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The ability of Streptococcus salivarius TOVE-R to displace virulent representatives of the most prevalent
human mutans streptococci from the teeth of rats, and thereby to inhibit caries, was studied. Streptococcus
mutans 10449S- or Streptococcus sobrinus 6715-13WT-infected specific-pathogen-free rats consuming a
high-sucrose diet were inoculated by TOVE-R. The infectants were differentially recovered from swabs of the
teeth over the time course of infection and from sonically treated material of extracted teeth and excised
tongues. Despite initial colonization of the teeth by the mutans streptococci, TOVE-R colonized the teeth,
unlike other essentially nonvirulent plaque formers already described. It did not colonize the tongues of the
rats. TOVE-R emerged and persisted as a prominent member of the plaque ecology. There was an associated
decline in the mutans streptococci on the teeth, and this decline was associated with significant inhibition of the
caries component attributable to 10449S infection (56%) and to 6715-13WT infection (52%). TOVE-R did not
reliably inhibit the component of fissure caries attributable to the nonmutans indigenous flora of the rats.
TOVE-R itself induced no detectable decay. The data suggest the potential therapeutic utility of TOVE-R to
inhibit caries by displacement of mutans streptococci from the teeth. These results supplement the already
reported ability of TOVE-R to preempt initial colonization of teeth by the mutans streptococci.

The so-called mutans streptococci, whose most prevalent
human isolates have officially been redesignated Streptococ-
cus mutans and Streptococcus sobrinus (formerly S. mutans
serotype c and S. mutans serotype d/g, respectively [6]), are,
in all likelihood, the principal cause of decay of the crowns
of human teeth (7, 9, 11, 12, 21). Transmission of this
infection among humans often occurs early in life, most
frequently from the female to her offspring (1, 3, 18, 19, 22),
and transmission of infection is an antecedant of the devel-
opment of human tooth decay in childhood and adolescence
(1, 12, 18, 19). Once colonization of the host by the mutans
streptococci has occurred, no way has yet been described to
cure the infection or to suppress it other than transiently,
without continuous treatment with antibiotics, topical anti-
septics, or virtually absolute avoidance of sucrose consump-
tion. Such conditions are not readily achievable by the vast
majority of the population (8, 19, 34-36).
Rodents infected by the mutans streptococci have been

productively used to study the microbial, dietary, and host
factors of human dental caries (for a review, see reference
28). Certain mutants of the mutans streptococci can colonize
surfaces of teeth of rodent caries models consuming a
sucrose-rich diet without inducing significant decay (13, 31,
33). In some cases these variants not only compete with the
indigenous nonmutans oral flora of rats, and thus assume
ecological stability and persistance (31, 33), but also preempt
colonization of tooth loci by virulent mutans streptococci
(31). Nonetheless, the virulent mutans streptococci are
apparently not displaceable from the teeth by their nonviru-
lent mutants, at least in the case in which this has been
reported; thus, the first mutans streptococcus to colonize
teeth appears to win the ecological competition for mutans-
available tooth sites (31).

* Corresponding author.

Like the mutans streptococci (27, 32), TOVE-R, a rough
colonial variant of Streptococcus salivarlus, has remarkable
abilities to effect sucrose-dependent colonization of solid
surfaces both in vitro and on teeth in vivo (29) and to
synthesize water-insoluble glucans from sucrose (14). Unlike
the mutans streptococci (27, 32), TOVE-R is unable to decay
the teeth of specific-pathogen-free Osborne Mendel rats. If
such rats are first inoculated by TOVE-R, it then is difficult
for S. mutans to colonize their teeth (29).

This paper describes the ability of strain TOVE-R to
displace both S. mutans and S. sobrinus from the teeth of
rats and thereby to inhibit tooth decay.

MATERIALS AND METHODS

Microorganisms. Streptomycin-resistant, colonially rough
S. salivarius TOVE-R (29), S. mutans NCTC 10449S (27,
33), and S. sobrinus 6715-13WT (27, 32) were studied.
Strains were maintained in lyophilized state until tested in
laboratory animals, and inocula were cultured in fluid thio-
glycolate medium (Difco Laboratories, Detroit, Mich.) sup-
plemented with 20% (vol/vol) meat extract (Difco) and ex-
cess CaCO3. The high virulence of 10449S and 6715-13WT in
rodents has been previously described (27, 29, 32); both were
originally isolated from humans and represent the most fre-
quent mutans streptococcal species isolated from humans (4,
23, 27).

Animals, diets, inoculations, and experimental design. Spe-
cific-pathogen-free Osborne Mendel breeding rats that were
colonized by normal rodent gut flora, as previously detailed
(27, 31, 32), were maintained in a laminar flow hood with
bacteriological air filters (portable containment system
PCS-80; Hazelton Systems, Inc., Aberdeen, Md.) and pro-
vided with autoclaved chow 5010 (Ralston-Purina, St. Louis,
Mo.) and sterile demineralized water. The colony had been
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maintained free of mutans and salivarius streptococcal in-
fection. After weaning at 20 days of age, experimental rats
were removed from the laminar flow hood, and several
litters were pooled in a large stainless steel cage and thence-
forth provided caries test diet 2000 (Zeigler Brothers,
Gardeners, Pa.) containing 56% sucrose (17) and sterile
demineralized water ad libitum. One day later the rats were
randomly distributed, one per cage, and inoculated with test
organisms at various times as detailed in the protocols
below.
The design of the experiment with 10449S is given in Fig.

la; there were 12 or 13 animals per group. The design of the
experiment with 6715-13WT is given in Fig. lb; there were
nine animals per group. Rats were inoculated orally by
micropipette with about 6 x 108 cells of either of the mutans
streptococci (10449S or 6715-13WT) grown in the thioglyco-
late medium or were uninoculated.

Either 8 days later (in the case of the 10449S experiment)
or 7 days later (in the case of the 6715-13WT experiment)
half of the previously uninoculated and half of either the
10449S- or 6715-13WT-infected rats were orally inoculated
with about 6 x 108 cells of TOVE-R grown in thioglycolate
medium. The latter inoculation was repeated twice.

Recovery of microorganisms. The teeth of all animals were
swabbed at various intervals after inoculation. Recovery
dates were given the notation: number of days after mutans
inoculation/number of days after TOVE-R inoculation, and
are so designated in figures; thus, 25/18 denotes 25 days after
mutans inoculation and 18 days after TOVE-R inoculation.
The cotton swabs were immediately placed in buffered yeast
extract, vortex mixed, and plated on appropriate media (see
below) within 1 h, using a spiral plater (Spiral Systems,
Cincinnati, Ohio). The problems of sampling plaque from the
teeth of small animals and of plate counts of streptococci are
well known (27, 28, 32). Previous data show that percent
recoveries of S. mutans 10449S monitored by careful swab-
bing of teeth were not statistically different from percent
recoveries monitored by directly scraping plaque from the
teeth (31). Nonetheless, at the termination of experiments,
three molar tooth crowns from one hemimandible of each
animal were harvested by means of a small rongeur. The
plaque on them and bacteria trapped in their fissures were
dislodged, and clumps and chains were disrupted by a model
W185 sonic cell disrupter (Heat Systems-Ultrasonics, Inc.,
Plainview, N.Y.) by using its microtip for 5 s at 80 to 90 W.
Sonification was carried out in 9 ml of buffered yeast extract
contained in test tubes (18 by 150 mm) with the tip of the
oscillating probe placed halfway into the depth of the fluid.
These conditions had been demonstrated to give maximal
recoveries of total recoverable flora.

Typical S. salivarius is known to colonize the tongue
epithelium of humans in greater proportions than their teeth.
Therefore, in one experiment tongues as well as teeth were
excised and similarly sonified and cultured for evaluation of
absolute numbers as well as relative numbers (percentages)
of 10449S and TOVE-R among the total recoverable flora.

Both swabbed and sonified cultures were plated on mitis
salivarius agar containing Chapman tellurite (MS) (Difco),
MS supplemented with 200 ,ug of streptomycin per ml, and
Trypticase soy agar supplemented with 5% sheep blood
(BBL Microbiology Systems, Cockeysville, Md.). The very
large TOVE-R colonies grew rapidly on all the agars, both in
the presence and absence of CO2 atmospheric supplementa-
tion. The relatively small colonies of S. mutans 10449S and
S. sobrinus 6715-13WT grew well, but only with CO2 atmos-
pheric supplementation. They had typical "mutans" mor-
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FIG. 1. Experimental designs for study of displacement of S.

mutans 10449S (a) and S. sobrinus 6715-13WT (b) by TOVE-R. The
calendar at the bottom of each figure begins with the mutans
streptococcus inoculation day. The arrows indicate the dates of
inoculations with 10449S, 6715-13WT, or TOVE-R. Oral cultures
were taken, as described in the text, with reference to the number of
days elapsed since mutans/TOVE-R inoculation. For example, 0/0
signifies culture before both 10449S (or 6715-13WT) inoculation and
TOVE-R inoculation; 25/18 signifies culture 25 days after 10449S
inoculation and 18 days after TOVE-R inoculation, etc., until
termination of the experiments with 10449S and 6715-13WT at 49/42
and 48/42 days, respectively.

phology on MS and MS supplemented with streptomycin.
CFU counts on Trypticase soy agar supplemented with
sheep blood were used for estimation of the total recovera-
ble facultative flora; CFU on MS supplemented with strep-
tomycin allowed quantitation of the mutans streptococci and
of TOVE-R. Thus, recoveries of the streptomycin-labeled
TOVE-R, 10449S, and 6715-13WT infectants in swab sam-

ples could be differentially quantitated and expressed as

percentages of total flora, but because swab samples varied
in size, absolute counts could not be computed. In sonified
tooth and tongue samples counts could be expressed in both
relative and absolute terms because the entire tongue sur-

face and teeth were sampled. Also, the presence of possible
non-streptomycin-resistant streptococcal infectants could be
detected on MS. Periodically, the identities of selected
reisolates were confirmed by well-established biochemical-

physiological and morphological techniques (30).
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Statistical analyses of recoveries were carried out with
percentage data arcsin transformed to meet the requirements
of the parametric analysis of variance and t test (26). Data
were also analyzed by the nonparametric Dixon-Mood sign
test (25). Recoveries of more than 0 but less than 1% were
treated as though they were 1%. The numbers of absolute
bacterial CFU were analyzed statistically without transfor-
mation.

Plaque and caries evaluation. Excised, coded hemimand-
ibles with teeth in situ were viewed microscopically for
plaque presence after staining with 0.25% aqueous safranin
for 20 s. They and the similarly coded maxillas were de-
fleshed by dermestid beetles and scored for carious enamel
areas by the method of Keyes (16), as modified by Larson
(20). Because carious lesions are quite symmetrically repre-
sented bilaterally (15), the caries score for the molars of a
single hemimandible was doubled before adding it, for each
animal, to the score for its maxillary molar teeth. Statistical
evaluations of mean caries scores were carried out by
analysis of variance (26).

RESULTS
In each experiment, four groups of singly caged rats were

compared (Fig. 1): those uninoculated; those inoculated by
TOVE-R; those inoculated by a mutans streptococcus, ei-
ther 10449S or 6715-13WT; and those inoculated by either of
these mutans streptococci plus TOVE-R. Never was (i) an
uninoculated rat observed to harbor either streptomycin-sus-
ceptible or streptomycin-resistant mutans streptococci or S.
salivarius or (ii) a rat not inoculated by either TOVE-R or a
mutans streptococcus observed to harbor them. Thus, there
was no evidence of extraneous or cross-infection of rats or
reversion of the streptomycin resistance phenotypes to
streptomycin-sensitive ones. There were no statistically
significant differences among mean body weight gains of
animal groups, and thus, there was no evidence of effects of
inoculations other than those described below.

Recoveries of TOVE-R and mutans streptococci by tooth
swabbing. Uninoculated animals had essentially no plaque
on their teeth at the time of sacrifice, whereas those which
had been inoculated had generally moderate plaque quanti-
ties. However, no differences in quantities of plaque could
be photographically demonstrated among the TOVE-R only,
mutans plus TOVE-R, and mutans only groups.
The mean percentage of TOVE-R in the total recoverable

flora increased more slowly in animals previously inoculated
with mutans streptococci than in previously uninoculated
animals (Fig. 2a and b) and was at every sampling date lower
in those animals first inoculated by the mutans streptococci.
The nonparametric probability of observing this consistent
difference was P < 0.02. By the parametric analysis of
variance, this difference was also highly significant (F =

19.03; P < 0.005). This suggested that TOVE-R colonization
of the teeth occurred in competition with mutans streptococ-
ci already colonizing them and that TOVE-R may, in fact,
displace at least some of the mutans streptococci already
established in the ecology.

In correlary fashion, for the doubly infected animals the
percentage of 10449S or 6715-13WT among the total recov-
erable flora on tooth swabs became lower in those animals
that had been superinfected by TOVE-R (Fig. 2a and b).
Thus, by the second recovery date after TOVE-R inocula-
tion in the illustrated 10449S trial (25/18), 10449S was lower
in doubly infected than in singly infected rats and remained
so; by the first recovery date after TOVE-R inoculation in
the 6715-13WT trial (19/13), 6715-13WT was lower in doubly
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FIG. 3. Histogram of absolute CFU count recoveries for total
recoverable flora, 10449S, and TOVE-R as well as relative (percelit)
recoveries, plotted as mean ± standard error of the mean at day
49/42 for the 10449S/TOVE-R experiment. The absolute CFU counts
are above the horizontal and the relative numbers are below the
horizontal. (a) Data for the three sonified mandibular molars of the
rats of the infected experimental groups; (b) data for the sonified
tongues of the same experimental groups. Because uninoculated rats
gave no recoveries of these or other mutans or salivarius strepto-
cocci, no data for such rats are presented.

infected than in singly infected rats, but this difference was
not impressive at the last swabbing date (47/41). Nonethe-
less, the consistency of these mutans streptococcal recovery
percentages for the doubly infected compared with singly
infected animals was impressive. The nonparametric proba-
bility of observing this consistent difference is P < 0.02; by
the parametric analysis of variance, this difference was also
highly significant (F = 6.98; P < 0.01). Thus, there was
strong evidence that TOVE-R, in fact, partially displaced the
two most prevalent mutans streptococcal types from the
teeth.

This phenomenon was independent of whether 10449S or
6715-13WT was used as the mutans infectant (F = 0.007) and
was perhaps even more impressive because the levels of
colonization (i.e., percentage) achieved by 10449S and
6715-13WT were different from each other (F = 6.427; P <
0.01). Nonetheless, the data suggested that 6715-13WT by
the last sampling date (47/41) was overcoming the displace-
ment effect of TOVE-R (t = 0.3063; P > 0.05).

Recoveries of TOVE-R, mutans streptococci, and total
recoverable flora by sonification of teeth and tongues. For the
10449S experiment, sonification of crowns of three mandibu-
lar molar teeth at day 49/42 gave recoveries of microorgan-
isms (Fig. 3a) which paralleled those from the swab samples
of the teeth at day 48/41 (Fig. 2a.). Thus, 10449S recoveries
from 10449S-infected rats were very high and significantly
higher that those from 10449S/TOVE-R-inoculated animals
(P < 0.005), both on absolute count and percentage bases.
TOVE-R recoveries from sonified teeth similarly paralleled
those from swabs of teeth 1 day earlier and were significantly
higher (P < 0.01) from rats previously not inoculated by
10449S.
Recoveries of both 10449S and TOVE-R from sonified

tongues averaged less than 1% of the total recoverable flora
for all groups (Fig. 3b). Clearly, TOVE-R, like the mutans
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FIG. 4. Histogram of absolute CFU count recoveries for total
recoverable flora, 6715-13WT, and TOVE-R as well as relative
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at day 48/42 for the 6715-13WT/TOVE-R experiment. The absolute
CFU counts are above the horizontal, and the relative numbers are
below the horizontal. Because uninoculated rats gave no recoveries
of these or other mutans or salivarius streptococci, no data for such
rats are presented.

streptococci, heavily colonized the teeth but not the tongue
of rats.

It was of interest that the absolute number of total CFU
recovered from the teeth, but not the tongues, of the two
10449S-infected groups, in which caries scores were highest
(see below), was greater than that number from either of the
groups not infected by 10449S (P < 0.01). However, there
was no difference in total CFU between either the two
10449S-infected groups or the two groups not infected by the
S. mutans strain.
For the 6715-13WT experiment, the recoveries from soni-

cates of the three molars of one hemimandible at day 48/42
(Fig. 4) confirmed that the displacement of 6715-13WT by
TOVE-R, as revealed by tooth swabbing at day 47/41, was

b

being overcome at the end of the trial. Thus, there was no
statistically significant difference between the absolute or
relative numbers of 6715-13WT between the 6715-13WT-in-
fected and the 6715-13WT/TOVE-R-infected groups. Al-
though the absolute CFU counts of TOVE-R were not
different from sonicates of the molars of uninfected/
TOVE-R-infected rats compared with 6715-13WT/TOVE-R-
infected rats, on a percentage basis TOVE-R constituted a
higher proportion (P < 0.01) of the total recoverable flora in
the tooth sonicates from animals not previously infected by
6715-13WT.
As with the 10449S experiment, the numbers of total CFU

recovered from the teeth of the two 6715-13WT-infected
groups, in which caries scores were highest (see below),
were greater than those numbers from either of the groups
not infected by 6715-13WT (P < 0.01). There was, however,
no statistically significant difference between the total CFU
of the two 6715-13WT-infected groups or between the two
groups not infected by this strain.

Caries scores. The caries scores for the two experiments
are plotted (Fig. 5a and b) such as to discriminate between
sulcal (fissure) and smooth (buccal, lingual, approximal, and
morsal) tooth surfaces (24) because of the well-known tend-
ency of smooth-surface caries to be essentially mutans
dependent and of sulcal caries not to be mutans dependent,
but to be augmented by the mutans streptococci (27).
As expected, infection by either 10449S or 6715-13WT

alone induced dramatically higher caries scores than in the
uninfected control rats harboring their indigenous mutans-
and S. salivarius-free floras.

Inoculation of mutans-infected rats by TOVE-R was as-
sociated with approximately 30 and 23% reductions of
absolute mean caries scores for the 10449S and 6715-13WT
experiments, respectively (F = 53.38, P < 0.005). TOVE-R
infection without mutans streptococcal infection was asso-
ciated with caries scores no higher than those of the unin-
fected animals harboring their mutans-free, S. salivarius-free
indigenous oral flora. In fact, in the 10449S trial, TOVE-R
infection significantly (P < 0.05) reduced fissure caries
scores by comparison with those uninfected animals harbor-
ing their indigenous nonmutans flora; this same comparison
was not statistically significant for the 6715-13WT trial,
although the data suggested the same effect.

If one adjusts mean caries scores of singly (mutans only)
and doubly (mutans plus TOVE-R) infected rat groups for
the mean level of caries of the uninfected control rats, one
can compute the reduction of mutans-induced caries caused
by TOVE-R infection by the following equation: % reduc-
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tion of mutans-induced caries = 1 - (singly infected -
control) - (doubly infected - control)/(singly infected -
control) x 100.
By this calculation, TOVE-R reduced caries associated

with 10449S infection by 56% (P < 0.001) and caries asso-
ciated with 6715-13WT infection by 52% (P < 0.01).
No evidence of alveolar bone loss or of root surface caries

was noted for any animal.

DISCUSSION
These data demonstrate that S. salivarius TOVE-R com-

petes with S. mutans NCTC 10449S and S. sobrinus
6715-13WT for tooth surface sites. The emergence ofTOVE-
R in the oral ecology of rats is accompanied by concomitant
partial displacement of both of the virulent mutans strepto-
cocci.
The emergence of TOVE-R in the oral cavity of rats is

inhibited but is not blocked if the teeth of the rats are first
colonized by either 10449S or 6715-13WT. This is distinct
from the complete inhibition of establishment of S. mutans
mutant 805 in rats previously colonized by its parent strain,
10449S (31).
There is a significant reduction of caries experience of rats

when infection by the mutans streptococci is followed by
inoculation with TOVE-R. This reduction is the more im-
pressive because the inception of most carious lesions for
rats, like for humans, occurs in the early period after the
teeth erupt and the bacteriological and dietary challenge to
develop decay is imposed (5, 10, 28). In these experiments,
rats were infected by 10449S and 6715-13WT for 7 and 6
days, respectively, soon after weaning and consumed the
high-sucrose experimental diet before initial TOVE-R inoc-
ulation. These conditions are known to give maximal eco-
logical emergence of mutans streptococci and lead to induc-
tion of severe caries (27-33), as confirmed herein.
Although the two mutans streptococci are potently cari-

ogenic, TOVE-R is not detectably cariogenic in this animal
model, as previously reported (27, 29, 32, 33). It is notable
that TOVE-R inoculation of uninfected rats decreased fis-
sure caries activity in the 10449S trial, although this decrease
was not statistically significant in the 6715-13WT trial. These
data suggest that TOVE-R may also competitively inhibit
caries induced by the indigenous nonmutans flora of the
rats.
Tooth swab and sonification data assessing bacterial re-

coveries were parallel in these studies. Because recoveries
of TOVE-R from the tongues were very low, like those of
10449S, one cannot ascribe their percentages in tooth swab
data to tongue surface contamination of swabs; rather, it is
more likely that the TOVE-R and mutans recoveries from
tongues reflect organisms shed from the teeth. TOVE-R does
not appear to colonize the tongues of rats.
The absolute numbers of total recoverable flora from

sonified teeth of mutans-infected rats were higher than from
uninfected rats. Both experimental situations evidenced
substantial plaque on the teeth if rats had been infected by
either TOVE-R or a mutans streptococcus. These observa-
tions suggest that absolute counts substantially reflect the
degree of cavitation of the teeth and the mechanical reten-
tion of bacteria in those cavities, as though they were
additional tooth fissures. In fact, a plot of caries score as a
function of absolute CFU count of total recoverable flora
gives a high level of correlation (r = 0.603; P < 0.001).

It is, of course, not surprising that the percentages of
recoveries of the tooth-adherent mutans streptococci are
considerably higher in sonicates than in swab samples. This

is due to several factors including (i) the unavoidability of
sampling tongue, cheek, and palate when swabbing the teeth
of conscious rats; (ii) the sampling of only teeth by the
extraction-sonification procedure; (iii) the sought-after break-
ing of streptococcal chains and dispersal of bacterial clumps
by sonification, thereby more nearly achieving the ideal of
one live cell giving rise to 1 CFU on agar (an ideal difficult to
approach for streptococci without sonification); (iv) the
relative sonic fragility of gram-negative cells (although pre-
vious data have shown the gram-negative flora of these rats
to constitute a very small portion of the total recoverable
flora); and (v) the dislodgement of bacteria from deep
fissures and carious lesions by sonification, a dislodgement
not possible with swabbing. Of course, sonification condi-
tions were used, as detailed above, which had been shown to
maximize absolute CFU counts of total recoverable flora.
The presently reported competitive partial displacement

of two virulent representatives of the most prevalent human
mutans streptococci, S. mutans 10449S and S. sobrinus
6715-13WT, and the previously reported successful preemp-
tion of 10449S infection by TOVE-R colonization (29) sLUg-
gest that TOVE-R may have clinical therapeutic utility for
inhibiting initial infection and suppressing existing infection
of humans by the mutans streptococci. Indeed, there is
renewed interest in control of diverse bacterial infections by
similar means (2).
The mechanistic bases for the lack of cariogenicity of

TOVE-R and its ability to compete with the mutans strepto-
cocci are under study.
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