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Summary—The presence of Streptococcus mutans in dental plaque may be related to
human dental caries. The cultural identification of this organism in plaque is not likely
to be used routinely in a clinical or epidemiological situation. In an effort to develop a
simpler diagnostic means of identifying Strep. mutans in plaque, antisera were prepared
for the 5 known serotypes of Strep. mutans. These immune sera were conjugated with
fluorescein isothiocyanate, fractionated to obtain the gamma globulin and titrated
against their homologous antigens to obtain working titres. These antisera were com-
pared with cultural methods for their ability to detect Strep. mutans in plaque samples.
Nonspecific fluorescent antibody reactions and weak cross-reactions were essentially
eliminated by applying eriochrome black as a counterstain, after plaque and conjugated
antiserum had been incubated. The results suggest that the fluorescent antibody is more
sensitive than cultural methods in the detection of Strep. mutans in dental plaque.

INTRODUCTION

Streptococcus mutans is capable of causing caries in hamsters (KEYEs, 1968), germfree
rats (GIBBONS ef al., 1966) and monkeys (BOWEN, 1969). This organism can be isolated
from humans with active caries (ZINNER et al., 1965 ; GIBBONS ef al., 1966; KRASSE et al.,
1968 ; DE STOPPELAAR, VAN HOUTE and BACKER-DIRKS, 1969 ; LITTLETON, KAKEHASHI
and FITZGERALD, 1970a). Several clinical studies using either cultural or fluorescent
antibody reagents have attempted to associate Strep. mutans with human caries.
KRrassE et al. (1968) found significantly higher Strep. mutans levels in plaque removed
from individuals with active caries than in plaque removed from subjects diagnosed
as caries inactive. DE STOPPELAAR et al. (1969) reported a positive correlation between
the presence of Strep. mutans in plaque samples obtained from the buccal smooth
surface of the lower right second molar and caries of that surface. LITTLETON et al.
(1970a) found the levels of Strep. mutans in plaque samples to be greater in boys
with unrestored carious lesions. In plaque samples taken from over a carious lesion,
Strep. mutans accounted for about 41 per cent of the colonies on mitis-salivarius
agar, where as, in plaque taken from noncarious teeth in the same mouth, Strep.
mutans averaged only 1 per cent of the colonies (LiTTLETON, KAkEHASHI and Firz-
GERALD, 1970b).

Cultural studies are time consuming and subject to many variables as the samples
are usually collected and stored for varying periods of time prior to dispersion and
plating on mitis-salivarius agar (JORDAN, ENGLANDER and LM, 1969). ZINNER and
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JABLON (1968) have adapted the fluorescent antibody technique (FA) for the detection
of Strep. mutans in plaque samples. This procedure has been used to demonstrate
the occurrence of various Strep. mutans serotypes in clinical specimens (ZINNER and
JABLON, 1967; DUANY, ZINNER and JABLON, 1970). However, the interpretation of the
results is hampered by cross-reactions between cariogenic and non-cariogenic strains
(ZInNER and JABLON, 1968). BRATTHALL (1970) has separated Strep. mutans into 5
serotypes and has described an absorption scheme which eliminates most of the non-
specific cross-reactions between these serotypes (BRATTHALL, 1972a).

In the present investigation concurrent cultural and FA studies were performed on
plaque samples to compare their ability to detect Strep. mutans. Nonspecific FA
reactions with unrelated antigens and cross-reactions of heterologously related
antigens were essentially eliminated by using an eriochrome black counterstain.

MATERIALS AND METHODS

Strains

The strains of Strep. mutans employed were obtained from Dr. L. A. Thomson and are listed in
Table 1. These strains were grown in a combination of half strength Spirolate broth (Bioquest) and

TABLE 1. STRAINS OF STREPTOCOCCI USED IN THIS INVESTIGATION. Sfrep. mutans LISTED
ACCORDING TO THE BRATTHALL SEROTYPES (1970)

Strep. mutans strains witlt ¢ antigen
AHT ZINNER et al. (1965)
E49 FIrzZGERALD and KEYES (1960)

Streﬁmulans with b antigen
BHT ZINNER et al. (1965)
Fa-l1 F1rZGERALD, JORDAN and STANLEY (1960)

Strep mutans with ¢ antigen
GS5 GIBBONS et al. (1966)
10449 EDWARDSSON (1968)
Ingbritt KRASSE (1966)

Stref. mutans with d antigen
OIHI CARLSSON, SODERHOLM and ALMFELDT (1969)

Streﬁ/.I mutans with e antigen
LM7 GIBBONS ef al. (1966)

Other Streptococci:

Strep. sanguis ATCC* 10556
Strep. salivarius HHT ZINNER e! al. (1965)
Beta haemolytic Group A strep. Clinical isolate

St. Joseph Mercy Hospital, Ann Arbor, Michigan

* ATCC: American Type Culture Collection, Rockville, Maryland

half strength Brain Heart Infusion broth (Bioquest) to which 0-5 per cent yeast extract was added.
After 48 hr growth, the cells were harvested by centrifugation. About 125 ml of 0-4 per cent formalized
saline was added to the packed cells, followed by further incubation at 37°C for 2 days with inter-
mittent shaking. The cell material was then washed 3 times by centrifugation using normal saline,
diluted to a No. 5 MacFarland standard and merthiolate added at a concentration of 1-10,000. These
preparations were used as antigens for immunization.

Immunization schedule

The antigen suspensions were inoculated intravenously into 5-6 1b rabbits on the following schedule:
day 1, 0-5 ml; day 4, 1 ml; day 7, 1-5 ml; day 10, 2:0 ml; day 13, 2-5 m! and day 16, 3-0 ml of the
antigen suspension. Animals were exsanguinated 6-7 days after the last inoculation and the serum
separated from the clot by centrifugation. This crude antiserum was then ready for conjugation.

Conjugate preparation

Initial precipitation of the globulins was accomplished by mixing equal parts of the serum with
cold saturated (NH,),SO, and allowing this mixture to stand overnight at 4°C. The precipitate was
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harvested by centrifuging in the cold at 10,000 rev/min for 30 min. The precipitate was redissolved in
0-85 per cent saline and if any colour was apparent, reprecipitation with (NH,);SO, and recentrifuga-
tion was carried out immediately. If reprecipitation was not necessary, the solution was dialyzed
overnight at 4°C in buffered saline (pH 7-6) to remove sulphate ions.

Conjugation was done by the method of MARSHALL, EVELAND and SMrTH (1958) modified by using
0-025 mg of fluorescein isothiocyanate per mg protein. This mixture was stirred overnight at 4°C and
then dialysed in phosphate buffer (pH 6-3) overnight at 4°C. The conjugated proteins were then
passed through a DEAE column (RiGGs, Lon and EVELAND, 1960) and the fractions containing the
purified gamma globulin collected and dialysed overnight in phosphate buffered saline (PBS) (pH
7-6-7-8). Each conjugated antiserum was titrated with its homologous antigen and the highest dilution
of antiserum giving a 4+ reaction was the working titre used in the fluorescent antibody tests. The
fluorescein to protein ratios of all conjugates were checked by the method of WeLLS, MILLER and
NADEL (1966), and were found to be in the acceptable range of 1-5 to 4:0 molar ratio (GOLDMAN,
1968).

Fluorescent antibody staining

Smears of either dental plaque or the antigen suspension were incubated with the working titre
of the conjugated antiserum in a moist chamber at room temperature for 30 min. Initially, the smears
were rinsed with PBS, mounted in buffered glycerine (pH 7-6) and examined with a Zeiss GFL
microscope with a Osram 200 W mercury vapour arc lamp and a dark field condenser. The optics con-
sisted of a x40 oil immersion objective and x 10 occulars. The following filters were used: excitation
filter BG12, barrier filters 0G4/GG4 in combination. In later experiments, a counterstain was applied
to provide a contrast between the FA-stained cells and the non-FA-stained cells. A 1:20 dilution of
aluminium chelated eriochrome black (HALL and HANSEN, 1962) was left on the smears for 10-15 sec
after which time the slides were rinsed with PBS and distilled water before being mounted. Usually
4 different plaque smears were placed on a slide to be stained with each conjugated antiserum.

The intensity of fluorescence was recorded by the symbols recommended by Mooby, ELuis and
UpDYKE (1958). Photomicrographs of suitable smears were taken using Anscochrome 200 film (ASA
200-24 DIN) with an exposure time of 50-60 sec.

Collection of plaque samples

Samples of plaque to be used for the FA study were collected from the mandibular right premolar
and molar teeth of 14 to 16-yr-old boys. A Stimudent tooth pick was used to remove buccal and
approximal plaque. The tooth-pick was then placed in a small vial containing 1-2 ml of a reduced
transport fluid (RTF) (LoescHg, Hockert and SYED, 1972). The RTF-plaque suspensions were gently
dispersed by agitation with capillary pipettes. The suspensions were smeared on glass slides and heat
fixed. If the FA tests could not be done immediately, the slides were stored in the freezer.

Samples of plaque to be cultured were collected by passing sterile unwaxed dental floss ap-
proximally between the distal of the mandibular left second premolar and the mesial of the mandibular
left 1st molar. The floss carrying the plaque sample (approximately 1 in. in length) was introduced
into a tube containing 10 ml of the RTF. These tubes were returned to the laboratory where the
plaque samples were dispersed by sonifying for 10 sec at the highest intensity provided by a Model
W185D Sonifier (Ultra Sonic Inc.) equipped with a microtip. The dispersed plaque suspensions were
serially diluted and 0-05 ml aliquots of appropriate dilutions were plated on MM10-5 per cent
sucrose medium. This medium is a modification of the M10 medium of CALDWELL and BRYANT
(1966) in which the volatile fatty acids were omitted and various nutrients known to be required by
certain members of the oral flora were provided (LOESCHE et al., 1972). When 5 per cent sucrose is
added to this medium, polysaccharide-forming colonies such as Strep. mutans, Strep. sanguis and
Strep. salivarius are readily recognizable (LoescHe and Syep, 1973). The inoculated plates were
incubated at 37°C in an anaerobic glove box (ARANKI et al., 1969) for 7 days and then used for
determination of total viable counts and Strep. mutans counts.

RESULTS
The working titres for the various conjugated antisera ranged from undiluted to
1:16 dilutions for the AHT strain of Strep. mutans and for the Strep. salivarius
preparation (Table 2). When unabsorbed conjugated antisera were tested against the
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streptococcal vaccines, the homologous strains exhibited a strong 3+ or 4+ reaction
(Table 2). Many weak and moderate cross-reactions occurred between the hetero-
logous strains. Within the Strep. mutans serotypes, strong cross-reactions were
observed between strain OIHI (serotype d) and strain AHT (serotype a). Also the
LM7 conjugate (serotype ) showed strong reactions with serotype ¢ strains.

Undesirable cross-reactions can be minimized by prior absorption of the antisera
with the cross-reacting antigens (BRATTHALL, 1972a). A simpler procedure might be
the use of a counterstain. In our experience, when smears were stained with eriochrome
black after a specific reaction had occurred, cross-reactions did not manifest them-
selves. Thus, when the same unabsorbed conjugated antisera were retested against the
five Strep. mutans serotypes and other oral streptococci, and then counterstained with
eriochrome black, only green fluorescence of the homologous strains were observed
(Table 3). The only exception was a 3-- reaction between AHT (serotype a) and the
closely related OIHI (serotype d) (BRATTHALL, 1970).

In epidemiologic surveys FA reagents have been used to determine the presence
of Strep. mutans in plaque samples that have been incubated for varying periods of
time in growth media (ZINNER and JABLON, 1968; DUANY et al., 1970; BRATTHALL,
1972b). The plaque growth is harvested by centrifugation and the sediment is stained
with the appropriate FA reagents. In the present investigation, Strep. mutans was
sought directly in plaque taken from various sites in the oral cavity by both FA
methods and quantitative bacteriological culturing procedures.

The FA method showed that all the plaques sampled contained cells which gave
a 4} reaction with serotypes a and d antisera (Table 4). Serotype b cells were present
in 74 per cent of the plaques; serotype c cells in only 8 per cent and serotype e was
not detected. Positive results were reported only if morphologically identifiable cocci
showed immunofluorescent staining. Clinical samples might show nonspecific staining
on yeast cells, fungal or cellulose fragments and the nuclear material of leucocytes.
Cultural methods showed that a single, approximal plaque from a different site in
the same mouth at the same time was positive for Strep. mutans in 29 of 48 sub-
jects. In the plaques positive for Strep. mutans, this organism accounted for 8-1 per
cent of the total colony-forming units (CFU) on the non selective MM10 sucrose
medium.

DISCUSSION

Both cultural and FA methods will permit the detection of Strep. mutans in plaque
samples. Of the two procedures, the FA method might be the easiest to adapt to
epidemiological studies and eventually to clinical diagnosis. Killed vaccines of Strep.
mutans produced by conventional immunological procedures are apparently not
capable of eliciting high titred antisera in rabbits. However, the fractionation pro-
cedure in which conjugates were passed through a DEAE column have reduced the
titres somewhat, by removing much of the nonspecific material as well as the un-
reacted dye. As seen in Table 2, most of the positive (2-} or 3+4) cross-reactions
occurred with the Strep. mutans serotypes, while very few occurred between the
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TABLE 4. DISTRIBUTION OF Strep. mutans SEROTYPES IN A GROUP OF NORMAL BOYS PRONE TOQ CARIES

Serotype and strain Cultural
a b ¢ d e
AHT Fa-1 GS 5 or 10449 OIHI LM 7
51%/51¢ 38/51 2/24 43/43 0/43 29/48
1009 74% 8% 1007, 0% 60

* Number of plaque samples with 4 + F.A. reactions.
1 Number of plaque samples tested.

different species. The conjugated pooled normal rabbit sera gave only a 2+ reaction
with Strep. sanguis.

ZINNER and JABLON (1968) attempted to eliminate these undesirable cross-reactions
by absorption with known cross-reacting antigens, but found that the resultant sera
were too weak to be effective. BRATTHALL (1970) demonstrated the presence of at
least five Strep. mutans serotypes. In subsequent studies, he developed serotype
specific sera by absorbing each antisera with one or more Strep. mutans strains
(BRATTHALL, 1972a, 1972b). Nonspecific reactions due to conjugated normally
occurring antibodies were avoided by treating all conjugated antisera with either
Streptococcus pyogenes NCTC strain 8198 or with three unconjugated normal sera.
The cross-absorption schemes proposed by Bratthall provide a means of obtaining
specific sera against the various Strep. mutans serotypes. In our experience, these
cross-absorptions require time, consume considerable amounts of the antisera and
may weaken the homologous reactions.

These difficulties seem to be overcome by the use of the eriochrome black counter-
stain. It eliminated most of the nonspecific reactions which occurred between Strep.
mutans and the other streptococcal species tested. The mode of action of the eriochrome
black in this phenomenon is not known. It may either mask low fluorescent staining
antibodies or displace them from the cell surface. The masking hypothesis would
suggest that weak fluorescent reactions were reduced by an overlay of the counter-
stain, whereas strong reactions could not be overwhelmed in this manner although
they may be diminished somewhat in intensity. It seems unlikely that the eriochrome
black can completely mask a 3-- nonspecific reaction and at the same time only
dull a 34 specific reaction, as was seen with the serotype e conjugate (Tables 2 and
3). Another explanation might be that the nonspecific antibodies are loosely bound
to the cell surface and can be removed by the counterstain. The specific antibodies
could be tightly bound to the cell surface and consequently not removed. This hypo-
thesis would explain the ability of the serotype e conjugate to give specific staining
in the presence of the counterstain (Table 3). Further support for this view is the fact
that pretreatment of cells with eriochrome black prevents any subsequent staining with
specific antibody. This is interpreted to mean that the entire cell surface has been cov-
ered with eriochrome black and that no sites are then available for antibody reactions.

Some attempts were made to reduce nonspecific reactions by using pooled normal
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rabbit sera as a blocking reagent before applying a fluorescein conjugated antiserum.

This orocedure did enhance specific reactions by reducineg the backeround
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staining, but the colour contrast was very poor as compared to slides with the counter-
stain. Blocking seemed to be unnecessary with the counterstain.

In the present investigation the FA reagents showed one or more serotypes of
Strep. mutans in all of the subjects sampled. Serotype a, d and b were most common.
Serotype ¢ was rarely found and serotype e could not be detected. The occurrence of
serotype a in this population may be artificially high because an AHT conjugate was
used. This conjugate cross-reacts with serotype 4 and was the only example found in
which the eriochrome black did not give serotype specific fluorescence. However, a
conjugate made against strain E49, another serotype a strain, did not cross-react with
serotype d in the presence of eriochrome black. Several smears were stained with
AHT, E49 and OIHI FA conjugates. No cells stained with E49 whereas the eight
plaques tested were all positive for AHT and O1H1. This would suggest that serotype a
was not present and that serotype d was the most common serotype in our popula-
tion. BRATTHALL (1972b) also found serotype d to be widely distributed.

The FA method detected Strep. mutans in all the subjects, whereas the cultural
methods showed Sirep. mutans in only 60 per cent of the subjects. This difference in
detection may be attributed to one or more reasons. Different sites in the same mouth
were sampled. It is possible that Strep. mutans was not present in the single ap-
proximal site to the extent that it was present in the larger number of sites sampled
for the FA measurement. If Strep. mutans was present in the cultured site, its numbers
may have been so low that they were diluted out during plating beyond the point
where detection was possible. The dilution range in which the plaques were cultured
would permit the detection of one Strep. mutans colony in a population of 200-500
CFU. When the plaques were examined by FA methods, more than 1000 cells or
potential CFU were screened. Thus with highly specific FA reagents, the FA pro-
cedure would be more sensitive. Another explanation for the differences in detection
is that the culturing procedure will only measure viable bacteria, whereas the FA
reagents will stain both the viable and nonviable cells originally present. The plaque
samples were collected in the RTF which appears to be as good, if not better, than
the VMG or SBL transport media in the preservation of Strep. mutans (RUNDELL
etal., 1972; Syep and LoESCHE, 1972). However, none of the transport media currently
available maintain the viability of all cells once they are removed from their natural
environment, so some Strep. mutans cells probably became nonviable in the time
between collection and actual plating of the sample which in the present study was
about 12-15 hr.

A most serious objection would be that the greater percentages found by the
FA methods were due in part to cross-reactions of some Strep. mutans antisera, i.e.
a and d, with non-mutans organisms. It was the purpose of this paper to show that
this possibility can be minimized, if not eliminated, by the use of the eriochrome black
counterstain.

Further studies are necessary in order to resolve these differences between cultural
and FA methods in the detection of Strep. mutans.
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Résumé-—La présence du Streptococcus mutans dans la plaque dentaire pourrait étre ap-
parentée aux caries dentaires humaines. L’identification des cultures de cet organisme
dans la plaque ne sera pas utilisée couramment dans une situation clinique ou épidémio-
logique. Dans un effort de développer un moyen de diagnostique plus simple pour
identifier le Strep. mutans dans la plaque, on a préparé des antisérums pour les 5 sérotypes
connus de Strep. mutans, Ces sérums immuns ont été conjugués avec ’isothiocyanate de
fluorescéine, fractionnés pour obtenir la gamma globuline et titrés contre leurs antigénes
homologues, pour obtenir des titres actifs. Ces antisérums ont été comparés avec des
méthodes de culture pour leur capacité de détecter le Strep. mutans dans les échantillons
des plaques. Les réactions des anticorps fluorescents non spécifiques et les réactions
croisées faibles furent essentiellement éliminées en appliquant le noir eriochrome comme
contre-colorant, aprés l’incubation de la plaque et des antisérums conjugués. Ces
résultats suggérent que I'anticorps fluorescent est plus sensible que les méthodes de
culture pour la détection du Strep. mutans dans la plaque.

Zusammenfassung—Das Vorhandensein von Streptococcus mutans in Zahnbelag kann
beim Menschen auf Zahnkaries zuriickgefiithrt werden. Es ist nicht anzunehmen, dass
die Kulturidentifizierung von diesem Organismus in Zahnbelag normalerweise in einer
klinischen oder einer epidemiologischen Situation benutzt werden wird. Um ein ein-
facheres diagnostisches Mittel zur Feststellung des Streptococcus mutans in Zahnbelag zu
entwickeln, wurden fiir die 5 bekannten Serumtypen des Strep. mutans Antiseren pri-
pariert. Diese immunen Seren wurden mit Fluoreszinisothiocyanat gepaart, was in Teile
aufgespalten wurde, um Gammaglobulin zu erhalten und gegen igre homologen Antigene
titriert, um Betriebstiter zu erhalten. Diese Antiseren wurden mit Kulturmethoden in
Bezug auf ihre Fahigkeit verglichen, Strep. mutans in Zahnbelagproben zu ermitteln.
Nicht spezifische fluoreszierende Antikorperreaktionen und schwache Kreuzreaktionen
wurden im wesentlichen durch Eriochromschwarz als eine Gegenfirbung eliminiert,
nachdem Belag und gepaarte Antiseren die Inkubationszeit durchgemacht hatten. Die
Ergebnisse zeigten, dass der fluoreszierende Antikérper bei der Feststellung von Strep.
mutans im Zahnbelag empfindlicher ist, als Kulturmethoden.
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