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The decline in dental caries in children in North America, Scandinavia, Britain,
Ireland and tnany Commonwealth nations is well docutnented. The tnultiple uses
of fluoride can account for tnost, but not all, of this reduction. In this investigation,
data are provided which suggest a relationship between antibiotic usage for
medical purposes and a declitie in both mutans streptococci (MS) and caties.
Children attending Grades 1 and 2 in the Coldwater, Michigan school system
and who reportedly never received antibiotics had significantly higher pro-
portions of MS in the fissure plaques of first molars than subjects who received
antibiotics. The level of decay in the pritnary dentition was invetsely related to
the reported usage of antibiotics. The frequent usage of antibiotics could reduce
the incidence of dental caries by delaying the colonization of the teeth by the MS.
This was evaluated by a prospective study in infants to detennine what effect
reported antibiotic usage would have on the colonization of newly erupting primary
teeth. Otily 2 of 10 infants cultured at 2 to 3 week intervals for periods up to 1
year after tooth eruptioti became colonized by the MS. One had never received
antibiotics and the second had been on antibiotics for a single 5-day period.
Seven of the 8 non-colonized infants had received antibiotic therapy for periods
ranging frotn 10 to 181 days. Both the Coldwater study and the prospective study
of infants suggested a relation between frequency of antibiotic usage for medical
purposes and the MS levels on the teeth.
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The decline in dental caries in children
residing in North Atnerica, Scandina-
via, Britain, Ireland and the various
Commonwealth nations is well docu-
mented (10). Evidence points to water
fluoridation and fluoridated dentifrices
as the tnajor factors tesponsible for this
reduction, but lluoride may not account
for all the decline (3). The reduction has
occurred in countries like Sweden whete
there is no water fiuoridation (18), and
in non-fluoridated areas in the U.S. (6).
Indeed, a reduction of decay in the pri-
mary dentition is being observed in .la-
pan (Matsukudo, pers. cotntn.) whete
there is neither water fluoridation nor
widespread usage of fiuoride dentifrices.
What then besides fluorides could be
contributing to this decrease in dental
earies? There is no reason to suspect
that oral hygiene in the absence of flu-
oridated dentifrices has played a role.

as even the best otal hygiene habits have
little effect on the incidetice of decay
(2, 13, 15), There is no evidence that
a decreased consumptioti of sweetened
foods or a decreased frequency of
snacking has contributed to this decline
(7) and a genetic change in the host in
untenable.

Since Keyes (16) demonstrated the
transmissible nature of dental decay in
animal tnodels, numerous investigators
have ptovided evidence that the mutans
streptococci (MS), of which Streptococ-
cus mutans is the predominant human
type, ate statistically associated with hu-
man dental decay (21). If the MS are
hutnan cariogens, then the decline in
decay could reflect a decrease in their
levels, or a delay in the titning of an MS
infection in childten (22). The salivaty
levels of the MS and lactobacilli (also
implicated in hutnan decay) had de-

creased significantly in 9 to 12 year old
Swedish school children between 1972
atid 1984, and this decrease was coittci-
dent with a teduction in the tnean de-
cayed and filled surface scores ftom 12.8
to 3.0 (17). Likewise, the salivary levels
of U.S. children attenditig a pediatric
dental clinic had decreased by about
90% between 1973-74 and 1981-82
(22).

Fluoridation does not sectn to lower
MS levels (4, 30). However, antibiotics
do temporarily reduce the salivaty MS
levels (25), and during the titne span
that decay has been declining the tnedi-
cal usage of antibiotics, has iticreased
substantially (3). This taises the possi-
bility that some part of the decline in
both MS and in decay could be second-
ary to the medical usage of antibiotics
(3, 22). The possiblity that antibiotic
usage could reduce decay has been sug-
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gested by studies of caries prevalence in
children with rheumatic fever (14, 20)
and by clinical observations (5).

There has been a marked decline in
mortality due to rheumatic fever in the
U.S. (12, 26). A retrospective study has
shown that while the decline in occur-
rence of rheumatic fever antedated the
availability of antibiotics, the rates of
decline in national mortality due to
rheumatic cardilis accelerated fourfold
with the advent of antibiotics (26). As
the Group A streptocci that are impli-
cated in rheumatic fever and the MS are
sensitive to the same antibiotics, this
data on rheumatic fever is supportive of
the hypothesis that frequent antibiotic
usage for medical purposes may also
have coincidently, contributed to the de-
cline of the MS and indirectly to dental
decay. This possibility led us to re-exam-
ine our data files on S. mutatis (22-24),
to find situations in which information
on antibiotic usage had been obtained
in order to determine whether a re-
lationship between antibiotic usage and
a decline in MS and caries could be
demonstrated.

Material and methods

Coldwater. All children attending
Grades 1 and 2 in the Coldwater Michi-
gan school system (age 6 to 7 years)
were given information concerning a
prospective clinical study seeking to
show a relationship between MS colon-
ization and dental decay (8). A ques-
tionnaire on antibiotic history was dis-
tributed to the parents of the 411
children enrolled in the study and
answers were received from 390 sub-
jects, a 94% response rate. The anti-
biotic questions related to the parents
recall as to whether their children used
antibiotics on an average 1) 3 or more
times per year; 2) once or twice per year;
3) less than once per year; or 4) never.
The responses from these 390 subjects
were tabulated and became the indepen-
dent variable upon which a) the initial

caries score in the primary teeth and b)
the proportions of selected bacteria in
plaque samples taken from the occlusal
fissures were stratified.

All permanent and primary teeth
were examined for dental decay by the
same examiner. Caries was recorded by
the decayed-filled surfaces (dfs) index in
primary teeth. Caries was diagnosed on
all coronal tooth surfaces only when
softness or a definite break in the conti-
nuity of the enamel surface could be
detected with an explorer. No bite-wing
radiographs were taken.

Plaque samples for microbiological
assay were taken from the occlusal sur-
faces of the lower first molars (2 samples
per patient) with a No. 26-gauge sterile
needle held with a hcmostat. Each need-
le which contained from 10-* to 107 co-
lony-forming-units (CFU) of bacteria
was dropped into a reduced transport
fluid (RTF) (23) and transported back
to the laboratory. After dispersion, ser-
ial dilution in RTF and plating, the
plaque samples were incubated anaero-
bically under an atmosphere of 85%
N2, 10% Hj and 5% CO^ within 3 to 5
h after their collection. The media used
and the procedures for counting the
colonies of MS, Streptococcus sanguis,
lactobacilli, VeiUonella and Actinomyces
have been described previously (24). A
ratio of the MS to S. sanguis was calcu-
lated for each plaque sample (23). In
plaques where S. .sanguis outnumbered
the MS, the reciprocal value was calcu-
lated and reported as a negative num-
ber. The lower first molars were
sampled as the colonization of their fis-
sures within 6 months after their erup-
tion was thought to reflect the "load"
of MS that was present on the primary
teeth.

Infants. The study population consisted
of ten infants who were edentulous at
the start of the observation period and
who lived in households where at least
two of the family members had levels of
MS at or above 1 x lO'' CFU per ml of

saliva. Bacterial samples of the edentul-
ous infants were taken at approximately
14-day intervals by swabbing the oral
mucosa overlying the mandibular and
maxillary ridges with a sterile cotton-
tipped applicator. This applicator was
rubbed across the sterile surface of an
MM 10-10% sucrose-bacitracin (3 //g/
ml)-agar (MM lO-SB agar) (23). As sooii
as 2 or more teeth had fully erupted in
each infant the swabbing was discon-
tinued in favor of sampling each tooth
surface with unwaxed dental fioss se-
cured in a sterile floss holder. That por-
tion of the fioss containing the plaque
was removed from the holder by cutting
the floss with sterile scissors and placing
it in the RTF.

All saliva (household members) and
plaque samples were processed within
one hour after their collection. They
were sonified for 1000 watt/s, serially
diluted in RTF and plated on the
MMiO-SB agar and MSB agar plates
(11), using a spiral plating technique
(23). The sampling of the children was
repeated at 2 to 3 week intervals over a
5 to 17-month period of observation.
Each infant was monitored for usage
of antibiotics for medical purposes over
this time interval. This information was
obtained from the mother when con-
tacted by telephone to schedule a sam-
pling appointment or when questioned
about the infants health at the time of
sampling. These antibiotics were mainly
oral penicillins prescribed for ear infec-
tions, "strep" throat, or bronchial infec-
tions.

Results

The survey of self-reported antibiotic
usage in the Coldwater children showed
that only 7% of the subjects had never
received antibiotics; 49% received them
less than one occasion per year; 32%
received them one to two times per year
and I2"/D received them on an average
3 or more times per year. It was not

Tabte I. Mean percentage of scleeted plaque species in oeelusal fissure plaque as a function of reported usage of antibiotics - Coldwater

Reported
Usage
>3 times/yr
1-2 times/yr
< 1 time/yr
Never

No. of
Teeth

82
218
325
46

MS"

12.9'' + 21.4
13.8+18.5
13.1 + 18.4
19.7 + 24.8''

5". sanguis

10.4+17.4
8.1 +8.4
9.0 + 8.4
8.4 + 7.8

Percentage of Cultivable Count + Standard Deviation
Lactobacilli

1.4±2.6
1.3±4.1
1.7±7.2
0.9 + 2.1

VeiUonella

5.9 + 8.0
5.0 + 9.2
5.5 + 8.2
5.2 ±6.4

Aetinoniyees sp.

8.6+13.0
6.4 + 9.1
6.8+10.0
7.6±I2.9

MS/5', sangui.s'

-7.5 + 29.1
-2.4 + 27.1
-5.7 + 29.1

2.2''±29.3''
a) mutans streptococci.
b) value is significantly different; p = 0.03 Scheffe contrast of never vs all other categories.
c) negative values are the reciprocal of MS/S. .satiguis ratio, when S. satiguis is greater than the MS.
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possible to identify the types of anti-
biotics used.

The teeth in the Coldwater subjects
who never received antibiotics had sig-
nificantly higher proportions of MS in
the fissure plaques of newly-erupting
first molars than did the teeth in the
subjects who received antibiotics (p =
0.03, Scheffe contrast (Table 1). Within
the antibiotic users there was no obvi-
ous effect of frequency of usage upon
the percentage of MS. The reduction in
MS was exceptional among the plaque
flora that were monitored, as no anti-
biotic related changes in the proportions
of S. sanguis, lactobacilli, VeiUonella, or
an unspeciated Actinomyces species was
found (Table I). When the MS to 5.
sanguis ratio was calculated (23), the
MS outnumbered 5. sanguis only in the
children who had never received anti-
biotics (Table I). In the other groups
the MS to S. sanguis ratio was negative,
indicating the relative dominance of S.
sanguis in the fissure plaques.

The level of decay in the primary den-
tition was inversely related to the re-
ported usage of antibiotics. Children
who had never received antibiotics had
significantly more decay than children
who had received antibiotics 3 or more
times per year (Table 2). Children who
had received antibiotics 2 or less times
per year had levels of decay that were
intermediate to the "never" and "3 or
more" group. All antibiotic groups and
the never group had comparable num-
bers of primary teeth (13.5 to 14.2),
(Table 2), so that missing teeth did not
seem to account for the observed differ-
ences.

Healthy infants living in households
in which two or more family members
had salivary MS levels higher than lC/
ml were followed for periods ranging
from 6 to 16 months after their teeth
erupted. Only 2 children became detec-
tably colonized by MS. One had never

Table S. Relation between antibiotie therapy in infants and deteetion of mutans streptoeocei
(MS) on primary teeth

Household

F 2
F 12
F 5
F 4
F 8
F 11
F 9
F 7
F 3
F 10

MS
Deteeted

yes (16)"
yes (8)
no (16)
no (12)
no (6)
no (6)
no (5)
no (8)
no (12)
no (2)

Antibiotic
therapy

no
yes
no
yes
yes
yes
yes
yes
yes
yes

Days on
antibiotic

0
5
0

13
10
13
19
84

181
90

Month
dentate

11
9

16
14
6
7
6

10
12
6

% of dentate lime
on antibioties

0.0
1.7
0.0
3.0
4.9
5.0
9.4

29.1
48.8
64.1

a) number of teeth erupted at eotielusion of study.

received antibiotics, whereas, the sec-
ond had been on antibiotics for a single
5-day period (Table 3).MS were not de-
tected on any teeth in the other 8
children even though sampling con-
tinued on a 2-3 week basis over a 6
to 16 month interval. Seven of these 8
children had received antibiotie therapy
mainly with penicillin type medication
for periods ranging from 10 to 181 days.

The number of days the teeth were
exposed to antibiotics was divided by
the number of days the teeth were in the
tnouth. The resultant values indicated
that teeth not colonized by MS were
exposed to antibiotics for periods rang-
ing from 3% to 65% of their existence
in the tnouth (Table 3). The proportion
of dentate titne that the infants were
tepottedly on antibiotics was ranked ac-
cording to whether or not their teeth
became infected with MS. This ranking
just tnissed statistical significance (Kru-
skal-Wallis, p = 0.06).

Discussion

The results deseribed were obtained
retrospectively from studies designed
for other purposes, and are deficient in
many respects, i.e., the type of anti-
biotics used, were the subjects, es-

Table 2. Mean number oT deeayedand filled primary teeth as a funetion of reported level of
antibiotie use at baseline - Coldwater

Reported
Antibiotie
Use

Never
< I/year
1 to 2/year
S: 3/year

No. of
children

25
192
122
51

Mean No. of
Primary Teeth

13.5 + 3.4'
14.0 + 2.8
14.2±3.0
14.2 + 3.1

dt"

1.0
0.8
0.7
0.6

ft

1.8
1.5
1.7
1.0

Mean

d + ft"

2.9
2.3
2.4
1.5

p value''

0.05
0.08
0.06

a) d = decayed primary teeth; 1 = filled teeth.
b) p value obtained for comparison of 3 or more per year group with each of the other

groups, Scheffe contrast.
e) mean + standard deviation.

pecially the infants, on antibiotics dur-
ing satnpling? Thus the findings should
be interpreted with caution. Both the
cross-sectional Coldwater study and the
prospective study of infants suggest a
relationship between frequency of anti-
biotic usage and MS levels on the teeth.
The Coldwater study further suggested
that increased antibiotic usage was as-
sociated with a teduced incidence of de-
cay in the pritnary dentition.

The infortnation on antibiotic usage
in both studies was obtained by inquiry
of the parents which could be con-
sidered as potentially unreliable, es-
pecially in the Coldwater study where
longtenn recall was involved. One
might expect in the Coldwater study
that the identification of those children
who either tiever used antibiotics, or
used them 3 or tnore times per year, to
be the tnost reliable data obtained frotn
the questionnaire, as the parents would
be likely to recall this infortnation accu-
rately. It was the differences between
these "never" and "frequent" antibiotic
users that were statistically significant
both in tenns of propot tions of the MS
in fissure plaque (Table 1) and df scores
(Table 2).

Maltz and Zickert (25) have shown
that a single 10-day episode of penicillin
significantly redueed the salivary levels
of MS for several weeks, but had a mini-
mal effect on 5. sanguis and lactobacilli.
A similar reduction in plaque MS pro-
portions without a reduction in S. .satt-
guis and lactobacilli was found in the
antibiotic users relative to the non-anti-
biotic users in the Coldwater popula-
tion. This bacteriological sitnilarity be-
tween the 2 studies suggests that the
questionnaire used in the present study
tnay have reliably identified the non-
antibiotic users.

An association between frequent
antibiotic usage and a decrease in dental
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caries has been noted previously in pa-
tients with exceptional medical histor-
ies. Two retrospective epidemiologic
studies showed that young rheumatic
fever patients on a daily prophylactic
penicillin regimen had significant per-
centage reductions in caries levels when
compared to untreated controls (14, 20).
Children with immunodeficiencies who
were extensively, but not continually,
treated with antibiotics had a mean
DMF tooth score of 2.3, whereas immu-
nodeficient children who averaged only
5 days on atibiotics per year had a DM F
tooth score of 5.4 (28). A study of the
caries experience of children with tetra-
cyeline discolored teeth showed a mod-
est, but significantly lower DMFS
scores for the complete dentition, de-
ciduous molars and first permanent mo-
lars in comparison with paired eontrol
dentitions in children without any
discoloration (5).

These findings suggest that very fre-
quent usage of antibiotics in medically
compromised children can reduee the
incidence of dental decay. This can be
envisioned as due to the more or less
continued suppression of the MS in the
plaque. However, in medically healthy
children such as our Coldwater subjects,
in order for the medieal usage of anti-
bioties to be coincidentally lowering
dental decay, it is necessary to posit that
the temporary suppression of MS in the
plaques occurs during a stage or a per-
iod in the tooth maturation, in which
the tooth is most vulnerable to a cariog-
enic attach by the MS. This would be
the period shortly after tooth eruption
and would be dependent upon the MS
being among the initial colonizers of the
fissure depths (22).

If during the period of tooth erup-
tion, the child is reeeiving or has just
received antibiotics that have activity
against the MS, there is the possibility
that the salivary levels of the MS will
be so low that the fissure will become
colonized by bacteria other than the MS
(29). There is data that shows if the MS
colonization of the dentition is delayed
or does not occur, then the caries experi-
ence in the primary dentition is quite
low or absent, whereas if colonization
occurs shortly after eruption, decay is
common. 1 hus, when the MS were not
detected in 2-year-old children, these
children were caries free at age 4, where-
as children with detectable MS at age 2
had a df score of over 10 at age 4(1).
In another investigation, only 1 of 36
children without detectable MS coloniz-

ation in their first 4 years of life had
decay, whereas 75% of the children in-
fected by age 15 months had decay by
age 4 (19). If primary incisors become
colonized with MS shortly after erup-
tion, they soon become carious (27).

These findings, combined with the re-
sults from our infant study, provide a
connection between antibiotic usage
and reduced colonization of the MS in
the primary dentition. In 7 of these in-
fants frequent usage of antibiotics and
absence of MS were apparently linked
events. If the antibiotic usage in these
10 infants is representative of its usage
by other children, such as those living
in Coldwater, then the antibiotic associ-
ated reduction in decay and MS pro-
portions noticed in the Coldwater
children could reflect absent or delayed
colonization by the MS when the teeth
erupted and were most prone to a cari-
ogenic challenge. This colonization-de-
layed, infection-prevented model could
then account for some of the decline in
dental decay that has been noted in
many countries. However, the actual
demonstration of this effect would re-
quire a prospective study where types
and duration of antibiotic usage could
be correlated with data on MS coloniz-
ation and levels, and actual caries ex-
perience of the children.
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