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Abstract

Background: Biocides (disinfectants) are crucial for controlling various infections and are widely used in environments for the
control of microorganisms. Exposure of bacteria to biocides can select for mutants with decreased biocide susceptibility that often
display a decrease in susceptibility to antibiotics.
Objectives: The present work was done during 14 months from February 2015, at the microbiology laboratory of the Veterinary col-
lege of Shahrekord university with the aim of investigating the impact of benzalkonium chloride exposure on antibiotic resistance
in some common nosocomial pathogens.
Methods: Standard strains of Pseudomonas aeruginosa,Acinetobacter baumannii, Escherichia coli and Staphylococcus aureuswere used,
and in parallel to each standard strain four hospital isolates collected from Shahrekord and Esfahan hospitals were examined. Tube
double serial dilution method was used for determination of minimum inhibitory concentration (MIC) of antibiotics and Benza-
lkonium Chloride (BKC). Spontaneous mutants were developed by exposure of examined species to BKC, and their mean MICs to
examined drugs were evaluated.
Results: The mean MICs of the BKC and antibiotics used in this study were not similar between the parent and mutant strains of
the examined isolates. In E. coli, A. baumannii and S. aureus isolates, differences between the mean MICs of BZK and ciprofloxacin had
a similar pattern and were statistically significant (P < 0.05). In isolates of P. aeruginosa, differences between parent and mutant
isolates for all of the tested drugs were significant.
Conclusions: Vast use of BKC in various environments and their accumulation represents a potential risk for selective pressure
towards selection of bacteria with decreased antibiotic susceptibility.
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1. Background

Gram-negative pathogenic bacteria are commonly re-
sistant to many antimicrobial compounds by multiple
mechanisms including reduced outer membrane perme-
ability, and active efflux mechanisms by efflux pumps. Se-
lection of antibiotic-resistant mutants that have been ex-
posed to antibiotics can lead to distribution of drug resis-
tance among various bacterial species (1).

Biocides (disinfectants) are crucial for controlling var-
ious infections and are widely used in environments for
the control of microorganisms (2). They are active com-
pounds that exhibit toxicity against target organisms. It
seems that major mechanisms of antibiotic resistance are
also involved in biocide resistance (3).

Exposure of bacteria to biocides can select for mutants
with decreased biocide susceptibility that often display a
decreased susceptibility to antibiotics, thus biocides may
act as an agent of antibiotic resistance. Moreover, it has
been reported that exposure of bacteria to biocides, at con-

centrations below those required to arrest growth ,can also
select for antibiotic resistant strains (4, 5).

Also the vast use of biocides and their accumulation in
the environment could lead to selection of biocide resis-
tant bacteria, which could be cross resistant to antibiotics
(5).

Among biocides, quaternary ammonium compounds
(QACs) are the most useful antiseptics and disinfectants.
Benzalkonium chloride (BKC) is a QACs demonstrating
broad-spectrum antimicrobial activity. Low level and
greater magnitude of adaptation to biocide has been noted
in strains of Pseudomonas aeruginosa (6). Some studies
demonstrated a relationship between increased Staphylo-
coccusaureusMICs to theβ-lactam oxacillin and biocide (3).
A report by Carla et al. indicated that in S. aureus, the pres-
ence of qacA/B gene confers higher resistance to benzalko-
nium chloride and suggested that factors associated with
methicillin resistant phenotype may confer resistance to
BKC, even though tolerance appeared to be higher for me-
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thicillin sensitive isolates (7).
Bore et al. reported that E. coli K-12 adapted to higher

tolerance for BKC, acquired several general resistance
mechanisms related to multiple antibiotic resistance (8).
In a recent report published by Vijaya et al., it was indicated
that 22% of multi drug resistant Pseudomonas aeroginosa
isolates showed reduced susceptibility to BKC (9).

Significant positive correlations were also reported by
Kawamura Sato et al., who studied the MICs of different
biocides including BKC, for 283 clinical Acinetobacter iso-
lates (10). In addition to induction of antibiotic resis-
tance, biofilm formation induction was also observed for
pathogens in the presence of BKC sub MIC (11).

2. Objectives

The aim of this study was to examine the exposure ef-
fects of major nosocomial pathogens to BKC, as a com-
monly used disinfectants.

3. Methods

3.1. Bacterial Cultures andMaterials

The study was done during 14 months, from February
2015 to April 2016, at the microbiology laboratory of the
veterinary college of Shahrekord university. The present
work started with collection of hospital isolates of the
studied microorganisms and their preliminary analysis
for final confirmation.

The studied microorganisms included the reference
strains of Pseudomonas aeruginosa ATCC 9027 and Acine-
tobacter baumannii NCTC 13305, kindly provided by Dr B.
Zamanzad and Dr A. Gholipour (Dept. of microbiology,
Shahrekord Medical school), E. Coli ATCC 25922 and S. au-
reus RTCC 2465 kindly provided by Dr H. Motamedi (Dept.
of microbiology, College of basic Science, Shahid Cham-
ran University). In addition, in parallel to each standard
strain, four hospital isolates from Shahrekord and Esfahan
hospitals were used. Early morphological and biochemical
tests were done to confirm the genera and species of the
received isolates. The methods for isolation and identifica-
tion of all isolates were based on the guidelines of James et
al. (12).

The strains were kept in Lauria Bertani broth (LB broth)
at 4°C and sub-cultured on appropriate agar plates 24
hours prior to examinations. Mueller Hinton Broth (MHB)
was used for all the antibacterial assays. Ciprofloxacin
(CAS Number 85721-33-1), tetracycline (CAS Number 60-54-
8), penicillin (CAS Number 69-57-8) and kanamycin (CAS
Number 25389-94-0) (all in powder form and from Sigma-
Aldrich), as fluoroquinolone, tetracyclines, penicillins and

aminoglycoside representative, respectively, were used.
Solid (Light Yellow) BKC was purchased (Sigma, CAS Num-
ber: 63449-41-2) and a dilution of one percent solution was
prepared and preserved for further use.

3.2. Antimicrobial Testing

Aqueous form of the drugs was prepared using sol-
vents and recommendations of the producer company.
Tube double serial dilution method was used for determi-
nation of Minimum Inhibitory Concentration (MIC) of an-
tibiotics and BKC against four standard and 16 hospital iso-
lates, according to guidelines of the Clinical and Labora-
tory Standards Institute (13). Briefly, series of Muller Hinton
broth (MHb) containing tubes of different concentrations
of drugs were designed. The bacterial cultures were incu-
bated aerobically at 37°C for 18 to 24. The turbidity of the
cultures was adjusted to 0.5 McFarland (1.5 × 108 CFU/mL)
and then diluted in saline solution, to obtain an inoculum
of 5 × 106 CFU/ tube.

The two last tubes were considered as positive and neg-
ative controls. The inoculated tubes were aerobically incu-
bated for about 18 hours at 37°C. The lowest concentration
that inhibited visible growth after incubation was defined
as MIC. All assays were performed in triplicates.

3.3. Mutant Development

Spontaneous mutants developed by modification of
the method of Ricci et al. (14). Briefly, spontaneous mu-
tants for each isolate were developed by culturing the par-
ent strains in tubes of MHb, containing four MICs of BKC.
Tubes were incubated at 37°C for 24 - 48 hours, followed by
centrifugation for 10 minutes at 1600 rpm. Samples from
sediment of each tube were sub-cultured on Nutrient Agar
(NA) plates containing four MICs of BKC and incubated as
above.

One colony with the typical size and morphology of the
original strain was chosen randomly from each of the lat-
ter NA plates and sub-cultured onto BKC free Tryptic Soy
Broth (TSB) and incubated at 37°C for 24 hours. These spon-
taneous mutants were examined for determination of
their MICs for antibiotics by the above-mentioned method
(14).

Statistical analysis and interpretation of data was per-
formed using the Chi square test.

4. Results

In the parent strains of E. coli, S. aureus, P. aeruginosa
and A. baumannii isolates, the mean MICs of BKC varied be-
tween 5, 10, 24 and 26.66 ug/mL, respectively (Table 1).
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The most resistant species to ciprofloxacin and peni-
cillin was the parent strains of P. aeruginosawhile, for tetra-
cycline and kanamycin this was the parent strains of A. bau-
mannii (Table 1). In mutant strains similar respective pat-
tern of resistance to antibiotics was observed.

The mean MICs of the BKC and antibiotics are not simi-
lar between the parent and mutant strains of the examined
isolates.

Differences between the mean MICs of penicillin be-
tween parent and mutants of all species are statistically sig-
nificant (P < 0.05), (Table 1).

For E. coli, A. baumannii and S. aureus isolates, differ-
ences between the mean MICs of BZK and ciprofloxacin
had a similar pattern and were statistically significant (P
< 0.05), (Table 1). In isolates of P. aeruginosa, differences be-
tween parent and mutant isolates for all of the tested drugs
were significant (P < 0.05), (Table 1).

5. Discussion

Benzalkonium chloride is a QAC, with broad-spectrum
antimicrobial activity. Its vast use could lead to accumu-
lation in the environment and selection of biocide resis-
tant bacteria, which could be cross-resistant to antibiotics
(4). In the current work we showed that exposure of the
examined nosocomial bacterial pathogens to BKC resulted
in the selection of mutants with decreased susceptibilities
(Table 1) to examined antibiotics. Although in some cases
(tetracycline and kanamycin for E. coli, A. baumannii and
S. aureus) differences in mean MICs of parent and mutant
strains were not statistically significant.

In our mutant strains of S. aureus, only susceptibility to
penicillin was significantly less than the parent strains (P <
0.05).

Several staphylococcal clinical isolates resistant to BKC
have been checked for antibiotic susceptibilities. A genetic
linkage was reported between resistance to BKC products
and penicillin (15). Our results are in agreement with Carla
et al., who reported that in S. aureus the presence of qacA/B
gene confers higher resistance to benzalkonium chloride
and suggested that factors associated with methicillin re-
sistant phenotype may confer resistance to BKC (7).

In P. aeroginosa mutant strains, significant decrease
in susceptibilities to all examined drugs was observed.
The effect of BKC on induction of antimicrobial resis-
tance in P. aeroginosa was investigated by Tandukar et al.
(2013), who reported that increased resistance to BKC led
to decreased susceptibility to penicillin G, tetracycline and
ciprofloxacin. They also demonstrated that increased re-
sistance to BKC and penicillin G involves degradation or
transformation of BKC, whereas resistance to tetracycline
and ciprofloxacin is due to the activity of efflux pumps (16).

In a recent report in this regard Vijaya et al. indicated that
22% of multi drug resistant P. aeroginosa isolates showed
reduced susceptibility to BKC (9).

As indicated by Table 1, mutant strains of A. baumannii
showed a significant decrease in susceptibilities to peni-
cillin and ciprofloxacin. These observations are in agree-
ment with the report of Fernandez-Cuenca et al. (2015), in-
dicating reduced susceptibility to BKC, which was associ-
ated with resistance to aminoglycosides, tetracycline and
ciprofloxacin (17). Significant positive correlations were
also reported by Kawamura Sato et al., who tried to deter-
mine the MICs of different biocides including BKC for 283
clinical Acinetobacter isolates (10).

Our data showed (P < 0.05), (Table 1) a significant de-
crease in susceptibilities of mutant strains of E. coli to tetra-
cyclin, penicillin and ciprofloxacin. Our results are in line
with Bore et al.’s report, indicating that E. coli K-12 adapted
to higher tolerance to BKC, had acquired several general
resistance mechanisms related to multiple antibiotic re-
sistance (8). In a recent published report, it was demon-
strated that there is a cross resistance between BKC and
glutaraldehyde-based disinfectants towards tetracycline,
ciprofloxacine, ampicillin and other antimicrobials (18).

Irrespective of the induction of antibiotic resistance
by BKC in our examined species, our earlier work indi-
cated that BKC, at sub MIC concentrations, could enhance
biofilm formation by pathogenic bacteria (11).

Vast use of biocides in various environments and their
accumulation represents a potential risk for selective pres-
sure towards selection of bacteria with decreased biocide
susceptibility, which could be cross resistant to various an-
tibiotics (19). Further investigation to evaluate such selec-
tive pressure in hospitals, farms and health care environ-
ments is suggested.
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Table 1. Mean of Minimum Inhibitory Concentration (MIC), (ug/mL.) of Benzalkonium Chloride and Antibiotics for Parent and Mutant Strains of E. coli, A. baumannii, S. aureus
and P. aeruginosa

Bacteria

E. coli A. baumannii S. aureus Ps. aeruginosa

ParentmeansMICs

BKC 5 26.66 10 24

Tet. 3.33 1055 3.5 209.2

Pen. 825 1041.67 706.2 10000

Kan. 22.87 286 56.82 24.96

Cip. 0.42 0.5 0.31 56.2

MutantmeansMICs

BKC 10S 193.33S 40S 96S

Tet. 6.66N 2110N 7N 3497.6S

Pen. 1025S 40083.33S 1412.44S 98750S

Kan. 45.74N 572N 113.64N 112.48S

Cip. .825S 2S .625N 62.4S

Abbreviations: BKC, Benzalkonium chlorid; Cip, Ciprofloxacin; N, differences between mutant and parent strains are not significant; Kan, Kanamycin; Pen, Penicillin; S,
differences between mutant and parent strains are significant; Tet, Tetracyclin.
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