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Streptococci in the Subgingival Biofilm and Periodontal 

Therapy

Holger Jentscha / Arne C. Rodloffb / Maria Kristina Gerweckc /Catalina-Suzana Stingud

Purpose: The aim of this study was to verify how the prevalence of viridans-streptococci is changed by two appoint-
ments of professional prophylaxis and after the subgingival instrumentation via scaling and root planing (SRP).

Material and Methods: Samples of the subgingival biofilm were collected from 19 individuals with periodontitis re-
ceiving two appointments of professional prophylaxis and SRP before and after the treatment procedures and the
presence of viridans-streptococci was analysed by microbiological cultivation. Non-parametric statistical testing
using Friedman/Wilcoxon tests and chi-square testing was used for statistical analysis.

Results: No statistically significant changes over time were found for the mutans-group. The prevalence of Strepto-
coccus mitis decreased after two appointments of professional prophylaxis (p = 0.013). The prevalence of S. mitis
decreased again after SRP (p <0.001). The prevalence of Streptococcus anginosus decreased after two appoint-
ments of professional prophylaxis (p = 0.002). After SRP five positive results for S. anginosus were detected
(p = 0.026). For Streptococcus oralis and Streptococcus gordonii tendencies to statistical significance were found.i
The number of positive results for S. oralis increased after the first appointment of professional oral prophylaxis 
(p = 0.055). The number of positive results for S. gordonii increased after the first appointment of professional orali
prophylaxis (p = 0.055).

Conclusion: The step-wise periodontal therapy influences the prevalence of viridans-streptococci, especially S. mitis
and S. anginosus. No tremendous increase of streptococci especially related to the carious process occurs in the
subgingival biofilm.

Clinical Relevance: The study reveals knowledge on changes of the composition of the subgingival biofilm due to 
different steps of periodontal therapy.
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Periodontitis is not just a simple bacterial infection but a 
complex multifactorial disease.28 Nevertheless the com-

position of the subgingival biofilm is of outstanding impor-r
tance, it decides between health and disease or coexis-
tence without tissue damage and initiation and continuation 
of periodontal destruction, respectively. Respecting the key-yy
stone hypothesis, keystone pathogenic microorganisms ini-
tiate the inflammatory process and lead to dysbiosis by 
disturbing the homeostatic balance.21 Porphyromonas gingi-ii
valis is one of the most important keystone pathogens, is 
frequently detected in the microbiota of periodontally 
healthy individuals and is on the other hand strongly related 
to periodontal tissue damage.11,12 The amount of P. gingiva-
lis in the subgingival biofilm is reduced by subgingival in-
strumentation.23 The persistence of P. gingivalis after non-
surgical periodontal therapy decides about the long-lasting
therapeutical effect of scaling and root planning (SRP).15

PERIODONTOLOGY
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On the other hand SRP itself reduced also significantly the 
proportion of anaerobe bacteria in the subgingival biofilm
for up to more than 6 months.39

There is reduced knowledge how the composition of the 
subgingival biofilm improves by mechanical instrumentation
alone. Many studies focused more or less on anaerobic
periodontopathogenic bacteria and did not point out aspects
of eubiosis such as the changes within the oral streptococci 
groups.34 The ability to colonise multiple oral surfaces and
the production of inhibitory substances make oral strepto-
cocci key players in oral homeostasis and disease.1 Inver-rr
nici et al described slight numeric enhancements of strepto-
cocci, especially of Streptococcus oralis 90 days after 
scaling and root planing (SRP) and more expressed in 
deeper periodontal pockets.22 Weekly repeated supragin-
gival plaque removal after scaling and root planing for 
3 months further reduced several subgingival species in-
cluding streptococci species.16,42 The results were main-
tained up to 1 year and the authors found no major differ-rr
ence in the composition of the subgingival biofilm after the 

treatment process and samples from periodontally healthy 
individuals. An extensive search in the literature did not de-
tect quantitative results on viridans-streptococci in the sub-
gingival biofilm of periodontitis patients in the initial therapy 
phase where combined supragingival professional plaque 
removal and causative anti-infective and anti-inflammatory 
treatment via SRP is mandatory.35 Interactions among strep-
tococcal species and their environment have shaped these 
bacteria toward carbohydrate catabolism and environmental 
acidification. Consequently health or disease status are 
often dependent on their metabolic activities.1 Therefore,
the aim of this study was to verify how the prevalence of 
viridans-streptococci at species and group levels is changed 
by two appointments of professional prophylaxis and after 
the subgingival instrumentation via SRP. The hypothesis of 
the study was that different changes of prevalence of viri-
dans-streptococci (increase of streptococci related more to
the carious process, decrease of streptococci related more 
to periodontal inflammation) occur in the subgingival biofilm
after the treatment procedures.4,8,9,18,20,29,36

MATERIALS AND METHODS

Study Population

Following the approval of the study by the ethics committee 
of the Medical Faculty of the University of Leipzig, Germany 
(101-2005), 19 randomly selected patients were included in 
the study after screening and being asked to participate. All
19 patients gave written informed consent to their participa-
tion. The study was performed in the Centre for Periodontol-
ogy of the Clinic of Conservative Dentistry and Periodontol-
ogy, University of Leipzig Medical Centre, Germany, and 
respected the principles outlined in the Declaration of Hel-
sinki, as revised in 2008. To be included in the study, the
patients had to meet the following criteria: diagnosis of 
moderate to severe periodontitis, no periodontal treatment
prior to the study, no antibiotic treatment within the last
3 months prior to the study, no diseases with relationship to
periodontitis, more than 15 natural teeth and at least four 
periodontal pockets with a probing depth of ≥ 4 mm. Preg-
nancy and lactation as well as the need of periodontal sur-rr
gery or antibiotics during the SRP were criteria for exclusion.

Examination and treatment procedures were executed by 
different clinicians. For intraexaminer calibration, repeated 
measurements of two quadrants in seven patients were ex-
ecuted and resulted in = 0.89.

Therapy and Follow-Up Treatment

In the untreated patients two appointments of initial prophy-yy
laxis were performed followed by full-mouth scaling and root 
planing within 24 h. The treatment procedures were per-rr
formed every two weeks. Hand and ultrasonic instruments
were used for the appointments of professional prophylaxis
and for the SRP. The SRP was performed under local anaes-
thesia with articaine hydrochloride (Ultracain D-S, Sanofi-
Aventis, Frankfurt/Main, Germany). After the SRP all pa-
tients used chlorhexidine digluconate as a mouthrinse for 

Table 1  Demographic data

Number of participants n 19

Age x– 59.3

(years) s 11.84

Sex male 7

female 12

Smoker yes 8

no 11

Table 2  Clinical data

Variable x– ± s–

API (%)
Before treatment
After first prophylaxis
After second prophylaxis

63.4 ± 26.4
33.3 ± 15.7
35.9 ± 15.3

PD (mm) 
before treatment at four sites of sampling 
biofilm 5.86 ± 1.97

AL (mm) 
before treatment at four sites of sampling 
biofilm 6.12 ± 2.08

BOP (%) 
before treatment at four sites of sampling 
biofilm 71.05 ± 19.35
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1 min twice daily for 7 days (Chlorhexamed forte 0.2%, 
GlaxoSmithKline, Bühl, Germany). No antibiotics were used, 
but instructed individual oral hygiene procedures using
toothbrush and interdental brushes were applied.

Clinical Variables and Sampling Procedures

Clinical variables were measured immediately before the 
first appointment of professional prophylaxis. The clinical 
variables probing depth (PD), attachment level (AL) and 
bleeding on probing (BOP) were recorded as a six-point 
measurement. The interproximal plaque index (API) was 
measured immediately before the first and second appoint-
ment of professional prophylaxis, immediately before the 
SRP and 2 weeks after the SRP. During the same appoint-t
ments after registering the API the sampling of the subgin-
gival biofilm was performed. For sampling the subgingival
biofilm at the site with the highest PD per quadrant, sterile
endodontic paper points (ISO 60, Roeko, Langenau, Ger-rr
many) were inserted into the pocket until resistance was
perceptible and were left in place for 30 seconds. After the
removal out of the periodontal pockets the paper points
were placed in 2 ml brain-heart-infusion bouillon and re-
ferred to the Institute for Medical Microbiology and Epidemi-
ology of Infections within 2 h.

Cultivation and Detection of Streptococci

The samples were immediately analysed. Broth dilutions
(10-1, 10-2, 10-3) were cultured on Columbia blood agar 
(Thermo Fisher Scientific, Oxoid Microbiology Products,
Hampshire, UK) for 48 h at 37ºC. All alpha or non-haemo-
lytic, catalase-negative colonies were biochemically identi-
fied using the Rapid ID 32 STREP system (bioMérieux, Lyon,
France) according to the manufacturer’s instructions.

Data Analysis

The statistical program SPSS 18.0.2. was used to perform
the statistical analyses. Four categories of the interproximal
plaque index (< 25% = optimal, 26–41% = good, 42–70%
= moderate, > 70% = poor) were used to determine if the
presence of different strains of streptococci depends on 
supragingival plaque. Two groups based on the PD mea-
surements were formed (< 6 mm, ≥6 mm) to determine if 
the presence of different strains of streptococci depends
on probing pocket depth. Non-parametric statistical testing 
using Friedman/Wilcoxon tests and chi-square testing to 
compare frequencies was performed. A p value of ≤ 0.050 
was set as statistically significant. A p value 0.05 < p < 0.1 
was considered as a tendency to statistical significance.

RESULTS

The study was performed from June 2006 until June 2008.
Fifty-eight patients were assessed for eligibility, 39 patients
were excluded or refused to participate in the study. The de-
mographic and clinical data of the 19 included patients are 
summarised in Tables 1 and 2. No severe adverse effects of 
the treatment procedures were observed during the study.

The prevalence of different species, respectively, groups 
of streptococci, are presented in the Tables 3 and 4. The 
prevalence of two of the 13 streptococci species, S. mitis
and S. anginosus, were significantly different between sev-vv
eral appointments. S. mitis decreased after two appoint-
ments of professional prophylaxis from 37 to 23 positive re-
sults (p = 0.013) and decreased again after SRP from 23 to
six positive results (p < 0.001). The prevalence of S. angino-
sus decreased after two appointments of professional pro-
phylaxis from 15 to three positive results (p = 0.002). After 
SRP five positive results for S. anginosus were detected 
(p = 0.026). For S. oralis and S. gordonii tendencies to statisi -
tical significance were found. The number of positive results
for S. oralis increased from 62 to 70 after the first appoint-
ment of professional oral prophylaxis (p = 0.055). The num-
ber of positive results for S. gordonii increased from 6 to 14i
after the first appointment of professional oral prophylaxis
(p = 0.055). After SRP 14 sites were positive for S. gordonii
(p = 0.052).

Considering just the groups of streptococci, statistically 
significant changes were found in the mitis, sanguinis, and
anginosus groups. Positive results for the mitis group were
reduced from 63 to 52 before the first appointment of pro-
fessional prophylaxis and after SRP (p = 0.004). The differ-rr
ence between before and after SRP was also statistically 
significant (p = 0.031). The results for the sanguinis group 
were significantly different between before and after the sec-
ond appointment of professional prophylaxis (p = 0.040), the 
positive results were reduced from 27 to 16. In the angino-
sus group the positive results were significantly reduced from 
17 to five (p = 0.005) after two sessions of professional pro-
phylaxis. The difference between, before, and after the sec-
ond appointment of professional prophylaxis was also statis-
tically significant (from 14 to five positive results, p = 0.025).
No statistically significant changes over time were found for 
the mutans-group.

Just before the treatment the presence of supragingival 
plaque had an influence on the prevalence of several
groups of streptococci. The mitis, sanguinis and salivarius
groups were more often present in biofilm-positive sites 
(p = 0.016–0.036). The results are presented in Table 5.

We found no statistically significant influence of the PD
on the distribution of streptococci species. Only S. parasan-
guinis was found more often in pockets ≥ 6 mm (p = 0.036,
data not shown).

DISCUSSION

SRP is the causative anti-infective and anti-inflammatory 
treatment procedure in the treatment phase of initial ther-r
apy of periodontitis.32,35 To maintain the achieved improve-
ments continuous accurate mechanical plaque control 
should be performed by the periodontitis patient, which
could be trained during anterior appointments of profes-
sional prophylaxis. It is of interest if the appointments of 
professional prophylaxis and the SRP have an influence on
the amount of different streptococci species or groups be-
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Table 3  Prevalence of streptococci species at different appointments and statistical analysis
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S. oralis number 62/76 70/76 52/64 54/64 55/66 49/66 59/64 54/64 48/58 44/58

% 81.6 92.1 81.3 84.4 83.3 74.2 92.2 84.4 82.8 75.9

p value 0.055 0.639 0.201 0.169 0.359

S. mitis number 40/76 31/76 37/64 23/64 36/66 8/66 28/64 23/64 23/58 6/58

% 52.6 40.8 57.8 35.9 54.5 12.1 43.8 35.9 39.7 10.3

p value 0.143 0.013 <0.001 0.367 <0.001

S.
gordonii

number 6/76 14/76 6/64 9/64 6/66 14/66 13/64 9/64 9/58 12/58

% 7.9 18.4 9.4 14.1 9.1 21.2 20.3 14.1 15.5 20.7

p value 0.055 0.410 0.052 0.349 0.469

S.para
sanguinis

number 11/76 8/76 9/64 5/64 11/66 12/66 8/64 5/64 5/58 10/58

% 14.5 10.5 14.1 7.8 16.7 18.2 12.5 7.8 8.6 17.2

p value 0.462 0.257 0.819 0.380 0.166

S. sanguinis number 11/76 10/76 11/64 10/64 8/66 9/66 10/64 9/64 9/58 8/58

% 14.5 13.2 14.5 13.2 12.1 13.6 15.6 14.1 15.5 13.8

p value 0.814 0.811 0.795 0.804 0.793

S. intermedius number 2/64 1/64 2/66 4/66 1/58 4/58

% 3.1 1.6 3.0 6.1 1.7 6.9

p value 1.000 0.680 0.364

S. angi
nosus

number 15/76 9/76 15/64 3/64 14/66 5/66 9/64 3/64 2/58 3/58

% 19.7 11.8 23.4 4.7 21.2 7.6 14.1 4.7 3.4 5.2

p value 0.274 0.002 0.026 0.069 1.000

S. con
Stellatus

numberl 4/76 6/76 3/64 1/64 4/66 4/66 6/64 1/64 1/58 4/58

% 5.3 7.9 4.7 1.6 6.1 6.1 9.4 1.6 1.7 6.9

p value 0.513 0.619 1.000 0.115 0.364

S. acido
Minimus

number 3/76 2/76 3/64 2/64 2/64 2/64

% 3.9 2.6 4.7 3.1 3.1

p value 1.000 1.000 1.000

S. vesti
Bularis

number 3/76 3/76 2/66 2/66

% 3.9 3.9 3.0 3.0

p value 1.000 1.000

S. saliv.
salivarius

number 1/76 1/76 1/64 1/64 1/66 1/66 1/64 1/64 1/58 1/58

% 1.3 1.3 1.6 1.6 1.5 1.5 1.6 1.6 1.7 1.7

p value 1.000 1.000 1.000 1.000 1.000

S. saliv.
thermophilus

number 2/76 2/76 1/64 1/64 2/66 2/66 2/64 1/64 1/58 1/58

% 2.6 2.6 1.6 1.6 3.0 3.0 3.1 1.6 1.7 1.7

p value 1.000 1.000 1.000 1.000 1.000

S. dow
nei/
sobrinus

number 3/76 1/76 3/64 3/64 3/66 2/66 3/58 1/58

% 3.9 1.3 4.7 4.7 4.5 3.0 5.2 1.7

p value 0.620 1.000 1.000 0.618
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cause some of them are related to the carious process. It 
is worth to look if the change of the composition of the
subgingival biofilm during the initial therapy is not only ben-
eficial from the viewpoint of periodontitis but also for gen-
eral health. This point is of interest because the presence 

of any microbial species is a point of interaction between
the host and microorganism.

S. mitis was found more abundant on titanium surfaces 
in periodontally healthy patients.31 One may speculate that
S. mitis is in relation to periodontal health. This is probable

Table 4  Prevalence of streptococci groups at different appointments and statistical analysis
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Mitis
group

number 72/76 72/76 61/64 60/64 63/66 52/66 61/64 60/64 54/58 46/58

% 94.7 94.7 95.3 93.8 95.5 78.8 95.3 93.8 93.1 79.3

p value 1.000 1.000 0.004 1.000 0.031

Sanguinis
group

number 24/76 28/76 22/64 16/64 21/66 26/66 27/64 16/64 16/58 23/58

% 31.6 36.8 34.4 25.0 31.8 39.4 42.2 25.0 27.6 39.7

p value 0.494 0.246 0.363 0.040 0.169

Anginosus
group

number 18/76 14/76 17/64 5/64 17/66 12/66 14/64 5/64 4/58 10/58

% 23.7 18.4 26.6 7.8 25.8 18.2 21.9 7.8 6.9 17.2

p value 0.426 0.005 0.293 0.025 0.087

Salivarius
group

number 6/76 6/76 2/64 2/64 5/66 5/66 6/64 2/64 2/58 4/58

% 7.9 7.9 3.1 3.1 7.6 7.6 9.4 3.1 3.4 6.9

p value 1.000 1.000 1.000 0.273 0.679

Table 5  Prevalence of streptococci in the supragingival biofilm before treatment and statistical analysis

Groups of 
streptococci

Groups of interproximal supragingival biofilm (API)

Total P value< 25% ≥ 25 % – < 42% > 42–70% >70%

Mitis group

n/N 12/12 7/8 13/16 40/40 72/76 0.016

% 100 87.5 81.3 100 94.7

Sanguinis group

n/N 2/12 0/8 4/16 18/40 24/76 0.036

% 16.7 0 25 45 31.6

Anginosus group

n/N 3/12 1/8 2/16 12/40 18/76 0.556

% 25 12.5 12.5 30 23.7

Salivarius group

n/N 0/12 1/8 4/16 1/40 6/76 0.027

% 0 12.5 25 2.5 7.9

n = number of streptococci groups within the API-group; N = number of teeth within the API-group.
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because Porphyromonas gingivalis as a strong periopatho-
genic bacteria and involved in the inflammatory process of 
periodontitis induces the cell death of S. mitis in an in vitro 
model.6,14,38 On the other hand this explanation does not 
totally fit with our results because after the SRP S. mitis is
significantly reduced in our study. On the other hand Teles 
et al found a rapid recolonisation of supra- and subgingival
biofilm compartments after professional tooth cleaning by 
S. mitis within one day already.39 One may speculate that
the reduction of S. mitis due to the treatment procedures in 
our study is of minor importance for the composition of the 
subgingival biofilm because this species seems to recover 
very fast. S. mitis could be of higher interest in the supragin-
gival root surface area because this species is considered 
as an early coloniser on the root surface as on the enamel 
and could promote the development of root caries.13

S. anginosus has been found in lower amounts in the
subgingival biofilm when higher bacterial counts of Campy-yy
lobacter rectus and P. gingivalis are present. These results
were stated for untreated periodontitis patients with inade-
quately controlled diabetes mellitus.37 Statistically signifi-
cantly more bacterial counts of S. anginosus were found in 
gingivitis and periodontitis sites in individuals with chronic 
bowel disease than in generally healthy periodontitis pa-
tients with gingivitis and periodontitis sites.8 Other studies
have shown that after SRP the levels of S. anginosus have
been also significantly reduced.3,20 From the point of view 
of dentinal caries the statistically significant reduction of S.
anginosus as occurred in our study could be of interest be-
cause S. anginosus has been detected in areas with about
neutral pH of dentinal caries.25

S. oralis has been found in higher levels at sites of 
healthy implants than in healthy sites of natural teeth and
has been detected at significantly higher levels in the sub-
gingival plaque of periodontitis patients.19 S. oralis has 
been also more frequently detected in the subgingival bio-
film of patients with Down’s syndrome.24 Thiha et al de-
scribed low levels of S. oralis in the subgingival plaque as
well as in the gingival tissues of periodontitis patients.40 All
these findings show that the role of S. oralis in the peri-
odontal disease is not fully understood. One may speculate
that the moderate reduction of S. oralis after one appoint-
ment of professional prophylaxis in our study is due to the 
reduction of the total amount of biofilm after the treatment.
On the other hand, taking into account the extended caries
ecological hypothesis this could reduce, even temporarily,
the risk of dental caries.30 The intended elevation of the
level of S. oralis by administration of streptococci containing 
probiotics had no effect on the periodontal status.27

Recently it was found that S. gordonii could be implicated ini
the process of bone resorption as demonstrated in vitro for 
periapical lesions.33 The lipoproteins of S. gordonii induce i
IL-8-production by human PDL-cells and contribute to the
inflammatory process.26 Several authors described S. gor-rr
donii as involved in the progression of periodontal destruci -
tion, it is found in increased levels in the subgingival biofilm 
of alcoholics and the reduction of S. gordonii contributes toi
the promotion of periodontal health.2,5,41 Insofar it is sur-

prisingly to a certain amount and cannot fully explain why 
the treatment did not result in stronger reduction of the S. 
gordonii level in our study. Anyway, i S. gordonii is seen in rei -
lation to non-carious healthy tooth surfaces, probably be-
cause of the produced alkaline environment.1,17 In this con-
text it could be of interest that the reduction of the level or 
the prevalence of members of the sanguinis group (includ-
ing S. gordonii) as shown in our study for the second ap-
pointment of professional prophylaxis could contribute to
periodontal health. On the other hand, no statistically sig-gg
nificant changes over time were found for the mutans-group
in our study. One may conclude that no statistically signifi-
cant influence on the cariogenic activity of the studied sub-
gingival biofilm was observed.

There are only few data about the mitis group. The statis-
tically significantly higher prevalence of members of the mitis
group in biofilm-positive sites could be a sign of early recolo-
nisation of the root surface. Benjasupattananan et al found 
this group of streptococci in a higher amount in relation to 
lower gingival inflammation and in a caries-prone group.7

A relationship between the presence of the anginosus
group and refractory course of periodontal disease was de-
scribed.9 The statistically significantly reduced level of 
streptococci of the anginosus group after the two appoint-
ments of professional prophylaxis reflects in our study the 
improvement of periodontal health. On the other hand, an-
other member of the anginosus group, S. constellatus, is 
apparently a stronger periopathogenic bacteria.10

The study has some limitations since just one treatment
arm has been followed-up and a reduced but sufficiently big 
enough number of patients with moderate to severe peri-
odontitis has been studied by comprehensive microbiologi-
cal laboratory work. From this study one may conclude that 
step-wise periodontal therapy influences several strepto-
cocci like S. mitis and S. anginosus. On the other hand this 
study also shows that no tremendous increase of specific 
streptococci especially related to the carious process in the
subgingival biofilm occurs.
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