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ABSTRACT 
 
Objectives: This study aim to determine the bacterial diversity, biofilm forming ability and the 
antimicrobial resistance of bacteria isolated from saliva of patients with dental caries conditions with 
the using of 16S rRNA gene sequencing technique for identification of the most virulent isolates. 
Methods: Isolation and identification of microorganisms were done employing standard 
bacteriologic techniques, followed by biofilm detection using tissue culture plate method. The strong 
biofilm forming isolates were selected for antibiotic susceptibility test against selected antibiotics 
using disk diffusion technique. In order to identify the selected isolates. The genomic DNA obtained 
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following the extraction process were used for the amplification of the bacterial 16S rRNA gene. 
Results: A total of 137 bacterial isolates were obtained and identified as belonging to 21 genera. 
Tissue culture plate (TCP) method were employed for screening the isolates according to its biofilm 
forming ability, its showed that 55 (40.1%) of the total isolates were strong, 57 (41.6%) were 
moderate and 25 (18.3%) were weak biofilm producers. The antimicrobial susceptibility test showed 
the multi antibiotics resistance of the strong biofilm former isolates to the conventional antibiotics. 
Enterococcus faecalis isolates showed the highest biofilm formation and antibiotic resistance. The 
16S rRNA gene for two of these isolates have been amplified using PCR and the product 
sequenced, analyzed and registered in the National Center for Biotechnology Information (NCBI) as 
UKMS1 and UKMS2 and the accession numbers KX960104.1 and KX960105.1 respectively. 
Conclusion: The study has revealed that antimicrobial resistance of bacteria isolates from saliva of 
patients with dental caries conditions is associated with biofilm formation. Other uncommon 
pathogenic bacteria were also isolated in this study as a result of the use of non-selective 
enrichment medium for culturing. Enterococcus faecalis isolates indicated the highest biofilm 
formation and antibiotic resistance. 

 
 
Keywords: Antimicrobial resistance; biofilm formation; oral bacteria; Enterococcus faecalis; saliva 

samples. 
 
1. INTRODUCTION 
 

Salivary microbial assays to determine the 
presence or the risk of dental diseases have 
been on the bases of the concept that the whole 
saliva is the direct source of oral biofilm bacterial 
organisms [1]. The buccal cavity offers two types 
of surfaces for bacteria colonization and these 
are; soft tissue surface and hard tooth 
enamel/exposed root surface. Thus these 
surfaces support the growth of different bacterial 
communities [2]. In view of the fact that the 
microbes found in saliva are collections from 
different surfaces of the buccal cavity, saliva flora 
can offer an overview of the microbial flora in the 
buccal cavity of an individual [2]. Recently, more 
scholars are focusing on the significance of 
saliva analysis as well as the correlation of data 
acquired from these analysis with the level of 
caries. Several studies have demonstrated 
strong relationship between salivary microflora 
and caries [3,4]. Biofilms are microbial-derived 
sessile communities characterized by cells that 
are irreversibly attached to a substratum or to 
each other. They are embedded in a matrix of 
extracellular polymeric substances (EPS) which 
they produced. They also exhibit an modified 
phenotype with reference to the rate of growth 
and transcription of gene [5]. Bacteria within a 
biofilm community communicate with each other 
by production of pheromones or chemotactic 
particles, a phenomenon known as quorum 
sensing [6]. The availability of key nutrients, 
surface adhesions, motility of bacteria, 
chemotaxis towards surface as well as the 
presence of surfactants constitute factors that 
affect biofilm production [6]. Microbial organisms 

growing in a biofilm are intrinsically more 
resistant to antimicrobial agents compared to 
planktonic cells. High antimicrobial 
concentrations are essential for inactivating 
microbial organisms growing in a biofilm, as 
antibiotic resistance can increase 1,000 fold [7]. 
The prevalence of dental biofilm forming bacteria 
isolates from saliva and their susceptibility 
pattern towards widely used antibiotics has not 
been fully exploited in Malaysia. We 
hypothesized that these biofilm forming bacteria 
from saliva may be responsible for increase in 
antibiotic resistance in patients with dental 
carries. The Aim of this study was to find out the 
prevalence of dental biofilm forming bacteria 
isolated from saliva samples and their 
susceptibility pattern towards the commonly 
employed antibiotics. 

 
2. MATERIALS AND METHODS 
 
2.1 Samples Collection 
 
A total of 21 saliva samples were collected from 
patients attending Dental Clinic, Health Clinic 
Centre/ Seri kembangan / Selangor/ Malaysia 
and Dental Clinic, UKM/ Bangi /Malaysia. Each 
patient were given printed paper to explain the 
aim of this study and consent was obtained from 
them. Twenty one patients were selected for 
inclusion in the study. The patients were chosen 
randomly males and females, who did not used 
antibiotics for the last 3 months and all patients 
have various dental and periodontal problems. 
The samples were unstimulated saliva and 
collected by special dentist.  Saliva samples 
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were collected in sterilized tubes which were 
then transported to the Lab within 2h [8]. 
 

2.2 Isolation and Identification 
 
Isolation and identification of aerobic, anaerobic 
and facultative organisms were done employing 
standard bacteriologic techniques. Ten-fold serial 
dilutions for the samples were prepared using 
peptone water. Following dilutions, the diluted 
samples were spread (0.1 ml) on Brain Heart 
agar (BHIA) (Oxoid) plates. Then the cultured 
plates were incubated aerobically and 
anaerobically for 1-5 days at 37 °C. All the 
microbial cultural features of isolates on the 
selective media such as elevation, size, shape, 
margin, and pigmentation of colony were 
recorded [9]. By using Bergey’s Manual of 
Systematic Bacteriology, the biochemical 
properties of the isolates were tested and 
recorded [10]. The properties determined include 
Oxidase test, Catalase test, TSI test, acid 
production from carbohydrates, Simmon citrate 
test, and Analytical Profile Index (API) kits were 
used for further identification of the isolates. 
 
2.3 Biofilm Formation 
 
Biofilm detection was assayed using tissue 
culture plate method, it’s considered as a 
quantitative determination technique of biofilm 
using 96 well microtitre plate.  This technique 
used to detect the ability of the isolates to form 
biofilm on abiotic surfaces. After overnight 
incubation in brain heart infusion broth (BHIB), 
containing 1% glucose at 37

o
C, 200 μL of the 

suspension was diluted to 1:40 and subsequently 
introduced in triplicates into sterile 96-well 
polystyrene microtiter plates (Sigma Aldrich, 
USA).   Sterile BHI broth was used as a control 
for the screening, while Staphylococcus 
epidermidis ATCC 12228 (non biofilm former) 
was used as a negative control. Staphylococcus 
epidermidis ATCC 35984 also was used as a 
positive control. Following incubation at 37oC for 
24 h period, the wells were washed with 0.2 mL 
phosphate buffered saline (PBS). The plates 
were dried in an inverted position for 1 h at room 
temperature. The wells were subsequently 
stained with 1% crystal violet (CV) for 15 min at 
room temperature. Surplus CV stain were 
washed off using PBS, after that CV was 
extracted from adhering bacterial cells using 200 
μL of 80:20 (v/v) ethyl alcohol/acetone. The OD 
of the wells were read at 570 nm (OD570) using 
microplate ELISA reader (BioRad, USA) [11]. All 
tests were performed in triplicate and the 

average was used. The bacterial isolates were 
then categories as; no biofilm producer, weak 
biofilm producer, moderate biofilm producer and 
strong biofilm producers [11]. For this, it was 
necessary to establish the cut-off value (ODc). 
The ODc was defined as three standard 
deviations (SD) above the mean OD of the 
negative control (uncultured BHI broth): ODc = 
average OD of negative control + (3×SD of 
negative control). Based upon the OD values: 
OD≤ODc = non-biofilm former; ODc < OD ≤ 2 × 
ODc = weak biofilm former; 
2×ODc<OD≤4×ODc=moderate biofilm former; 4 
× ODc<OD=strong biofilm former. 
. 

2.4 Antibiotic Susceptibility Test 
 
The strong biofilm forming isolates (n=55) were 
selected for antibiotic susceptibility test against 
selected antibiotics using disk diffusion (kirby 
Bauer’s) technique. This method was done 
according to Clinical and Laboratory Standards 
Institute (CLSI) guidelines [12]. This test was 
carried out on Mueller Hinton agar (Oxoid, UK), 
using the following antibiotic discs (Oxoid, UK): 
amoxycillin AML (10µg) , erythromycin E (30µg), 
ampicillin AMP (10µg), cephalothin KF (30µg), 
chloramphenicol C (30µg), tetracycline (30µg) , 
ciprofloxacin CIP (10µg), nalidixic acid NA (30µg) 
, vancomycin VA (30µg), gentamicin CN (10µg), 
novobiocin NV (30µg), carbenicillin CAR (100µg), 
kanamycin K (30µg), oxacillin OX (5µg), penicillin 
G (10 UI) and streptomycin (10µg). Enterococcus 
faecalis ATCC 33186 was used as control 
strains. 
 

2.5 Molecular Identification and 
Phylogenetic Analysis 

 
Genomic DNA was extracted using wizard

®
 

Genomic DNA purification kit (Promega 
Corporation, USA), following manufacturer’s 
instruction. In order to identify the selected 
isolates. The genomic DNA obtained following 
the extraction process were used for the 
amplification of the bacterial 16S rRNA gene 
using the forward primers (FP 
5’AGAGTTTGATCCTGGCTCAG-3) and reverse 
primer (RP 5' ACGGTTACCTTGTTACGACTT-
3). GoTaq® Flexi DNA Polymerase (Promega 
Corporation, USA) was used to performed PCR 
reaction. A prime thermal cyclers (Techne, UK) 
was used to carry out the amplification at an 
initial denaturation step with 95ºC temperature 
for 2 min, 35 cycles of 95 ºC for 1 min, at 50ºC 
for 1 min, at 72ºC for 1 min, and a final extension 
step at 72ºC for 5 min. The amplified PCR 
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products were separated by agarose gel 
electrophoresis technique on 1.5 % (w/v) 
agarose gel in 1X TAE buffer (40 mM Tris-
acetate, 1 mM EDTA, pH 8.0) at 80 V for 45 min. 
The gel was pre-stained with Floro Safe DNA 
Stain (BIO-5170-1ml)/1st BASE Pte Ltd, while 
Exact Mark 1kb DNA Ladder (BIO-5140) /1st 
BASE Pte Ltd was used as a marker for the DNA 
size. Lastly, the gels were examined and 
captured by UV trans-illuminator Gel 
Documentation system (syngene, UK). 
 

2.6 Statistical Analysis 
 

The Excel data analysis package was used to 
calculate mean, standard deviation of the mean 
for the tissue culture plate method data. All the 
results were calculated from the mean of three 
replicate samples for each data point. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Bacterial Identification 
 

Majority of earlier studies on saliva microflora 
used semi-selective media for the isolation of 
oral bacteria [3,13,14]. In order to increase the 
number of bacterial species collected and 
response to nutritional differences in microbial 
growth, this study employed non-selective 
enrichment media (BHI) for the isolation of the 
bacteria from saliva samples. A total of 137 
bacterial isolates were obtained and identified 
from these saliva samples. The Isolates were 
encoded from S1 until S137. Following the 
subjection of the isolates to gram staining, 65% 
of total isolates were found to be Gram positive 
while 35% of total isolates were Gram negative. 
Anaerobic and aerobic culturing revealed that 
72% of total isolates were facultative anaerobic 
whereas others were obligate anaerobes (18%) 
and aerobic (10%) microorganisms. According to 
the cell morphology, 48% of total isolates were 
cocci while 52% were rod. All the phenotypic 
characteristics were shown in Fig. 1.  
 

In total, 137 bacterial isolates comprising 21 
genera were identified, the most abundant of 
which was Enterococcus sp. (14.6%). This is an 
interesting finding, since Enterococcus sp. is not 
generally considered to be a common bacteria 
from the saliva, even though it has been 
previously reported [8] to be present in about 5% 
as a normal flora. In this study, following 
Enterococcus sp., the second-most prevalent 
microbial organism identified was Streptococcus 
sp. (13.1%). These findings corroborate with the 
findings reported in an earlier study where 

Streptococcus sp. was reported to play an 
important role in the pathogenesis of caries by 
modifying the dental plaque environment to favor 
the succession of aciduric species [15]. 
Staphylococcus sp. was found to be the third 
most prevalent bacterial genus identified, next to 
Enterococcus sp. and Streptococcus sp. 
Staphylococci are common residents of the nasal 
flora  [16] and [17] and thus they may 
consistently be found in the buccal cavity. The 
next most prevalent bacterial genus from the 
saliva was Bacillus species, which was found to 
be present at the rate of 6.5%. These species 
are generally considered as transient inhabitants 
of the healthy human buccal cavity (2). However, 
in an animal study, it has been reported that 
Bacillus species elaborate a potent exogenous 
factor(s) capable of activating the kallikrein-kinin 
metabolic pathway in intact oral mucosa, 
resulting to exudation of plasma and tissue 
dysfunction [18].  Other bacterial genera also 
identified these are Pseudomonas sp., 
Enterobacter sp., Escherichia coli, Proteus sp., 
Klebsiella sp., Clostridium sp., Actinomyces sp., 
Micrococcs sp., Lactobacillus sp., Bacteroides 
sp., Fusobacterium sp., Provotella sp., 
Salmonella sp., Aerococcus sp., 
Peptostreptococcus sp., Shigella sp., and 
Eubacterium sp. This study equally  appears to 
be the first to report the isolation of Salmonella 
and Shigella species from saliva sample of 
humans. Salmonella can easily exist in dry dog 
kibble, and can also exist in raw meat that it’s 
given to feed pets animals like dogs, also [19] 
mentioned the presence of Salmonella serotypes 
in pet chews. In this study our samples collected 
from patients already have dental and 
periodontal caries, this perhaps shows that there 
are abundance of Enterococcus sp. and other 
oral pathogens in saliva that are yet to be 
isolated. Table 1 shows all the 21 genera of the 
identified bacteria from the saliva samples. 
 

3.2 Biofilm Formation 
 
Among the 137 isolates, TCP demonstrated that 
55 (40.1%) were strong biofilm formers, 57 
(41.6%) were moderate biofilm formers and 25 
(18.3%) were weak biofilm formers. The results 
showed that 80%, 55.6%, 62.5%, 55.6%, 54.5%, 
60% and 71.4% of Enterococcus sp., 
Streptococcus sp., Staphylococcus sp., Bacillus 
sp., E. coli, Pseudomonas sp. and Proteus sp. 
respectively are strong biofilm producers Fig. 3, 
while biofilm forming ability varied between 
moderate and weak in the other genera isolated 
in this study. This result partially agreed with the 



findings of [20] who reported that 
organisms associated with biofilm production 
were S. epidermidis (37.1%) followed by 
(27.1%), K. pneumoniae (15.7%), 
(11.4%), E. faecalis (4.2%) and P. aeruginosa 
(4.2%). In this study, Enterococcus
the highest ability to form biofilm. The adherence 
and production of a biofilm by E. faecalis
different biomaterials have been demonstrated, 
and the capacity of enterococci to bind to various 
medical devices has been attributed to its ability 
to produce biofilms [21].  
 

Cutoff value is needed to categorize the isolates 
to (Weak, Moderate, Strong) biofilm formers (Fig. 
4). The cutoff value of the readings was 0.346, 
according to this value the biofilm formation 
equations will be: OD570 ≤ 0.346 = non
producers; 0.346 < OD570 ≤ 0.693 = weak biofilm 
producers; 0.693 < OD570 ≤ 1.387 =moderate 
biofilm producers; 1.387 < OD570 =strong biofilm 

 
Fig. 1. The microbiological phenotypic characteristics prevalence of the isolates

 

Table 1. The numbers and percentages of the bacterial 
 

Genus 
Enterococcus sp. 
Streptococcus sp. 
Staphylococcus sp. 
Bacillus sp. 
Actinomyces sp. 
E. coli 
Salmonella sp. 
Shigella sp. 
Pseudomonas sp. 
Klebsiella sp. 
Clostridium sp. 
Micrococcs sp. 
Enterobacter sp. 
Proteus sp. 
Peptostreptococcus sp. 
Lactobacillus sp. 
Fusobacterium sp. 
Eubacterium sp. 
Provotella sp. 
Bacteroides sp. 
Aerococcus sp. 
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[20] who reported that majority of 
organisms associated with biofilm production 

(37.1%) followed by E. coli 
(15.7%), S. aureus 

P. aeruginosa 
Enterococcus sp. showed 

the highest ability to form biofilm. The adherence 
E. faecalis on 

different biomaterials have been demonstrated, 
and the capacity of enterococci to bind to various 
medical devices has been attributed to its ability 

Cutoff value is needed to categorize the isolates 
to (Weak, Moderate, Strong) biofilm formers (Fig. 
4). The cutoff value of the readings was 0.346, 
according to this value the biofilm formation 

≤ 0.346 = non-biofilm 
≤ 0.693 = weak biofilm 

≤ 1.387 =moderate 
=strong biofilm 

producers. Fig. 5 (A, B and C) shows the 
quantitative results of tissue culture plate method 
which reveals that all the isolates has the ability 
to form biofilm but in varying degrees.
 
3.2.1 Antibiotic susceptibility test
 
Strong biofilm producing isolates were subjected 
to screening for antimicrobial susceptibility test. 
These isolates were found to have increased 
resistance to conventional antibiotics such as 
penicillin (100%), ampicillin (78%), nalidixic acid 
(87%), cephalothin (87%), chloramphenicol 
(76%), oxacillin (75%), novobiocin (80%), 
streptomycin (75%), erythromycin (67%), 
vancomycin (65%), amoxicillin (60%), 
carbenicillin (60%) ciprofloxacin (55%) and 
tetracycline (51%). While lower degrees of 
resistance to kanamycin (42%) and gentamicin 
(44%). These findings corroborated with the 
report of Wood R who reviewed the antibiotic 

 

Fig. 1. The microbiological phenotypic characteristics prevalence of the isolates

Table 1. The numbers and percentages of the bacterial isolates according to genera

No. of isolates Percentage (%)
20 14.6 
18 13.1 
16 11.7 
9 6.6 
3 2.2 
11 8.0 
4 2.9 
2 1.5 
5 3.6 
4 2.9 
8 5.8 
4 2.9 
6 4.4 
7 5.1 
4 2.9 
3 2.2 
3 2.2 
2 1.5 
2 1.5 
4 2.9 
2 1.5 
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Percentage (%) 



sensitivity pattern of pathogenic 
microorganisms over a span of 20 yrs. (1966 
1986) [22]. The said author found that there 
was a continuous decline in the sensitivities of 
bacteria isolates to most of the antibiotics used 
in dental practice. Slowly and persistently, 
resistant strains of all types of microbial 
organisms encountered in dental p
emerging. These resistance might be attributed 
to biofilm production, in view of the fact that 
almost half of biofilm producers are 
simultaneously resistant to at least three 
different groups of antibiotics [23]
physiological characteristics of the microbial 
organisms that produce biofilm allow intrinsic 
resistance to antimicrobial agents. The 
resistance mechanisms are usually based on 
the delayed penetration of the antimicrobial 
agent, changes in the microbial growth rate or 
other physiological alterations related to the 
development of biofilm [5]. The antibiotics 
resistance ability of the strong biofilm producing 
isolates are depicted in Fig. 5. 
 
3.2.2 Molecular characterization and 

phylogenetic analysis based on 16s 
rRNA gene sequence 

 
The 16S rRNA gene sequences of two most 
strong biofilm former and antibiotics resistant 
isolates were selected for analysis. These 
isolates were further identified as Enterococcus 
faecalis. The purified 16S rRNA gene
 

Fig. 2. Biofilm formation ability of the isolates isolated from saliva
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sensitivity pattern of pathogenic 
microorganisms over a span of 20 yrs. (1966 – 

. The said author found that there 
was a continuous decline in the sensitivities of 
bacteria isolates to most of the antibiotics used 
in dental practice. Slowly and persistently, 
resistant strains of all types of microbial 
organisms encountered in dental practice are 
emerging. These resistance might be attributed 
to biofilm production, in view of the fact that 
almost half of biofilm producers are 
simultaneously resistant to at least three 

[23], and the 
istics of the microbial 

organisms that produce biofilm allow intrinsic 
resistance to antimicrobial agents. The 
resistance mechanisms are usually based on 
the delayed penetration of the antimicrobial 
agent, changes in the microbial growth rate or 

iological alterations related to the 
. The antibiotics 

resistance ability of the strong biofilm producing 

Molecular characterization and 
phylogenetic analysis based on 16s 

The 16S rRNA gene sequences of two most 
strong biofilm former and antibiotics resistant 
isolates were selected for analysis. These 

Enterococcus 
. The purified 16S rRNA gene sequence 

were successfully recovered form UKMS1 and 
UKMS2 Fig. 6 (A). The PCR products were 
approximately 1500 kb in size corresponding to 
these group of bacteria. The comparison of
DNA sequences with sequences in GenBank 
was also compared with number series and 
maximum identification percent. All sequences 
gave similarity of about 99%. According to 16S 
gene sequences in GenBank, the two
cluster with Enterococcus faecalis
phylogenetic tree Fig. 6 (B) was constructed to 
show the relationship and comparison of ou
bacteria sequences data and previously 
published data from NCBI (GenBank). UKMS1 
and UKMS2 were clustered together (bootstrap 
100%) and these isolates clustered with 
Enterococcus faecalis (bootstrap 99%)
16S rRNA gene for these isolates have been, 
registered in the National Center for 
Biotechnology Information (NCBI) as UKMS1 
and UKMS2 with the accession numbers 
KX960104.1 and KX960105.1 respectively. The 
evolutionary history was inferred using the 
Neighbour-Joining method. Confidence values 
were assessed from 1,000 bootstrap replicates 
of the original sequence data and are shown 
next to the branches. The scale indicates the 
evolutionary distances computed using the p
distance method and are in the units of the 
number of amino acid differences per sit
analysis involved 7 amino acid sequences. 
Evolutionary analyses were conducted using 
MEGA6.
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bacteria sequences data and previously 
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Fig. 3. Screening biofilm forming ability of the isolates using tissue culture
Isolates from S1 to S49 (B) Isolates from S50 to S95 (C) Isolates from S96 to S137
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Fig. 3. Screening biofilm forming ability of the isolates using tissue culture plate method; (A) 

Isolates from S1 to S49 (B) Isolates from S50 to S95 (C) Isolates from S96 to S137
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Isolates from S1 to S49 (B) Isolates from S50 to S95 (C) Isolates from S96 to S137 



 

Fig. 4. Quantitative detection of biofilm Formation of the isolates; (A) Strong biofilm formation 
by S1 (Enterococcus sp); (B) Strong, moderate, weak b

violet staining in 96 well microtiter plates
 

Fig. 5. Levels (%) of antibiotic resistance demonstrated by Strong biofilm producing isolates
 

Fig. 6. (A) Agarose gel electrophoresis of purified 16S rDNA for UKMS1 and UKMS2 (B) 
Phylogenetic tree displaying evolutionary relationships
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Fig. 4. Quantitative detection of biofilm Formation of the isolates; (A) Strong biofilm formation 
sp); (B) Strong, moderate, weak biofilm formers differentiated by crystal 

violet staining in 96 well microtiter plates 

 
 

Levels (%) of antibiotic resistance demonstrated by Strong biofilm producing isolates

 

Fig. 6. (A) Agarose gel electrophoresis of purified 16S rDNA for UKMS1 and UKMS2 (B) 
Phylogenetic tree displaying evolutionary relationships 
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Fig. 4. Quantitative detection of biofilm Formation of the isolates; (A) Strong biofilm formation 
iofilm formers differentiated by crystal 

 

Levels (%) of antibiotic resistance demonstrated by Strong biofilm producing isolates 

 

Fig. 6. (A) Agarose gel electrophoresis of purified 16S rDNA for UKMS1 and UKMS2 (B) 
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4. CONCLUSION 
 
The prevalence of saliva microflora was 
determined in this study and Enterococcus 
species were found to be the most abundant 
species in the saliva. The study has revealed that 
antimicrobial resistance of bacteria isolates from 
saliva of patients with dental caries conditions is 
associated with biofilm formation. Other 
uncommon pathogenic bacteria were also 
isolated in this study as a result of the use of 
non-selective enrichment medium for culturing. In 
view of the importance of antimicrobial resistance 
of bacterial isolates from saliva, the findings of 
this study is impressive. However further studies 
are required to further identify possible means to 
over the resistance of bacterial flora of saliva to 
antimicrobial agents. 
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