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Does Streptococcus Salivarius Strain M18 Assumption 

Make Black Stains Disappear in Children?

Elena Bardellinia / Francesca Amadorib / Emanuela Gobbic / Anna Ferrid / Giulio Contie /
Alessandra Majoranaf

Purpose: This randomised controlled study evaluated the effectiveness of an oral probiotic, Streptococcus salivar-rr
ius M18 (SsM18), in children with black stains (BSs) in order to counteract their reformation.

Materials and Methods: Fifty-eight children (aged 4–10 years) presenting with BSs were enrolled. They were randomly 
divided into two groups: group A (n = 29) included children who were given the test product containing SsM18 once a 
day for 3 months; group B (n = 29) included children who did not receive any treatment. Before beginning the study,
all the children underwent professional removal of BSs. The assessment of BSs was done after 3 months (T1) and
after 6 months (T2).

Results: Four patients (1 belonging to group A and 3 to group B) were excluded from the study because they started
antibiotic therapy. After 3 months (T1), BSs were detected in 6 of the 28 children (21.2%) from group A and in 13 out
of the 26 (50%) children from group B (p < 0.05). After 6 months (T2), BSs were detected in 9 out of the 28 (32.1%) 
children from group A and in 14 of the 26 (53.8%) children from group B (p > 0.05).

Conclusions: BSs formation in children could be prevented by administering S. salivarius M18.
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Black extrinsic discolouration is a common clinical and
aesthetic problem in childhood.10,11,14–16,18 Both pri-

mary and permanent teeth can be affected, with a reported 
prevalence of 1–20%.17,21 Black stains (BSs) are hard to
remove by simply brushing one’s teeth, and tend to reform 
after professional cleaning. The mechanism of BS formation
is still unclear. BSs contain insoluble ferric salt, most likely 
a ferric sulphide, and has a high content of calcium and

phosphate.19,20 Various studies have reported higher con-
sumptions of foods rich in iron, such as vegetables, dairy 
products and eggs, or water with a high concentration of 
iron in children with BSs. Early ultrastructural examinations
of BSs demonstrated that these deposits consist of micro-
organisms embedded in an intermicrobial matrix.25 Chromo-
genic Gram-positive bacteria are currently considered the
most important aetiological factor in the production of black 
pigmentation. The ferric sulphide might be formed by the 
reaction between hydrogen sulphide, produced by bacterial 
activity and the iron present in saliva or gingival exudates. 
Traditional bacteriological examinations have implicated Ac-
tinomycetes as the predominant cultivable microorganism
found in BSs. Li et al17 performed a study using next-gener-rr
ation sequencing of the bacterial 16S rRNA gene to evalu-
ate the oral microbiota in children with and without BSs. 
Children with BSs had a significantly lower salivary microbi-
ota diversity compared to other children. Actinomyces were
more abundant in plaque samples of children with BSs. Al-
terations in quantity of other species might provide an envi-
ronment that enables BS formation and deposition onto the
enamel surface. The application of oral probiotics to help 
restore a balanced microbiota and thereby improve oral 
health is a relatively new concept. Streptococcus salivarius
M18 (SsM18) (IDA classification: DSM 14865),7,8 a strain
originally isolated from a healthy female subject during a
specific search for an oral commensal strain capable of in-
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hibiting mutans streptococci, has subsequently been shown 
to have a relatively broad spectrum bacteriocin-like inhibi-
tory substance (BLIS) activity against S. mutans and S. sob-
rinus. It also produces both dextranase and urease en-
zymes which can respectively reduce plaque accumulation 
and its acidification. Recent clinical trials have revealed, 
along with its safety and tolerability profiles, SsM18’s abil-
ity to colonise and remain in the human oral cavity,6,8

where it lowers S. mutans counts in primary-school-aged 
children and reduces severe gingivitis and periodontitis in 
adults.5,8

MATERIALS AND METHODS

Sample Selection

Children between the ages of 4 and 10 years who pre-
sented with extrinsic black teeth stains on examination at 
the Pediatric Dentistry Department of the Dental Clinic of 
the University of Brescia, in the period from January 2016 
to December 2016, were enrolled. BSs were evaluated
based on the presence of pigmented dark lines parallel to 
the gingival margin or an incomplete coalescence of dark 
dots, rarely extending beyond the cervical third of the
crown.4,13,18 The exclusion criteria were oral diseases (eg,
dental caries, periodontitis, salivary gland disorders, oral 
mucosal diseases, and others), orthodontic treatment,
chronic diseases (eg, respiratory diseases, diabetes, epi-
lepsy, celiac diseases), pharmacologic treatment (eg, anti-
biotics, corticosteroids). Occasional use of paracetamol or 
ibuprofen for fever or pain control was allowed.

Study Design

This study was designed as a randomised controlled study.
The patients were randomly divided by a computer code into
two groups. Group A (treated group) included children who
were given the tested product (a tablet containing SsM18) 
once a day for 3 months; group B (control group) included
children who did not receive any treatment.

Before beginning the study, all the children had their 
teeth professionally cleaned with an abrasive paste to re-
move BSs. After polishing, a professional fluoride treatment
was administered by the application of fluoride foam. They 
also received instructions on oral hygiene. The roll-on tech-
nique was chosen as it is easier to learn and less time-
consuming compared to other complex teethbrushing tech-
niques. Each child was given a new toothbrush and fluoride 
toothpaste at the beginning of the study. The children were
forbidden to drink tea, fruit juice and other beverages con-
taining tannin during the period of the study. The subjects 
also had the possibility to communicate daily with the physi-
cians responsible for the study in order to report their med-
ical conditions, probiotic tolerability or any possible side
effects linked to the probiotics.

The assessment of BSs was done by two calibrated clin-
icians after 3 months (T1) and after 6 months (T2). The 
presence of BSs was recorded as ‘present’ or ‘absent’ in-
dependently from the number of teeth affected.

The children’s levels of oral hygiene were clinically as-
sessed according to the criteria of simplified oral hygiene 
index (OHI-s) by Greene and Vermillion12 with a mouth mir-rr
ror and explorer, during the first visit (T0), after 3 months 
(T1) and after 6 months (T2).

Tested Products

S. salivarius M18 (IDA classification: DSM 14865), also 
named by the manufacturer as BLIS M18 (BLIS Technolo-
gies, Dunedin, New Zealand), was formulated as a slowly 
dissolving oral tablet by SIIT (Trezzano S/N, Italy) and noti-
fied as a nutritional supplement to the Italian Ministry of 
Health as Carioblis by Omeopiacenza (Pontenure, Italy), ac-
cording to the provisions of law 169 of 2004, on 19 July 
2013 (notification number 69163). The preparation of Cari-
oblis used in our research contained no less than 1 billion 
colony-forming units (CFU)/tablet of S. salivarius strain 
M18.

Treatment Protocol

Starting from day 0 to 90, one tablet of Carioblis was ad-
ministered to each subject every night, just before going to 
sleep. The tablet was allowed to slowly dissolve in the oral 
cavity, without biting or swallowing. Saliva production is 
typically reduced in the evening hours and this improves the 
effectiveness of oral colonisation.

In order to evaluate the level of subject adherence to the 
established protocol, the subjects were asked to return any 
unused product boxes and tablets. Acceptable adherence
was considered to be the administration of not less than 
95% of the allocated tablets.

Ethical Considerations

All patients were informed about the research and signed 
an informed consent form to take part. The study protocol 
was approved by the local Ethics Committee and performed 
according to the Declaration of Helsinki.

RESULTS

Characteristics of the Patients

Among the 1227 children seen at the Pediatric Dentistry 
Department, a total of 68 patients (26 females and 
32 males) showed BSs, of which 58 met the inclusion cri-
teria (Fig 1). They were randomly assigned to two groups:
group A (n =  29) and group B (n =  29). The mean age of 
the total sample was 7.0 + 1.35 years. There were no dif-ff
ferences (p > 0.05) between the clinical and demographic 
characteristics of the two groups; therefore, the two groups 
were homogeneous (Table 1). During the study, 4 patients 
(1 belonging to group A and 3 to group B) were excluded 
because they started antibiotic therapy.

Clinical Evaluation of OHI-s

No differences in the mean of OHI-s were observed between 
group A and group B, neither at T0, nor at T1. A statistically 
significant difference (p < 0.05) between the mean of the
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OHI-s in group A (1.06 + 1.16) and in group B (1.94 + 1.27) 
was found at T2 (Table 2).

Clinical Evaluation of BSs

After 3 months (T1), BSs were detected in 6 of the 28 chil-
dren (21.2%) from group A and in 13 out of the 26 (50%) 
children from group B (p < 0.05). After 6 months (T2), BSs 
were detected in 9 out of the 28 (32.1%) children from
group A and in 14 of the 26 (53.8%) children from group B
(p > 0.05) (Table 2).

DISCUSSION

BSs are characteristic pigmented deposits that may occur 
at any age but seem to peak in childhood with a decrease
in prevalence during pubescence and adulthood.21 Even if 
not correlated with caries, BSs represent an aesthetic prob-
lem, especially in the parents’ eyes. Nevertheless, BSs can
be an annoyance for the dental hygienist, especially when
they are deposited on roughened or pitted areas of the 

Patients with orthodontic
treatment 

Excluded (n = 3)

Patients (4–10 years-old) with 
black stains (n =  68)

ENROLMENT

Patient with caries
Excluded (n = 7)

Excluded from analysis 
(antibiotic therapy during 

the study) (n = 4)

Analysed (n = 54)

Patients with black stains
(n = 58)

Fig 1  Enrolment flow-chart.

Table 1  Demographic and clinical characteristics of the patients

Group A

(n = 28)

Group B

(n = 26)

Total

(n = 54)

Male:Female 18:10 14:12 32:22

Mean age (range) 7.1 + 1.4 (4–10) 6.8 + 1.3 (4–10) 7.0 + 1.35 (4–10) 

Mean + SD.

Table 2  Presence of BSs (number of patients) and
OHI-s values (mean + SD) at T0, T1 and T2 in the group A 
and in the group B

GROUP A 

(n = 28)

GROUP B 

(n = 26)

Black stains

(no. of patients)

T0 0 0 -

T1 6 13 p = 0.02*

T2 9 14 p = 0.1

OHI values

(mean + SD)

T0 1.95 + 0.97 1.67 + 1.15 p = 0.3

T1 1.77 + 1.23 1.81 + 1.17 p = 0.4

T2 1.06 +1.16 1.94 + 1.27 p = 0.02 *

*ANOVA test, p value < 0.05.
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considered a smart nutraceutical tool to counteract BSs
formation.

REFERENCES

1. Antonic V, Stojadinovic A, Zhang B, Izadjoo MJ, Alavi M. Pseudomonas
aeruginosa induces pigment production and enhances virulence in a
white phenotypic variant of Staphylococcus aureus. Infect Drug Resist 
2013;6:175–186.

2. Barbour A, Philip K. Variable characteristics of bacteriocin-producing 
Streptococcus salivarius strains isolated from Malaysian subjects. PLoS
One 2014;18:9:e100541.

3. Bradshaw DJ, Marsh PD, Watson GK, Allison C. Role of Fusobacteriun nu-
cleatum and coaggregation in anaerobe survival in planktonic and biofilm
oral microbial communit ies during aerat ion. Infect Immun
1998;66:4729–4732.

4. Brook AH, Smith RN, Lath DJ. The clinical measurement of tooth colour 
and stain. Int Dent J 2007;57:324–330.

5. Burton JP, Drummond BK, Chilcott CN, Tagg JR, Thomson WM, Hale JD,
et al. Influence of the probiotic Streptococcus salivarius strain M18 on in-
dices of dental health in children: a randomized double-blind, placebo-
controlled trial. J Med Microbiol 2013;62:875–884.

6. Burton JP, Wescombe PA, Macklaim JM, Chai MH, Macdonald K, Hale JD,
et al. Persistence of the oral probiotic Streptococcus salivarius M18 is
dose dependent and megaplasmid transfer can augment their bacteriocin
production and adhesion characteristics. PLoS One 2013;8:e65991.

7. Chilcott CN, Tagg JR. Antimicrobial composition. United States patent US
7226590, 2007.

8. Di Pierro F, Zanvit A, Nobili P, Risso P, Fornaini C. Cariogram outcome
after 90 days of oral treatment with Streptococcus salivarius M18 in chil-
dren at high risk for dental caries: results of a randomized, controlled
study. Clin Cosmet Investig Dent 2015;7:107–113

9. Di Pierro F. Probiotics to prevent tooth decay. Nutrafood 2016;15:79–82.
10. Garcia Martin JM, Gonzalez Garcia M, Seoane Leston J. Prevalence of 

black stain and associated risk factors in preschool children. Pediatr Int
2013;55:355–359.

11. Gasparetto A, Conrado CA, Maciel SM, Miyamoto EY, Chicarelli M,
Zanata RL. Prevalence of black tooth stains and dental caries in Brazilian
schoolchildren. Braz Dent J 2003;14:157–161.

12. Green JC, Vermillion JR. The simplified oral hygiene index. J Am Dent 
Assoc 1964;68:7–13.

13. Hattab FN, Qudeimat MA, Al-Rimawl HS. Dental discoloration: an over-
view. J Esthet Restor Dent 1999;11:291–310

14. Heinrich-Weltzien R, Monse B, Van Palestein HW. Black stain and dental 
caries in Filipino schoolchildren. Community Dent Oral 2009;37:182–187.

15. Koch MJ, Bove M, Schroff J, Perlea P, Garcia-Godoy F, Staehle HJ. Black
stain and dental caries in schoolchildren in Potenza, Italy. ASDC J Dent
Child 2001;68(5–6):353–355.

16. Koleoso DC, Shaba OP, Isiekwe MC. Extrinsic tooth discolouration in 
11–16-year-old Nigerian children. Odontostomatol Trop 2004;27:29–34.

17. Li Y, Zhang Q, Zhang F, Liu R, Liu H, Chen F. Analysis of the microbiota of 
black stain in the primary dentition. PLoS One 2015;10:e0137030.

18. Li Y, Zou CG, Fu Y, Li Y, Zhou Q, Liu B, et al. Oral microbial community 
typing of caries and pigment in primary dentition. BMC Genomics
2016;17:558.

19. Reid JS, Beeley JA, MacDonald DG. Investigation into black extrinsic 
tooth stain. J Dent Res 1977;56:895–899.

20. Reid JS, Beeley JA, MacFarlane TW. A study of the pigment produced by 
Bacterioides melaninogenicus. J Dent Res 1976;55:1130.

21. Ronay V, Attin T. Black stain – a review. Oral Health Prev Dent 
2011;9:37–45.

22. Saba C, Solidani M, Berlutti F, Vestri A, Ottolenghi L, Polimeni A. Black
stains in the mixed dentition: a PCR microbiological study of the etio-
pathogenic bacteria. J Clin Pediatr Dent 2006;30:219–224.

23. Slots J. The microflora of black stain on human primary teeth. Eur J Oral 
Sci 1974;82:484–490.

24. Takashima Y, Matsumi Y, Yamasaki Y, Hirano K, Yanagida K, Fujita K, et
al. Black pigmentation in primary dentition: case report and literature re-
view. Pediatric Dental J 2014;24:184–188.

25. Thelaide J, Slots J, Fejerskov O. The ultrastructure of black stain on 
human primary teeth. Scand J Dent Res 1973;81:528–532.

26. Wescombe PA, Hale JDF, Heng NCK, Tagg JR. Developing oral probiotics
form Streptococcus salivarius. Future Microbiol 2012;7:1355–1371.

tooth. Currently, removal through professional oral cleaning
is the only treatment but they tend to reform despite good
personal oral care. Prevention of BSs could be a new chal-
lenge for the clinician.

This study evaluated the efficacy of S. salivarius M18 in
the prevention of the reformation of BSs in children. A limit
of this study was that the control group did not assume a 
placebo tablet. However, before the beginning of the study, 
all the children belonging both to the study group and to the 
control group underwent a professional oral hygiene pro-
cess, received instruction on oral care and were forbidden
to drink any beverages able to stain their teeth.

Our results show that the assumption of S. salivarius 
M18 for 3 months significantly reduced the reformation of 
BSs in children for that period without affecting its manifes-
tation in the successive quarter. No differences in terms of 
level of personal oral hygiene were found between the two 
groups during the first 3 months. During the succeeding 
3 months, the oral hygiene was significantly better main-
tained by the children belonging to group A, possibly due to
the major compliance of the patients who participated to
the active phase of the study.

The reason why a probiotic intake of S. salivarius M18 –
which causes a new oral bacterial equilibrium – inhibits the 
formation of BSs should be further studied.

BSs are different than other forms of dental plaque due 
to their content of insoluble iron salts and high levels of 
calcium and phosphate.13,18,25 A possible reason for this 
condition might be a different, characteristic and relatively 
stable oral microflora. Various studies reported the associ-
ation between BSs and Actinomycetes.12,18,23 The over-
growth of Leptotrichia and Fusobacterium, belonging to the
bacterial phylum Fusobacteria, in plaque might be a cofac-
tor to the formation of these pigmentations.18,22,24 Fuso-
bacterium spp. can co-aggregate with black-pigmented an-
aerobes (Porphyromonas gingivalis and Prevotella
nigrescens).3,18 Similarly, co-infecting or co-culturing Pseu-
domonas aeruginosa can also induce pigment production 
from Staphylococcus aureus.1,18However, how microbial as-
semblies in both saliva and plaque are linked to pigment
production (represented by black extrinsic stain) and to low 
levels of caries remains largely unknown.

The S. salivarius strain M18 exhibits a particular bacte-
riocin and enzymatic profile, secreting A2, 9, MPS and M. 
bacteriocins together with urease and dextranase en-
zymes.26 Salivaricin A2, MPS and 9 are all plasmid-encoded
and capable of inhibiting the growth of Streptococcus pyo-
genes. Salivaricin A2 and 9 are endowed with antipyogenes 
activity. Salivaricin MPS is active against Corynebacterium
spp. and against Streptococcus sanguinis, which is relevant
for the balance of the oral microbiota.2 M18 is directly 
active against Actinomyces naeslundii and i Actinomyces vis-
cosus.5,9

Salivaricin M is responsible for inhibiting mutans Strepto-
cocci andi Actinomyces26; this could possibly be the mech-
anism which prevents the reformation of BSs.

Even if further studies on a wider sample of patients are
still needed, based on our results, the M18 strain can be 


