srinivasan A, Carey RB, CarmeliY, Falagas ME, Giske CG, et

al. Multidrug-resistant, extensively drug-resistant and pandrug-resistant
bacteria: an international expert proposal for interim standard definitions
for acquired resistance. Clin Microbiol Infect. 2012;18:268-81. https://doi.
org/10.1111/j.1469-0691.2011.03570..

Thom KA, Johnson JK, Lee MS, Harris AD. Environmental contamination
because of multidrug-resistant Acinetobacter baumannii surrounding colo-
nized or infected patients. Am J Infect Control. 2011;39:711-5. https://doi.
0rg/10.1016/.ajic.2010.09.005.

Weber DJ, Rutala WA, Miller MB, Huslage K, Sickbert-Bennett E. Role of
hospital surfaces in the transmission of emerging health care-associated
pathogens: norovirus, Clostridium difficile, and Acinetobacter species. Am J
Infect Control. 2010;38:25-33. https://doi.org/10.1016/j.jic.2010.04.196.
Ying C, LiY, Wang Y, Zheng B, Yang C. Investigation of the molecular epidemi-
ology of Acinetobacter baumannii isolated from patients and environmental
contamination. J Antibiot (Tokyo). 2015;68:562-7. https://doi.org/10.1038/
ja.2015.30.

Firoozeh F, Bakhshi F, Dadashi M, Badmasti F, Zibaei M, Omidinia N. Detection
of multidrug-resistant Acinetobacter baumannii from burn patients and
healthcare workers in Iran. Acta Microbiol Immunol Hung. 2023;13:70:22-8.
https://doi.org/10.1556/030.2023.01921.

Ibrahim ME. Prevalence of Acinetobacter baumannii in Saudi Arabia: risk
factors, antimicrobial resistance patterns and mechanisms of carbapenem
resistance. Ann Clin Microbiol Antimicrob. 2019;18:1. https://doi.org/10.1186/
$12941-018-0301-x.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Page 7 of 8

Opazo A, Dominguez M, Bello H, Amyes SG, Gonzélez-Rocha G. OXA-type
carbapenemases in Acinetobacter baumannii in South America. J Infect Dev
Ctries. 2012;6:311-6. https://doi.org/10.3855/jidc.2310.

Abbott |, Cerqueira GM, Bhuiyan S, Peleg AY. Carbapenem resistance in
Acinetobacter baumannii: laboratory challenges, mechanistic insights and
therapeutic strategies. Expert Rev Anti Infect Ther. 2013;11:395-409. https://
doi.org/10.1586/eri.13.21.

Nikibakhsh M, Firoozeh F, Badmasti F, Kabir K, Zibaei M. Molecular study of
metallo-B-lactamases and integrons in Acinetobacter baumannii isolates
from burn patients. BMC Infect Dis. 2021;21:782. https://doi.org/10.1186/
§12879-021-06513-w.

Dortet L, Poirel L, Nordmann P. Worldwide dissemination of the NDM-

type carbapenemases in gram-negative bacteria. Biomed Res Int.
2014;2014:249856. https://doi.org/10.1155/2014/249856.

Amiri A, Firoozeh F, Moniri R, Zibaei M. Prevalence of CTX-M-type and PER
extended-spectrum B-lactamases among Klebsiella spp. isolated from clinical
specimens in the teaching hospital of Kashan, Iran. Iran Red Crescent Med J.
2016;18:22260. https://doi.org/10.5812/ircmj.22260.

Firoozeh F, Mahluji Z, Shams E, Khorshidi A, Zibaei M. New Delhi metallo-3-
lactamase-1-producing Klebsiella pneumoniae isolates in hospitalized patients
in Kashan, Iran. Iran J Microbiol. 2017;9:283-7.

Adeniji OO, Elsheikh EAE, Okoh Al. Prevalence of classes 1 and 2 integrons in
multidrug-resistant Acinetobacter baumannii isolates recovered from some
aquatic environment in South Africa. Sci Rep. 2022;12:20319. https://doi.
0rg/10.1038/541598-022-24724-2.

Abhari SS, Azizi O, Modiri L, Aslani MM, Assmar M, Fereshteh S, et al. Two
new rapid PCR-based methods for identification of Acinetobacter baumannii
isolated from clinical samples. Mol Cell Probes. 2021,58:101732. https://doi.
0rg/10.1016/j.mcp.2021.101732.

Clinical and Laboratory Standards Institute: Performance Standards for
Antimicrobial Susceptibility Testing. Wayne, PA,, 2021. 31th information
supplement, M100-S31.

Joshi PR, Acharya M, Kakshapati T, Leungtongkam U, Thummeepak R,
Sitthisak S. Co-existence of blagya_»3 and blaypy; genes of Acinetobacter
baumanniiisolated from Nepal: antimicrobial resistance and clinical signifi-
cance. Antimicrob Resist Infect Control. 2017,6:21. https://doi.org/10.1186/
$13756-017-0180-5.

Abhari SS, Badmasti F, Modiri L, Aslani MM, Asmar M. Circulation of
imipenem-resistant Acinetobacter baumannii ST10, ST2 and ST3 in a university
teaching hospital from Tehran, Iran. J Med Microbiol. 2019;68:860-5. https://
doi.org/10.1099/jmm.0.000987.

Raro OHF, Gallo SW, Ferreira CAS, Oliveira SD. Carbapenem-resistant Acineto-
bacter baumannii contamination in an intensive care unit. Rev Soc Bras Med
Trop. 2017;50:167-72. https://doi.org/10.1590/0037-8682-0329-2016.
Alrahmany D, Omar AF, Alreesi A, Harb G, Ghazi IM. Acinetobacter baumannii
infection-related mortality in hospitalized patients: risk factors and potential
targets for clinical and antimicrobial stewardship interventions. Antibiot
(Basel). 2022;11:1086. https://doi.org/10.3390/antibiotics11081086.
Shamsizadeh Z, Nikaeen M, Nasr Esfahani B, Mirhoseini SH, Hatamzadeh

M, Hassanzadeh A. Detection of antibiotic resistant Acinetobacter bauman-
nii in various hospital environments: potential sources for transmission of
Acinetobacter Infections. Environ Health Prev Med. 2017;22:44. https://doi.
0rg/10.1186/512199-017-0653-4.

Casini B, Tuvo B, Scarpaci M, Totaro M, Badalucco F, Briani S, et al. Implementa-
tion of an environmental cleaning protocol in hospital critical areas using a
UV-C disinfection robot. Int J Environ Res Public Health. 2023;20:4284. https://
doi.org/10.3390/ijerph20054284.

Fahy S, O'Connor JA, Lucey B, Sleator RD. Hospital reservoirs of multidrug
resistant Acinetobacter species-the elephant in the room. Br J Biomed Sci.
2023,;80:11098. https://doi.org/10.3389/bjbs.2023.11098.

Eghbalimoghadam M, Farahani A, Akbar FN, Mohajeri P. Frequency of class

1 integron and genetic diversity of Acinetobacter baumannii isolated from
medical centers in Kermanshah. J Nat Sci Biol Med. 2017;8:193-8. https://doi.
0rg/10.4103/0976-9668.210007.

Nguyen M, Joshi SG. Carbapenem resistance in Acinetobacter baumannii, and
their importance in hospital-acquired Infections: a scientific review. J Appl
Microbiol. 2021;131:2715-38. https://doi.org/10.1111/jam.15130.

Amin M, Navidifar T, Saleh Shooshtari F, Goodarzi H. Association of the genes
encoding Metallo-B-Lactamase with the presence of integrons among
multidrug-resistant clinical isolates of Acinetobacter baumannii. Infect Drug
Resist. 2019;12:1171-80. https://doi.org/10.2147/IDR.S196575.


https://doi.org/10.3390/antibiotics10040415
https://doi.org/10.3390/antibiotics10040415
https://doi.org/10.5812/ircmj.27327
https://doi.org/10.1186/s13756-017-0262-4
https://doi.org/10.1186/s13756-017-0262-4
https://doi.org/10.3906/sag-1304-126
https://doi.org/10.1186/s12941-014-0036-2
https://doi.org/10.2174/18742858-v16-e2206101
https://doi.org/10.1111/j.1469-0691.2011.03570.x
https://doi.org/10.1111/j.1469-0691.2011.03570.x
https://doi.org/10.1016/j.ajic.2010.09.005
https://doi.org/10.1016/j.ajic.2010.09.005
https://doi.org/10.1016/j.ajic.2010.04.196
https://doi.org/10.1038/ja.2015.30
https://doi.org/10.1038/ja.2015.30
https://doi.org/10.1556/030.2023.01921
https://doi.org/10.1186/s12941-018-0301-x
https://doi.org/10.1186/s12941-018-0301-x
https://doi.org/10.3855/jidc.2310
https://doi.org/10.1586/eri.13.21
https://doi.org/10.1586/eri.13.21
https://doi.org/10.1186/s12879-021-06513-w
https://doi.org/10.1186/s12879-021-06513-w
https://doi.org/10.1155/2014/249856
https://doi.org/10.5812/ircmj.22260
https://doi.org/10.1038/s41598-022-24724-2
https://doi.org/10.1038/s41598-022-24724-2
https://doi.org/10.1016/j.mcp.2021.101732
https://doi.org/10.1016/j.mcp.2021.101732
https://doi.org/10.1186/s13756-017-0180-5
https://doi.org/10.1186/s13756-017-0180-5
https://doi.org/10.1099/jmm.0.000987
https://doi.org/10.1099/jmm.0.000987
https://doi.org/10.1590/0037-8682-0329-2016
https://doi.org/10.3390/antibiotics11081086
https://doi.org/10.1186/s12199-017-0653-4
https://doi.org/10.1186/s12199-017-0653-4
https://doi.org/10.3390/ijerph20054284
https://doi.org/10.3390/ijerph20054284
https://doi.org/10.3389/bjbs.2023.11098
https://doi.org/10.4103/0976-9668.210007
https://doi.org/10.4103/0976-9668.210007
https://doi.org/10.1111/jam.15130
https://doi.org/10.2147/IDR.S196575

Firoozeh et al. BMC Research Notes (2023) 16:365

32.

33.

34.

Vahhabi A, Hasani A, Rezaee MA, Baradaran B, Hasani A, Kafil HS, et al.
Carbapenem resistance in Acinetobacter baumannii clinical isolates from
northwest Iran: high prevalence of OXA genes in sync. Iran J Microbiol.
2021;13:282-93. https://doi.org/10.18502/ijm.v13i3.6388.

Chatterjee S, Datta S, Roy S, Ramanan L, Saha A, Viswanathan R, et al. Car-

bapenem resistance in Acinetobacter baumannii and other Acinetobacter spp.

causing neonatal sepsis: focus on NDM-1 and its linkage to ISAba125. Front
Microbiol. 2016;7:1126. https://doi.org/10.3389/fmicb.2016.01126.

Ruiz J, Navia MM, Casals C, Sierra JM, Jiménez De Anta MT, Vila J. Integron-
mediated antibiotic multiresistance in Acinetobacter baumannii clinical
isolates from Spain. Clin Microbiol Infect. 2003;9:907-11. https://doi.
0rg/10.1046/j.1469-0691.2003.0056 1 x.

Page 8 of 8

35. Anane AY, Apalata T, Vasaikar S, Okuthe GE, Songca S. Prevalence and molecu-
lar analysis of multidrug-resistant Acinetobacter baumannii in the extra-hos-
pital environment in Mthatha, South Africa. Braz J Infect Dis. 2019;23:371-80.
https://doi.org/10.1016/j.bjid.2019.09.004.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.18502/ijm.v13i3.6388
https://doi.org/10.3389/fmicb.2016.01126
https://doi.org/10.1046/j.1469-0691.2003.00561.x
https://doi.org/10.1046/j.1469-0691.2003.00561.x
https://doi.org/10.1016/j.bjid.2019.09.004

	﻿Characterization of class 1 integrons in metallo-β-lactamase-producing ﻿Acinetobacter baumannii﻿ isolates from hospital environment
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Samples
	﻿Antimicrobial susceptibility
	﻿Detection of class 1 integrons and MBLs genes
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿Limitations

	﻿References


