
Streptococcus mutans in saliva: intraindividual 
variations and relation to the number of colonized sites 
Jorgen Togelius, Katarina Kristoffersson, Harald Anderson 
and Douglas Bratthall 
Department of Cariology, Faculty of Odontology, University of Lund, Malmo, 
and Department of Mathematical Statistics, University of Lund, Lund, Sweden 

Togelius J,  Kristoffersson K, Anderson H, Bratthall D. Streptococcus mutans in saliva: 
intraindividual variations and relation to the number of colonized sites. Acta Odontol Scand 

Analysis of the salivary levels of Streptococcus mutam may contribute to the evaluation of 
the caries risk. It is therefore important to identify factors that might influence the outcome 
of such analyses. This investigation consisted of three parts. The first aim was to evaluate the 
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Qualitative and quantitative analyses of the 
oral microflora may be a valuable tool in 
predicting dental caries. Streptococcus 
mutans and lactobacilli have been of special 
interest in this context (1,2).  For S.  mutans 
both plaque and saliva samples have been 
used. In routine clinical work, saliva samples 
are often preferred owing to easier handling, 
and there are indications that such samples 
under normal conditions reflect the number 
of tooth surfaces colonized with S. mutans 
(3,4). It is considered important to ascertain 
that results for the saliva analyses are reliable 
and that the factors possibly influencing the 
level of S .  mutans colonization are identified. 

The aim of the present study was to ascer- 
tain whether samples taken a few hours or 
a day apart differed significantly with regard 
to the level of S. mutans. Second, we inves- 
tigated whether a temporary change in oral 
hygiene had any such effects. We also stud- 
ied the relation between the salivary level 
of S. mutans and the tongue, proximal, and 
occlusal colonization levels of S. mutans. 

Materials and methods 
Short-term variation of S.  mutans level in 
saliva 

Saliva samples analyzed for S. mutans 
were taken 1-2h after brushing the teeth 
and breakfast at about 0830 hours and com- 
pared with samples taken at 1530 the same 
day and with samples taken at 0830 on the 
following day. 

Seventy-two adults participated in a study 
comparing morning and afternoon samples. 
Sixty-nine adults participated in a study com- 
paring two consecutive morning samples. 
They were all recruited from the professional 
staff at the School of Dentistry in Malmo. 

Paraffin-stimulated whole saliva was col- 
lected via sterile funnels into sterile test 
tubes. One milliliter of saliva was then 
transferred to 3 ml of a transport medium, 
VMG-I1 ( 5 ) ,  and within 3 h processed for S. 
mutans by standard procedures (6). MSB 
agar (7) selective for S .  mutam was used. In 
the data analyses, the participants were 
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divided into three S .  mutans classes: <lo5, 
1OS--1O6, and >106S. mutans per 1 ml saliva. 

Colonies that were not typical of S. mutans 
were isolated and identified (8). 
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mutans colony-forming units (CFU), 1-20 
CFU, 21-100 CFU, and >lo0 CFU. 

2. Tongue sampling was done with a 
wooden spatula pressed against the dorsum 
of the tongue, which had been dried with 
compressed air. Tongue sampling was also 
done after the tongue had been scraped with 
a tongue cleaner (Sakool@, Cuyahoga Falls, 
Ohio, USA). The tongue cleaner was bent 
lightly to an arc, pressed to the tongue, and 
pulled forward three times. The cultivation 
and enumeration procedures were identical 
to those for saliva samples. 

3. The occlusal samples were obtained 
with a sharpened instrument (no. 611-116, 
Dentaurum). The instrument was pulled 
along the entire fissure or margin of a res- 
toration and the collected material was then 
spread on MSB-agar plates. The total num- 
ber of colonized occlusal surfaces for each 
individual was calculated. 

4. Proximal bacterial sampling was per- 
formed with wooden triangular toothpicks 
as described by Kristoffersson & Bratthall 
(11). The total number of colonized inter- 
proximal spaces for each individual was cal- 
culated. The number of sites colonized with 
>7S CFU was also determined. 

The effect of temporarily discontinued oral 
hygiene on the number of S.  mutans in 
\ uliuu 

Changes in salivary S. mutans were evalu- 
ated for 24 adults, students at the School of 
Dentistry in Malmd, who did not clean their 
teeth for 7 days. No dietary restrictions were 
i\sued. 

The same sampling technique as described 
above was used. Three base-line samples 
Lberc taken on 3 consecutive days before the 
\\ eek of experimental withdrawal from oral 
hygiene practices, to establish the S .  mutans 
\ dues  under normal conditions. The mean 
I alue of the base-line samples was calculated 
t o r  each individual. During the week of the 
experiment saliva samples were obtained 
between 1000 and 1500 hours on days 4 
m d  7. 

The amount of plaque was measured on 
days 1 ,  4,  and 7 in accordance with Silness 
& LOe (9). The mesial, distal, buccal, and 
lingual surfaces of all teeth except the third 
molars were scored, and the mean value was 
calculated for each participant. Plaque was 
recorded after the bacterial sampling and by 
one dentist. 

<’ompunJon o j  saliva samples of S.  mutans 
Lvith tongue, proximal, and occlusal 
\ umpk 

Saliva samples of S. mutans were taken 
and compared with tongue samples, proxi- 
mal samples, and samples from occlusal pits 
nnd fissures. Streptococcus mutans estimates 
were derived as described above. 

Thirty-four adult patients, previously 
treated at the School of Dentistry in Malmo, 
p;irticipated in this experiment. They had no 
open carious lesions. Sampling took place 
on one occasion in the following order: 

1 .  Saliva samples were taken with the 
ipatula technique reported by Kohler & 
Hratthall (10). Each individual was placed 
i n  onc of four groups: no detectable S. 

Statistical analyses 
The difference between morning and 

afternoon samples was tested with Student’s 
t test for paired comparisons, using the log- 
arithms of the concentrations. To study the 
random variation between samples taken 
within 24-h intervals, it was assumed that the 
logarithm of an observed value was normally 
distributed with an expected value depend- 
ing on the individual subject and a standard 
deviation depending only on which of the S. 
mutans classes the value belonged to. These 
standard deviations were calculated from the 
two samples. 

Changes in bacterial concentrations from 
base line to 4-day and 7-day samples were 
tested with Student’s t test for paired com- 
parisons, using the logarithms of the 
concentrations. 

To study the relation between the number 
of CFU in saliva and the number of sites 
colonized with S. mutans, the data were 
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Fig. 1 .  Comparison between morning and afternoon 
samples of S .  mutans (logarithms). The broken lines 
represent a divergence of k a factor of 10. 

reduced to 2 X 2 contingency tables, and 
exact tests of independence were performed. 

Results 
Short-term variation of S. mutans level in 
saliva 

The results of the comparisons between 
morning and afternoon samples (logarithms) 
are presented in terms of log CFU in Fig. 
1. Out of 72 individuals, 63 (87.5%) lay 
within a band formed by the lines drawn 
respectively one unit above and below the 
diagonal. In this region the number of S. 
mutans in the morning and afternoon 
samples differed by a factor of less than 10. 
No significant systematic difference could be 
found between morning and afternoon 
samples (0.10 < p < 0.20). 

The comparison of samples taken with 
24-h intervals is illustrated in Fig. 2. Only 
4 of the 69 pairs (5.8%) differed by a factor 
of more than 10. The standard deviation of 
the logarithm of an observed value was 
estimated to be 0.40 in the class <lo5 (24 
observations), 0.30 in the class 105-106 (33 
observations), and 0.18 in the class >lo6 (12 
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Fig. 2. Comparison between two morning samples of 
S. mutuns taken with a 24-h interval (logarithms). The 
broken lines represent a divergence of * a factor of 10. 

observations). The estimates for the two low- 
est classes did not differ significantly (F-test) , 
and they have been pooled to a common 
estimate (s = 0.35), whereas the estimate for 
the highest class is significantly lower (F-test, 
p < 0.01) than the other two. These results 
can be translated to random variation of an 
S. mutans number in the following manner. 
Assume that the variation of the logarithm 
of an individual is approximately normally 
distributed. A 95% confidence interval for 
the true value is then obtained by dividing 
and multiplying the observed value by a fac- 
tor lo2", which is 5.0 when s = 0.35 (S. 
mutans <lo6) and 2.3 when s = 0.18 (S. 
mutans >lo6). For example, an observed 
number of 375,000 S. mutans per 1 ml saliva 
yields the interval 75,000-1,875,000 for the 
true value. For an observed value of 
2,000,000, the interval would be 870,000- 
4,600,000. 

The effect of temporarily discontinued oral 
hygiene on the number of S. mutans in 
saliva 

Fig. 3 shows that there was a significant 
increase of plaque scores during the week 
of discontinued oral hygiene. Fig. 4 illus- 
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t i  atec the comparison between the base-line 
level of 5'. mutans CFU and the level after 
I cheek. Out of  24 participants 15 showed 
increased levels, whereas 9 showed 
decreased levels. The changes were not stat- 
i\tically significant ( t  test). Similarly, the S. 
mutans levels on the 4th day did not differ 
iignificantly from base line. 
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Fig. 4. Comparison of salivary S .  mutuns at base h e  
and after 1 week of discontinued oral hygiene. The 
broken lines represent a divergence of 2 a factor of 10. 

Comparison of saliva samples of S .  mutans 
with tongue, proximal, and occlusal 
samples 

Table 1 shows the comparison between 
salivary S. mutans and the number of inter- 
proximal sites colonized with S. mutans. The 
results indicate a significant correlation 
(p  < 0.001). The figures demonstrate that 

1 able I.. (~umparison between number of CFU in saliva and the number of interproximal 
*;ites ccilonized with S .  mufuns 

__~ ___ 
No. of colonized 

KO. of (:Fu interproximal sites 
in saliva No. crf 
aan1ples subjects 0 1-6 7-12 13-18 19- 

1-20 I 1  - 2 4 4 1 
2 1-- 100 11 - 3 8 

6 ,' 100 6 

- 0 6 - 4 1 1 

- - 
- - - - 

No. of interproximal sites 
colonized with >75 CFU 

0 1-6 7-12 13- 
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Table 2. Comparison between number of CFU in saliva and the number of occlusal 
sites colonized with S. mutans 

No. of colonized 
No. of CFU occlusal sites 

in saliva No. of 
samples subjects 0 1-3 4-6 7- 

3 
1-20 11 - 4 5 2 

21-100 11 1 4 3 3 
1 5 > 100 6 

- 3 - 0 6 

- - 

individuals with no detectable S. mutuns in 
saliva may have colonized interproximal 
sites, although no interproximal site showed 
>75 CFU. Individuals with very high sali- 
vary levels of S. mutuns harbored S. mutuns 
in almost all interproximal spaces. 

A significant positive correlation (p < 
0.01) was also obtained when the salivary 
level of S. mutuns was compared with the 
number of interproximal sites yielding more 
than 75 CFU by our sampling method (Table 
1). Seven or more such interproximal sites 
could only be found in the two groups with 
the highest saliva counts. 

Table 2 illustrates the comparison between 
salivary S. mutuns and the number of col- 
onized occlusal surfaces. No significant cor- 
relations could be demonstrated. 

Tables 3 and 4 show the comparisons 
between saliva samples and tongue samples 
before and after tongue scraping with a 
tongue cleaner. There was a statistically sig- 
nificant positive correlation (p < 0.001) 
between S. mutuns counts of saliva and 
tongue samples. 

Discussion 
The results did not indicate any systematic 

short-term changes of S. mutuns in saliva 
which reached statistical significance. Even 
large temporary plaque accumulations over 
a week did not seem to influence the S. 
mutuns level systematically. 

Carlsson (12) has shown that early morn- 
ing saliva samples analyzed for oral strep- 
tococci contain higher levels of bacteria than 
day samples. Crossner & Hagberg (13) have 
studied the short-term variation of salivary 
lactobacilli during 3 consecutive days, using 
the Dentocult method. Their results indi- 
cated a reduction in the lactobacillus counts 
when comparing morning samples (before 
eating and brushing of teeth) with samples 
obtained in the course of the day. Birkhed 
et al. (14) demonstrated that sampling of 
lactobacilli immediately on awakening 
yielded about four times higher values than 
daytime sampling. In their study different 
daytime samples showed only minor 
variations. 

The results in the above studies indicate 
that early morning samples of oral strepto- 
cocci and lactobacilli give higher values of 
bacteria than daytime samples. An expla- 
nation for the contrasting findings of insig- 
nificant differences between morning and 
afternoon samples in our study may be that 

Table 3. Comparison between number of CFU S. mutans in saliva and on the tongue 

No. of CFU No. of CFU tongue samples 
in saliva No. of 
samples subjects 0 1-20 21-100 >loo 

~~~ 

- - 0 6 3 3 
11 - - - 1-20 11 

21-100 11 - 1 8 2 
1 5 >loo 6 - - 
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rable 4. Comparison between number of CFU S. mutan3 in saliva and on the tongue 
(after scraping with a tongue cleaner) 

~~~~ ~~ ~ 

N o  of CFU No of CFU tongue samples 
in s'iliva No of 
\ampies cublects 0 1-20 21-100 >I00 

- - 0 6 3 3 
- 1-20 11 1 9 1 

1 too 6 
2 1-1 00 11 3 6 2 

2 4 
- 
- - 

the morning samples were obtained after 
breakfast and brushing the teeth. 

Repeated sampling over a 24-h interval 
showed few strikingly deviating values. The 
standard deviation of a logarithmized S. 
muruns value was determined to be 0.40, 
0.30, and 0.18, respectively, for the classes 
<lo5, 10' - loh, and >lo6 CFU, and the con- 
fidence intervals were calculated as in 
Results. The variation between S. muruns 
samples may be due in part to methodologi- 
cal errors, such as variation in chewing inten- 
sity on the sampling occasion. Inexactness 
in the diluting and plating routines partly 
caused by agglutination of bacteria may also 
make a correct interpretation difficult. A 
contributory cause to the shown differences 
may also be true short-term variation of the 
S .  m u m s  colonization level. 

The random variation of an S. muruns 
determination can be reduced by taking two 
or more samples: if two samples, X1 and X2, 
are taken 24h  apart, the true mean level 
may be estimated by the geometrical mean 
V'Xl . X2. (The same estimate is obtained 
by averaging the logarithms of X1 and X2.) 
A 95% confidence interval for the true mean 
level is obtained by dividing and multiplying 
this estimate by which is 3.13 when 
s .= 0.35 ( S .  mutuns <loh) and 1.80 when 
s = 0.18 (S .  mutuns >loh) .  For instance, if 
the two values X1 = 69,700 and X 2 =  
152,000 are obtained, the mean level is 
estimated by v69,700 X 152,000 = 102,900, 
and a 9S% confidence interval is (102,900: 
3.13. 3.13 x 102,900) or (32,900, 322,000). 
Note that if the two samples are taken at the 
same time, the reduction of the random com- 
ponent will be less, since only the method- 

ological errors are reduced and not the true 
short-term variation. 

Discontinuing oral hygiene for a week did 
not markedly influence the number of S. 
mutuns in saliva. This may seem strange, 
since all participants accumulated large 
amounts of plaque and since the sampling 
technique included chewing of paraffin to 
increase the shedding of bacteria from the 
tooth surfaces. However, S. muruns grows 
with a localized pattern and is especially 
found in occlusal fissures and on interdental 
surfaces (15-17), These sites are often dif- 
ficult to clean properly and might have been 
covered by plaque already at the base-line 
registrations. The new plaque accumulated 
mainly on buccal and lingual surfaces. It is 
possible that the percentage of S. muruns in 
these deposits was low. The difficulties of S. 
muruns in spreading intraorally (18, 19) may 
further have contributed to the observed 
saliva values. 

The saliva samples reflected the number 
of colonized interproximal sites. The number 
of S. mutuns in pits and fissures on occlusal 
surfaces did not correlate with the saliva 
levels. This may be because the anatomy of 
occlusal surfaces admit optimal growth con- 
ditions for S. mutuns on comparatively small 
and inaccessible areas. Tongue samples may 
be regarded as a kind of saliva sample, since 
it is almost impossible to remove all saliva 
from the dorsum of the tongue before sam- 
pling. This could be the explanation of the 
good correlation between tongue and saliva 
samples. 

Summarizing the results of these studies, 
we have found the colonization level of S. 
murans as observed in saliva samples to be 
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fairly stable from short-term periods. The 
samples also reflect the number of colonized 
tooth surfaces. Standardization of sampling 
time in a clinical study is certainly always 
preferable, but if this cannot be done, the 
variation of S. mutuns during daytime seems 
to be fairly insignificant. 
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