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Culture methods traditionally have been
used to isolate and identify bacterial species
in clinical specimens. Culture methods are
difficult when the specimen is as bacteriologi-
cally complex as dental plaque1 and when
the organism in question, such as Strepto-
coccus mutans, is present in modest numbers.
The fluorescent antibody test (FAT) has
been suggested as a potentially simpler
method of detecting S mutans in plaque
samples.2.3 In the most commonly described
procedure, plaque is cultured in broth media
and after growth occurs, smears are prepared
and stained with fluorescein-conjugated anti-
serums against the various S mutans sero-
types.4,5 This procedure detects whether S
mutans is present, but provides no informa-
tion concerning the proportional levels of S
mutans in the plaque samples. Culture stud-
ies indicate that the percentages of S mutans
in plaque samples show a greater association
with dental decay than does the presence of
S mutans.6,7 FATs performed on broth cul-
tures of plaque5,8 or upon isolates of S mu-
tans9,10 show that serotype c is the most prev-
alent serotype in human plaque. However,
direct FAT performed on smears of plaque
collected from an adolescent male popula-
tion exhibiting active caries (that is, an aver-
age of nine teeth with open lesions) showed
serotype d to be the most common serotype,
and that serotype c was rarely present.-1
This discrepancy indicates that the human
populations sampled had different S mutans
serotypes, that the fluorescein-conjugated
antiserums used were of different sensitivities,
that the anti-d serum reacts with organisms
present in the smear that do not grow up in
the broth, that the broth or agar cultures
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select for serotype c strains, and that sero-
type c strains are masked in the plaque in
such a way that they did not stain with the
FAT reagents. In the present investigation,
the same plaque samples were cultured and
also examined by the FAT before and after
growth in broth. In addition, the FAT and
culture studies were used to monitor the
efficacy of topical treatment with fluoride or
kanamycin as a means of reducing the plaque
levels of S mutans.

Materials and Methods
PREPARATION OF FLUORESCENT ANTIBODY RE-

AGENTS.-Representative strains of S mutans
serotypes b, c, d, and e3 were grown in a
medium containing equal parts of Spirolate
and brain-heart infusion broths (Bioquest)
to which 0.5% yeast extract was added. The
medium will be designated hereafter as SBY
broth. A conjugate against AHT also was
used so as to give a serum against serotype a.
However, subsequent biochemical tests12
showed that this strain of AHT belonged to
serotype d, so that no data were obtained
for serotype a cells in the present investiga-
tion. After 48 hours of growth, the cells
were harvested by centrifugation and incu-
bated with 0.4% Formalin for two days at
37 C. The cells with Formalin then were
washed, diluted to a no. 5 MacFarland stan-
dard, and used as antigens for immunization
of rabbits. The intravenous immunization
schedule and conjugate preparation have
been described previously.'1 The fluorescein-
to-protein ratios of all conjugates were in the
range of 3.6 to 10.3 ptg/mg.13
COLLECTION OF SAMPLES.-Plaque samples.-

Samples of plaque were collected from mul-
tiple sites and pooled to give an approximal
and an occlusal sample for each subject.'4
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The approximal sample was collected with
the aid of dental floss from the surfaces be-
tween the premolars and from between the
first and second molars of each quadrant.
Occlusal fissure samples were obtained by
means of a pointed wire. A separate wire
(1 cm) held in the middle with a hemostat,
was used to sample the fissures of a second
premolar and second molar present in each
quadrant. Each floss or wire was placed into
10 ml of a reduced transport fluid (RTF).
The samples were collected in the evening,
and were refrigerated at 4 C until they were
cultured the next day. The samples then
were sonically dispersed for 10 seconds,
serially diluted, and 0.05 ml aliquots from
over a 1,000-fold dilution range plated in
duplicate with an Eppendorf pipette onto
MMIO sucrose agar.14 The plates were in-
cubated at 37 C in an anaerobic chamber for
five to seven days and then used for the
determination of total viable count and S
mutans count. In a separate procedure, a
0.05-ml aliquot was taken from the collection
tube and inoculated into a 0.1% Trypticase,
0.05% yeast extract, 0.1% mannitol broth
(TYM broth). After overnight incubation the
growth in the TYM broth was examined for
S mutans serotypes by the direct FAT. In ad-
dition, the plaque suspension in the collec-
tion tube was concentrated by centrifugation
and smears were made of this sediment.
Thus, each fissure and approximal sample
was examined in three ways for S mutans:
serial dilution cultural method; smears of
overnight growth of plaque examined by the
direct FAT; and smears of the dispersed
plaque examined by the direct FAT. The
occlusal and approximal plaque samples
were collected before and after topical treat-
ment with acidulated-phosphate fluoride gel
(APF).14 Thus it was possible to monitor
the efficacy of the APF in reducing the levels
of S mutans by the three methods described.
Saliva samp les.-Unstimulated salivary

samples were collected from children with
ten or more carious surfaces immedately be-
fore and after one week of topical 5% kana-
mycin gel treatment.15 One-milliliter al-
iquots were added to 9 ml RTF. The sam-
ples were cultured using the same dispersion,
dilution, and inoculation methodology as de-
scribed with the plaque, except that an ad-
ditional medium, Mitis-Salivarius agar con-
taining 20% sucrose and 0.2 jug bacitracin/

ml16 but minus tellurite, also was inoculated.
The samples were processed within two to
four hours after collection. The salivary
suspension in the collection tube was con-
centrated by centrifugation, and smears of
the sediment were examined by the direct
FAT.
DIRECT FLUORESCENT ANTIBODY TEST.-

Smears of dental plaque, overnight plaque
growth in TYM broth, salivary sediment, or
the S mutans vaccines were incubated with
the working titer of the conjugated antise-
rums in a moist chamber at room temper-
ature for 30 minutes. The smears were
washed and a 1:20 dilution of chelated erio-
chrome black was left on the smears for 10
to 15 seconds, after which the slides were
rinsed with phosphate-buffered saline (pH,
7.6) and mounted in buffered glycerine. The
eriochrome black previously was shown to
essentially eliminate nonspecific fluorescence
and weak cross-reactions.11 The smears were
examined with a Zeiss GFL microscope with
an Osram 200 WV mercury vapor arc lamp
and a dark-field condenser. The optics con-
sisted of a X 40 oil immersion objective and
x 12.5 occulars. BG12 excitation and PG4I
GG4 barrier filters were used in combina-
tion. Only cells that exhibited a coccoid
morphology and a 3+ to 4+ fluorescence were
recorded as positive. In the smears made
from the concentrated plaque and saliva all
of the positive cells present in 20 to 30 high
power fields were counted, so as to provide
an estimate of the levels of S mutans in the
samples. The smears made from the over-
night plaoue cultures usuallv had too many
cells to be enumerated, and the levels of S
muwtans were simply scored as absent, few,
or too numerous to count.

Results
One or more serotypes of S mutans were

found by direct FAT in the overnight broth
cultures of approximal and occlusal plaque
(Table 1). Examination of the plaque smears
showed S mutans to be present in 100% of
the approximal samples and in 61% of the
occlusal samples. This latter percentage re-
flected an insufficient number of cells avail-
able for microscopic examination in some
occlusal samples. The culture studies showed
S mutans to be present in 72% of the ap-
proximal samples and 88%, of the occlusal
samples. S mutans averaged about 1 + 0.4%
of the total viable count in the approximal
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TABLE 1
FREQUENCY OF DETECTION OF S MUTANS BY DIRECr

FAT OR BY CULTURAL METHODS IN EITHER
APPROXIMAL OR OCCLUSAL PLAQUE

Percent Positive Detection

FAT
Cultural

Overnight Serial
Plaque Broth Dilution

Plaque Smears Growth Method

Approximal 100 100 72
Occlusal 61 100 88

samples, and about 9 + 3.0%0 in the occlusal
samples.14
The smears made of the dispersed plaque

samples showed serotype d to be the most

common serotype present. Serotype d was

found in 96% of the approximal plaques
and in 51% of the occlusal plaques (Table
2). Serotype b was found in 57% of the
approximal plaques, but only rarely detected
in the occlusal plaques. Serotype c and e

cells were not evident in any of the plaque
smears. A differen-t profile appeared when
the overnight plaque growth in TYM brotl
was examined. Serotype c was found in all
approximal plaques and in 887' of the oc-

clusal plaques (Table 2). Serotype e was

also a predominant type; it was present in
about 75%50 of both plaques. Serotype d was

still commonly found, but serotype b was

greatly reduced in occurrence. Clearly there
was a discrepancy with regard to the pres-

ence of serotype c in the smears made di-
rectly from the plaque and the overnight
broth growth of the same plaque. This can

be explained in at least two ways. The first
explanation is that serotype c was present in
such low numbers in the plaque that it could
not be detected by the direct FAT. However,
when this plaque was placed in broth, sero-

type c was able to grow out rapidly so that
now it was readily detected by the serotype c

conjugate. The alternate possibility is that
serotype c was present in the plaque in de-
tectable numbers, but was coated in such a

manner by plaque constituents that it could
not be stained by the FAT reagents. After
growth in broth, the various masking agents
(that is, immune globulins and salivary gly-
coproteins) were diluted out, and the sero-

type c cells were then stainable. These pos-

sibilities were tested in a separate experi-
ment by randomly choosing S mutans col-
onies from high dilution primary isolation
plates and subculturing them directly into
Trypticase soy broth. Over 100 such isolates
were obtained from either MMIO sucrose7
or MSB16 plates and were shown to be
mannitol-positive strains. They then were

characterized using the biochemical scheme
for S mutans serotypes proposed by Shklair
and Keene.12 Because these isolates would
reflect the predominant cultivable serotypes
of S mutans, they would not contain sero-

type c cells if the first explanation were true,
but would if serotype c cells were masked in
the plaquie, as proposed in the second ex-

TABLE 2
RELATIVE FREQUENCY OF S MUTANS SEROTYPES IN PLAQUE SMEARS

OR IN BROTH INOCULATED WITH PLAQUE AS DETERMINED
BY DIRECr FLUORESCENT ANTIBODY TEST

Serotype Strains and
Working Titers

(no. of positive samples)

b e
(FA-I c d (LM7
undi- (GS-5 (OIHI undi-

Samples luted) 1:4) 1:2) luted)

Pooled approximal plaque
Smear
Broth

Pooled occlusal plaque
Smear
Broth

Total samples (% positive)
Smears
Broth

59 0 100 24
11 48 86 35

1

8
104
57
11

0

42
48
0

100

53
60
104
96
83

0

36
48
50
75

Note:-20 to 30 high-power fields counted.
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planation. Seventy-nine percent of the iso-
lates were serotype c strains, 5% were sero-

type d strains, and 16% were serotype e

strains (Table 3). Thirty-five serotype c

strains were separately tested with the sero-

type c conjugate and 32 of those gave a 3+
or 4+ FAT reaction.
The FAT on the overnight broth cultures

provided no information on the levels of S
mutans in the plaque. For this reason, this
procedure was abandoned as a means of
monitoring whether the APF or placebo gels
lhad an effect on the levels of S mutans. Con-
current cultural studies showed that APF
treatment caused a persistent 45 to 75% re-

duction in the percentages of S mutans in
the occlusal samples.14 The number of oc-

clusal plaques that exhibited change or no

change in S mutans levels as a result of
treatment is presented in Table 4. Both the
FAT of plaque smears and the cultural data
showed the APF to decrease the levels of S
mutans in II to 14 plaque samples. In the
placebo group, the culture data demon-
strated that S mutans increased in 12 of 21
samples, whereas the FAT data showed a de-
crease in levels of S mutans. Some of the
FAT on the plaques were complicated by
the low number of bacterial cells present in
the samples.
The recent description of a selective me-

dium for S mutans16 suggested that this or-

ganism could be quantitated reliably when
present in low numbers in a sample such as

saliva. Accordingly, the levels of S mutans
in saliva were determined by both fluores-
cent microscopy and culture means. These
studies were done in conjunction with a clin-
ical trial evaluating the ability of a 5%

TABLE 3
DISTRIBUTION OF S MUTANS SEROTYPES IN

RANDOMLY CHOSEN COLONIES OBTAINED
FROM HIGH DILUTION PRIMARY

ISOLATION PLATES

Serotypes

Source c d e Totals

Schoolchildren 22 4 12 38
Pedodontic

patients 21 0 2 23
Children with
rampant-caries 42 1 4 47

Totals 85 5 18 108

4 Determined using biochemical criteria of Shklair
and Keene.12

TABLE 4
NUMBER OF FISSURE PLAQUE SAMPLES EXHIBITING
CHANGE OR No CHANGE IN LEVELS OF S MUTANS
FOLLOWING FLUORIDE OR PLACEBO TREATMENT

Treatment

Fluoride
Increased
Decreased
No change

Placebo
Increased
Decreased
No change

Total
Difference

FAT of
Plaque Smears

b d Culture

3
14
0

3
11
0

5

11
0

1
14

3

(increase minus decrease)
Fluoride -11
Placebo -1

12
8
1

21

-8 -6
-13 +4

Note: Serotypes c and e were not dear on smears.

kanamycin or placebo gel to lower or elim-
inate S mutans from the tooth surfaces of
children diagnosed as having rampant caries
(that is, >10 carious surfaces). The S mu-
tans levels immediately before and imme-
diately after one week of gel treatment were
determined. The data were expressed as the
number of saliva samples in which S mutans
increased, decreased, or did not appear to
change as a result of treatment (Table 5).
Kanamycin decreased the levels of S mutans
in most of the children, whereas these levels
tended to increase in the placebo children.
This pattern was seen both by the FAT and
culture procedures. Serotypes c and e were
discernible in the salivary smears, whereas
previously they were rarely encountered in
the plaque smears.

Discussion
Serotype c is reported to be the most prev-

alent serotype in plaque based on FATs per-
formed on plaque cultures after growth in
various broths5,8 or on FAT and biochemical
reactions of plaque isolates.9'10,12 When our
plaques were inoculated into broth, serotype
c was found in all the samples, despite the
fact that in the direct examination of the
plaque, this serotype could rarely be identi-
fied. Subsequent testing of recent isolates of
S mutans obtained from high dilution plates
showed that the overwhelming majority of
them were serotype c strains. Serotype d
strains, which were so common in the direct

J Dent Res Special Issue A
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TABLE 5
EFFECr OF KANAMYCIN OR PLACEBO TREATMENT ON LEVELs

OF S MUTANS SEROTYPES IN SALIVA

Serotypes

b c d e Culture

Kanamycin
Increased 2 2 2 1 1
Decreased 4 4 5 5 8
No change 3 4 2 1 3

Placebo
Increased 5 6 7 6 5
Decreased 3 4 6 4 2
No change 5 3 2 2 1

Difference
(increase minus decrease)
Kanamycin -2 -2 -3 -4 -7
Placebo +2 +2 +1 +2 +3

Note: Direct FAT on salivary sediment.

smears, accounted for 5% of the isolates.
This would indicate that serotype c is in
plaque in high numbers, but was not stained
by the conjugates used, even though these
conjugates were adequate to give specific re-
actions with in vitro grown serotype c
strains. This result can be interpreted as
indicating that the serotype c FAT-reactive
sites are masked in the direct plaque samples
by salivary glycoproteins, glucans, or immu-
noglobulins. The fact that only serotype c
cells seem to be affected would suggest some
type of specific masking agent such as im-
munoglobulins.
The possibility that plaque contains cocci

in high numbers which cross react with the
anti-d serum would have to be eliminated
as a cause for the high levels of serotype d
detected. The presence of serotype b cells
in plaque smears probably can be accounted
for by cross-reactions of this antiserum witl
teichoic acid containing streptococci.'7
This investigation raises questions about

the future value of the FAT in showing a
relationship between S mutans and human
decay. FATs performed on broth cultures
of plaque may be quick and adequate for
the detection of S mutans in the sample.4
However, these tests show serotype c and
may not demonstrate the other serotypes
present in the plaque. And more impor-
tantly, they provide no quantitative infor-
mation concerning the proportions or levels
of the various serotypes in the plaque sam-
ples. Quantitative information is necessarv,
because culture studies indicate that many

cariesfree individuals have detectable S mu-
tans in their saliva and in pooled plaque
samples obtained from retentive surfaces
(Table 6) .7 If plaque removed from a single
occlusal fissure is cultured, one of three S
mutans positive samples comes from a clin-
ically cariesfree surface (Table 6). Thus,
if the FAT for S mutans is designed to only
detect S mutans, the information obtained
may not have much diagnostic value. The
culture studies demonstrate a highly signif-
icant relationship between the levels or pro-
portions of S mutans and caries activity
(that is, Kruskall Wallis rank test P<0.01) .7
For this reason we chose to make the FAT
as quantitative as possible by enumerating
the levels of the various serotypes in plaque
smears. This required the selection of sam-
ples that contained enough cells to be ob-
served under the microscope and thereby
eliminated the examination of plaques re-
moved from single fissure sites because they
have only from 0.01 to 18 x 106 cells. Thus,
the plaque most associated with the disease
process could not be studied. Pooled plaque
samples obtained from retentive surfaces
contain from 2 to 111 X 106 cells per sample
and can usually be counted by microscopy,
as was done to obtain the data shown in
Tables 1, 2, and 4. However, when small
numbers are encountered, they cannot be
reliably examined by FAT. Hence, samples
containing more cells (such as pooled plaque
obtained from smooth and retentive surfaces
and saliva) should be used in a quantitative
FAT. Saliva contains about 200 to 300 X
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TABLE 6
RELATIONSHIP BETWEEN PROPORTIONAL LEVELS OF S MUTANS IN SALIVA, POOLED

PLAQUE, AND SINGLE-SITE PLAQUE AND CLINIC DIAGNOSIS OF CARIES

S mutans
S mutans account for

Not De- 1-10% >10%
Sample tected Detected of CFU of CFU

Salivat
Cariesfree
> 5 decayed teeth

Pooled Plaquet
Cariesfree
Rampant caries

Single Fissuret
Cariesfree
Carious

Note: Adapted from data presented by Loesche et al.7
* CFU is colony forming units on either MMIO sucrose or Mitis-Salivarius agar with

20% sucrose and bacitracin.
t Relationship between increasing levels of S mutans and caries activity is significant

P<0.001, Kruskall Wallis rank.

106 cells per ml, an amount that can easily
be seen under the microscope. The cultural
and FAT examination of saliva before and
after kanamycin or placebo treatment

showed similar directional changes in the
levels of S mutans, indicating that both pro-

cedures were demonstrating a reduction in
S mutans level by the kanamycin treatment

(Table 5). These quantitative FATs re-

quired the counting of 20 to 30 microscopic
fields of each sample for each of the five
serotypes. This required a considerable
amount of time and antiserums. If certain
serotypes, such as serotype c, cannot be vis-
ualized in these smears, and this serotype is
the dominant one in plaque, then the FAT
on plaque samples provides inadequate qual-
itative information. Because the FATs per-

formed on broth do not provide quantitative
information, it appears at this time that the
exclusive use of FATs for diagnosis of S mu-

tans in oral samples is premature.
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