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Background: To study chlorhexidine digluconate disinfectant effects on planktonic growth and biofilm formation in some bacterial field
isolates from animals.

Objectives: The current study investigated chlorhexidine digluconate effects on planktonic growth and biofilm formation in some field
isolates of veterinary bacterial pathogens.

Materials and Methods: Forty clinical isolates of Escherichia coli, Salmonella serotypes, Staphylococcus. aureus and Streptococcus agalactiae
(10 isolates for each) were examined for chlorhexidine digluconate effects on biofilm formation and planktonic growth using microtiter
plates. In all of the examined strains in the presence of chlorhexidine digluconate, biofilm development and planktonic growth were
affected at the same concentrations of the disinfectant.

Results: Chlorhexidine digluconate inhibited the planktonic growth of different bacterial species at sub-MICs. But they were able to
induce biofilm development of the E. coli, Salmonella spp., S. aureus and Str. agalactiae strains.

Conclusions: Bacterial resistance against chlorhexidine is increasing. Sub-MIC doses of chlorhexidine digluconate can stimulate the
formation of biofilm strains.
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1. Background therisk of infection is probably considerably greater than
the riskin humans. This is due to the difference in animal
environment housing. In addition to bacterial ability to
growth on body surfaces, biofilms are also able to occupy
artificial surfaces including tubing and implants, such as
intravenous catheters, teeth and gingiva, lungs, ears, uro-
genital tract and wounds (8).

The present work investigated whether the biofilm for-
mation in some field strains of animal pathogens can
be influenced by chlorhexidine digluconate, at in-use
and sub-minimal inhibitory concentrations (sub-MICs).
Among cationic antimicrobial agents, biguanides like
chlorhexidine digluconate have different behaviours.
The biguanides differ from other cationic biocides in
such a way that they interact only superficially with the
lipid bilayer altering fluidity through cationic displace-
ment and head group bridging (9).

Biofilms are known to provide a protective environ-
ment for pathogenic bacteria, parasites, and viruses aid-
ing their resistance to antimicrobials leading to cause
diseases in animals and humans (1). The bacteria inside
biofilms have increased resistance to antimicrobial
agents (2). The biofilm effect on the bacterial resistance
is thought to be related to a direct role of the exopoly-
meric matrix as a diffusion barrier, to a chemical reaction
of some chemicals with the biofilm matrix and to physi-
ological differences between the fixed and suspended or-
ganisms (3). Microbial cells in biofilms can easily detach
voluntarily or involuntarily from biofilms to aid their dis-
persal which represents a very important survival strat-
egy (4). Consequently, the bacterial cells which reside
in the planktonic phase are thought to be in a phase of
moving from one surface to another (5). It is plausible to
suggest that these dispersal strategies are therefore the
cause of food and water contamination and the animal
and human infections/diseases (6, 7). In animal species, The current study investigated the effect of chlorhexi-

2. Objectives

Implication for health policy/practice/research/medical education:
The widespread use of disinfectants is increasing bacterial resistance and biofilm formation. The appropriate dilution should be taken to disinfect sur-
faces, and prevent bacterial biofilm formation, it is also necessary to be careful in using them.
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dine digluconate on planktonic growth and biofilm for-
mation in some field isolates of animal bacterial patho-
gens.

3. Materials and Methods

3.1. Bacterial Isolates

Escherichia coli strains were isolated from the dead poul-
try referred to veterinary clinic of Shahrekord University
by regional poultry farms. Staphylococcus. aureus and
Streptococcus agalactiae were isolated from mastitis cow
milk in the authors previous works (10, 11).

Salmonella serotypes were isolated from, different ani-
mals and preserved in the collection of Microbiology
Laboratory of Veterinary College. The methods for iso-
lation and identification of all isolates were based on
Quinn et al. guidelines (12). Briefly after gram staining,
catalase and oxidase examinations, colonies were pure
cultured on sheep blood agar plates (Merck, Darmstadet,
Germany), hemolysis was scored and then subjected to
CAMP (on sheep blood agar), esculin hydrolysis (on TKT)
and Rapid hippurate hydrolysis tests in case of gram
positives. Also the growth of isolates was examined on
MacConkey agar (Merck, Darmstadt, Germany). Carbohy-
drate utilization was conducted for all isolates in phenol
red broth (BBL) with 1% final concentration of the follow-
ing carbohydrates: lactose, maltose, mannitol, raffinose,
salicin and trehalose. Positive reactions were observed by
a change from red to yellow after aerobic incubation at
37°C for 24 hours.

3.2. Biofilm Assays

Biofilm formation was evaluated by end-smooth 96-cells
micro plates as explained by Tendolkar et al. (13). Briefly,
isolates were grown at 37°C in TSB (Merck, Darmstadt,
Germany). The bacterial cells were then pelleted at 6,000
x g for 10 minutes, and the cell pellet was resuspended in
5mL of fresh medium. The optical densities (ODs) of the
bacterial suspensions were measured by spectrophotom-
eter (Jenway, OSA, UK) and normalized to an absorbance
of 1.00 at 595 nm. The cultures were diluted 1:40 in fresh
TSB and 200 pL of cells were dispensed into 12 wells in a
single row of a sterile 96-well flat-bottom polystyrene
micro titer plate. After incubation at 37°C for 24 hours,
the planktonic cells were aspirated and the wells were
washed three times with sterile phosphate-buffered sa-
line (PBS). The plates were inverted and allowed to dry for
one hour at room temperature. For biofilms quantifica-
tion, 200 uL of 0.2% aqueous crystal violet solution was
added to each well, and the plates were allowed to stand
for 15 minutes. The wells were subsequently washed three
times with sterile PBS to wash off the excess crystal violet.
Crystal violet bound to the biofilms was extracted with
200 pL of an 80:20 (vol/vol) mixture of ethyl alcohol and

acetone, and the absorbance of the extracted crystal vio-
let was measured at 595 nm.

As a control, crystal violet binding to wells was mea-
sured for wells exposed only to the medium with no
bacteria. All biofilm assays were performed in triplicate,
with 12 replicates for each strain per assay. Interpretation
of biofilm production was done according to the criteria
described by Stepanovic et al. (14). Based on these criteria
ODc (optical density cut-off value) is defined as: average
OD of negative control + 3 x SD (standard deviation) of
negative control, and the biofilms producers are catego-
rized as: no biofilm producer < ODc, weak biofilm pro-
ducer ODc < ~ <2 x ODc, moderate biofilm producer 2 x
ODc < ~ <4 x ODc and strong biofilm producer >4 x ODc.
Where "~" stands for the average of sample ODs. All bacte-
rial isolates were examined for biofilm formation and ten
isolates in each genus that were strong biofilm produc-
ers were selected to determine the MIC of disinfectant on
biofilm formation.

3.3. Disinfectant and Determining MICs

Chlorhexidine digluconate was used as the disinfectant
in the present study (Sigma-Aldrich, Saint Louis, USA).
One percent solution of chlorhexidine digluconate was
prepared and preserved for further uses. Standard MICs
were determined by broth micro dilution in three sepa-
rate experiments. Briefly, 50 pL of bacterial suspension
(containing 2 x 106 CFU/mL) in Tryptone Soya broth (TSB)
medium was added to 50uL of serial two fold dilutions of
the disinfectant in TSB in microtiter trays. The plates were
incubated for 24 hours at 37°C and checked for turbidity.
The MIC was defined as the lowest concentration of disin-
fectant inhibiting zone of the bacterial growth.

3.4. The Test of Disinfectant Effect on Planktonic
Growth and Biofilm Formation

To consider the effect of disinfectant on biofilm forma-
tion Houari and Martino™s method was used (15). The
method had the following steps:

A. Turbidity of the examined bacteria fresh culture was
adjusted to 0.5 McFarland.

B. 50 pL of the above bacteria and the same amount of
different dilutions of disinfectant were mixed (dilutions
of 2 MIC, MIC, 1/2 MIC, 1/4 MIC, 1/8 MIC, 1/16 MIC and 1/32
MIC).

C. Microplates were incubated in 37° C for 24 hours.

D. Absorbance of planktonic growth of bacteria in
630nm was determined using ELISA microplate reader
(Bio-Tek, Winooski, USA).

3.5. Statistical Analysis

The results were analyzed and compared using Duncan
multi range tests at probability level of %5.
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4.Results

4.1. Properties of Strains

The most efficient biofilm formation was observed with
the S. aureus and Str. agalactiae strains and the least two
with the E. coli and Salmonella serotypes. For each strain,
the MIC was determined by the conventional twofold
dilution method in TSB and were 0.0009, 0.0009, 0.002
and 0.002 (%w.v) for E. coli, Salmonella serotypes, S. aureus
and Str. agalactiae respectively. Staphylococcus. aureus and
Str. agalactiae were the least sensitive strains, and Salmo-
nella spp. was the most sensitive strain to chlorhexidine
digluconate.

4.2. Effects of Chlorhexidine Digluconate on
Planktonik Bacterial and Biofilm Growth

In Figure 1, the biofilm formation and planktonic
growth of the four strains in the presence of different
concentrations of chlorhexidine are presented. For all
the strains, biofilm development and planktonic growth
were affected at the same concentration of disinfectant.
The average Planktonic growth of strains after MIC con-

centration was significant in all bacteria.

Figure 1. Effect of Chlorhexidine Digluconate on Planktonic Growth and
Biofilm Formation
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Plates were inoculated with the bacterial suspensions (turbidity of 0.5
MacFarland) with the chlorhexidine at different concentrations and incu-
bated at 37°C for 24 hours, OD = 630 nm. Data are expressed as the mean
of three separate experiments in triplicate (+ SD), * P < 0.05. * Indicates
statistically significant difference from the previous column.
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This result was also true in the case of biofilm formation
(except for E. coli bacteria at 1.32 MIC concentrations). The
maximum OD of Planktonic growth was in E. coli, Salmo-
nella spp., S. aureus, Str. agalactiae as 0.39, 0.39, 0.5, and
0.53, respectively. Also the highest OD related to biofilm
formation was 0.182, 0.177, 0.2, and 0.2, respectively.

Interactions between disinfectants and bacteria in the
cases of E. coli, Salmonella spp. and S. aureus strains were
significant at the planktonic growth stage, and Salmonel-
la spp. on the biofilm formation stage. In such a way that
the highest rate of planktonic growth compared to MIC
concentration in E.coli, Salmonella spp., S. aureus were re-
spectively, 53.3%, 54.7%, and 53.7% in 1.32 MIC. The lowest
growth rates were respectively 8.3%, 5.1%, and 2.9%, in 1.2
MIC concentrations. The highest and the lowest growth
biofilm formation rates compared with MIC concentra-
tion in Salmonella spp. were respectively 84.8% in 1.32
MIC concentration and 31.2% in 1.2 MIC concentration (P
<0.05).

5. Discussion

The present study was designed to determine the inhib-
iting effect of chlorhexidine on biofilm and planktonic
growth of some animal bacterial pathogens. No signifi-
cant planktonic growth and biofilm formation were
observed in the presence of chlorhexidine in concen-
trations of one and two fold MIC, P < 0.05. It can imply
that chlorhexidine concentrations higher than MIC have
similar effects on planktonic growth and biofilm forma-
tion and there is no need to use concentrations higher
that MIC to control bacterial infection. Of course, the law
is gradually void in cases including the presence of resis-
tance genes, mutation (16, 17) and resistance acquiring
(16, 18). In addition, organic materials, pH, temperature,
water rigidity, chemical harnesses and contact time are
involved in the effect of disinfectants (19-21).

Although planktonic growth chart, indicated the
growth of strains (due to average of strains growth) at
lower concentrations of MIC but this increase in 1.2 MIC
concentration and in some cases in 1.4 MIC was not vis-
ible with the naked eye. Therefore, the inhibitory effect of
chlorhexidine on Planktonic growth can be acceptable.
In the stages of biofilm formation, no significant interac-
tion was observed between antiseptic and antibacterial
components in E. coli, Str. agalactiae and S. aureus. How-
ever, the biofilm formation growth was significant, with
the decrease of disinfectant concentration, in all samples
(exceptE. coliin1.32 MIC). Due to the release of uptake dye
by bacteria, this increase was clearly evident and will be
more visible by MIC reduction; this reflects the inability
of chlorhexidine to prevent bacterial biofilm formation.
Comparison of the highest and the lowest increase rates
of planktonic growth and formation of Salmonella spp.
biofilm confirmed this result. In fact, results showed that
sub-MIC doses of chlorhexidine digluconate can stimu-
late the strains biofilm formation. This phenomenon
can have deleterious effects because biofilm formation
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is thought to play an important role in the survival of
virulent strains of these bacteria (22). S. aureus has been
reported to be a concern in postoperative wound biofilm
infections (23) and mastitis (24). Cross infection of MRSA
between animals and humans has been recognised (25).
The evidences show that biofilm life manner cause resis-
tance increase against anti microbial products. In fact,
one of the bacterial resistance methods is biofilm growth
where the cells survive generally because of disinfectants
inability to reach cells, which will cause bacteria sensiv-
ity reduction (26). The cationic anti microbial mode of
action against bacterial cells involves a general perturba-
tion of lipid bilayer membranes (27). Low concentrations
of chlorhexidine digluconate bind firmly to exposed an-
ionic sites on the cell membranes. Such interactions have
previously proved to decrease membrane fluidity , to af-
fect the osmoregulatory and physiological functions of
the cell membranes (28), and also biofilm development.

At higher, in-use concentrations, the interactions are
more severe and cause the membrane to lose its struc-
tural integrity and allow leakage of cellular materials
(9). The stimulation of S. aureus and Str. agalactiae bio-
film formation by chlorhexidine digluconate seems to be
unrelated to an effect on bacterial growth of planktonic
cells, but effects on cell viability cannot be ignored. Thus,
the presence of a biocide at low concentration could
decrease planktonic viability and protect against plank-
tonic growth. In conclusion, chlorhexidine was able to
inhibit biofilm formation of different bacterial species
at conventional in-use concentrations. Nevertheless, the
biofilm formation induction observed in the Salmonella
spp. strains in the presence of sub-MIC of disinfectant
raises concern over the inappropriate use of cationic dis-
infectants. Given the prevalence of biofilms in natural en-
vironments, it is not surprising that these growth forms
are responsible for infection in humans and animals.

Acknowledgements

The authors are grateful to Miss. Lotfalian for her techni-
cal assistance in microbiology laboratory, School of Vet-
erinary Sciences, Shahrekord University.

Authors’ Contribution

Dr. Hemati was the main author and statistical analyst.

Financial Disclosure

There is no conflict of interest.

Funding/Support

This study was supported by the School of Veterinary
Sciences, Shahrekord University.

References

1. Howe AD, Forster S, Morton S, Marshall R, Osborn KS, Wright P,
etal. Cryptosporidium oocysts in a water supply associated with

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

a cryptosporidiosis outbreak. Emerg Infect Dis. 2002;8(6):619-24.
Gilbert P, Das JR, Jones MV, Allison DG. Assessment of resistance
towards biocides following the attachment of micro-organisms
to, and growth on, surfaces. ] Appl Microbiol. 2001;91(2):248-54.
Mah TF, O'Toole GA. Mechanisms of biofilm resistance to antimi-
crobial agents. Trends Microbiol. 2001;9(1):34-9.

Sauer K, Camper AK, Ehrlich GD, Costerton JW, Davies DG. Pseudo-
monas aeruginosa displays multiple phenotypes during devel-
opment as a biofilm. ] Bacteriol. 2002;184(4):1140-54.

Parsek MR, Fuqua C. Biofilms 2003: emerging themes and chal-
lenges in studies of surface-associated microbial life. ] Bacteriol.
2004;186(14):4427-40.

Zottola EA, Sasahara KC. Microbial biofilms in the food process-
ing industry-should they be a concern? Int J Food Microbiol.
1994;23(2):125-48.

Piriou P, Dukan S, Levi Y, Jamge PA. Prevention of bacterial
growth in drinking water distribution systems. Water Sci Technol.
1997;35(11-12):283-7.

Potera C. Forging a link between biofilms and disease. Science.
1999;283(5409):1837-9.

Chawner JA, Gilbert P. A comparative study of the bactericidal
and growth inhibitory activities of the bisbiguanides alexidine
and chlorhexidine. ] Appl Bacteriol. 1989;66(3):243-52.

Ebrahimi A, Moatamedi A, Lotfalian S, Mirshokraei P. Biofilm
formation, hemolysin production and antimicrobial suscepti-
bilities of Streptococcus agalactiae isolated from the mastitis
milk of dairy cows in Shahrekord district, Iran. Vet Res Forum.
2013;4(4):269-72.

Ebrahimi A, Akhavan Taheri M. Characteristics of staphylo-
cocci isolated from clinical and subclinical mastitis cows in
Shahrekord, Iran. Iran ] Vet Res. 2009;10(3):273-7.

Quinn PJ, Carter ME, Markey BK, Carter GR. Clinical veterinary Mi-
crobiology. 2nd ed. London: Mosby; 1994.

Tendolkar PM, Baghdayan AS, Gilmore MS, Shankar N. Enterococ-
cal surface protein, Esp, enhances biofilm formation by Entero-
coccus faecalis. Infect Inmun. 2004;72(10):6032-9.

Stepanovic S, Vukovic D, Hola V, Di Bonaventura G, Djukic S,
Cirkovic I, et al. Quantification of biofilm in microtiter plates:
overview of testing conditions and practical recommendations
for assessment of biofilm production by staphylococci. APMIS.
2007;115(8):891-9.

Houari A, Di Martino P. Effect of chlorhexidine and benzalkoni-
um chloride on bacterial biofilm formation. Lett Appl Microbiol.
2007;45(6):652-6.

Machado I, Lopes SP, Sousa AM, Pereira MO. Adaptive response
of single and binary Pseudomonas aeruginosa and Escherich-
ia coli biofilms to benzalkonium chloride. J Basic Microbiol.
2012;52(1):43-52.

Pagedar A, Singh ], Batish VK. Adaptation to benzalkonium chlo-
ride and ciprofloxacin affects biofilm formation potential, efflux
pump and haemolysin activity of Escherichia coli of dairy origin.
J Dairy Res. 2012;79(4):383-9.

Hegstad K, Langsrud S, Lunestad BT, Scheie AA, Sunde M, Yaz-
dankhah SP. Does the wide use of quaternary ammonium
compounds enhance the selection and spread of antimicro-
bial resistance and thus threaten our health? Microb Drug Resist.
2010;16(2):91-104.

Bremer PJ, Monk I, Butler R. Inactivation of Listeria monocy-
togenes[Flavobacterium spp. biofilms using chlorine: impact
of substrate, pH, time and concentration. Lett Appl Microbiol.
2002;35(4):321-5.

Cloete TE, Jacobs L, Brozel VS. The chemical control of biofouling
in industrial water systems. Biodegradation.1998;9(1):23-37.
Kuda T, Yano T, Kuda MT. Resistances to benzalkonium chloride
of bacteria dried with food elements on stainless steel surface.
LWI-Food Sci Technol. 2008;41(6):988-93.

Moretro T, Hermansen L, Holck AL, Sidhu MS, Rudi K, Langsrud
S. Biofilm formation and the presence of the intercellular adhe-
sion locus ica among staphylococci from food and food process-
ing environments. Appl Environ Microbiol. 2003;69(9):5648-55.
Galuppo LD, Pascoe JR, Jang SS, Willits NH, Greenman SL. Evalua-
tion of iodophor skin preparation techniques and factors influ-

Jundishapur ] Nat Pharm Prod. 2014;9(2):e14298



EbrahimiAetal.

24.

25.

encing drainage from ventral midline incisions in horses. ] Am
Vet Med Assoc.1999;215(7):963-9.

Melchior MB, Fink-Gremmels ], Gaastra W. Comparative assess-
ment of the antimicrobial susceptibility of Staphylococcus au-
reus isolates from bovine mastitis in biofilm versus planktonic
culture. | Vet Med B Infect Dis Vet Public Health. 2006;53(7):326-32.
Witte W, Strommenger B, Stanek C, Cuny C. Methicillin-resistant
Staphylococcus aureus ST398 in humans and animals, Central
Europe. Emerg Infect Dis. 2007;13(2):255-8.

Jundishapur ] Nat Pharm Prod. 2014;9(2):e14298

26.

27.

28.

Campanac C, Pineau L, Payard A, Baziard-Mouysset G, Roques C.
Interactions between biocide cationic agents and bacterial bio-
films. Antimicrob Agents Chemother. 2002;46(5):1469-74.

Gilbert P, Moore LE. Cationic antiseptics: diversity of action un-
der a common epithet.  Appl Microbiol. 2005;99(4):703-15.

Hugo WB, Longworth AR. The effect of chlorhexidine on the elec-
trophoretic mobility, cytoplasmic constituents, dehydrogenase
activity and cell walls of Escherichia coli and Staphylococcus au-
reus. ] Pharm Pharmacol. 1966;18(9):569-78.



