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Resumo 
Introdução: Streptococcus salivarius é uma espécie dominante na cavidade bucal e tem sido indicada como 
um ótimo candidato para uso como probiótico. Visto que a espécie Streptococcus salivarius é capaz de 
produzir bacteriocinas contra Streptococcus pyogenes, desenvolveu-se interesse no uso desse 
microrganismo como probiótico, para evitar amigdalites causadas por Streptococcus pyogenes. Objetivo: A 
pesquisa em questão tem o objetivo de selecionar cepas de Streptococcus salivarius para seu uso potencial 
como probióticos na cavidade bucal, ou seja, produção de bacteriocinas contra Streptococcus pyogenes e 
habilidade de aderência à células KB. Material e método: Coletou-se material de língua de 45 estudantes e 
semeou-se em placas de ágar Mitis Salivarius. As amostras foram testadas para verificar a produção de 
substâncias semelhantes à bacteriocina (BLIS) contra S. pyogenes, bioquimicamente e através de PCR para 
identificação de S. salivarius. As melhores cepas foram testadas quanto aderência à células KB. 
Resumidamente, as cepas de S. salivarius foram cultivadas em caldo, lavadas e suspensas à correspondência 
de 108 cels/ml. As células KB foram inoculadas em placas, lavadas e incubadas com as bactérias, para 
adesão. Estas foram lavadas para lise das células KB e liberação das bactérias para determinação de UFC. 
Resultado: O teste de bacteriocina, mostrou que 133 cepas apresentaram atividade inibitória contra 
Streptococcus pyogenes. As cepas testadas para aderência à células KB, apresentaram diferentes perfis e 
somente três com alta capacidade de adesão. Conclusão: A seleção de cepas de Streptococcus salivarius com 
alta atividade inibitória contra Streptococcus pyogenes, bem como aderência a células KB, pode nos levar ao 
próximo passo, ou seja, o uso das melhores cepas para o estudo de colonização in vivo. 
Descritores: Probióticos; Streptococcus salivarius; Streptococcus pyogenes; antagonismo; bacteriocina; 
aderência a células KB. 

Abstract 
Introduction: Streptococcus salivarius is a dominant oral species and the best suitable candidate for 
probiotic of the oral cavity. Since Streptococcus salivarius is able to produce bacteriocins against 
Streptococcus pyogenes interest has been focused on the use of it as a probiotic to avoid sore throats by 
Streptococcus pyogenes. Objective: This study is for selecting Streptococcus salivarius strains for potential 
use as probiotics for the oral mucosa, that is, production of bacteriocin against Streptococcus pyogenes and 
the ability to bind to KB cells. Material and method: Tongue material from 45 students was collected and 
seeded on Mitis Salivarius Agar plaques. The strains were tested by the production of bacteriocin-like 
substances (BLIS) against S. pyogenes, biochemically and PCR for identification of S. salivarius. The best 
strains were tested for adherence to KB cells. Briefly, S. salivarius strains were cultured in broth, washed 
and suspended at 108 cells/ml. KB cells were inoculated into plaques, washed and incubated with the 
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bacteria, for adhesion. These were washed for lysis of the KB cells and release bacteria for determination 
of CFU. Result: The bacteriocin test showed that 133 strains presented inhibition of S. pyogenes. The 
samples tested for adhesion to KB cells, presented different profiles and only three strains presenting high 
adhesion capacity. Conclusion: The selection of strains of Streptococcus salivarius with high inhibitory 
activity against Streptococcus pyogenes, as well as adherence to KB cells leads us to the next future step, that 
is, to use the best strains for in vivo colonization tests 
Descriptors: Probiotics; Streptococcus salivarius; Streptococcus pyogenes; antagonism; bacteriocin; 
adhesion KB cell. 

INTRODUCTION 

The oral cavity is highly selective for microorganisms, especially during the first days of life. 
Despite the widespread bacteria in the environment, the mouth of the newborn baby allows the 
colonization of just a few species of microorganisms. Streptococcus salivarius is one of the most 
important pioneer colonizers of neonatal oral mucosa surfaces and a predominant component of 
the human adult oral microbiota1,2. Although its presence is associated with protection against 
pathogenic bacteria, information about receptors on bacterial and host surfaces is still being 
researched. 

Some strains of Streptococcus salivarius are able to produce bacteriocins that inhibit the 
growth of Streptococcus pyogenes in vitro. The term bacteriocin-like inhibitory substance (BLIS)3,4 
is used to describe bacterial products that have inhibitory effects like those of bacteriocins, prior 
to the isolation and characterization of the active agent. In a previous study, we have reported 
that 98% of the children who had never developed sore throat presented Streptococcus salivarius 
BLIS positive strains in their tongues5. The presence of this bacteria in the mouth can prevent 
pharyngeal infections, especially in school-aged children6. The relative ability of bacteria to 
become attached to oral surfaces influences the extent to which they colonize. Streptococcus 
salivarius has been extensively studied for the prevention of tonsillitis; however almost 100% 
were performed with the S. salivarius K12 strain, the only one in the market. We think there may 
be more possibilities with other strains and this is why we are conducting this research. However, 
one of the first phases of studies in this sense would be the evaluation of strains that have better 
ability to adhere to the buccal mucosa, which are rarely found in the literature. The present study 
investigated the production of inhibitory substances by S. salivarius isolated from the tongue of 
healthy children and the ability of these strains to adhere to KB cells. 

MATERIAL AND METHOD 

The Research Ethics Committee from the Israeli Hospital Albert Einstein, authorized the 
collection of tongue material from students, with attention to the fact that the research subject 
has the freedom to withdraw his participation in any phase of the research. The tongue of 
45 students (9-14 years old) were swabbed under the informed consent and the samples 
immediately inoculated on Mitis Salivarius Agar (Difco) plates and incubated at 37oC/24h/CO2. 
An average between 20 and 25 colonies resembling S. salivarius from each plate were cultured in 
Todd-Hewitt broth (Difco). This number of colonies has been stablished as an ideal indicative 
sample of the presence of bacteriocin-producing strains5. The objective was to obtain as many 
colonies as possible that indicated that the volunteer is a carrier of bacteriocin positive strains. 

All 1050 isolates were tested for BLIS production using a simultaneous antagonism test3,4 
against nine different S. pyogenes strains: ATCC 19615, ATCC 1095, ATCC S1183, a clinical isolate 
from otitis (OT1), and five others from sore throats (ST1, ST2, ST3, ST4, ST5). The test conducted 
to verify the production of bacteriocins was the simultaneous antagonism test and always 
performed in triplicate. S. salivarius CDC SS 262 strain was used as negative control for 
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antagonism against S. pyogenes. The S. pyogenes (indicator strains) were swabbed on Columbia 
Blood Agar supplemented with sheep blood (5%, vol/vol) in a 5% CO2-air atmosphere at 
37oC/24h. Samples of S. salivarius to be tested as bacteriocin-producing were seeded on blood 
agar and incubated at 37°C/24h. With sterile toothpicks, these cultures were collected and 
punctured 3 times in the center of the plates sown with the S. pyogenes indicators. 

After incubation at 37°C/24h, reduced growth of indicator strains in the vicinity of the area 
punctured with the producer strain provided evidence of inhibitor production. 

We obtained 133 strains with clear evidence of inhibition against the nine strains of 
S. pyogenes tested. Of those, 13 presented the strongest antagonistic action and were selected to 
be tested biochemically7 and by PCR8 to identify S. salivarius. PCR primers specific for S. salivarius, 
Ssa442F (5´-AAC GTT GAC CTT ACG CTA GC-3´) and Ssa2712R (5´-GAT TCT GTC AAA GAA GCC 
AC-3´) were used to amplify a 2271 bp fragment from dextranase (dex) gene. Isolates were 
prepared for PCR by pelleting 3ml of bacteria grown in BHI broth, subsequently suspended in 
1 ml of sterile MilliQ water. 5 μl aliquots of the cell suspension were used in a 50 μl reaction 
containing Reaction Buffer Biotools 1x with 2 mM MgCl2 (Madrid, Spain), 1 μM of each primer 
(Invitrogen, Carlsbad, CA, USA), 2 mM dNTPs mix (Invitrogen) and 2,0 U of Taq polymerase 
(Invitrogen). The amplification reaction was performed in an Eppendorf Mastercycler gradient 
thermal cycler (Eppendorf, Hamburg, Germany) as described by Igarashi et al8. (2001) as it 
follows: 95°C for 10 min followed by 26 cycles of denaturation at 94°C for 1 min, annealing at 
55°C for 1 min and extension at 72°C for 1 min. The last cycle comprised denaturation at 94°C for 
1 min, annealing at 55°C for 1 min and final extension step at 72°C for 5 min. The PCR fragments 
were subjected to electrophoresis on 1.5% agarose gel in TAE buffer 1x and stained with ethidium 
bromide. 

- Adhesion Assay. This test was also performed in triplicate. The 13 strains with strong activity 
against S. pyogenes and identified as S. salivarius were cultured on Todd-Hewitt Broth at 37oC in 
5% CO2 for four hours until rid log growth phase. Bacteria were then washed in PBS and 
suspended to corresponding to108 cells/ml. KB cells, derived from an oral epidermoid carcinoma, 
were inoculated in 24-well cultures plates and cultivated9,10 in modified Dulbeccos Eagle Medium 
(DMEM) (Sigma Chemical Co, St Louis, EUA) supplemented with 1% of antibiotic solution 
[100 mg/mL of penicillin (ICN Biomedicals, Ohio, EUA) and streptomycin (Calbiochem, 
Darmstadt, Germany)], plus 10% fetal bovine serum (Cultilab, Campinas, Brazil). 

At confluence the cells were washed three times with sterile PBS and 1000 μL of DMEM 
(without antibiotic) containing 108 bacteria and were transferred to each well. The plates were 
incubated at 37oC in 5% CO2 for 90 min to allow bacterial adhesion to KB cells. After incubation, 
the medium and cells were washed three times with PBS incubated at 37oC in CO2 for 20 min for 
lysing the KB cells and to liberate the adhered bacteria. The cell suspensions were submitted to 
serial dilutions and plated on Mitis Salivarius Agar. CFU of adherent bacteria were calculated. 

RESULT 

1050 isolates were obtained from the tongue of students which were tested for the production 
of bacteriocin-like substances, using the simultaneous antagonism test. This showed that 
amongst the 45 volunteers, 24 presented strains with inhibitory activity against at least one of 
the nine Streptococcus salivarius tested. These strains differed in their spectra of inhibition 
(Figure 1). 
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Figure 1. Number of S. salivarius strains with bacteriocinogenic activity against the nine strains of 

S. pyogenes used as indicators. 

Among the positive strains to simultaneous antagonism, the ones who showed the strongest 
activity against all nine GAS were selected for the S. salivarius PCR assay, biochemical 
identification, and adherence tests. The 13 strains that showed the strongest antagonism were 
also identified as S. salivarius by PCR, using specific primers. The four strains VF1, VF2, VF3 and 
VF4, that tested negative for PCR were isolated from the same volunteer and presented the same 
profile when tested for antagonistic activity, showing strong inhibition against the nine GAS 
tested strains. This profile for the simultaneous antagonism was the same presented by the other 
positive strains for PCR. All 13 strains were biochemically identified as S. salivarius, including the 
four negative strains for PCR. 

Oral streptococci are primarily screened by its colony morphology on Mitis Salivarius Agar 
plates. The next procedure for identification requires biochemical, immunological and genetic 
tests. The time and skill to obtain those results have lead the researchers to develop tests using 
the Polymerase Chain Reaction to satisfy the specificity and sensitivity needs and to reduce the 
time of lab technician. Igarashi et al.8 have used a PCR test targeting dextranase (dex) gene, which 
is an enzyme hydrolyzing glucans by S. mutans. We followed the method established by Igarashi 
et al.8, using a PCR primer on the basis of the nucleotide sequence of dex of S. salivarius. This 
protocol was highly specific for detection and identification of S. salivarius strains, since 
dextranase is widely distributed among oral isolates of S. salivarius (Figure 2). 
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Figure 2. Representative results of some bacterial isolates tested by PCR for dextranase gene. Gene 
fragment (2271bp) amplified with the Ssa442F and Ssa2712R primer pair and analyzed by ethidium 
bromide-agarose gel (1,5% in TAE buffer) electrophoresis. Lanes: L- Mass Ruler High Range Ladder 

Fermentas (Vilnius, Lithuania) and isolates 1 (4A), 2 (5B), 3 (RA2), 4 (RA4), 5 (RA7), 6 (RA9), 7 (RA10), 
8 (12), 9 (ALGS4), 10 (VF13),  P (positive control-VF33), N (negative control), B (Blank PCR). 

The results achieved enabled us to confirm that data, because we were able to identify nine 
strains of S. salivarius rapidly and precisely. But we could also see that there was a disagreement 
between the PCR and biochemical tests in four of the strains (Figure 3). To support the results of 
the biochemical tests of the four negative strains to PCR we believe that the antagonism against 
S. pyogenes would be a strong evidence3 of S. salivarius, which would align with biochemical 
methods6. 

 
Figure 3. Representative results of PCR products electrophoresis on tongue collected strains. Lanes: 

M- molecule marker 1Kb plus Invitrogen; 1- S. salivarius CDC SS 262; 2-VF1; 3-VF2; 4-VF3; 5-VF4; 
6-VF7a; 7-VF10; 8-VF11, 9-VF14; 10-VF16; 11-VF19; 12-VF22; 13-VF32a; 14-VF33. 
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The capability of the 13 selected bacteriocin positive strains and one negative control strain 
to adhere KB cells was tested to evaluate the profile of each strain and test subject, from the tested 
strains three showed no adhesion to KB cells, therefore were excluded from our selection process. 
The strains tested positive for adherence are shown in Figure 4, with the results showing different 
profiles: strains with high (VF3, VF10, VF11) and strains with low (VF7a, VF16, VF19, VF33) 
adherence ability. 

 
Figure 4. Results of S.salivarius strains adhesion on KB cells. 

DISCUSSION 

Our results showed that 53.3% of the tested individuals presented inhibitory strains against 
GAS. Fantinato et al5 verified that within 54 children that developed purulent recurrent tonsillitis, 
only 54% had bacteriocin positive (bac+) S. salivarius against GAS, contrasting with another 
group of 50 children that never developed the infection, from which 98% had bac+ strains. This 
suggests that there is a significative relation between the presence of bac+ strains against GAS 
and the absence of tonsillitis or pharyngitis. 

Regarding the issue of cells adhesion, it is observed that most adherence studies are 
performed on gram-negative intestinal pathogens. In relation to oral bacteria, similarly, the 
adherence phenomena have been studied in pathogenic microorganisms. Many of these studies 
use the KB cells derived from an oral epidermoid carcinoma, which involves continuous cellular 
lineage, and still retains much of the original fabric characteristics9,10. 

Some researches10-12 studied oral pathogens and virulence factors, and the capacity to adhere 
to and invade epithelial cells. Since the tests of commensal oral bacteria are practically non-existent, 
we follow the pathogen adherence patterns, since the cells used for this, also contains antigens of 
originally healthy cells. 

Thinking about adherence and bacteriocin production, could we think that S. salivarius strains 
producing bacteriocin are particularly well adapted to colonize the mouth and perhaps 
nasopharynx? From the evolutionary point of view, this characteristic as well as the ability to 
adhere to epithelial cells, favors bacterial natural selection. We wondered if these two profiles 
had something in common. If we want to colonize the mouth with probiotics to improve health 
with BLIS S. salivarius strains as is our final goal, we consider necessary to colonize it with strains 
with high ability to adhere to epithelial cells. This helps understanding why S. salivarius seem so 
well adapted to their environment being this one of the most important abilities to reproduce and 
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survive. The distinct rates of survival and replication are the results of selection that alters the 
frequencies of genotypes in a population. This natural selection can be improved by artificial 
selection, when men introduce his study effort to avoid diseases. There is more and more data to 
suggest that the acquisition of the oral microbial may be more active than until now recognized12-14. 

This is the main reason for this study, that is, to obtain the best strains of S. salivarius 
bacteriocin positive and with high capacity of adhesion to the oral cells, for future studies of 
colonization and for the prevention or treatment of sore throats caused by S. pyogenes. 

To reinforce the value of using bacteria for the treatment of some infectious diseases, it is 
interesting to read the article by Florey15 published in 1946, the pioneer in the application of 
replacement therapy where dozens of articles are cited where a non-virulent microorganism is 
applied directly to an organ to successfully treat an infection. Nowadays is also important the 
article by Wescomb et al.16, which proposes bacteriocin-producing Streptococcus salivarius as a 
model of oral probiotics. They accomplished significant clinical healing. 

Our results showed that each S. salivarius strain had different adherence ability. This data is 
relevant concerning future mouth colonization experiments, thus strains VF3, VF10 and VF11 
should be chosen. If we are to be doing the identification just by the PCR method, the VF3 strain 
would be discharged although it was appointed as second in ability to adhere to KB cells. 

Although PCR sensitivity and specificity are excellent advantages, the technique does have 
some limitations. Among 13 strains of S. salivarius tested, four of them were not identified by the 
method using dex homologous primers target. Using colonial characteristics, biochemical tests7 
and fingerprint1,2 we can get a good identification. 

Some authors3,4 showed that the property of S. pyogenes inhibition is very common among 
S. salivarius strains, but very rare in other oral streptococci and indicates that S. salivarius could 
prevent sore throat caused by S. pyogenes if it is used as a probiotic. S. salivarius with the capacity 
to inhibit GAS, should be used for introduction into the normal mouth flora as a protection against 
recurrent sore throats. To compete with the mouth bacteria, S. salivarius strains to be introduced 
as part of the resident microflora should have a strong ability of adherence to epithelial cells. 
The ability and the factors involved in adherence to oral surfaces should be studied in parallel to 
antagonism. These isolates exhibiting higher adhesive ability would probably be more capable of 
colonizing the oral cavity than poorer adhesive isolate. 

In the last 10 years, the strain S.salivarius K12 in the form of losanges, has been intensively 
studied demonstrating its capacity as a probiotic in the prevention of tonsillitis caused by 
S. pyogenes17-19. Those K12 losanges produced to be used in the prevention and treatment of 
tonsillitis, has been tested by several authors, always with proven success20. Thus, we propose to 
find more strains of S. salivarius, with the same objective, however, using different vehicles. To do 
so, we need to evaluate the steps of isolation, characterization of antagonism against S. pyogenes, 
adhesion capacity, toxigenicity and then, other vehicles to introduce this microorganism into its 
natural habitat, the oral cavity, for further in vivo tests. 

CONCLUSION 

The results showed different bacteriocin production profiles as well as to KB cell binding. This 
shows that it is possible the selection of new strains of S. salivarius with high inhibitory activity 
against S. pyogenes, as well as adherence to KB or other cells. This leads us to more research in 
this sense, with the objective of selecting the best strains with high inhibitory capacity of GAS, as 
well as adherence to KB or oral cells for future tests of colonization in vivo with vehicles different 
from those that have been studied so far. 
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