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Biofi lm Production and Antibiotic Susceptibility 

of Planktonic and Biofi lm Bacteria of Canine Dental Tartar Isolates

Atulya Manuel1, Josyula Venkata Rao1, Koshy John2 & Jesil Mathew Aranjani1

ABSTRACT

Background: In nature, bacteria prefer to live as a community rather than planktonic cells. Biofi lm is such a community 
of bacteria embedded in a coherent cluster of polysaccharides, proteins and nucleic acids. The biofi lm formation in the 
dental cavity can result in the development of periodontal diseases. Biofi lm in the oral cavity can affect the general health 
of the dog and the bacterial toxins can damage the visceral organs engaged in detoxifi cation. It can also be detrimental 
to human health when transferred via animal bites. Aim of this study is to isolate the organisms from the dental tartars of 
dogs and to study their response to antibiotics in both planktonic and biofi lm mode of life.
Materials, Methods & Results: Organisms were isolated from fourteen canines with dental tartar using brain heart infusion 
agar medium. They were identifi ed as per Bergy’s Manual. Antibiogram of the isolates were done with the Kirby Bauer 
method using standard antibiotic discs. Initial screening of biofi lm production was done using the congo red agar assay. 
Quantifi cation of biofi lms were done using a standard microtitre plate method using crystal violet staining. The minimum 
inhibitory concentration and minimum biofi lm eradication concentration were compared to determine the change in the 
antimicrobial susceptibility pattern of dental tartar isolates when they go from the planktonic to the biofi lm mode of growth. 
Minimum inhibitory concentrations (MIC) of four broad spectrum antibiotics on isolated strains were determined as per 
CLSI guidelines. Minimum biofi lm eradication concentrations (MBEC) of the tested antibiotics were calculated for the 
isolates using a standard microtitre plate MBEC assay. Bacterial biofi lm formation provides the bacteria inherent resistance 
to antibiotic chemotherapy and helps in the persistence of infection. The dental plaque is a dental biofi lm which gets calci-
fi ed and becomes dental tartar. In the present study, the isolated organisms were identifi ed as Pseudomonas fragi (43%), 
Citrobacter koseri (14%), Streptococcus mutans (33%) and Malassezia pachydermatis (10%). The bacteria in biofi lm mode 
of growth exhibited signifi cantly higher antibiotic resistance compared to the planktonic state of the same organisms. Congo 
red assay revealed that all the P. fragi isolates, two C. koseri isolates and four S. mutans isolates are biofi lm producers. The 
biofi lm production was highest with P. fragi isolates as per the results of the crystal violet assay. A synergistic effect in 
biofi lm production was found when the organisms in combination were allowed to produce biofi lm. The isolates showed 
high sensitivity towards Chloramphenicol (90%), Ciprofl oxacin (90%), Enrofl oxacin (90%), Ceftriaxone (80%) and low 
sensitivity towards Gentamicin (66%), Cephotaxim (66%) and Sulphadiazine (50%).
Discussion: The minimum biofi lm eradication concentration of the isolates was found to be much higher compared to the 
MIC range of the planktonic bacteria. Conventional antibiotic therapy against bacterial infections are based on the sensi-
tivity pattern of organisms towards the respective antibiotics. The results of the present study indicate the requirement of 
a higher concentration of antibiotics needed for eradication of bacterial biofi lms. Antibiotics are not free from toxic side 
effects. Hence, agents promoting the biofi lm eradication are a safer choice rather than increasing antibiotic concentration. 
More studies in this line are in progress. 

Keywords: dental tartar, biofi lm, crystal violet assay, minimum biofi lm eradication concentration.
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INTRODUCTION

Dental plaque is a dental biofi lm which is the 
primary etiology of periodontitis. This is a diverse 
microbial community adhered to the host surface, 
consisting of genetically distinct types of bacteria that 
live in close juxtaposition [28]. These oral microbial 
plaque communities are composed of gram positive 
and gram negative bacteria embedded in polymeric 
substances of bacterial and salivary origin. The biofi lm 
forming ability is recognized as the factor responsible 
for the persistence of microbes in the host, which helps 
in evading the host immune response and allows the 
bacteria to survive at adverse situations [10]. Biofi lm 
formation in turn alters the microenvironment of its 
own inhabitants, which then leads to additional altera-
tions in gene expression and further maturation of the 
biofi lm [16]. In course of time the dental plaque on 
the tooth surface get deposited with carbonates and 
phosphates of calcium and magnesium, and forms the 
hardened yellow/ brown layer called dental calculus/ 
dental tartar [22]. The calculus serves as a trap for 
the further plaque development and this also results 
in periodontitis. Dental tartar is encountered in ap-

Table 1. Details of clinical isolates  from the dental tartars of dogs.

Serial 
No.

Age 
(years)

Breed
Clinical signs/

Symptoms reported
Microorganism

1 1.5 Non descript Halitosis P. fragi & S. mutans

2 9 Dachshund Gingivitis, halitosis P. fragi

3 9 Spitz
Halitosis, discoloration 

of  tooth
P. fragi

4 3.5 Labrador
Halitosis, discoloration 

of cheek tooth
P. fragi & S .mutans

5 8 Dachshund Halitosis C. koseri & S .mutans

6 6 Cocker spaniel Halitosis, gingivitis P. fragi & S. mutans

7 6 Non descript Halitosis, gingivitis P. fragi & S. mutans

8 8 Doberman Halitosis C. koseri

9 10 Dachshund Halitosis, gingivitis P. fragi

10 10 Spitz
Halitosis, discoloration 

of cheek tooth, gingivitis
P. fragi & S .mutans

11 10 Spitz
Halitosis, discoloration 

of cheek tooth
C. koseri & S .mutans

12 7.5 Cocker spaniel Halitosis, gingivitis M. pachydermatis

13 14 Dachshund Halitosis P. fragi

14 6 Labrador Halitosis, gingivitis M. pachydermatis

proximately 85% of adult dogs [4]. The plaque micro 
biota to a greater extend depends on the endogenous 
nutrients supplied by the host rather than by the exog-
enous factors in the diet [18]. The component species 
in the biofi lm reaches a microbial homeostasis through 
numerous microbial interactions, which includes both 
synergism and antagonism [19]. 

MATERIALS AND METHODS

The study was conducted to investigate the 
biofilm production and antibiotic susceptibility of 
microorganisms responsible for dental tartar and as-
sociated lesions. The media and other chemicals used 
were purchased from M/S Himedia laboratories1 unless 
otherwise mentioned. Dental swabs were collected from 
fourteen canines with dental tartar, belonging to dif-
ferent breeds which were otherwise quite normal. Sub 
gingival pooled samples were collected from four sites 
in each case. Sterile brain heart infusion agar plates were 
inoculated and incubated at 37°C aerobically for 24 h. 
Identifi cation of bacteria was done as per the standard 
protocol [2] prescribed in the Bergey’s Manual [14,15]. 
The details of isolates are given in Table 1. 
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The slime producing ability of all the bacterial 
isolates was determined phenotypically using Congo 
red agar (CRA) [3]. Reading was taken based on the 
reference scale for slime production [12]. Quantifi ca-
tion of biofi lm formation was done by modifi ed mi-
crotiter plate assay [26] where the strains were grown 
in trypticase soy broth (TSB). This is a biofi lm biomass 
assay. Six replicates of the test were performed and 
an equal number of controls were kept. The mean OD 
reading of the control well was deducted from all the 
test readings. Absorbance was measured at 590 nm 
using a microtiter plate reader as the biofi lms of the 
tested strains showed maximum absorbance at this 
wavelength. The absorbance values less than 0.12, 
between 0.12 to 0.24 and greater than 0.24 were con-
sidered to be non/weak, moderate and high biofi lm 
producers respectively [26]. The biofi lm production 
of the bacteria which were found together was also 
determined and tested the signifi cance by statistical 
analysis (one way ANOVA) using Graph pad prism 4.

Antibiogram of the isolates was done by disc 
diffusion method [5]. The antibiotics and their concen-
tration per disc were as the following: Ceftriaxone (30 
µg); Cephotaxim (30 µg); Chloramphenicol (30 µg); 
Ciprofl oxacin (5 µg); Enrofl oxacin (10 µg); Erythro-
mycin (15 µg); and Gentamicin (30 µg).

Interpretation was done in accordance to per-
formance standards for antimicrobial disk susceptibil-
ity tests of CLSI. Minimum inhibitory concentration 
(MIC) of planktonic bacteria, for four broad spectrum 
antibiotics viz. gentamicin, ceftriaxone, ciprofl oxa-
cin and cefotaxim were determined according to the 
standard CLSI guidelines [9]. The MIC values were 
compared with the suggested ranges for MIC determi-
nation for planktonic bacteria.

Biofi lm susceptibility testing

Minimum biofi lm inhibitory concentration 
(MBEC) was carried out in 96 well microtiter plate [8]. 
The test was carried out using cation-adjusted Mueller-
Hinton broth (CAMHB). Biofi lms were produced by 
inoculating 100 µL of one in hundred dilutions of 
overnight cultures followed by 18-24 hours of incuba-
tion at 37°C. The planktonic bacteria were removed 
and rinsed the wells with phosphate buffered saline. 
Serial dilutions of antibiotic solutions were prepared in 
a separate microtiter plate and were transferred to the 
corresponding wells. The antibiotic concentration in 
the fi rst well was 5 mg/mL. Incubated for 18-24 h and 

discarded the culture. The wells were rinsed twice with 
phosphate buffered saline and added 100 µL of fresh 
sterile TSB to the wells. The wells were sonicated for 
5 min in a bath sonicator and incubated for 24 h. The 
absorbance was measured at 650 nm using a microtire 
plate reader (ELX 800 Biotek). The minimal concen-
tration of antibiotic required to eradicate the biofi lm 
was taken as MBEC.

RESULTS

A total of twenty one dental tartar isolates 
were obtained and were identifi ed as Pseudomonas 
fragi (43%), Citrobacter koseri (14%), Streptococcus 
mutans (33%) and Malassezia pachydermatis (10%). 
P. fragi and C. koseri were found individually as well 
as in association with S. mutans. Further studies were 
carried out only with respect to the bacterial isolates.

In Congo red agar all the P. fragi isolates, 
two C. koseri isolates and four S. mutans isolates 
gave black colonies with dry crystalline consistency. 
All the other isolates produced bordeaux colonies 
with smooth consistency. The crystal violet assay 
showed that all the P. fragi isolates were with high 
biofi lm producing ability (0.65 ± 0.057), two C. ko-
seri isolates with moderate (0.205 ± 0.071) and one 
with weak biofi lm production. About 57% of the S. 
mutans isolates were high biofi lm production (0.495 
± 0.122) and the rest were weak biofi lm producers 
(0.09 ± 0.059). Values are expressed as (mean ± 
S.D.). The quantitative evaluation of biofi lm produc-
tion was done (Figure1). The microtiter plate assay 
gave confi ning results with respect to the chromatic 
subjective evaluation. A synergistic effect was found 
when the organisms in combination were allowed to 
produce biofi lm. The biofi lm production of S. mutans 
in combination with P. fragi and C. koseri was found 
to be (1.22 ± 0.17) and (1.09 ± 0.08) respectively. 
The biofi lm production of these two combinations 
was found to be signifi cantly higher compared to the 
individual values (P < 0.01). 

Upon antibiogram using diffusion method iso-
lates showed high sensitivity towards Chloramphenicol 
(90%), Ciprofl oxacin (90%), Enrofl oxacin (90%), Cef-
triaxone (80%) and low sensitivity towards Gentamicin 
(66%), Cephotaxim (66%) and Sulphadiazine (50%). 
The minimum biofi lm eradication concentrations of 
the isolates were found to be much higher compared 
to the MIC range of the planktonic bacteria (Table 2).
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Figure 1. Biofi lm quantifi cation by crystal violet assay using microtiter plate. Pf1-Pf9: P. fragi isolates. 
Ck1-Ck3: C. koseri isolates. Sm1-Sm7: S. mutans isolates.

Table 2. The minimum inhibitory concentration of biofi lm bacteria isolated  from the dental tartars of dogs. 

Isolate 

No.

Antibiotics

Gentamicin Ceftriaxone Ciprofl oxacin Cefotaxim

MIC 

range*
MIC MBEC

MIC 

range*
MIC MBEC

MIC 

range*
MIC MBEC

MIC 

range*
MIC MBEC

Pf1

0.06-

128

<2 16

0.5-

128

2 32 0.015-

128

2

1

0.1

0.3

0.3

0.5

0.1

1

0.1 64 0.5-

128

1

0.5

0.5

1

0.3

0.1

0.1

1

2 64

Pf2 4 512 0.1 32 16 16

Pf3 0.1 128 2 8 16 8

Pf4 1 32 4 16 32 8

Pf5 0.5 4 0.3 8 4 2

Pf6 0.1 16 4 8 16 32

Pf7 2 >512 2 128 8 32

Pf8 0.1 64 2 64 4 64

Pf9 0.1 8 0.3 8 2 4

Ck1
0.03-

128

0.3 4

0.001-

128

<0.1 4 0.004-

128

0.5

2

1 2 0.004-

128

<0.01

0.5

0.1 4

Ck2 0.3 8 0.5 4 8 2

Ck3 0.3 32 0.1 8 4 4

Sm1

1-128

4 8

0.008-

0.12

0.3 4 0.12-4

0.5

0.5

0.3

2

2

1

0.3 32 0.12-4

4

2

0.3

4

2

0.3

1 8

Sm2 0.1 128 2 64 64 8

Sm3 2 8 <0.1 32 16 4

Sm4 1 16 0.3 16 8 8

Sm5 4 128 0.1 64 64 64

Sm6 4 32 2 8 4 64

Sm7 0.1 64 4 4 <2 8
Pf1-Pf9: P.fragi isolates, Ck1-Ck3: C.koseri isolates, Sm1-Sm7: S.mutans isolates. MIC: Minimum inhibitory concentration. MBEC: Minimum biofi lm 
eradication concentration. All the values are given in µg/mL. *The suggested MIC range for MIC determination of planktonic bacteria [2]. For P. fragi, 
C. koseri, S. mutans isolates the MIC range for Pseudomonas spp., Enterobacteriaceae and Hemolytic streptococci were considered respectively.
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DISCUSSION 

Biofi lm in the oral cavity of dogs can be a risk 
to the host itself and,  this may affect other organs, es-
pecially those organs involved in screening of bacterial 
toxins. The plaque formation also leads to periodontal 
diseases [11]. Pseudomonas species is a major spe-
cies involved in canine periodontal diseases [24] and 
even though they are non-motile, they were found to 
be  slime producers [25]. Citrobacter koseri is an op-
portunistic pathogen and was reported to be associated 
with other conditions such as myocarditis in boxers 
[7]. Streptococcus mutans is a major etiological agent 
in the development of human and animal dental caries 
[13,17,29] and this forms biofi lm [21] for survival and 
persistence in the natural ecosystem, the dental plaque 
[20]. The increased proportion of obligately anaerobic 
bacteria, including Gram-negative proteolytic species 
is in agreement with the earlier studies [23] The yeast 
isolate, Malassezia pachydermatis, causing bilateral 
dermatitis in dogs can also be present in healthy dogs [6]. 

CONCLUSION

The high biofi lm producing ability of Pseu-
domonas fragi and Streptococcus mutans when in 

combination may be one of the reasons for being 
the major etiology of dental infections. The biofi lm 
bacteria were found to be much more resistant to the 
antibiotics than the planktonic bacteria. Since the 
organisms behaved very differently when they are in 
the biofi lm community, the antibiotic sensitivity they 
have expressed in the disc diffusion method won’t be 
reliable for the treatment strategy. This oral biofi lm 
of dogs may also infect humans when transferred via 
bites [27]. Citrobacter koseri was reported to cause dog 
bite wound infections [1]. By this there is an increased 
risk of transfer of antibiotic resistance inherited by 
the biofi lm bacteria in dog, to another host specifi c 
pathogen in man.
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