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Abstract
Background  Nosocomial infections are a global problem in hospitals all around the world. It is considered a major 
health problem, especially in developing countries. The increase in the patient’s stay in hospitals has increased the 
mortality rate, and consequently, the costs drastically increase. The main purpose of using disinfectants in the hospital 
environment is to reduce the risk of nosocomial infections. Ethylene diamine tetra acetic acid (EDTA) causes lysis 
and increases susceptibility to antimicrobial agents in the planktonic form of bacteria. This substance affects the 
permeability of the outer membrane of bacteria. It also prevents the formation of biofilms by bacteria.

Materials and methods  In the current study, 120 isolates of Acinetobacter baumannii (A. baumannii) were confirmed 
by phenotypic and genotypic methods. Antibiogram was performed and then the minimum inhibitory concentration 
(MIC) and minimum bactericidal concentration (MBC) of isolates against 5% sodium hypochlorite, ethanol %70, 
sayasept-HP 2%, chlorhexidine 2%, dettol 4/8% were evaluated. In addition, the disinfectant effect was re-evaluated 
with the mixture of EDTA solution. All isolates were examined for biofilm presence by crystal violet staining method 
in triplicates and repeated three times for each strain. Also for all isolates detection of efflux pump genes (Qac-E, 
qacE-Δ1, SUG-E) by PCR technique was done.

Results  Antibiogram results of A. baumannii showed that 6.7% were Multi-drug-resistant (MDR), and 89.2% were 
Extensively drug-resistant (XDR) isolates. The highest effect of disinfectants was related to 5% sodium hypochlorite, 
and the least effect was 70% ethanol. EDTA increases the efficacy of selected disinfectants significantly. The highest 
prevalence of the efflux pump genes was related to SUG-E (95%) and Qac-E (91.7%), and, the qacE-Δ1 gene with 
12.5%. The biofilm production rate was 91.3% among all isolates.

Conclusion  The best and safest way to disinfect hospital floors and surfaces is to choose the right disinfectants, 
and learn how to use them properly. In this study, a mixture of disinfectants and EDTA had a significant effect on 

Phenotypic and genotypic determination 
of resistance to common disinfectants among 
strains of Acinetobacter baumannii producing 
and non-producing biofilm isolated from Iran
Mohammad Rostamani1,2, Mehdi Bakht1,2, Sara Rahimi1,2, Safar Ali Alizadeh1, Raana Kazemzadeh Anari1,2, 
Mohadeseh Khakpour1,2, Amir Javadi1,3, Fatemeh Fardsanei1 and Farhad Nikkhahi1*

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12866-024-03484-1&domain=pdf&date_stamp=2024-9-4


Page 2 of 9Rostamani et al. BMC Microbiology          (2024) 24:323 

Introduction
One of the most important pathogens that are increas-
ingly spreading all around the world is Acinetobacter [1, 
2]. Acinetobacter strains can cause infections, especially 
in immunocompromised patients. This pathogen is a 
major cause of skin and soft tissue infections in hospital 
bacteremia, secondary meningitis, urinary tract infec-
tions, and pneumonia, especially ventilator-associated 
pneumonia. It is also a common cause of wound infec-
tions at the surgical site, periodontitis, endocarditis, and 
intra-abdominal abscess [3]. A. baumannii can survive in 
the intensive care unit (ICU) for up to four weeks. This 
could be due to the production of biofilm, which in turn 
contaminates hospitalized patients. Lipopolysaccharides 
(LPS), vesicles and proteins, polysaccharide capsules, 
phospholipases, proteases, outer membrane purines, 
biofilm, efflux pump, and iron absorption systems are 
the most important factors of resistance of this bacte-
rium, which protect bacteria against biocides or drying 
on hospital surfaces [4]. Today, the dramatic increase 
in the prevalence of multidrug-resistant A. baumannii 
(MDR, XDR, and PDR) has attracted special attention to 
this opportunistic pathogen [5]. As a result, it highlights 
the importance of controlling and preventing infection 
[6]. The World Health Organization (WHO) states that 
more than 80% of human infections are caused by bio-
films. Biofilm formation can cause several medical prob-
lems, including infection of external instruments such as 
cutters, pharyngeal tubes, and contact lenses, as well as 
infection of living tissues such as endocarditis, wound 
infection, vaginitis, colitis, gingivitis, and lung epithe-
lium infection, especially patients with cystic fibrosis [7, 
8]. The efflux pumps play an important role in biofilm 
formation [9]. Inactivation of efflux pumps with reduced 
biofilm formation has been observed in many bacteria 
such as E. coli, Salmonella enterica, and typhimurium 
[10].

Antiseptics and disinfectants have been used in medi-
cal centers to disinfect various medical surfaces and 
devices [11]. The potential emergence of biocidal-resis-
tant bacteria and the possible link between biocidal-
resistance and antibiotics are currently major topics of 
global concern [11].

One of the mechanisms of resistance to antiseptics and 
disinfectants is the expression of efflux pump systems 
including qac genes. A. baumannii, like other gram-neg-
ative bacteria, has multi-drug efflux pump systems. qac 
genes are widely amplified in gram-negative bacteria [12].

EDTA increases sensitivity to antimicrobial agents in 
the planktonic form of bacteria [13]. It is a metal chela-
tor that affects the permeability of the outer membrane 
of bacteria. This compound cleaves LPS from divalent 
cations by chelating divalent cations from the outer 
membrane. It becomes a cell surface and increases the 
permeability of the outer membrane [5]. It also prevents 
the formation of biofilms by bacteria [14]. The aim of 
this study was to evaluate the disinfecting power of sya-
sept HP, sodium hypochlorite, dettol, ethanol alcohol, 
chlorhexidine separately and mixed with EDTA between 
strains of A. baumannii producing and non-producing 
biofilm isolated, and determine the prevalence of resis-
tance genes in this bacterium.

Materials and methods
Bacterial isolates
In a cross-sectional study from April 2021 to July 2022, a 
total of 120 A. baumannii isolates were collected. These 
clinical specimens were isolated from pus/wound, throat 
swab, nasal swab, sputum, urine, blood culture, and tra-
cheal aspirate. Identification of A. baumannii was per-
formed by routine biochemical tests [15]. Isolation tests 
were confirmed by PCR and A. baumannii blaOXA-51 
gene (Figure S1 (Supplementary Fig. 1).

Antimicrobial susceptibility testing
Antibiogram was performed on Muller-Hinton agar 
(Merck, Darmstadt, Germany). The disc diffusion 
method was done in accordance with the Clinical and 
Laboratory Standards Institute (CLSI 2022) guidelines. 
Antibiotic discs (MAST Diagnostics, Merseyside, UK) 
were as follow: ampicillin/sulbactam (10/10 µg), ceftazi-
dime (30 µg), ceftizoxime (30 µg), imipenem (10 µg), gen-
tamicin (10 µg), tobramycin (10 µg), doxycycline (30 µg), 
ciprofloxacin (5  µg), levofloxacin (5  µg), trimethoprim-
sulfamethoxazole (1.25/23.75  µg), cefoxitin (30  µg), 
piperacillin/tazobactam (100 /10 µg), ceftriaxone (30 µg), 
meropenem (10 µg), and cefepime (30 µg) (MAST, Mer-
seyside, UK). Pseudomonas aeruginosa ATCC 27,853 
and Escherichia coli ATCC 25,922 were used as reference 
strains for quality control.

The MICs for Colistin were determined using the 
MIC (micro broth dilution) method, then incubated at 
37 °C for 18–24 h. Colistin susceptibility was interpreted 
according to the CLSI 2020 clinical breakpoints [16].

bactericidal activity. it was found that improper use of disinfectants, especially the use of sub-inhibitory dilutions, 
increases the resistance of bacteria to disinfectants.
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Extraction of total DNA
The bacterial genome was extracted by boiling method. 
In this method genomic DNA was extracted from a sin-
gle colony of each isolate, In the next step, a bacterial sus-
pension was prepared in sterile distilled water. And then 
it was placed in boiling water for ten minutes. Micro tube 
centrifuged at 10,000  g at 4 ° C for 10  min. The quality 
and quantity of extracted DNA were evaluated using the 
Nanodrop instrument and gel electrophoresis (Termo 
Scientific, Waltham, MA, USA). Finally, the supernatant 
was transferred to a sterile micro tube to be used as a 
DNA template for further studies. Prior to PCR ampli-
fication, the extracted DNA was preserved at -20 [17]. 
primers used in this study are shown in Table 1.

Determination of disinfectants MICs and MBCs
In this study, five common disinfectants were tested, 
including ethanol 70%, sodium hypochlorite 5%, dettol 
4.8%, chlorhexidine 2%, and sayasept- HP 2%. MICs and 
MBCs of all the mentioned disinfectants were evaluated 
using the broth micro-dilution method. The lowest con-
centration that inhibits bacterial growth is reported as 
the MIC. Then, from the three final dilution wells that 
are transparent 100 µl of each disinfectant was cultured 
in Muller Hilton agar and if 99.9% of the bacteria had no 
growth after 48 h at 37° C it is determined as the MBC 
[18].

Investigating the synergistic effect of selective 
disinfectants and EDTA
In this method, the selected disinfectants were mixed 
with EDTA 17% in a one-to-one ratio. Then for all iso-
lated strains MIC and MBC were determined with the 
new mixture. The obtained results were compared with 
the previous results and their synergistic effect was 
investigated.

Assessment of biofilm formation capacity
The biofilm-forming ability was determined using the 
crystal violet staining method in triplicates and repeated 
three times for each strain, as previously described [19–
21]. LB medium was used as a negative control and P. 
aeruginosa ATCC 27,853 was used as a positive control. 

The bacterial isolates were inoculated with turbidity 
equal to 0.5 McFarland (1.5 × 108 CFU mL− 1). A 200-
µL suspension was incubated in each well at 35°± 2  C. 
After 48 h, the wells were washed three times with phos-
phate buffer. Following incubation with 1% crystal vio-
let dye (200 µL/well) at 25˚C for 20 min, the wells were 
washed three times with phosphate buffer and dried. 
Finally, Ethanol 95% (200 µL/well) was added, and opti-
cal absorbance was measured at 550  nm (Thermo Sci-
entific GmbH, Driesch, Germany). Biofilm formation 
was classified into four different groups using the follow-
ing formulas: If OD < ODc, the biofilm was not formed 
(negative), If ODc < OD < 2xODc, the biofilm was weak, 
if 2xODc < OD < 4xODc, the biofilm was moderate. If 
4xODc < OD, the biofilm was strong [22].

Statistical analysis
Descriptive statistics were used to measure the charac-
teristics of the study. Pearson chi-square or Fisher’s exact 
test and McNemar’s test was used to determine signifi-
cant differences between proportion. P values of < 0.05 
were considered significant. Statistical analysis was per-
formed by using SPSS version 16.0 statistical software 
(SPSS Inc., Chicago, IL, USA).

Results
Bacterial isolates
A total of 120 A. baumannii isolates were collected from 
clinical specimens 28 were recovered from blood )23.3%, 
(22 from wound swabs (18.3%), 36 from urine (30%), 
and 34 were sputum and secretions collected from chest 
tubes (chest catheters) (28.4%).

Antimicrobial susceptibility testing
The study showed that the lowest resistances were related 
to colistin and doxycycline with 27 (22.5%) isolates and 
the highest resistance was related to cefoxitin with 120 
(100%) isolates.

The rate of resistance to other antibiotics is as follows: 
From the carbapenem family imipenem 113 (94.2%) and 
meropenem 115 (95.8%) isolates. From the cephalospo-
rin family cefepime 116 (96.7%), ceftriaxone 117 (97.5%), 
ceftazidime 116 (96.7%), ceftizoxime 118 (98.3%) isolates. 
From aminoglycoside family tobramycin 104 (86.7%) and 
gentamicin 106 (88.3%) isolates. From sulfonamides tri-
methoprim-sulfamethoxazole 110 (91.7%) isolates. From 
quinolones ciprofloxacin 114 (95%) and levofloxacin 115 
(95.8%) isolates. From penicillin family ampicillin-sulbac-
tam 116 (96.7%) and piperacillin/tazobactam 117 (97.5%) 
isolates were resistant (Table 2(. In this study, 117 MDR 
strains and 109 XDR strains were among the isolates.

Table 1  Primer sequences used for detection of antiseptic 
resistance A. baumanni
Gene Amplicon, bp Sequence
Qac-E 240 Forward: ​A​A​T​T​G​C​G​A​T​T​G​C​T​T​G​T​G​A​A​G

Reverse: ​C​A​G​G​C​A​G​C​C​A​A​G​T​C​T​A​A​A​T​G
QacEΔ1 202 Forward: ​T​A​G​C​G​A​G​G​G​C​T​T​T​A​C​T​A​A​G​C

Reverse: ​A​T​T​C​A​G​A​A​T​G​C​C​G​A​A​C​A​C​C​G
SUG-E 109 Forward: ​A​G​C​G​G​C​A​A​T​C​A​T​T​C​T​C​A​T​C

Reverse: ​C​C​T​T​G​G​T​A​C​T​G​C​T​T​A​T​A​C​G​G
Oxa51 440 Forward-​A​T​C​T​C​T​A​C​C​T​C​G​C​C​A​T​T​G

Reverse-​T​C​G​A​G​C​T​T​C​T​G​C​T​G​G​T​A​G
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Detection of efflux pump genes (qac-E, qacE-Δ1, sug-E1) by 
PCR technique
All isolates were evaluated for resistance genes. Of 120 A. 
baumannii isolates, 110 (91.7%) harbored the qac-E gene 
(Figure S2 (Supplementary Fig. 2). The prevalence of the 

sug-E1 gene was 114 (95%) (Figure S3) The frequency of 
the qacE-Δ1 gene was 15 (12.5) (Figure S4).

Determination of MIC and MBC of disinfectant
In this study, the most effective antiseptics respectively 
was sodium hypochlorite 5%, chloroxylenol (Dettol) 
4.8%, sayasept-HP 2%, chlorhexidine 2%, and ethanol 
70%. Ethanol had the least antiseptic effect. According to 
Table 3, the MBC of sodium hypochlorite was 1/16 dilu-
tions and ethanol alcohol was 1/4 dilutions, which pre-
vented the growth of all isolates.

Synergistic effect of disinfectants with EDTA
During this study, a synergistic effect of biocides with 
EDTA was significantly observed against A. baumannii. 
The most synergistic effect after adding equal propor-
tions of biocides and EDTA 17%, was related to ethanol, 
sodium hypochlorite, and HP syasept, chlorhexidine 
respectively. Dettol shows the least synergistic effect 
(Figs. 1, 2 and 3).

According to Figs. 1 and 2, all biocides inhibited most 
isolates at dilutions of 1/32, 1/64, and 1/128. After mix-
ing with EDTA the growth of most isolates was inhibited 
with dilutions of 1/128, 1/256, and 1/512, indicating an 
increase in MIC with the mixture EDTA (PV ≤ 0.05).

Table 2  Antibiotic susceptibility of clinical isolates of A. baumanii
Antibiotic Suscep-

tible N 
(%)

Inter-
mediate 
N (%)

Resis-
tant N 
(%)

Ceftazidime(30 µg) 3 (2.5) 1 (0.8) 116 (96.7)
Ampicillin/sulbactame (10/10 µg) 4 (3.3) 0 116 (96.7)
Meropenem(10 µg) 5 (4.2) 0 115 (95.8)
Ciprofloxacin(5 µg) 6(5) 0 114(95)
Imipenem(10 µg) 7 (5.8) 0 113 (94.2)
Gentamicin(10 µg) 10 (8.3) 4 (3.3) 106 (88.3)
Doxycycline(30 µg) 91(75.8) 2(1.7) 27(22.5)
Tobramycin(10 µg) 13 (10.8) 3 (2.5) 104 (86.7)
Levofloxacin(5 µg) 5 (4.2) 0 115 (95.8)
Trimethoprim-sulfamethoxazole 
(1.25/23.75 µg)

7 (5.8) 3 (2.5) 110 (91.7)

Cefepime(30 µg) 4 (3.3) 0 116 (96.7)
Ceftriaxone(30 µg) 3(2.5) 0 117(97.5)
Piperacillin/tazobactam (100 µg/10 
µg)

3 (2.5) 0 117 (97.5)

Cefoxitin (30 µg) 0 0 120 (100)
Ceftizoxime (30 µg) 2 (1.7) 0 118 (98.3)
Colistin MIC 93(77.5) 0 27(22.5)

Table 3  Distributions of MIC and MBC of various biocides by micro broth dilution technique
1/8 1/16 1/32 1/64 1/128 1/256 1/512

Biocides MIC
Ethanol 70% 19(15.8%) 21(17.5%) 52(43.3%) 28(23.3%) - - -
Chlorhexidine 2% - 24 (20%) 24 (20%) 55 (45.8%) 17 (14.2%) - -
Sayasept-HP 2% - 18 (15%) 31 (25.8%) 49 (40.8%) 22 (18.3%) - -
Dettol 4.8% - - 40 (33.3%) 40 (33.3%) 35 (29.2%) 5 (4.2%)
Sodium hypochlorite 5% - - 11 (9.2%) 43 (35.8%) 42 (35%) 24 (20%) -
Biocides + EDTA MIC
Ethanol 70%+EDTA - - 23(19.2%) 44 (36.7%) 51 (42.5%) 2 (1.7%) -
Chlorhexidine 2%+EDTA - - 14 (11.7%) 39 (32.5%) 48 (40%) 19 (15.8%) -
Sayasept-HP 2%+EDTA - - 10 (8.3%) 37 (30.8%) 50 (41.7%) 23 (19.2%) -
Dettol 4.8%+EDTA - - 11 (9.2%) 29 (24.2%) 36 (30%) 20 (16.7%) 24 (20%)
Sodium hypochlorite 5%+EDTA - - - 11 (9.2%) 28 (23.3%) 46 (38.3%) 35(29.2%)
Biocides MBC
Ethanol 70% 24 (20%) 35 (29.2) 48 (40%) 13 (10.8%) - - -
Chlorhexidine 2% - 24(20%) 37(30.8%) 44(36.7%) 15(12.5%) - -
Sayasept- HP 2% - 19 (15.8%) 41 (34.2%) 44 (36.7%) 16 (13.3%) - -
Dettol 4.8% - 8 (6.7%) 34 (28.3%) 42 (35%) 36 (30%) - -
Sodium hypochlorite 5% - - 14 (11.7%) 55 (45.8%) 37 (30.8%) 14 (11.7%) -
Biocides + EDTA MBC
Ethanol 70%+EDTA - 18 (15%) 35 (29.2%) 60 (50%) 7 (5.8%) - -
Chlorhexidine 2%+EDTA - - 25(20.8%) 48(40%) 39(32.5%) 8(6.7%) -
Sayasept- HP 2%+EDTA - - 19 (15.8%) 49 (40.8%) 33 (27.5%) 19 (15.8%) -
Dettol 4.8%+EDTA - - 19 (15.8%) 48 (40%) 28 (23.3%) 25 (20.8%) -
Sodium hypochlorite 5%+EDTA - - - 17 (14.2%) 43 (35.8%) 42 (35%) 18 (15%)
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Assessment of biofilm formation capacity
In this study, clinical isolates of A. baumannii have high 
potency in biofilm formation. From 120 isolates that 
phenotypically were tested, 60 isolates (50%) produced 
strong biofilm, 34 (28.3%) moderate, 16 (13.3%) weak, 
and 10 (8.3%) had no biofilm production. Biofilm results 
according to the type of clinical sample are shown in 
Table 4. The results indicated that strong and moderate 
biofilm formation isolates need higher concentrations 
(MIC and MBC) of disinfectant for killing.

Discussion
One of the most important issues in bacteriological sci-
ences is the resistance of bacteria to antibiotics and dis-
infectants. This phenomenon may explain the reason 
for not responding to treatment and prevention in con-
trolling the causes of various diseases. In recent years 
efforts have been done to improve infection control in 
hospitals, which has led to the overuse of disinfectants, 
which has had detrimental effects on patients [23]. Noso-
comial infection is one of the most serious problems in 

the world, which has increased the burden of medical 
expenses and the death of patients every year [24, 25].

In a study conducted in Iran, the results of antibiotic 
resistance overlapped with our study. Except for gentami-
cin, which had lower antibiotic resistance than our study 
[5]. Antibiotic resistance in the present study shows an 
increase compared to tobramycin and gentamicin with 
the Zeighami study in 2018, while doxycycline decreased 
resistance, which may be due to differences in the pattern 
of antibiotic use and different geographical areas [26].

Biofilm production is a feature of A. baumannii that 
sticks to inanimate surfaces and causes infection to per-
sist and spread among patients. Biofilm production can 
increase the resistance of this bacterium to antibiot-
ics and disinfectants [27]. The use of biocides against 
biofilm-producing bacteria causes the low diffusion of 
biocides into the biofilm, which causes the bacterium to 
be exposed only to small amounts of biocides and not 
to penetrate deeper into the biofilm. EDTA prevents the 
formation of biofilm by bacteria [14]. Based on the results 
of this study it was found that most isolates produced 

Fig. 2  Diagram of MIC disinfectant + EDTA at different concentrations

 

Fig. 1  Diagram of MIC ‌disinfectants at different concentrations
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biofilm (91.7%) and the highest antibiotic resistance was 
related to isolates that produced strong and intermedi-
ate biofilm. In another study, it was found that 92% of 
the isolates produced biofilm and the highest antibiotic 
resistance was related to these isolates, which overlaps 
with our study [28]. Mahdavi et al. performed a study on 
disinfectants including sodium hypochlorite, propanol 

alcohol, hydrogen peroxide, and glutaraldehyde in bac-
terial biofilms. The results showed that bacteria which 
produce biofilm were more resistant to disinfectants. 
Sodium hypochlorite had the highest effect on biofilm 
producer bacteria, and glutaraldehyde had the highest 
lethal effect on the planktonic form [29]. In another sur-
vey performed from 2010 to 2013 on 272 A. baumannii 

Fig. 3  Evaluation of MBC of disinfectant alone and in combination with EDTA
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isolates, 91% of isolates produced biofilm which overlaps 
with our study [30]. A study showed that 85.9% of A. bau-
mannii isolates produce biofilm which was highly resis-
tant to antibiotics [31]. Reduce sensitivity to disinfectants 
are on the rise among bacteria due to overuse and misuse 
of detergents [20, 21].

SMR proteins from the family of carriers of multidrug 
resistance in bacteria are a family of proton-dependent 
efflux pumps and are divided into three groups: SUG, 
SMP, and PSMR. qacE-Δ1, qacE genes belong to the SMP 
subgroup and have been identified on the plasmids and 
integrons of many drug-resistant gram-negative and 
gram-positive bacteria [32]. SUG that is one of the main 
classes of the SMR family, in bacteria resulted in resis-
tant to the quaternary cation compound [33]. Our study 
was in line with another study conducted in 2017, and 
the result showed that 10 isolates (45.5%) had qacE gene 
and 15 isolates (68.1%) had qacE-Δ1 [34]. Another survey 
performed in 2018, reported the prevalence of qacE-Δ1 
(37.6%) and sugE (71.5%) genes that compared to our 
results, qacE-Δ1 gene was lower and sugE was higher 
[35].

A comparison of studies showed that the prevalence 
of qacE and SugE genes have increased compared to 
previous studies, while the frequency of qacE-Δ1 gene 
has been lower, which can be inferred that this may be 
due to differences in disinfection resistance patterns and 
geographical area differences. In our study after alcohol 
ethanol 70% and chlorhexidine 2%, which had the least 
bactericidal effect on A. baumannii, sayasept-HP 2%, had 
less effect on this bacterium than dettol 4.8% and sodium 
hypochlorite 5%.

Our results in this study showed that the highest inhib-
itory rate for disinfectants are as follows: alcohol ethanol 
at a dilution rate of 1/32 (2.187), chlorhexidine with say-
asept-HP 2% at a dilution of 1/64 (0.03123 mg/ml), det-
tol dilution rate of 1/32 and 1/64 (0.15, 0.075 mg/ml), and 
sodium hypochlorite at dilution of 1/64 (0.078  mg/ml). 
Since the lack of criteria, there is no clinical interpreta-
tion for sensitivity or resistance to biocides. isolates can-
not be identified as sensitive or resistant to biocides. Lin 
fei et al. in 2017 reported the disinfectant performance 
against A. baumannii isolates, sodium hypochlorite, 

and chlorhexidine had the highest inhibitory dilution of 
1/64 (0.078 mg/ml), which is in line with our result [36]. 
In another study, the highest bactericidal rate (MBC) of 
chlorhexidine was 0.01 dilution, which in the present 
study was 0.075 which is in line with our study [37].

According to the results obtained in this study, disin-
fectant after combination with EDTA had synergism 
effect on the results of both MIC and MBC. The MIC 
of alcohol changed from dilution 4.375 to dilution 0.5. 
The MIC of sayasept, and chlorhexidine changed from 
dilution 0.25 to 0.125. The MIC of sodium hypochlorite 
changed from dilution 0.321 to dilution 0.156 with the 
mixture of EDTA. Also, dettol in dilution of 0.15 inhib-
ited the growth of 80 isolates, and at the same dilution 
in combination with EDTA inhibited the growth of 109 
isolates (P < 0.05). In a study conducted in France on the 
synergistic effect of EDTA with antibiotics, the synergis-
tic effect of antibiotics combined with EDTA against bac-
terial biofilm producers was observed [38].

Conclusion
This study showed that A. baumannii has a high ability 
to produce biofilms on medical surfaces and instruments. 
Therefore, it is necessary to prevent the formation of bio-
film and remove it from medical devices. Accordingly, 
the use of EDTA with the mixture of disinfectants has a 
significant impact on reducing biofilm production and 
as a result, nosocomial infections. Based on this study 
appropriate use of disinfectants at proper concentrations 
for different species of bacteria should be addressed to 
avoid inducing resistance mechanisms in bacteria. Also, 
the field of study using EDTA in combination with disin-
fectants should be addressed.
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