
 

 

ABSTRACT 

         Background and Objective: Biofilms are community of bacteria that attach to 

inanimate surfaces or living tissues via production of extracellular polymers and 

exopolysaccharide matrix. Microbial biofilms on various surfaces of the hospital environment 

are considered as a reservoir of infection spread. The present study aimed to evaluate the 

disinfecting effect of benzalkonium chloride on some bacterial isolates causing nosocomial 

infections. 

       Methods: First, 13 isolates from four bacteria including Pseudomonas aeruginosa, 

Staphylococcus aureus, Acinetobacter and Enterobacter were obtained from Microbiology 

Laboratory of Al-Zahra Hospital in Isfahan, Iran. The samples were transferred to 

Microbiology Laboratory of Faculty of Veterinary Medicine of Shahrekord University for 

testing. Evaluation of biofilm formation and determination of minimum inhibitory 

concentration (MIC) of the disinfectant and effect of the disinfectant on planktonic growth 

and biofilm formation were performed.  

        Results: All bacterial isolates (52 cases) produced biofilm. Mean MIC of benzalkonium 

chloride for P. aeruginosa, S. aureus, Enterobacter and Acinetobacter was 0.14, 0.2, 0.18, 

0.17 g/ml, respectively. Planktonic growth of all four bacteria was inhibited at 

concentrations of 2MIC, MIC and 1/2MIC. Biofilm was not produced in MIC and 2MIC 

concentrations, and biofilm formation capability increased by reducing the concentration of 

benzalkonium chloride. 

          Conclusion: The results show that the use of appropriate concentration of 

benzalkonium chloride can prevent the growth of different bacterial species, but sub-MIC 

dose of this disinfectant may stimulate biofilm formation. 

            Keywords: Biofilm, Benzalkonium Chloride, Pseudomonas Aeruginosa, 

Staphylococcus Aureus, Enterobacter, Acinetobacter. 
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benzalkonium chloride against biofilms 

formed by S. aureus, P. aeruginosa, 

Acinetobacter and Enterobacter isolates from 

nosocomial infections. 

 
MATERIAL AND METHODS 
      Bacterial samples suspected of P. 

aeruginosa, S. aureus, Acinetobacter and 

Enterobacter were isolated from nosocomial 

infections at Al-Zahra hospital. Tests for 

verification and detection of species were 

performed according to methods available in 

diagnostic bacteriology laboratory textbook in 

the chloride (with 10% initial concentration) 

for each of the four bacteria tested, 50 µl of 

the disinfectant solution was mixed with 50 µl 

of TSB medium in the first well of the 

microplate. Then, 1:2 serial dilutions were 

made in the remaining 11 wells. Next, 0.1 ml 

of bacterial suspension equal to half 

McFarland was mixed with 9.9 ml sterile 

TSB. Then, 50 µl of this suspension was 

added to each of the 12 wells. After incubation 

of microplates at 37 °C for 24 hours, MIC was 

determined as the lowest concentration of the 

disinfectant that prevented visible growth of 

bacteria. 

To evaluate the impact of benzalkonium 

chloride on the planktonic growth of bacteria, 

a bacterial suspension with concentration 

equal to half McFarland was prepared using 

the 24-hour cultures of the isolates. Then, 50 

µl of the bacterial suspension and 50 µl of 

different concentrations of benzalkonium 

chloride (1/16 MIC, 1/8 MIC, 1/4 MIC, 1/2 

MIC, MIC and 2 MIC) were mixed in each 

well of the microplate. After 24 hours of 

incubation at 37 °C, the planktonic growth of 

bacteria at 630 nm was measured using an 

ELISA microplate reader. The effect of 

benzalkonium chloride on biofilm formation 

by bacteria was assessed according to 

Tendolkar et al. method. The aforementioned 

concentrations of benzalkonium chloride were 

added to the wells before incubation, crystal 

violet discarded from the biofilm of isolates 

was assessed based on the OD. Finally, 

statistical analysis was done using SPSS 

software (version 20) and graphs were plotted 

using Microsoft Excel. Comparisons of mean 

properties were analyzed using Duncan's 

multiple range test at 5% probability.   

 

INTRODUCTION 

          For more than a century, nosocomial 

infections have been known as a critical issue 

affecting the quality of healthcare and a major 

source of medical complications. Bacteria and 

especially those from the Enterobacteriaceae 

family (such as Escherichia coli) are the most 

common causes of nosocomial infections (1). 

Staphylococcus aureus is part of skin normal 

flora that can cause illness under favorable 

conditions. It is also the second leading cause 

of nosocomial infections (2). Pseudomonas 

aeruginosa is another important bacterium in 

nosocomial infections that multiplies easily in 

water and wet locations in hospitals. It is 

considered a risk factor for burn patients and 

immunocompromised patients including those 

with malignancies (3). Biofilm is a mass of 

bacteria attached on a solid surface, 

surrounded by a sticky substance called 

exopolysaccharide. Most bacteria that cause 

nosocomial infections form biofilm on surface 

of equipment, medical supplies and even 

hospital floor. Biofilm formation protects 

bacteria from antimicrobial agents and 

increases their resistance to disinfectants and 

antibiotics (4). Several studies have been 

conducted on controlling bacterial biofilm 

using disinfectants. This study used 

benzalkonium for inhibition of biofilm 

formation. Benzalkonium, known as alkyl 

dimethyl benzyl ammonium chloride, has a 

cationic surface and is dependent to the 

quaternary ammonium group. This compound 

is an antiseptic, disinfectant and biocide that is 

effective against several bacteria, viruses and 

fungi except for bacterial spores (5). 

Benzalkonium has a wide range of 

applications in medicine and veterinary 

medicine. It is used as an active ingredient in 

commercial antiseptics such as Dettol and 

Lysol. In the medical sector, it is used as an 

antiseptic solution for surgical instruments and 

supplies, hospital and skin disinfection, and 

the treatment of herpes simplex infection and 

herpetic lesions (6). Benzalkonium chloride 

causes detachment of the cellular lipid bilayer 

membrane by impairing cellular interactions. 

As a result, permeability of the cell is 

disrupted, causing cell contents to be released. 

Based on the concentration used, this 

compound could have bacteriostatic or 

bactericidal effects (7). The  main  aim  of  

this  study  was  to   determine   the  minimum 

inhibitory         concentration        (MIC)      of  
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forming isolates were excluded. MIC of 

benzalkonium chloride for P. aeruginosa, S. 

aureus, Enterobacter and Acinetobacter was 

0.14, 0.2, 0.18 and 0.17 g/ml, respectively. 

The effect of the disinfectant on the planktonic 

growth is summarized in Table 1. As shown, 

no turbidity was observed in the broth medium 

at concentrations of 2MIC, MIC and ½ MIC. 

The results of comparing the mean planktonic 

growth rate and biofilm formation of the 

bacteria tested exposed to different 

concentrations of benzalkonium chloride using 

Duncan's test are presented in Figures 1 and 2. 

In all four bacteria, absorbance increases as 

MIC decreases, which is due to decrease in 

MIC of benzalconium chloride and the 

subsequent increased growth of bacteria. 

Tables 2 and 3 show increase (%) in OD at 

different concentrations of benzalkonium for 

each of the 10 isolates during planktonic and 

biofilm growth stages. In each isolate, 

absorbance increases by reducing the 

concentration of the disinfectant. However, 

this increase in absorbance is higher in the 

biofilm growth stage than in the planktonic 

growth stage. In the biofilm growth stage, 

increase in absorbance by P. aeruginosa and 

S. aureus isolates were higher compared to 

Enterobacter and Acinetobacter isolates. The 

difference in absorbance of the planktonic 

growth stage of P. aeruginosa isolates was 

much more than that in other bacteria. 

 

 

 

 

 

 

 

RESULTS 

       This study was performed on two species 

of P. aeruginosa and S. aureus, and two 

genera of Acinetobacter and Enterobacter. In 

order to evaluate biofilm formation, first, the 

OD of the sample and the negative control 

(ODc) was calculated. According to the 

difference in the OD and ODc values, results 

were categorized in four groups of non-

biofilm forming (OD ≤ ODc), weak biofilm 

forming (ODc <OD ≤ 2 ODc), moderate 

biofilm forming (2 OD <OD <4 ODc) and 

strong biofilm forming (OD> 4ODc) bacteria 

(Table 1). Of 13 S. aureus isolates, four 

(30.7%) were weak biofilm producer, eight 

(61.5%) were moderate biofilm producer and 

one isolate (7.6%) was strong biofilm 

producer. There was no weak biofilm forming 

Pseudomonas isolates, while 8 (62%) and 5 

(38%) of the 13 were moderate and strong 

biofilm producers, respectively. Weak, 

moderate and strong biofilm formation was 

observed in 3 (23%), 6 (46%) and 4 

Enterobacter isolates, respectively. Finally, 

weak, moderate and strong biofilm formation 

was observed in 2 (12%), 5 (38%) and 6 

(46%) Acinetobacter isolates, respectively. 

Since the main aim of this study was to 

evaluate the impact of benzalkonium chloride 

on biofilm of bacteria, the moderate and 

strong biofilm forming isolates were used for 

determination   of   MIC,   and  weak   biofilm  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bacteria 2 MIC MIC 1/2 MIC 1/4 MIC 1/8 MIC 1/16 MIC 

P. aeruginosa No growth No growth No growth 6 4 - 

S. aureus No growth No growth No growth 8 2 - 

Enterobacter No growth No growth No growth 8 2 - 

Acinetobacter No growth No growth No growth 7 3 - 

* Numbers indicate the number of isolates grown 

 

Table 1- Planktonic growth in the presence of benzalkonium chloride 

 

Figure 1- Mean of planktonic growth of bacteria in the presence of benzalkonium chloride 
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Bacterial isolates Initial 

concentration 

Bacterium 

10 9 8 7 6 5 4 3 2 1 

7.45 13.44 6.12 11.32 18.65 19.38 17.26 11.94 15.48 11.09 MIC : 1/2 Enterobacter 

22.12 37.46 23.27 33.19 27.01 24.03 18.55 27.65 31.85 15.35 MIC : 1/4 

30.15 59.76 24.98 35.86 32.11 25.43 22.44 34.76 36.04 21.02 MIC : 1/8 

37.21 62.29 28.45 54.53 33.13 28.05 24.3 40.06 40.97 25.32 MIC : 1/16 

41.79 66.21 30.15 60.66 36.51 29.56 25.09 41.36 45 26.93 MIC : 1/32 

35.02 24.16 5.44 23.68 30.97 10.21 17.54 17.86 19.02 19.75 MIC : 1/2 Acinetobacter 

40.9 38.43 15.4 30.54 40.9 14.95 20.1 23.56 26.11 29.32 MIC : 1/4 

48.76 50 20 40.72 45.94 16.41 23.01 30.16 33.64 34.42 MIC : 1/8 

54.83 60.32 27.48 45.96 51.3 23.17 25.29 39.62 38.56 36.39 MIC : 1/16 

59.57 64.02 36.94 51.37 57.92 28.32 26.79 49.92 42.07 40.08 MIC : 1/32 

16.96 17.1 5.57 23.31 5.21 12.44 22.01 11.96 21.41 43.21 MIC : 1/2 S. aureus 

41.92 40.77 55.42 49.89 46.89 29.1 56.1 35.9 44.13 48.54 MIC : 1/4 

79.89 62.46 58.31 72.42 69.43 68.68 67.74 71.13 59.58 81.29 MIC : 1/8 

80.57 66.34 61.28 75.64 70.64 72.42 74.72 76.12 62.26 82.46 MIC : 1/16 

80.68 66.29 65.86 76.94 72.59 75.44 75.1 77.32 66.8 84.31 MIC : 1/32 

18.6 20.55 3.77 20.88 5.49 14.94 21.84 16.9 21.46 21.79 MIC : 1/2 P. aeruginosa 
 

42.86 41.93 54.79 48.96 41.68 28.85 56.18 36.65 42.39 48.73 MIC : 1/4 

80.06 63.64 57.86 71.93 69.25 68.47 67.27 71.59 54.33 81.42 MIC : 1/8 

80.56 67.53 60.72 75.17 70.04 72.27 74.82 76.54 60.38 82.58 MIC : 1/16 

80.65 68.39 64.97 76.59 72.44 75.26 82.5 77.7 65.35 84.43 MIC : 1/32 

 

Table 2- Percentage increase in OD at different concentrations of benzalkonium chloride compared to the MIC concentrations in the 

biofilm growth stage 

 

Figure 2- Mean of biofilm growth of bacteria in the presence of benzalkonium chloride 
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Enterobacter isolates were able to form 

biofilm but their biofilm formation ability was 

different. P. aeruginosa was the most powerful 

biofilm forming bacterium with eight 

moderate and five strong biofilm forming 

isolates. Although S. aureus is considered as 

the most important biofilm-forming bacteria in 

hospitals, only one of the 13 isolates of this 

bacterium was a strong biofilm producer. 

Several experimental and laboratory studies 

have been performed for controlling biofilm 

formation by bacteria. Manufacturing medical 

supplies and equipment made of glass and 

stainless steel has prevented biofilm formation 

to some extent (14). In laboratory studies, 

several compounds and chemicals such as N- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 

        Controlling nosocomial infections is one 

of the main concerns in the medical setting 

since nosocomial infections are one of the 

common causes of mortality, increased length 

of hospitalization, increased hospital costs and 

health problems (10). Among the four bacteria 

studied in this study, P. aeruginosa and 

Acinetobacter are causes of nosocomial 

infections, especially in intensive care unit 

(11), and Enterobacter is the second most 

common cause of urinary tract infections, 

accounting for 10% of nosocomial infections 

(12). Moreover, biofilm formation by S. 

aureus in veterinary medicine and medicine is 

considered a chronicity factor for diseases 

caused by these bacteria (13). In this study, all 

S. aureus, P. aeruginosa,   Acinetobacter   and  

 

Bacterial isolates Initial 

concentration 

Bacterium 

10 9 8 7 6 5 4 3 2 1 

0.94 0.48 1.02 0 0.73 0.23 0.47 0.62 0.9 0.84 MIC : 1/2 Enterobacter 

0.96 0.62 2.09 2.64 2.63 4.68 1.39 0.48 0.9 1.75 MIC : 1/4 

2.73 2.67 4.4 2.45 5.84 5.15 0.79 3.09 3.18 5.62 MIC : 1/8 

3.25 3.84 6.78 3.91 7.79 6.14 4.62 6.97 6.18 8.74 MIC : 1/16 

7.91 1.89 8.83 7.02 9.44 10.93 9.92 7.74 8.83 12.74 MIC : 1/32 

1.54 1.91 6.75 0.67 0.09 1.99 1.26 0.68 0.21 0.11 MIC : 1/2 Acinetobacter 

5.11 4.2 7,94 6.14 9.22 6.36 0.44 3.08 2.09 17.1 MIC : 1/4 

7.04 6.88 11.31 10.04 13.76 11.05 7.67 5.44 5.25 10.1 MIC : 1/8 

14.38 10.07 12.78 21.89 20.33 13.04 10.36 19.17 8.52 6.06 MIC : 1/16 

15.96 13.24 20.71 24.37 24.73 22.09 8.45 20.82 10.1 0.45 MIC : 1/32 

4,29 1.21 1.87 1.39 1.93 0.69 5.65 5.41 2.46 0 MIC : 1/2 S. aureus 

4.23 4.61 11.16 2.17 13.37 5.79 4 9.3 4.82 2.39 MIC : 1/4 

8.48 12 16.15 3.23 14.77 9.82 5.36 11.97 6.013 6.84 MIC : 1/8 

11.05 17.65 19.78 13.29 16.52 13.81 9.86 13.55 7.87 10.84 MIC : 1/16 

16.62 17.5 20.84 16.64 18.58 15.89 11.67 16.54 11.71 13.05 MIC : 1/32 

1.77 1.03 1.46 0.94 3.05 0.4 1.64 1.29 8 2.42 MIC : 1/2 P. aeruginosa 

15.59 5.33 9.58 3.02 22.82 2.54 8.66 11.52 23.76 3.78 MIC : 1/4 

13.82 15.44 11.09 15.62 40 9.05 12.47 16.06 38.94 7.65 MIC : 1/8 

15.85 16.76 15.42 21.15 77.27 12.81 23.57 16.87 45.67 9.47 MIC : 1/16 

25.8 19.28 18.15 23.8 58.81 14.92 32.28 25.83 64.93 18.82 MIC : 1/32 

            
 

 

Table 3- Percentage increase in OD at different concentrations of benzalkonium chloride compared to the MIC concentration in the 

planktonic growth stage 
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The effect of benzalkonium chloride on the 

planktonic growth and biofilm formation was 

evaluated using a spectrophotometer at 

wavelength of 630 nm. When evaluating the 

impact of the disinfectant. 

 

CONCLUSION 

         According to the results, benzalconium 

chloride is efficient for control and elimination 

of the planktonic and biofilm forms of bacteria 

causing nosocomial infections. As long as 

cationic disinfectants are used in appropriate 

concentrations, they could be useful for 

inhibition of growth and development of 

biofilm formed by bacteria causing 

nosocomial infections. However, sub-MIC 

doses of benzalkonium chloride can stimulate 

biofilm formation. This phenomenon could 

have harmful effects since it is thought that 

biofilm formation plays an important role in 

transmission of nosocomial infections. 
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acetylcytosine, antibiotics (15) and quorum-

sensing inhibitors (16) have been used to 

eliminate biofilms. In the present study, the 

impact of benzalkonium chloride on the 

moderate and strong biofilm forming isolates 

of the four tested bacteria was investigated. S. 

aureus with the highest MIC (0.2 g/ml) was 

found as the most-resistant bacterium against 

the antiseptic effects of benzalkonium 

chloride. This could be due to transfer of the 

plasmid responsible for resistance to 

antimicrobial agents, which is common among 

gram-positive bacteria. Study of Sekiguchi et 

al. in 2004 assessed the effect of 

benzalkonium chloride on S. aureus in 

hospitals of Tokyo, and reported the MIC of 

this disinfectant as 25.6 mg/ml (17). The 

MICs of this disinfectant for other three 

bacteria were higher than the values reported 

by other studies. For instance, in study of 

Hourai et al. (2007), the MIC of benzalkonium 

chloride was 0.025 g/ml for P. aeruginosa, 

which is much lower than the MIC (0.14 g/ml) 

reported in our study (18). The difference in 

the MIC values could be justified with several 

reasons such as difference in sampling 

locations. Since all the strains have been 

isolated from contaminated medical 

environments, these isolates have obtained a 

moderate resistance to disinfectants used in 

these environments. In fact, encounter of 

bacteria with antibacterial agents of this kind 

help them obtain a gradual resistance to these 

agents. 

 

 

 

 

 

 

 

 

 

 

 

 

19/ Ebrahimi kahrizsangi and colleagues 

Medical Laboratory Journal, Nov, Dec 2016; Vol 10: No 6 

 



 

15. Rodríguez-Martínez JM, Pascual A. Antimicrobial 

resistance in bacterial biofilms. Reviews in Medical 

Microbiology. 2006; 17(3): 65-75. 
 

16. Schillaci D. Staphylococcal biofilms: challenges in 

the discovery of novel antiinfective agents. J Microbial 

Biochem Technol 3. 2011; iv-vi. doi: 10.4172/1948-

5948.100000e4. 
 

17. Sekiguchi J, Hama T, Fujino T, Araake M, Irie A, 

Saruta K, et al. Detection of the antiseptic- and 

disinfectant-resistance genes qacA, qacB, and qacC in 

methicillin-resistant Staphylococcus aureus isolated in a  

Tokyo hospital. Japanese journal of infectious diseases. 

2004; 57(6): 288-91. 
 

18. Houari A, Di Martino P. Effect of chlorhexidine and 

benzalkonium chloride on bacterial biofilm formation. 

Letters in applied microbiology. 2007; 45(6): 652-6. 
 

19. Hegstad K, Langsrud S, Lunestad BT, Scheie AA, 

Sunde M, Yazdankhah SP. Does the wide use of 

quaternary ammonium compounds enhance the selection 

and spread of antimicrobial resistance and thus threaten 

our health? Microbial Drug Resistance. 2010; 16(2): 91-

104 
. 

20. Machado I, Graça J, Sousa AM, Lopes SP, Pereira 

MO. Effect of antimicrobial residues on early adhesion 

and biofilm formation by wild-type and benzalkonium 

chloride-adapted Pseudomonas aeruginosa. Biofouling. 

2011; 27(10): 1151-9. 
 

21. Vu B, Chen M, Crawford RJ, Ivanova EP. Bacterial 

extracellular polysaccharides involved in biofilm 

formation. Molecules. 2009; 14(7): 2535-54. 
 

22. Takeo Y, Oie S, Kamiya A, Konishi H, Nakazawa T. 

Efficacy of disinfectants against biofilm cells of 

Pseudomonas aeruginosa. Microbios. 1993; 79(318): 

19-26. 
 

23. Kim H, Ryu J-H, Beuchat LR. Effectiveness of 

disinfectants in killing Enterobacter sakazakii in 

suspension, dried on the surface of stainless steel, and in 

a biofilm. Applied and environmental microbiology. 

2007; 73(4): 1256-65. 

 

 

 

 

 

 

 

REFERENCES 

1. Barrios AFG, Zuo R, Hashimoto Y, Yang L, Bentley 

WE, Wood TK. Autoinducer 2 controls biofilm 

formation in Escherichia coli through a novel motility 

quorum-sensing regulator (MqsR, B3022). Journal of 

bacteriology. 2006; 188(1): 305-16. 
 

2. Schaberg DR, Culver DH, Gaynes RP. Major trends 

in the microbial etiology of nosocomial infection. The 

American journal of medicine. 1991;91(3B):S72-S5. 
 

3. Govan JR, Deretic V. Microbial pathogenesis in cystic 

fibrosis: mucoid Pseudomonas aeruginosa and 

Burkholderia cepacia. Microbiological reviews. 1996; 

60(3): 539-74. 
 

4. Yarwood JM, Bartels DJ, Volper EM, Greenberg EP. 

Quorum sensing in Staphylococcus aureus biofilms. 

Journal of bacteriology. 2004;186(6):1838-50. 

doi:  10.1128/JB.186.6.1838-1850.2004. 
 

5. Graf P. Benzalkonium chloride as a preservative in 

nasal solutions: re-examining the data. Respiratory 

medicine. 2001; 95(9): 728-33. 
 

6. Marple B, Roland P, Benninger M. Safety review of 

benzalkonium chloride used as a preservative in 

intranasal solutions: an overview of conflicting data and 

opinions. Otolaryngology-Head and Neck Surgery. 

2004; 130(1): 131-41. 

7. Dyer DL, Gerenratch KB, Wadhams PS. Testing a 

new alcohol-free hand sanitizer to combat infection. 

AORN journal. 1998; 68(2): 239-51. 

8. Carter GR, Cole Jr JR. Diagnostic procedure in 

veterinary bacteriology and mycology: Academic Press; 

2012. 
 

9. Tendolkar PM, Baghdayan AS, Gilmore MS, Shankar 

N. Enterococcal Surface Protein, Esp, Enhances Biofilm 

Formation by Enterococcus faecalis. Infection and 

Immunity. 2004; 72(10): 6032-9. 
 

10. Lewis K. Riddle of Biofilm Resistance. Antimicrobial 

Agents and Chemotherapy. 2001; 45(4): 999-1007. 
 

11. Delissalde F, Amábile-Cuevas CF. Comparison of 

antibiotic susceptibility and plasmid content, between 

biofilm producing and non-producing clinical isolates of 

Pseudomonas aeruginosa. International Journal of 

Antimicrobial Agents. 2004; 24(4): 405-8. 
 

12. Jett BD, Huycke MM, Gilmore MS. Virulence of 

enterococci. Clinical Microbiology Reviews. 1994; 7(4): 

462-78. 
 

13. Costerton JW, Lappin-Scott H, Costerton JW, 

Lappin-Scott. H. Introduction to Microbial Biofilms 

Microbial Biofilms: Cambridge University Press; 1995. 
 

14. Meyer B. Approaches to prevention, removal and 

killing of biofilms. International Biodeterioration & 

Biodegradation. 2003; 51(4): 249-53 
. 

 

 

 

20/ Effect of Benzalkonium Chloride. . . 

Medical Laboratory Journal, Nov, Dec 2016; Vol 10: No 6 

 

https://dx.doi.org/10.1128%2FJB.186.6.1838-1850.2004

