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Abstract
Background: One of the most important reasons for human mortality worldwide is Hospital-acquired infections,
which can be controlled by e�cient use of proper disinfectants for the Hospital settings. The main aim of the
present survey was to assess the susceptibility of Pseudomonas aeruginosa producing and non-producing
bio�lm isolated to the �ve commonly used Hospital disinfectants, and evaluation of the synergistic effect of
selective disinfectants and Ethylene-diamine-tetra acetic acid (EDTA), and the effect of exposure to sub-inhibitory
concentrations of Sodium hypochlorite on antimicrobial susceptibility test.

Results: The results showed that Sodium hypochlorite 5%, and Ethanol 70% is the most and less potent
disinfectants against Pseudomonas aeruginosa, respectively. Clearly, the addition of EDTA increased the e�cacy
of selected disinfectants signi�cantly. The changes in the antibiotic-resistance pro�les after exposure to sub-
inhibitory concentrations of disinfectants were observed for different classes of antibiotics. As well as near the
all isolates harbored e�ux pump genes and produced bio�lm. 

Conclusion: For disinfection of Hospital surfaces and instruments, the mixture of disinfectant and EDTA were the
most suitable selection in this study. In our study, it was clear that exposure to sub-inhibitory concentrations of
disinfectants results in resistance to antibiotics. Also, strong and intermediate bio�lm formers belonged to
MDR/XDR strains.

Background
Today, resistance to antibiotics and disinfectants in various bacterial strains is a major public health problem in
the world, with increasing growth worldwide. Reports of this have generally been based on the detection of
antibiotic resistance in bacteria associated with nosocomial infections, but in recent years with the identi�cation
of multidrug-resistant (MDR), strains in different countries, ways to spread and spread the relevant genes are
important (1).

One of the most important factors in the spread of nosocomial infections is the incorrect use of disinfectants.
These infections infect all medical devices, and equipment needed by patients, thereby result in Increasing the
duration of Hospitalization. One of the basic principles of disinfection is the use of effective and safe
disinfectant solutions to minimize damage to equipment and personnel. Also considering the fact that none of
the disinfectants for all different needs disinfection are not suitable, and also because healthcare environments
choice of material signi�cance depends on the size of the problem, research is needed to determine the
antiseptic effects of different disinfectants in order to select the appropriate disinfectant (2).

Improper use of disinfectants, dilution in the environment after discharge, and biodegradation result in biocide
concentration gradients. As a result, microorganisms are alternately exposed to non-lethal concentrations of
disinfectants. Recent studies have shown that, when bacteria are exposed to non-lethal concentrations of
disinfectants, it facilitates resistance to disinfectants and may also lead to resistance to other antimicrobials,
such as antibiotics (3, 4). While it has been shown that improper administration of antibiotics to humans and
inappropriate use of antibiotics in animal feed has been a major factor in increasing antibiotic resistance in
recent years. there is a growing concern that the widespread use of disinfectants has also been involved in
antibiotics resistance (3, 5).
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Pseudomonas aeruginosa is a non-fermentative gram negative bacilli. The bacterium is known to be an
important human pathogen, especially for high-risk patients, including burn wounds, immunocompromised
patients, and cystic �brosis (6, 7). This bacterium is one of the most important bacteria in the clinic because of
its ability that leads to severe infections and results in high mortality rates (8, 9). It is a member of the ESKAPE
species described by the American Association of Infectious Diseases as a human pathogen Related to the
emergence of clinical antibiotic Resistance (10). Also, Pseudomonas aeruginosa is one of the most important
bacteria that the World Health Organization (WHO) named as antibiotic-resistant “priority pathogens” and have
acquired and expanded different kinds of resistance mechanisms (11–13).

Multi-drug-resistant or Extensively drug-resistant (MDR, XDR) strains, in the nosocomial base, is a global threat to
health care systems and vulnerable patients, and it has been reported to cause a large number of Hospital
incidence in high-risk patients such as patients admitted to intensive care units (ICUs) (14).

Several factors cause resistance to disinfectants, and different bacteria have different mechanisms of resistance
to disinfectants, and antibacterial agents. Among these, multidrug resistance proteins (SMR) are small proteins
that are located in the inner layer of the cytoplasmic membrane and are divided into three groups: SUG, SMP, and
PSMR. And they cause resistance to the biocides, and a number of antibiotics. The genes qacE and qacEΔ1 are
located in the SMP subgroup and have been identi�ed on plasmids and integrons of many gram-negative and
gram-positive bacteria resistant to drugs. SUG genes are also located on the plasmid. The SMR family includes
proton-dependent e�ux pumps (15). Also, one of the main resistance mechanisms in Pseudomonas aeruginosa
is Bio�lm formation (16). One of the purposes of the current study is to determine the correlation between
antibiotic/detergent resistance and bio�lm formation in Pseudomonas aeruginosa. treatment of Pseudomonas
aeruginosa infections is challenging, due to the acquired and intrinsic resistance of Pseudomonas aeruginosa
against a wide range of antibacterial agents (17, 18), bio�lm formation, enzyme production suppression, and
overexpression of e�ux pumps, known as resistance mechanisms of this microorganism (19).

The present study identi�ed phenotypic and genotypic resistance to common disinfectants in two steps: mixed
or without Ethylene-diamine-tetra-acetic acid (EDTA). The disinfectants examined in the current survey are
Sodium hypochlorite 5%, Ethanol alcohol 70%, Sayasept- HP 2%, Chlorhexidine 2%, Dettol 4.8% among
Pseudomonas aeruginosa, strains producing and non-producing bio�lm isolated from educational Hospitals in
Iran.

Result
A total of 120 Pseudomonas aeruginosa strains related to nosocomial infections were collected. Out of 120
obtained isolates, 67 (55.8%) from urine, 11 (9.2%) of them BAL, and 28 (23.3%) ,14 (11.7%) of them were from
blood, and wound respectively.

Antimicrobial susceptibilities

Base on susceptibility testing results, 46(38.3%) and 19(15.8%) isolated strains were categorized as MDR and
XDR strain respectively (Table 2).

The highest resistance rate was against Cefoxitin, and Ampicillin/Sulbactam (100%) followed by Imipenem
(45.8%), levo�oxacin (33.3%). The highest susceptibility rate was related to Colistin 116(96.7%),



Page 4/20

Piperacillin/Tazobactam 94(78.3%), Piperacillin 93 (77.5%), Tobramycin 93 (77.5%), and Gentamicin 91 (75.8%)
respectively.

Table 1 shows the antibiotic susceptibility patterns of the 120 isolates of Pseudomonas aeruginosa.
Comparative diagram of the results of antibiotics susceptibility tests before and after exposure to sodium
hypochlorite was performed in Fig. 2.

Table 1 Antibiotic Susceptibility of clinical Pseudomonas aeruginosa isolates before and after treatment with
Sodium hypochlorite. 

                    sensitive intermediate resistance

  before                  after before                  after before                  after

Antibiotic N/% N/% N/% N/% N/% N/%

Meropenem 78(65%) 65(54.2%) 8(6.7%) 15(12.5%) 34(28.3%) 40(33.3%)

Cipro�oxacin  71(59.2%) 59(49.2%) 10(8.3%) 17(14.2%) 39(32.5%) 44(36.7%)

Tobramycin 93(77.5%) 83(69.2%) 3(2.5%) 9(7.5%) 24(20%) 28(23.3%)

Gentamicin  91(75.8%) 81(67.5%) 6(5%) 11(9.2%) 23(19.2%) 28(23.3%)

Cefepime  85(70.8%) 76(63.3%) 14(11.7%) 18(15%) 21(17.5%) 26(21.7%)

Imipenem  25(20.8%) 16(13.3%) 40(33.3%) 40(33.3%) 55(45.8%) 64(53.3%)

Amikacin  89(74.2%) 82(68.3%) 11(9.2%) 12(10%) 20(16.7%) 26(21.7%)

Ceftazidime  66(55%) 60(50%) 26(217%) 28(23.3%) 28(23.3%) 32(26.7%)

Levo�oxacin  50(41.7%) 44(36.7%) 30(25%) 33(27.5%) 40(33.3%) 43(35.8%)

Colistin 116(96.7%) 116(96.7%) 0(0%) 0(0%) 4(3.3%) 4(3.3%)

Piperacillin  93(77.5%) 93(77.5%) 14(11.7%) 14(11.7%) 13(10.8%) 13(10.8%)

Piperacillin/Tazobacta  94(78.3%) 94(78.3%) 14(11.7%) 14(11.7%) 12(10%) 12(10%)

Cefoxitin 0(0%) 0(0%) 0(0%) 0(0%) 120(100%) 120(100%)

Ampicillin Sulbactam 0(0%) 0(0%) 0(0%) 0(0%) 120(100%) 120(100%)

AST1 MDR=46(38.3%) XDR=19(15.8%)

AST2 MDR=58(48.3%) XDR=23(19.2%)

Note: AST1: AST before exposing to the Sodium hypochlorite, AST2: AST after exposing to the Sodium
hypochlorite

The effect of exposure to sub-inhibitory concentrations of disinfectants on antimicrobial susceptibility test

Another important resistance link was revealed in the current study. The changes in the antibiotic-resistance
pro�les after exposure to sub-inhibitory concentrations of Sodium hypochlorite were observed for different
classes of antibiotics (Table 2). Most of Pseudomonas aeruginosa strains showed increased resistances to



Page 5/20

different kind of classes of antibiotics, With the respect of resistance Meropenem 13(10.8%), Cipro�oxacin
12(10%), tobramycin and Gentamicin 10(8.3%), Imipenem and Cefepime 9(7.5%), Amikacin 7(5.9%), Ceftazidime
and Levo�oxacin 6(5%) showed the most changes. As a result, the rate of MDR 12(10%) and XDR 4(3.4%)
increased.

Determination of Minimal Inhibitory Concentration (MIC) and Minimal Bactericidal Concentration (MBC) of
disinfectants

In this study the most effective disinfectants were Sodium hypochlorite 5%, Chloroxylenol (Dettol) 4.8%,
Sayasept- HP 2%, Chlorhexidine 2%, and Ethanol 70%, respectively. Moreover, the disinfectant susceptibility
testing in this study con�rmed that at 1/32 concentration of Sodium hypochlorite and Dettol showed lethal
effect (MBC) on 120(100%) of the Pseudomonas aeruginosa isolates. On the other side the less effective
detergent was Ethanol 70% that 59(49.2%) of isolates did not show lethal effect on 1/16 concentration of
Ethanol 70% (Table 2).
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Table 2
The number of isolates with MICs and MBCs

Biocides 1/8 1/16 1/32 1/64 1/128 1/256 1/512

MIC Ethanol
70%

12(10%) 65(54.2%) 30(25%) 11(9.2%) 2(1.7%)    

MIC Ethanol
70%+EDTA

1(0.8%) 7(5.8%) 32(26.7%) 68(56.7%) 7(5.8%) 4(3.3%) 1(0.8%)

MBC Ethanol
70%

59(49.2%) 34(28.3%) 25(20.8%) 1(0.8%) 1(0.8%)    

MBC Ethanol
70%+EDTA

3(2.5%) 25(20.8%) 51(42.5%) 34(28.3%) 6(5%) 1(0.8%)  

MIC Sodium
hypochlorite
5%

- - - 15(12.5%) 50(41.7%) 30(25%) 25(20.8%)

MIC Sodium
hypochlorite
5%+EDTA

      6(5%) 12(10%) 24(20%) 78(65%)

MBC Sodium
hypochlorite
5%

      33(27.5%) 56(46.7%) 30(25%) 1(0.8%)

MBC Sodium
hypochlorite
5%+EDTA

      14(11.7%) 24(20%) 59(49.2%) 23(19.2%)

MIC Dettol
4.8%

      42(35%) 39(32.5%) 39(32.5%)  

MIC Dettol
4.8%+EDTA

      5(4.2%) 26(21.7%) 44(36.7%) 45(37.5%)

MBC Dettol
4.8%

      65(54.2%) 42(35%) 13(10.8%)  

MBC Dettol
4.8%+EDTA

      32(26.7%) 43(35.8%) 37(30.8%) 8(6.7%)

MIC
Sayasept-HP
2%

      50(41.7%) 38(31.7%) 30(25%) 2(1.7%)

MIC
Sayasept- HP
2%+EDTA

      13(10.8%) 29(24.2%) 36(30%) 42(35%)

MBC
Sayasept- HP
5%

    2(1.7%) 63(52.5%) 45(37.5%) 10(8.3%)  

MBC
Sayasept- HP
5%+EDTA

      24(20%) 47(39.2%) 41(34.2%) 8(6.7%)
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Biocides 1/8 1/16 1/32 1/64 1/128 1/256 1/512

MIC
Chlorhexidine
2%

      71(59.2%) 36(30%) 13(10.8%)  

MIC
Chlorhexidine
2%+EDTA

      27(22.5%) 33(27.5%) 43(35.8%) 17(14.2%)

MBC
Chlorhexidine
2%

    44(36.7%) 64(53.3%) 12(10%)    

MBC
Chlorhexidine
2%+EDTA

    16(13.3%) 56(46.7%) 48(40%)    

Synergistic effect of selective disinfectants and Ethylene-diamine-tetra acetic acid (EDTA)

Adding EDTA increased the e�ciency of all disinfectants included in this survey. At the concentrations used,
antiseptics without EDTA were e�cient at higher concentrations in comparison with mixed EDTA and, when
combined with EDTA, a reduction of concentration was observed in MBC and MIC, the effects of EDTA and
antiseptics were additive. Ethanol 70%, Sodium hypochlorite 5%, Sayasept- HP 2%, respectively gave the best
results when combined with EDTA, although its antibacterial e�ciency at the concentration used in Chloroxylenol
(Dettol) 4.8%, and Chlorhexidine 2% is lower than that of other antiseptics (Table3). Comparative diagram of
MBC  disinfectants at different concentrations before and after mixing with EDTA was performed in Fig. 1.

Bio�lm assessment

In this part, 117(97.5%) of clinical Pseudomonas aeruginosa isolates were found to develop bio�lm and 45
(37.5%), 51(42.5%), and 21(17.5%) isolates were strong, intermediate, and week bio�lm formers respectively,
compared to the reference strain. 37(30.8%) and 28(23.3%) of strong and intermediate bio�lm formers belong to
MDR/XDR strains. Also in the case of strong bio�lm-producing isolates, higher concentrations of disinfectants
were used to kill the isolates (MBC). The results of the present study showed that higher concentrations of
disinfectants are required to kill strong and moderate bio�lm-producing isolates (Fig. 3).

Detection of e�ux pump genes ( qac-E, qacE-Δ1, sug-E1) by PCR technique

Genomic detection of qacE, qacΔE1, and sug-E1 showed that 111(92.5%), 21 (17.5%), and 114(95%) out of 120
Pseudomonas aeruginosa isolates harbor the qacE, qacΔE1, and sug-E1 genes, respectively. Among the isolates
carrying qacEΔ1 gene, 16 isolates were MDR / XDR.

Discussion
Since 1980, nosocomial infections, specially caused by Pseudomonas aeruginosa were classi�ed as a big issue
in Hospital, as a result of this problem, medical costs for health care systems have been high(20). Many studies
has shown that e�cacy of disinfectants and antibiotics are gradually reduced(21). There are several reasons of
prevalence of resistance of disinfectants: inaccurate concentration, Inappropriate usage, and insu�cient training
to prepare and storage of Hospital disinfectants are among them(22). Compared to many antimicrobial
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resistance surveys about antibiotics, the number of global researches regard to resistance to biocides is yet very
low. Due to clinical importance of Pseudomonas aeruginosa, the e�cacy of �ve Hospital disinfectants was
assessed against clinical isolates of Pseudomonas aeruginosa. Structural factors, bacterial e�ux pumps,
bio�lm, toxins and enzymes are the main reasons of resistance to disinfectants and antibiotics in pseudomonas
genus(23). Sodium hypochlorite 5%, showed the strongest bactericidal activity against isolated Pseudomonas
aeruginosa followed by Dettol 4.8%, Sayasept- HP 2%, Chlorhexidine 2%, and Ethanol 70%.

In our study, the effectiveness of sodium hypochlorite in the concentration of active ingredient 0.078 was
determined as 100% MBC of the studied isolates, which is more effective than all disinfectants in the present
study. These results are consistent with another study performed on Pseudomonas aeruginosa and 0.5% sodium
hypochlorite isolates. Sodium hypochlorite has also been shown to be more effective than ethanol and salvone
(1.5  v / v chlorhexidine + 15  w / v cetrimide) in the study, and the results of our study show similar results(24).
Also, the results of a study conducted in Brazil showed that sodium hypochlorite is more effective than
ammonium tetravalent compounds against bacteria. In our study, sodium hypochlorite was more effective
disinfectant than Sayaspet, which is a �fth generation of ammonium tetravalent compounds(25). The results of
other studies on the active ingredient sodium hypochlorite con�rm the results of our work (26–28).

Currently, EDTA has been approved as an antimicrobial agent to reduce the risk of bacterial bio�lm formation
and colonization. Another goal of the current study is to determine the synergistic effect of EDTA in combination
with �ve other non-antibiotic antimicrobials. In the current survey the addition of EDTA increased the e�cacy of
selected disinfectants signi�cantly. In a study reported that 4% tetra sodium EDTA is able to eradicate pre-formed
bio�lms of clinical isolates(29). some surveys revealed that combined antibiotics are more effective compared to
single antibiotics(30). The e�cacies of disinfectants currently are being investigated in order to decrease the rate
of emerging resistance among clinically isolated bacteria. For decades, EDTA has been known as a potentiating
and sensitizing agent. Several studies showed that EDTA bio�lm disrupting is due to its ability to cations
sequestering (Mg2+, Ca2 + and Fe3+), as a result increase the effect of other antimicrobial agents (31–33).
Combination of antibiotics and other antimicrobial agents with disodium EDTA has been broadly studied (31, 34,
35). A study conducted on Candida and methicillin-resistant S. aureus (MRSA) on catheters, in this study a
combination of ethanol (25 %), EDTA (30 mg/mL), and minocycline (3 mg/mL), eradicated pre-formed bio�lms,
synergistically(31). Another survey performed on commonly pathogens involved in canine otitis specially
Pseudomonas, revealed that Combination of Tris-EDTA with Chlorhexidine 0.15% has excellent synergistic
activity against all isolates (36). These trials propose that the combination of Chlorhexidine or ethanol with EDTA
does not compromise the activity of one another. However, standard EDTA or disodium EDTA is not a potent and
practical antimicrobial agent even when used at high level concentrations, and is not able to kill bacteria. On the
other side, some studies showed that tetra-sodium EDTA has broad-spectrum antimicrobial activity on its
own(29, 33). It was reported, tetra-sodium EDTA (40 mg/ mL) decreased bio�lm colonization by Pseudomonas
aeruginosa, S. epidermidis, Klebsiella pneumoniae, C. albicans and E. coli on catheter segments(33). In another
survey killing ability of 4% tetra-sodium EDTA against clinically relevant pathogens was reported (29). Also There
are many studies on Ethanol for its antimicrobial activity alone and combined with other antimicrobial agents,
that indicated combination with other biocides increase the potent of Ethanol (32, 37, 38).

The role of biocides in bacterial antibiotics resistance is worrying since several changes in European law and
claims of a risk of biocide use were promoted. All of the studies in this subject are signi�cant to attain a better
conception of the interaction between bacteria and biocides, and to make a proper risk assessment on the use of
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disinfectants and emerging resistance and cross-resistance in bacteria(39, 40). In this study, there was a
signi�cant difference between the results of antibiogram before and after exposure to sodium hypochlorite in
most antibiotics. our results showed that 16 isolates were isolated from antibiotic-sensitive isolates, of these, 12
isolates became MDR isolates, and 4 isolates became XDR isolates. There are many studies that have
emphasized the associations of biocide and antibiotic resistance in bacterial isolates. For instance, in 2016,
Lloyd et al showed that in mercury contaminated place, the rate of resistance to antibiotics was higher in
mercury-resistant bacteria in comparison to mercury-sensitive isolates(41). It is worth bearing in mind that, the
‘in-use’ concentration of disinfectants, in most times are 1,000 times greater than of their MIC, to gain a rapid
killing of bacteria. Biocide at high level concentration usually interacts with several targets in the bacterial cell.
For this reason, bacteria hardly become resistant via adaptation or other mechanisms. However, bacterial usually
exposed to sub-inhibitory concentration of biocides. It has been shown that, bacteria exposing to sub-inhibitory
concentrations of biocides result in increasing resistance to biocides and antibiotics in bacteria (42–45). In a
study conducted on 2017, bacteria harboring biocide resistance genes were more probable to harbor an
antibiotic resistance gene in comparison with bacteria lacking biocide resistance genes (46). In this study, we
analyzed the correlation between biocides and antibiotics and positive connection were detected between sub-
inhibitory biocides exposing and antibiotics resistance. Such relationships were extensively reported and often
involved the up- regulation of e�ux pumps (47).

Usage of disinfectant in Hospitals must be intently measured and re-evaluated due to the selection pressure
effect of antimicrobials on the advent of resistant bacteria which could be spread to the Hospitalized patients.
For this reason, resistance is inducible after exposure to sub-inhibitory level of disinfectant (sodium
hypochlorite), which result in an increase in the isolates resistant to some antibiotics. It is noteworthy that
evaluate some disinfectants and assess correlations with antibiotics resistant which should be taken into
account for disinfection practices. It is not correct to consider bacteria that grow in low concentrations of
disinfectants as resistant to biocides. This must be determined as ‘increasing MIC value’ or reducing
susceptibility and as a result it is important to evaluate the bactericidal concentration instead of the inhibitory
concentration of disinfectants (48). It should be noted that, results of different surveys and the methods
employed must also be considered. However, opposed results show that there is not any correlation between
antibiotic resistance and exposing to sub-lethal concentration of biocides (49), and it is not completely obvious
that there is a correlation between biocide resistance and antibiotic resistance, and surveys still continue in this
subject(50). In conclusion, it is clear that biocide concentration is a signi�cant element in the bacterial resistance
induction. if the disinfectant prepare at low concentrations, and if the diluted disinfectant is kept in a long time
than manufacturer instruction, then bacteria are exposed to low concentration of biocide (48).

A vital key used by Pseudomonas aeruginosa to survive in harsh environment such as exposure to antibiotics
agents is bio�lm formation (51). The National Institute of Heart, Blood, and Lung reported that up to 80% of all
infections caused by bacterial are related to bio�lm formation (52). The results of our study showed that 117
(97.5%) isolates formed bio�lm, which was similar to other studies (53). Antibiotic resistance has increased by
bio�lm formation, and resulted in using a higher concentrations of antibiotics in MDR Pseudomonas aeruginosa
isolates infections (54). In a study, it was indicated that the rate of Pseudomonas aeruginosa isolates bio�lm
formation from Iranian patients varied from 48.5–99.5%. Generally, the bio�lm formation ratio was reported as
87.6%. As well, 27.4%, 30.2%, and 47.7% of Pseudomonas aeruginosa isolates were weak, moderate, and strong
bio�lm producers, respectively (16). Accordingly, our data were in line with the results published in studies where
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40–100% of Pseudomonas aeruginosa isolates produce bio�lm (55, 56). Karami et al, reported 73% of both
clinical and environmental isolates were bio�lm producers (57). Also, other studies reveals the importance of
bio�lm formation by Pseudomonas aeruginosa (58, 59). In line with our study it was reported that 58.6% of MDR
isolates produce strong bio�lm. These results revealed a signi�cant correlation between bio�lm formation and
MDR isolates (60). It should be noted that, In contrast to these �ndings, some studies from different parts of the
world indicated a lower prevalence of bio�lm formation, and as a result, there was no correlation between
antibiotic resistance and bio�lm producing (61–63). This issue possibly linked to other resistance mechanisms
(e�ux pumps, purines, chromosomal mutation, and plasmid acquisition) involved in antibacterial resistance
(64).

Another aim of the present study was to investigate the prevalence of qacE∆1, qacE and sug-E1 genes, and their
relationship with resistance to antibiotics and biocides in Pseudomonas aeruginosa. In the current study, the
prevalence of e�ux pump genes was very high, and due to the high prevalence of qacE and sug-E1 genes, no
association was found between these genes and resistance to disinfectants and antibiotics. Of the 21 isolates
carrying the qacE∆1 gene, 16 isolates were MDR / XDR, indicating an association between this gene and
antibiotic resistance. In a study conducted in Egypt, the qacE∆1 gene was identi�ed in 57.8% of multidrug-
resistant isolates, and 21.4% in susceptible strains, which con�rms the results of our study (65). In our study,
95% prevalence of sug-E1 gene was reported, which is similar to the results of a study conducted in Australia,
While the prevalence of qacE∆1 gene was 46.2%, it was higher than the prevalence reported in our study (66).

Conclusions
The present study showed that exposure to sub-inhibitory diluents of disinfectants increases resistance to
antibiotics. EDTA also had a signi�cant additive effect in increasing the lethality and inhibitory power of
disinfectants. This study also showed that sodium hypochlorite has high lethality and inhibitory power and
ethanol alcohol has low lethality against isolates of this study. Most isolates in this study produced strong and
moderate bio�lm.

Materials And Methods

Bacterial Strains
A cross-sectional study was performed from April 2019 to July, 2020, by approval of the Ethics Committee of
Qazvin Medical University (IR.QUMS.REC.1398.156). A total of 120 samples of Pseudomonas aeruginosa were
collected from clinical specimens of Hospitalized patients. Isolates from Urine, CSF, Blood cultures, Tracheal
aspirates, and various catheter tips were included in this study. All isolates were cultured on the MacConkey agar
medium; standard laboratory methods were performed to identify Pseudomonas aeruginosa strain; all isolates
were con�rmed by PCR method. For further investigation, All Pseudomonas aeruginosa isolates cultured in
trypticase soy broth (Merck, Darmstadt, Germany) were supplemented with 15% glycerol and were stored at − 
20°C.

Antibiotic susceptibility testing
Antibiotic susceptibility test (AST) was done base on the Clinical and Laboratory Standard Institute CLSI 2020
guideline (CLSI 2020). Antibiotics included in our study were as follow: Piperacillin (30), Piperacillin/Tazobactam
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(PTZ, 100 µg/10 µg), Ceftazidime (CAZ, 30 µg), Levofoxacin (LEV, 5 µg), Amikacin (AN, 30 µg), Imipenem (IMI, 10
µg), Gentamicin (GM, 10 µg), Meropenem (MEM, 10 µg), Tobramycin (TOB, 10 µg), Ciprofoxacin (CIP, 5 µg),
Cefepim (CPM, 30 µg). Cefoxitin (30 µg), Ampicillin/Sulbactam (10 µg /10 µg). Pseudomonas aeruginosa (ATCC
27853) and Escherichia coli (ATCC 25922) was used as control. The MICs for Colistin was determined using the
MIC method. colistin susceptibility were interpreted according to the CLSI 2020 clinical breakpoints (67).
Extended drug resistance (XDR) in Pseudomonas aeruginosa is categorized as non-susceptibility to at least one
antibacterial agent in all but two or fewer antimicrobial categories in contrast, and multi-drug resistance (MDR) is
determined as non-susceptibility to at least one antibacterial agent in three or more categories (10, 11).

The effect of exposure to sub-inhibitory concentrations of
disinfectants on antimicrobial susceptibility test
For this purpose, antibiogram was done after exposing to sub-inhibitory concentrations of Sodium hypochlorite,
and compared with before exposing. For this goal, antibiogram test was performed for bacteria that had grown
in the highest concentration of Sodium hypochlorite. The reason for choosing sodium hypochlorite to study the
effect of sub inhibitory on Pseudomonas aeruginosa was that, it is widely used in most countries in
inappropriate concentrations.

Molecular Method for detection of resistance detergent genes
Detection of resistance detergent genes performed by PCR method and following primers in Table 3.

Table 3
The lists of primers were used in this study

Gene Product size (bp) Sequence Reference

qac-E 206 F: TGCGTTCCTGGATCTATCTG

R: GACGATGCCAATGCCTTC

In study

qacE-Δ1 202 F: TTGTTATCGCAATAGTTG

R: AATGGCTGTAATTATGAC

In study

sug-E1 196 F: CCGTTGGTCTGAAATACAC

R: ATGGATTCGCCGAACAGG

In study

ZnbT 372 F: GCCAGTTGCGAGTAGATGTC

R: CCGTGGAGTGAACCTGAATC

In study

Disinfectants susceptibility testing
Five different disinfectants were studied, that have been used in Iranian Hospitals, following: Ethanol 70%,
Chlorhexidine 2%, Sodium hypochlorite 5%, Chloroxylenol (Dettol) 4.8%, Sayasept- HP 2%. The MICs and MBCs
of the all mentioned disinfectants were assessed by broth micro-dilution method (micro titer assay) [22]. Brie�y,
100 µl nutrient broth was added to all wells. Then 100 µl of disinfectant was added to well one, after serial
dilution, 100 µl of bacterial inoculum (106cfu/ml) was added to all wells. The dilutions included 1/2, 1/4, 1/8,
1/16, 1/32, 1/64, 1/128, 1/256, 1/512. MICs AND MBCs calculated (68). The lowest concentration of biocide that
inhibits bacterial growth and does not show turbidity is reported as the minimum inhibitory concentration (MIC).
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Subsequently, 100µl of four �nal clear diluted wells of each disinfectant, were cultured on Muller Hinton agar
medium and if after 48 hours at 37 ° C 99.9% of the bacteria did not grow (i.e. no growth or growth Less than 15
colonies) That dilution is considered the minimum bactericidal concentration(MBC) (69). Rideal-Walker Phenol
Coe�cient Test was used to determine the e�cacy of the disinfectants (70).

E�cacy of Ethylene-diamine-tetra acetic acid (EDTA) on
selective biocides
For this purpose, the selected disinfectants were mixed equally with the EDTA 17% and placed at room
temperature for 15 minutes. Then, for all isolates MIC and MBC with new mixture were calculated. The obtained
results were compared with the previous results and its synergistic effect was investigated.

Assessment of Bio�lm Formation Capacity
The bio�lm-forming ability was determined using the crystal violet staining method in triplicates and at three
independent replicates, as previously described, as positive control Acinetobacter baumannii ATCC19606 was
used, and LB medium was used as a negative control (71).

Statistical analysis
SPSS/16 software was used for Statistical analysis. In all evaluations, it was considered signi�cant in terms of
statistical analysis (P <0.05) or Fisher method.  

Abbreviations
MDR: multidrug-resistant; XDR: Extensively drug-resistant; MIC: minimum inhibitory concentration;
MBC: minimum bactericidal concentration; WHO: World Health Organization; EDTA: Ethylene-diamine-tetra acetic
acid

Declarations
Availability of data and materials

All data and material are available upon request to correspondence author.

Authors’ contributions

Farhad Nikkhahi designed the study, Mehdi Bakht and Sara Rahimi performed the study and wrote the
manuscript. All authors have read and approved the manuscript.

Ethics approval and consent to participate

Current study was performed by approval of the Ethics Committee of Qazvin Medical University with approval
number IR.QUMS.REC.1398.156. In addition, the committee approved the utilization of human samples within
this study. The clinical samples were taken as part of standard patient care and therefore no informed consent
was applied from participants. Also it should be noted that biological samples are handled by the authors in the



Page 13/20

present study. The adopted methods for handling of human samples were carried out in accordance with
relevant guidelines and regulations provided in the Declaration of Helsinki. The research protocol was approved
by the Research Ethics Committee at the Qazvin Medical University, Iran.

Funding

This research did not receive any speci�c grant from funding agencies in the public, commercial, or not-for-pro�t
sectors

Consent for publication

Not applicable.

Acknowledgement 

Not applicable.

Competing interests 

The authors declare no con�ict of interest

References
1. Baba T, Takeuchi F, Kuroda M, Yuzawa H, Aoki K-i, Oguchi A, et al. Genome and virulence determinants of

high virulence community-acquired MRSA. The Lancet. 2002;359(9320):1819–27.

2. Chung YJ, Saier Jr M. SMR-type multidrug resistance pumps. Current opinion in drug discovery &
development. 2001;4(2):237–45.

3. Tezel U, Pavlostathis SG. Quaternary ammonium disinfectants: microbial adaptation, degradation and
ecology. Current opinion in biotechnology. 2015;33:296–304.

4. Mc Cay PH, Ocampo-Sosa AA, Fleming GT. Effect of subinhibitory concentrations of benzalkonium chloride
on the competitiveness of Pseudomonas aeruginosa grown in continuous culture. Microbiology.
2010;156(1):30–8.

5. Gerba CP. Quaternary ammonium biocides: e�cacy in application. Applied and environmental microbiology.
2015;81(2):464–9.

�. Stefani S, Campana S, Cariani L, Carnovale V, Colombo C, Lleo M, et al. Relevance of multidrug-resistant
Pseudomonas aeruginosa infections in cystic �brosis. International Journal of Medical Microbiology.
2017;307(6):353–62.

7. Tatarelli P, Mikulska M. Multidrug-resistant bacteria in hematology patients: emerging threats. Future
microbiology. 2016;11(6):767–80.

�. Trecarichi E, Pagano L, Candoni A, Pastore D, Cattaneo C, Fanci R, et al. Current epidemiology and
antimicrobial resistance data for bacterial bloodstream infections in patients with hematologic
malignancies: an Italian multicentre prospective survey. Clinical Microbiology and Infection.
2015;21(4):337–43.



Page 14/20

9. Degli Atti MC, Bernaschi P, Carletti M, Luzzi I, García-Fernández A, Bertaina A, et al. An outbreak of extremely
drug-resistant Pseudomonas aeruginosa in a tertiary care pediatric hospital in Italy. BMC infectious
diseases. 2014;14(1):1–8.

10. Boucher HW, Talbot GH, Bradley JS, Edwards JE, Gilbert D, Rice LB, et al. Bad bugs, no drugs: no ESKAPE! An
update from the Infectious Diseases Society of America. Clinical infectious diseases. 2009;48(1):1–12.

11. Organization WH. WHO publishes list of bacteria for which new antibiotics are urgently needed. 2017. 2019.

12. Santajit S, Indrawattana N. Mechanisms of antimicrobial resistance in ESKAPE pathogens. BioMed research
international. 2016;2016.

13. Tacconelli E, Carrara E, Savoldi A, Harbarth S, Mendelson M, Monnet DL, et al. Discovery, research, and
development of new antibiotics: the WHO priority list of antibiotic-resistant bacteria and tuberculosis. The
Lancet Infectious Diseases. 2018;18(3):318–27.

14. Buhl M, Peter S, Willmann M. Prevalence and risk factors associated with colonization and infection of
extensively drug-resistant Pseudomonas aeruginosa: a systematic review. Expert review of anti-infective
therapy. 2015;13(9):1159–70.

15. Bay DC, Rommens KL, Turner RJ. Small multidrug resistance proteins: a multidrug transporter family that
continues to grow. Biochimica et Biophysica Acta (BBA)-Biomembranes. 2008;1778(9):1814–38.

1�. Hadadi-Fishani M, Khaledi A, Fatemi-Nasab ZS. Correlation between bio�lm formation and antibiotic
resistance in Pseudomonas aeruginosa: a meta-analysis. Infezioni in Medicina. 2020;28(1):47–54.

17. Lila G, Mulliqi-Osmani G, Bajrami R, Kurti A, Azizi E, Raka L. The prevalence and resistance patterns of
Pseudomonas aeruginosa in a tertiary care hospital in Kosovo. Infez Med. 2017;25(1):21–6.

1�. Pournajaf A, Razavi S, Irajian G, Ardebili A, Erfani Y, Solgi S, et al. Integron types, antimicrobial resistance
genes, virulence gene pro�le, alginate production and bio�lm formation in Iranian cystic �brosis
Pseudomonas aeruginosa isolates. Infez Med. 2018;26(3):226–36.

19. Gholami A, Barati M, Vahdani M, Vahdani H, Karimi M. Pattern of empirical antibiotic administration in
emergency department of an educational hospital in Tehran. Razi Journal of Medical Sciences.
2011;18(82):17–23.

20. Tripathi A, Shukla S, Singh A, Prasad K. Prevalence, outcome and risk factor associated with vancomycin-
resistant Enterococcus faecalis and Enterococcus faecium at a Tertiary Care Hospital in Northern India.
Indian journal of medical microbiology. 2016;34(1):38–45.

21. Suleyman G, Zervos MJ. Safety and e�cacy of commonly used antimicrobial agents in the treatment of
enterococcal infections: a review. Expert opinion on drug safety. 2016;15(2):153–67.

22. Di Muzio M, Cammilletti V, Petrelli E, Di Simone E. Hand hygiene in preventing nosocomial infections: a
nursing research. Ann Ig. 2015;27(2):485–91.

23. Khan F, Khan A, Kazmi SU. Prevalence and susceptibility pattern of multi drug resistant clinical isolates of
Pseudomonas aeruginosa in Karachi. Pakistan journal of medical sciences. 2014;30(5):951.

24. Mitiku M, Ali S, Kibru G. Antimicrobial drug resistance and disinfectants susceptibility of Pseudomonas
aeruginosa isolates from clinical and environmental samples in Jimma University specialized hospital,
Southwest Ethiopia. Ame J Biom Life Sci. 2014;2(2):40–5.

25. Bouzada MLM, Silva VL, Moreira FAS, Silva GA, Diniz CG. Antimicrobial resistance and disinfectants
susceptibility of persistent bacteria in a tertiary care hospital. Journal of Microbiology and Antimicrobials.



Page 15/20

2010;2(8):105–12.

2�. Nasr AM, Mostafa MS, Arnaout HH, Elshimy AAA. The effect of exposure to sub-inhibitory concentrations of
hypochlorite and quaternary ammonium compounds on antimicrobial susceptibility of Pseudomonas
aeruginosa. American journal of infection control. 2018;46(7):e57-e63.

27. Deshaies F, Ahmad D, Massicotte R, Pichette G, Belhumeur P, Mafu AA. Comparison of e�cacy pro�les for
minimum lethal concentrations (MLCs) of some commonly used commercial hospital microbicidal
detergent-disinfectant products for disinfectants and sporicidal activity. International Journal of Infection
Control. 2012;8(2).

2�. Röhner E, Jacob B, Böhle S, Rohe S, Lö�er B, Matziolis G, et al. Sodium hypochlorite is more effective than
chlorhexidine for eradication of bacterial bio�lm of staphylococci and Pseudomonas aeruginosa. Knee
Surgery, Sports Traumatology, Arthroscopy. 2020:1–7.

29. Liu F, Hansra S, Crockford G, Köster W, Allan BJ, Blondeau JM, et al. Tetrasodium EDTA is effective at
eradicating bio�lms formed by clinically relevant microorganisms from patients’ central venous catheters.
Msphere. 2018;3(6).

30. Dall G, Tsang SJ, Gwynne P, MacKenzie S, Simpson A, Breusch S, et al. Unexpected synergistic and
antagonistic antibiotic activity against Staphylococcus bio�lms. Journal of Antimicrobial Chemotherapy.
2018;73(7):1830–40.

31. Raad I, Hanna H, Dvorak T, Chaiban G, Hachem R. Optimal antimicrobial catheter lock solution, using
different combinations of minocycline, EDTA, and 25-percent ethanol, rapidly eradicates organisms
embedded in bio�lm. Antimicrobial agents and chemotherapy. 2007;51(1):78–83.

32. Raad II, Hachem RY, Hanna HA, Fang X, Jiang Y, Dvorak T, et al. Role of ethylene diamine tetra-acetic acid
(EDTA) in catheter lock solutions: EDTA enhances the antifungal activity of amphotericin B lipid complex
against Candida embedded in bio�lm. International journal of antimicrobial agents. 2008;32(6):515–8.

33. Percival SL, Kite P, Eastwood K, Murga R, Carr J, Arduino MJ, et al. Tetrasodium EDTA as a novel central
venous catheter lock solution against bio�lm. Infection Control & Hospital Epidemiology. 2005;26(6):515–9.

34. Chauhan A, Lebeaux D, Ghigo J-M, Beloin C. Full and broad-spectrum in vivo eradication of catheter-
associated bio�lms using gentamicin-EDTA antibiotic lock therapy. Antimicrobial agents and chemotherapy.
2012;56(12):6310–8.

35. Lebeaux D, Le�on-Guibout V, Ghigo J-M, Beloin C. In vitro activity of gentamicin, vancomycin or amikacin
combined with EDTA or l-arginine as lock therapy against a wide spectrum of bio�lm-forming clinical strains
isolated from catheter-related infections. Journal of Antimicrobial Chemotherapy. 2015;70(6):1704–12.

3�. Guardabassi L, Ghibaudo G, Damborg P. In vitro antimicrobial activity of a commercial ear antiseptic
containing chlorhexidine and Tris–EDTA. Veterinary dermatology. 2010;21(3):282–6.

37. Slobbe L, Doorduijn JK, Lugtenburg PJ, El Barzouhi A, Boersma E, Van Leeuwen WB, et al. Prevention of
catheter-related bacteremia with a daily ethanol lock in patients with tunnelled catheters: a randomized,
placebo-controlled trial. PloS one. 2010;5(5):e10840.

3�. Balestrino D, Souweine B, Charbonnel N, Lautrette A, Aumeran C, Traoré O, et al. Eradication of
microorganisms embedded in bio�lm by an ethanol-based catheter lock solution. Nephrology Dialysis
Transplantation. 2009;24(10):3204–9.



Page 16/20

39. Henshaw DL, O’Carroll MJ. Scienti�c Committee on Emerging and Newly Identi�ed Health Risks (SCENIHR).
Brussels: European Commission. 2009.

40. Leitgeb N, Auvinen A, Danker-hopfe H, Mild K. SCENIHR (Scienti�c Committee on Emerging and Newly
Identi�ed Health Risks). Potential health effects of exposure to electromagnetic �elds (EMF), Scienti�c
Committee on Emerging and Newly Identi�ed Health Risks SCENIHR Opinion on Potential health.
2016;10:75635.

41. Lloyd NA, Janssen SE, Reinfelder JR, Barkay T. Co-selection of mercury and multiple antibiotic resistances in
bacteria exposed to mercury in the Fundulus heteroclitus gut microbiome. Current microbiology.
2016;73(6):834–42.

42. Molina-González D, Alonso-Calleja C, Alonso-Hernando A, Capita R. Effect of sub-lethal concentrations of
biocides on the susceptibility to antibiotics of multi-drug resistant Salmonella enterica strains. Food Control.
2014;40:329–34.

43. Capita R, Riesco-Peláez F, Alonso-Hernando A, Alonso-Calleja C. Exposure of Escherichia coli ATCC 12806 to
sublethal concentrations of food-grade biocides in�uences its ability to form bio�lm, resistance to
antimicrobials, and ultrastructure. Applied and Environmental Microbiology. 2014;80(4):1268–80.

44. Webber MA, Whitehead RN, Mount M, Loman NJ, Pallen MJ, Piddock LJ. Parallel evolutionary pathways to
antibiotic resistance selected by biocide exposure. Journal of antimicrobial chemotherapy.
2015;70(8):2241–8.

45. Christensen EG, Gram L, Kastbjerg VG. Sublethal triclosan exposure decreases susceptibility to gentamicin
and other aminoglycosides in Listeria monocytogenes. Antimicrobial agents and chemotherapy.
2011;55(9):4064–71.

4�. Pal C. Effects of biocides and metals on antibiotic resistance: a genomic and metagenomic perspective.
2017.

47. Buffet-Bataillon S, Le Jeune A, Le Gall-David S, Bonnaure-Mallet M, Jolivet-Gougeon A. Molecular
mechanisms of higher MICs of antibiotics and quaternary ammonium compounds for Escherichia coli
isolated from bacteraemia. Journal of antimicrobial chemotherapy. 2012;67(12):2837–42.

4�. Meyer B, Cookson B. Does microbial resistance or adaptation to biocides create a hazard in infection
prevention and control? Journal of Hospital Infection. 2010;76(3):200–5.

49. Kastbjerg VG, Gram L. Industrial disinfectants do not select for resistance in Listeria monocytogenes
following long term exposure. International journal of food microbiology. 2012;160(1):11–5.

50. Harbarth S, Soh ST, Horner C, Wilcox M. Is reduced susceptibility to disinfectants and antiseptics a risk in
healthcare settings? A point/counterpoint review. Journal of Hospital Infection. 2014;87(4):194–202.

51. El-Ganiny AM, Shaker GH, Aboelazm AA, El-Dash HA. Prevention of bacterial bio�lm formation on soft
contact lenses using natural compounds. Journal of Ophthalmic In�ammation and Infection. 2017;7(1):1–
7.

52. Hassan A, Usman J, Kaleem F, Omair M, Khalid A, Iqbal M. Evaluation of different detection methods of
bio�lm formation in the clinical isolates. Brazilian journal of infectious Diseases. 2011;15(4):305–11.

53. Salman M, Rizwana R, Khan H, Munir I, Hamayun M, Iqbal A, et al. Synergistic effect of silver nanoparticles
and polymyxin B against bio�lm produced by Pseudomonas aeruginosa isolates of pus samples in vitro.
Arti�cial cells, nanomedicine, and biotechnology. 2019;47(1):2465–72.



Page 17/20

54. Shi H, Trinh Q, Xu W, Zhai B, Luo Y, Huang K. A universal primer multiplex PCR method for typing of
toxinogenic Pseudomonas aeruginosa. Applied microbiology and biotechnology. 2012;95(6):1579–87.

55. Gurung J, Khyriem AB, Banik A, Lyngdoh WV, Choudhury B, Bhattacharyya P. Association of bio�lm
production with multidrug resistance among clinical isolates of Acinetobacter baumannii and Pseudomonas
aeruginosa from intensive care unit. Indian journal of critical care medicine: peer-reviewed, o�cial
publication of Indian Society of Critical Care Medicine. 2013;17(4):214.

5�. de Almeida KdCF, Calomino MA, Deutsch G, de Castilho SR, de Paula GR, Esper LMR, et al. Molecular
characterization of multidrug-resistant (MDR) Pseudomonas aeruginosa isolated in a burn center. Burns.
2017;43(1):137–43.

57. Karami P, Mohajeri P, Mashouf RY, Karami M, Yaghoobi MH, Dastan D, et al. Molecular characterization of
clinical and environmental Pseudomonas aeruginosa isolated in a burn center. Saudi journal of biological
sciences. 2019;26(7):1731–6.

5�. Vasiljević Z, Jovčić B, Ćirković I, Đukić S. An examination of potential differences in bio�lm production
among different genotypes of Pseudomonas aeruginosa. Archives of Biological Sciences. 2014;66(1):117–
21.

59. Senturk S, Ulusoy S, Bosgelmez-Tinaz G, Yagci A. Quorum sensing and virulence of Pseudomonas
aeruginosa during urinary tract infections. The Journal of Infection in Developing Countries.
2012;6(06):501–7.

�0. Karami P, Khaledi A, Mashoof RY, Yaghoobi MH, Karami M, Dastan D, et al. The correlation between bio�lm
formation capability and antibiotic resistance pattern in Pseudomonas aeruginosa. Gene Reports.
2020;18:100561.

�1. Prince AA, Steiger JD, Khalid AN, Dogrhamji L, Reger C, Claire SE, et al. Prevalence of bio�lm-forming
bacteria in chronic rhinosinusitis. American journal of rhinology. 2008;22(3):239–45.

�2. Kádár B, Szász M, Kristóf K, Pesti N, Krizsan G, Szentandrássy J, et al. In vitro activity of clarithromycin in
combination with other antimicrobial agents against bio�lm-forming Pseudomonas aeruginosa strains.
Acta microbiologica et immunologica Hungarica. 2010;57(3):235–45.

�3. Hou W, Sun X, Wang Z, Zhang Y. Bio�lm-forming capacity of Staphylococcus epidermidis, Staphylococcus
aureus, and Pseudomonas aeruginosa from ocular infections. Investigative ophthalmology & visual science.
2012;53(9):5624–31.

�4. Chen J, Su Z, Liu Y, Wang S, Dai X, Li Y, et al. Identi�cation and characterization of class 1 integrons among
Pseudomonas aeruginosa isolates from patients in Zhenjiang, China. International Journal of Infectious
Diseases. 2009;13(6):717–21.

�5. Helal ZH, Khan MI. QacE and QacE∆1 Genes and Their Correlation to Antibiotics and Biocides Resistance
Pseudomonas aeruginosa. American Journal of Biomedical Sciences. 2015;7(2).

��. Subedi D, Vijay AK, Willcox M. Study of disinfectant resistance genes in ocular isolates of Pseudomonas
aeruginosa. Antibiotics. 2018;7(4):88.

�7. Testing ECoAS. European Committee on Antimicrobial Susceptibility Testing Breakpoint tables for
interpretation of MICs and zone diameters European Committee on Antimicrobial Susceptibility Testing
Breakpoint tables for interpretation of MICs and zone diameters. European Committee on Antimicrobial
Susceptibility Testing. 2015.



Page 18/20

��. Mazzola PG, Jozala AF, Novaes LCdL, Moriel P, Penna TCV. Minimal inhibitory concentration (MIC)
determination of disinfectant and/or sterilizing agents. Brazilian Journal of Pharmaceutical Sciences.
2009;45(2):241–8.

�9. Kawamura-Sato K, Wachino J-i, Kondo T, Ito H, Arakawa Y. Reduction of disinfectant bactericidal activities in
clinically isolated Acinetobacter species in the presence of organic material. Journal of Antimicrobial
Chemotherapy. 2008;61(3):568–76.

70. Dapgh AN, Hakim AS, Shawky H, Ibrahim ES. Study of some disinfectants e�cacy on Aeromonas
hydrophila recovered from local animal and water sources. IOSR Journal of Agriculture and Veterinary
Science (IOSR-JAVS). 2019;12(2):41–7.

71. Rahimi S, Farshadzadeh Z, Taheri B, Mohammadi M, Haghighi M-A, Bahador A. The relationship between
antibiotic resistance phenotypes and bio�lm formation capacity in clinical isolates of Acinetobacter
baumannii. Jundishapur Journal of Microbiology. 2018;11(8).

Figures

Figure 1

Comparative diagram of MBC disinfectants at different concentrations before and after mixing with EDTA



Page 19/20

Figure 2

Comparative diagram of the results of antibiotics susceptibility test before and after exposure to sodium
hypochlorite
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Figure 3

Comparative diagram of the results of MBC disinfectants and the power of bio�lm formation


