
VARIATIONS IN THE MICROFLORA OF DENTAL PLAQUE AT 

DEFINED SUB-SITES ON APPROXIMAL TOOTH SURFACES

A THESIS SUBMITTED IN FULFILMENT OF THE DEGREE 
OF DOCTOR OF PHILOSOPHY, UNIVERSITY OF LONDON

KABOUTAR GHOLAMI BABAAHMADY 
B. Sc (JODISHAPOUR, IRAN), M. Phil. (WALES, UK)

1995

DEPARTMENT OF PERIODONTOLOGY 
EASTMAN DENTAL INSTITUTE 

LONDON WCIX 8LD

DEPARTMENT OF ORAL MEDICINE AND PATHOLOGY 
UNITED MEDICAL AND DENTAL SCHOOLS 

GUY’S AND ST THOMAS’ HOSPITALS 
LONDON SEl 9RT

-j?



ProQuest Number: 10045494

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest.

ProQuest 10045494

Published by ProQuest LLC(2016). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.

Microform Edition © ProQuest LLC.

ProQuest LLC 
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106-1346



Abstract

Dental caries is most prevalent in sites which retain plaque. Environmental conditions vary 

markedly over such caries-prone sites (e.g. fissures and approximal surfaces), and this may 

influence the distribution and levels of the predominant bacteria. The primary aim of this 

study was to compare the microflora of plaque from discrete, small sub-sites around the. 

contact area on approximal surfaces of clinically sound teeth extracted for orthodontic 

reasons. The study was divided into three main sections:

1) Investigation of the distribution and composition of the microflora in approximal 

surface gingival margin plaque. Small plaque samples were removed from three sub-sites, 

away from (A), to the side of (S), and below (B) the contact area of clinically sound 

approximal surfaces. An average of 7-9 species were cultured from each plaque sample, 

but the species recovered varied between the sub-sites. The isolation frequency and 

proportions of S. mutans and Veillonella spp. were significantly higher at sub-site B.

2) A comparison of culture and immunofluorescence methods of bacterial detection. The 

use of immunofluorescence for identification proved to be a more rapid alternative to 

culture techniques. Both S, mutans ’c’ and S. sobrinus’d’ showed a site preference in the 

order of B>S>A. An overall positive association was found between the presence of S. 

mutans ’c’ and S. sobrinus ’d’, and between mutans streptococci and lactobacilli. The 

results of the culture study were compared with those of immunofluorescence from the 

same samples, and the latter proved to be a more feasible method than conventional 

culture techniques.

3) Comparative analysis by restriction fragment length polymorphism (RFLP) of S. mutans 

’c’ and S. sobrinus ’d’, and between S. oralis, S. mitis I and S. mitis II in order to 

improve discriminations among these species. Type strains and representative clinical 

isolates were compared for heterogeneity, 16s ^RNA genes from these species were 

amplified by the polymerase chain reaction and digested with restriction enzymes and the 

fragments separated by agarose gel electrophoresis. The restriction patterns obtained for 

S. mutans could be used to differentiate this species from other streptococci in human 

dental plaque. For other streptococci tested, the restriction profiles were similar with the 

exception of S. mitis I and II.
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CHAPTER ONE 

GENERAL INTRODUCTION AND LITERATURE REVIEW

1.1 Introduction

Dental caries remains a public health problem in western societies and is an increasing 

problem in developing countries (Johnson 1991). Over many centuries numerous theories 

concerning the aetiology of dental caries have been proposed, of which perhaps the most 

widely accepted was tooth worm (according to a cuneiform clay tablet in the British 

Museum, dated from 4000 B.C., Levine 1977). More than one hundred years ago, the 

chemico-parasitic theory (Miller 1890) proposed that dental caries was caused by 

demineralisation of enamel as a result of acid production from bacterial activity. This 

basic concept has remained essentially unchanged from Miller’s time, but the search has 

since continued for specific micro-organisms responsible for dental caries.

The present pattern of caries incidence shows that coronal decay is still primarily a 

disease of young children. While extensive data are available on caries in children, little 

is known about trends in adults (Johnson 1991). Some studies have reported an increase 

in root caries, which is characteristically a disease of the elderly (Mandell 1985). A great 

concern at present is the possibility of a vast expansion in the incidence of dental caries 

in many parts of the third world due to increased access to processed food and sucrose. 

According to the World Health Organization Data Bank, countries that have shown 

dramatic rises in caries incidence in 12 year old children include Chile, Mexico, Iran, 

Jordan, Morocco, India, Indonesia, and the African continent (World Health Organization 

1989). Some 3700 million people (74% of the world population, rising to 79% by the year 

2000) live in such countries (Sreebny 1982, Mandell 1985).

1.2 Microbial ecology of the mouth

More than three hundred bacterial species are found in the oral cavity (Moore 1987). The 

oral cavity presents a series of distinct environments, each of which may be suitable for
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colonisation by different species (Hardie and Bowden 1974). The composition of the 

microflora varies from site to site because of the range of micro-environments in the 

mouth. Variation may occur in the microbial composition of plaque on different surfaces 

of the same tooth, and on the same surface both between and within mouths. The 

microbial composition of plaque may also change with time at the same site (Marsh and 

Martin 1992).

1.3 Factors affecting the distribution of the oral flora

Colonization and growth of micro-organisms in the mouth are dependent on several 

factors and some of them are discussed here.

1.3.1 Temperature

Bacterial metabolism and enzyme activity are dominated by temperature. Other significant 

environmental factors, such as pH, ion activity, aggregation of macromolecules and the 

solubility of gases may also be affected by temperature. The temperature of the mouth is 

approximately 36°C, and this is optimal for the growth of a wide range of micro

organisms (Marsh and Martin 1992).

1.3.2 Redox potential

The majority of the oral microflora are either facultative or obligate anaerobes. Oxygen 

concentration is considered the main factor limiting the growth of obligately anaerobic 

bacteria. Oxygen can raise the redox potential and become an inhibitor. However, some 

species can survive high concentrations of oxygen if Eh is sustained at low levels. In 

general, the distribution of anaerobes in the mouth will be related to the redox potential
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at a particular site.

The redox potential has been shown to fall during plaque development on clean enamel 

surfaces (Ritz 1963). This is associated with a specific succession of micro-organisms. 

Early colonizers will utilize O2  and produce CO2 ; later colonizers may produce H2  and 

other reducing agents, such as sulphur-containing compounds and volatile fermentation 

products. Thus, the Eh may be gradually lowered during plaque formation making it 

suitable for the survival and growth of a changing pattern of organisms.

Variations in Eh are found in the gingival crevice in health and disease, and also at the 

same site in different subjects (Kenney and Ash 1969). Approximal areas (between teeth) 

would be expected to have a relatively low Eh because of the prevalence of anaerobes 

although values for the redox potential at these sites have not been reported. It is 

anticipated that gradients of O2  and Eh will exist in the mouth, particularly in plaque. 

Thus, plaque will be suitable for the growth of bacteria with a range of oxygen tolerances. 

Modifications to the habitat that disturb such gradients may influence the composition of 

the microbial community. Similarly, the metabolism or properties of particular bacteria 

might be influenced by the Eh of the micro-environment.

1.3.3 pH

Many micro-organisms are sensitive to an excess of acid or alkali, and a pH around 

neutrality is required for their growth. The pH of most surfaces of the mouth is affected 

by saliva (Mandel 1987). The mean pH of unstimulated whole saliva is in the range 6.7-

7.5 (Nikiforuk 1985) so that, in general, optimum pH values for microbial growth will be
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provided at sites bathed by this fluid. Bacterial population shifts within the plaque 

microflora can occur following marked fluctuations in environmental pH. After sugar 

consumption, the pH in plaque can fall rapidly to below pH 5.0 by the production of acids 

(predominantly lactic acid) by bacterial metabolism; the pH then recovers slowly to the 

baseline value (Schachtele and Jensen 1982).

Many of the predominant bacteria of dental plaque associated with healthy sites can 

tolerate brief conditions of low pH (for review see van Houte 1980), but are inhibited or 

killed by more frequent or prolonged exposure to acidic conditions. Few oral bacteria are 

able to tolerate acidic conditions for a long time, but mutans streptococci and lactobacilli 

are not only able to remain viable at low pH, but are able to continue to metabolize and 

multiply, albeit slowly (Donoghue and Newman 1976). Therefore, the microbial 

composition of a given micro-environment could be dependent on pH and vice-versa.

The end products of sugar fermentations by such streptococci and lactobacilli at neutral 

pH are acetic and formic acids, but at acid pH is almost entirely lactic acid (de Ley 1962). 

Such changes in bacterial metabolism could lead to increased acid formation and dental 

caries. In contrast, the pH can become more alkaline during the host inflammatory 

response in chronic inflammatory periodontal disease (Eggert et al. 1991).

1.3.4 Nutrients

A microbial community is reliant on its habitat for the nutrients essential for the growth 

of its constituent species. Therefore, the existence of an organism in a given habitat is 

direct evidence that all of the necessary nutrients required for growth are present. The
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reason that the mouth can support many nutritionally-demanding bacteria is due to the 

provision of endogenous or exogenous nutrients.

a) Endogenous nutrients

These are nutrients provided directly by the host. The main oral sources of endogenous 

nutrients are saliva and gingival crevicular fluid (GCF). Saliva contains amino acids, 

peptides, proteins, vitamins, gases and glycoproteins. De Jong et al. (1984) have shown 

that saliva is a complete, carbohydrate-limited growth medium for oral Streptococcus spp. 

and for Actinomyces viscosus.

GCF contains albumin and other host proteins and glycoproteins, including haemin- 

containing molecules (Cimasoni 1983). GCF is one of the factors that may be uniquely 

available to the microflora of the gingival crevice compared with other oral sites.

b) Exogenous nutrients (diet)

From the complex array of foodstuffs in the diet, only fermentable carbohydrates have 

been found to have a significant influence on the ecology of the mouth.

Carbohydrates can be readily broken down to acids; in addition, sucrose can be converted 

into two main classes of polymers, glucans and fructans, which can serve to consolidate 

bacterial attachment to the teeth or may act as extracellular nutrient storage compounds, 

respectively. The frequent consumption of fermentable dietary carbohydrate is associated 

with a decrease in plaque pH (Firestone 1982), and may cause shifts in the proportions 

of the microflora of dental plaque. Bradshaw et al. (1989) showed that the mechanism was 

the low pH rather than the availability of sugar per se.
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The influence of carbohydrates on flora was demonstrated clearly by Huxley (1973). 

During a dietary carbohydrate-free period of 17 days, the percentage of S. mutans in the 

total cultivable flora decreased to a very low or undetectable level, while simultaneously 

the percentage of S. sanguis increased. Similarly, several comparable studies have reported 

a rise in the proportions of S. mutans and Lactobacillus spp. with a reduction in S. sanguis 

following a rise in the intake of sucrose. This is accompanied by a simplification of the 

metabolism of plaque from a heterofermentative pattern to one where most carbohydrate 

is converted to lactate (de Stoppelaar et al. 1970, Minah et al. 1985, Bradshaw et al. 

1989).

1.3.5 Adhesion

For successful colonization, populations must first adhere to, and be retained at a surface 

and then be able to multiply (Gibbons and van Houte 1973, 1980, Gibbons 1980). Cell 

surface molecules on bacteria, known as adhesins, are thought to interact with specific 

receptors on the substrate surface.

Lipoteichoic acid is one well recognised non-specific factor promoting bacterial adhesion 

(Alkan et al. 1977, Ofek and Beachey 1980). Adhesive properties have been associated 

with various streptococci that colonise tooth surfaces (Gibbons and van Houte 1980).

Adhesins which are important for the interaction of S. mutans with the acquired enamel 

pellicle have not been found in S. sobrinus (Gibbons et al. 1986). S. sobrinus can adhere 

to surfaces when sucrose is present. Many species are known to attach avidly to saliva- 

treated hydroxyapatite, which showed different numbers of binding sites for each species.
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It seems likely that bacteria interact with different receptors within the pellicle (Clark et 

al. 1978, Liljemark and Schauer 1977, Liu et al. 1991). Such interactions may involve 

sialic acid-reactive streptococcal adhesins (Levine et al. 1978, Liljemark et al. 1989, 

Demuth et al. 1990a, b) other adhesins for proline-rich proteins (Gibbons et al. 1991, 

Ligtenberg et al. 1992) and lectins, i.e. non-antibody proteins that bind specifically to 

sugar moieties (Cisar et al. 1985). Oral bacteria often attach to surfaces by specific 

adhesion appendages, known as fimbriae and fibrils (Handley 1990).

1.3.6 Host defences

The host has a number of defence mechanisms which play an important role in 

maintaining the integrity of the oral surfaces. The defence system is divided into specific 

(acquired) and non-specific components which are maintained by immune and innate 

factors, respectively. Innate factors are always present and their functions are independent 

of the type of foreign bodies that invade the system. The immune factors are raised when 

they are needed, and their actions are specific and depend on the type of foreign body 

(antigen) which has invaded the system. Defence factors are listed in Table 1.1.

1.3.7 Antimicrobial agents and inhibitors

The mouth is challenged regularly with modest concentrations of antimicrobial agents and 

inhibitors (Addy et al. 1990). Antimicrobials are delivered mainly from toothpastes 

(dentifrices) and mouthwashes (Gjermo 1989), while many natural inhibitors such as 

lactoferrin (Cole et al. 1981), lysozyme (Tortosa et al. 1981, Pollock et al.1981, 1987), 

salivary peroxidase (Tenovuo et al. 1985, 1986, Carlsson 1987) and sialic acid (McBride 

and Gisslow 1977) are present in saliva. Jalil et al. (1993) studied the association between
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Table 1.1 Specific and non-specific host defence factors of the mouth. 

Defence factor Main function

Non-specific
Normal flora

Saliva flow

Mucins/agglutinins

Lysozyme-protease-anion system

Lactoferrin

Apo-lactoferrin

Sialoperoxidase system

Histidine-rich peptides 

Specific
Intra-epithelial lymphocytes

Langerhans cells 

sIgA

IgG, IgA, IgM

Complement

Neutrophils/macrophages

Preventing the growth of pathogenic 
micro-organisms

Physical removal of micro-organisms

Physical removal of micro-organisms

Cell lysis

Iron sequestration

Cell killing

Hypothiocyanite production (neutral pH) 
Hypocyanous acid production (low pH)

Antibacterial and antifungal activity

Cellular barriers to penetrating bacteria and/or 
antigens

Antigen-presenting cell*

Prevents microbial adhesion and metabolism

Prevent microbial adhesion; opsonins; 
complement activators

Activates neutrophils

Phagocytosis

* Roitt et al. 1985
Modified after Marsh and Martin (1992).

are present in saliva. Jalil et al. (1993) studied the association between the concentration 

of some of these salivary factors, plaque accumulation and gingival inflammation in 

children. They found that thiocyanate concentration indirectly and lysozyme concentration 

directly were related to the amount of plaque and gingival inflammation. Fluoride is
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present in most toothpastes and, although its primary beneficial anti-caries action is due 

to its incorporation into enamel and its influence on remineralization, it can inhibit 

bacterial metabolism, particularly glycolysis, even at low concentrations, especially under 

acidic conditions (Hamilton and Bowden 1988, Bradshaw et al. 1990, Li and Bowden 

1994).

1.4 The normal oral flora

The normal oral microflora of humans includes bacterial species capable of colonising the 

oral cavity as their primary habitat and subsequently of establishing themselves as 

common residents of the mouth. Over 325 species of micro-organism have been isolated 

from the mouth (Moore 1987), including Gram-positive and Gram-negative bacteria (Table 

1.2), mycoplasmas, yeasts and protozoa (Theilade 1989).Over recent years, numerous 

taxonomic studies have resulted in major changes in the nomenclature of most oral 

bacteria. This can cause difficulties when attempting to compare studies in which different 

taxonomic schemes have been used. Consequently, throughout this thesis, the original 

names of micro-organisms used prior to the recent reclassification will be cited to avoid 

confusion.

1.4.1 Actinomyces

The oral cavity of man and animals is the principal natural habitat of the genus 

Actinomyces’, species of actinomyces can be isolated from dental plaque, calculus and 

saliva (Schaal 1986).

Actinomyces are Gram-positive, pleomorphic rods, that are among the predominant 

bacteria found in plaque of healthy adult humans (Bowden et al. 1975, Ellen 1976, 

Socransky et al. 1977, S any al and Russell 1978, Liljemark et al. 1993), although they 

have also been associated with disease (Jordan 1982). Actinomyces viscosus and
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Table 1.2 Bacterial genera commonly found in the oral cavity.

Gram-positive Gram-negative

Cocci

Peptostreptococcus Branhamella

Streptococcus Neisseria

Stomatococcus Veillonella

Rods

Actinomyces Actinobacillus

Bifidobacterium (Bacteroides)*

Corynebacterium Campylobacter

Lactobacillus Centipeda

Propionibacterium Eikenella

Rothia Fusobacterium

Haemophilus

Leptotrichia

Mitsuokella

Porphyromonas

Prevotella

Selenomonas

Simonsiella

Treponema (hehcal rod)

* The genus Bacteroides has been reclassified to include "B. fragilis-gxo\x^" (Shah and 

Collins 1990). After Marsh and Martin (1992).
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Actinomyces naeslundii have attracted particular attention because they have been 

implicated in periodontitis in rodents (Jordan and Hammond 1972, van der Hoeven et al. 

1975), and in gingivitis in man (Loesche and Syed 1978, Moore et al. 1982, Moore et al.

1984). Species of Actinomyces have also been found in root surface caries (Syed et al. 

1975, Ellen et al. 1985, Bowden 1990), and in nursing caries (Milnes and Bowden 1985).

Actinomyces species have been studied in developing plaque (Nyvad and Kilian 1987). In 

their study, plaque was allowed to form on enamel in 4 subjects and samples were taken 

every 4 hours up to 12 hours. Actinomyces spp. were isolated as part of the predominant 

cultivable flora on a non-selective agar medium. A decrease in the proportions of A. 

viscosus and A. naeslundii was found from 4 to 8 and 8 to 12 hours of plaque formation. 

The majority of A. viscosus strains were found in the 2 hour plaque samples, but very few 

were found later, showing their role in early plaque formation. The description of 

Actinomyces taxa found in humans (Schaal 1992) is given below:

A. israelii: this was the first strain of Actinomyces which was isolated, from lesions of 

actinomycosis in man. Wolff and Israel (1891) published a bacteriological description of 

this species, and hence its current designation.

A. naeslundii: Thompson and Lovestedt (1951) proposed the name A. naeslundii for this 

filamentous bacterium. Often found in the mouth, A. naeslundii is facultatively anaerobic 

and grows best anaerobically in 5% CO2 .

A. odontolytiens: this is a Gram-positive, predominantly rod-shaped bacterium, and 

isolated from advanced human caries lesions.

A. viscosus: Pine and George (1969) used modem approaches to the taxonomy of
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Actinomyces. George and colleagues (1969) modified the genus description to include both 

catalase-positive and catalase-negative bacteria, to accommodate the species A. viscosus 

(catalase positive).

According to the most recent classification of human strains of Actinomyces, the 

genospecies A. naeslundii includes strains of A. naeslundii serotypes II and III and A. 

viscosus serotype II, while A. viscosus is retained for the animal strains of this species 

(Johnson et al. 1990). However, to avoid confusion with earlier literature A. viscosus will 

not be referred to by its new classification (A. naeslundii) in this thesis.

1.4.2 Lactobacillus

Lactobacilli are aciduric microorganisms which constitute a small proportion of the total 

oral microbiota (Socransky and Manganiello 1971). Lactobacilli have been isolated from 

the oral cavity of infants during the first few days of life (Socransky and Manganiello 

1971, Carlsson et al. 1975).

Oral lactobacilli seem to have difficulty in attaching themselves to smooth surfaces (van 

Houte et al. 1972), while extracellular polymers from sucrose, produced by other bacteria 

like S. mutans, may be a prerequisite for their colonisation (Socransky and Manganiello 

1971, van Houte et al. 1972, Burt et al. 1985, Crossner et al. 1989). They prefer retention 

sites (Theilade and Budtz-Jorgensen 1988), hence, they are frequently isolated 

interdentally (van Houte et al. 1981, Crossner et al. 1989).

The presence of lactobacilli may reflect a caries-inducing environment, and this may 

explain their importance as a predictor of future caries (Hardie et al. 1977, Boyar and 

Bowden 1985, Crossner et al. 1989), compared with their rather limited aetiologic 

importance in caries initiation (Klock and Krasse 1978, Crossner 1989).
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1.4.3 Neisseria

Neisseria spp. are Gram-negative cocci which together with "S. oralis group" {S. oralis 

and closely related species) are found among the early colonizers of a clean tooth surface 

(Ritz 1967). Some strains of Neisseria could be considered as caries-reducing factors in 

plaque since they are able to utilize lactic acid (Mikx et al. 1972).

1.4.4 Veillonella

Veillonellae are Gram-negative, obligately anaerobic cocci, which are non-sporing and 

non-motile. Bowden and Hardie (1992) have considered veillonellae to be amongst the 

most numerous anaerobic organisms in the human mouth, since they are isolated from 

most sites of the oral cavity and from saliva. Veillonella spp. colonize teeth by 

aggregating with other bacteria already there, as they appear unable to adhere to the teeth 

directly on their own (Theilade 1989).

Veillonellae lack glucokinase and fructokinase and do not ferment carbohydrates, but 

degrade lactate produced by Streptococcus and Actinomyces species to weaker acids 

(acetic and propionic). Since they use lactate as an energy source, they may play an 

important role in the ecology of dental plaque and in the aetiology of dental caries. Lactic 

acid is the strongest acid produced by oral bacteria and is implicated in the dissolution of 

enamel. It has been proposed that Veillonella in plaque might reduce the harmful effects 

of potentially cariogenic bacteria by metabolizing lactic acid (Mikx et al. 1972, 1976), 

although this hypothesis is not always supported by clinical evidence (Marsh and Martin 

1992).

1.4.5 Streptococcus

Streptococci are Gram-positive, facultative anaerobic cocci, which are non-motile and non- 

sporing. The oral viridans streptococci form an important component of the normal 

microbial flora of the mouth (Jones 1978). They have been associated with infections at
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different sites in humans and animals, e.g., dental caries (Drucker et al. 1984a, b), 

infective endocarditis, and septicaemia (Parker and Ball 1976, Horaud and Delbos 1984). 

These streptococci are also abundant in saliva from predentate and dentate children and 

adults (Tappuni and Challacombe 1993).

Many studies have been carried out to detect and classify the species of oral streptococci 

(Carlsson 1968, Bridge and Sneath 1983, Schmidhuber et al. 1987, Kilian et al. 1989, 

Beighton et al. 1991a, Hardie and Whiley 1992). However, there have been problems in 

assiging strains to species.

1.4.6 Taxonomy of oral streptococci

In 1972 a biochemical scheme for the identification of oral streptococci was proposed by 

Colman and Williams, by which S. mitior, S. milleri, S. sanguis, S. salivarius and S. 

mutans were recognised. However, the classification of this group has still remained 

ambiguous, as the same strain have been assigned to different species, depending on the 

author.

Kilian et al. (1989) studied taxa published in The Approved List of Bacterial Names 

(Skerman et al. 1980), They considered S. constellatus, S. intermedius and "5. milleri 

group" to be synonyms of S. anginosus, in line with a report by Coykendall et al. (1987). 

Welbom et al. (1983) had shown that S. constellatus, S. intermedius and S. anginosus are 

three distinct species, which were confirmed by Whiley and Hardie (1989), Whiley et al. 

1990a, these species have been differentiated biochemically (Whiley et al. 1990a).

In addition to the species described above, Whiley and Hardie 1988 identified S. 

vestibularis, which resembles S. salivarius phenotypically but differs from it as identified 

by deoxyribonucleic acid (DNA)-DNA homology and cell wall analyses. Additional 

species include S. parasanguis (Whiley et al. 1990b, c) and S. crista (Handley et al.
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1985).

The scheme used for speciating oral streptococci in the present study was based on the 

identification schemes of both Kilian et al. (1989) and Beighton et al. (1991a). The former 

scheme has the advantage of including IgAj protease activity (Kilian and Holmgren 1981), 

which is a unique test to differentiate S. sanguis and S. oralis , while the latter could be 

used to differentiate S. sobrinus from S. mutans.

The results of the tests they proposed are reproducible and offer reasonable discrimination 

between oral streptococcal species. A brief outline of each of the recognised species of 

oral streptococci is given below.

1.4 6.1. S. sanguis

The taxonomic history of S, sanguis provides perhaps the best example of the of a change 

from a predominantly serological approach to the use of biochemical and physiological 

data, cell wall studies, and finally to the application of genotypic criteria (Hardie and 

Whiley 1992).

S. sanguis was the name given to a-haemolytic streptococci that produce an extracellular 

dextran from sucrose (Hehre and Neill 1946). Kilian et al. (1989) proposed two groups 

within "S. sanguis" on the basis of their biochemical and serological differences. The first 

group is the type strain of S. sanguis, and retained the name S. sanguis. The second group, 

included strains that were designated as S. sanguis subsp. sanguis. This also included the 

type strain for S. mitis (NCTC 3165) (Skerman et al. 1980), which was then assigned to 

S. gordonii. Finally, Beighton et al. (1991a) designated S. gordonii as a separate species, 

and also they suggested three biotypes for S. sanguis rather than the four proposed by 

Kilian et al. (1989).
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1.4.6.2 S. gordonii

S. gordonii was named by Kilian at al. (1989) to group strains that closely resemble S. 

sanguis, subsp. S. sanguis as described by Coykendall and Specht (1975). It also included 

strain NCTC 3165, which is the designated type strain of S. mitis (Skerman et al. 1980). 

This group (S. gordonii) is characterised by arginine and aesculin hydrolysis, inulin 

fermentation and production of extracellular polysaccharides from sucrose. They differ, 

however, from S. sanguis in lacking IgAj protease activity, in their ability to ferment 

amygdalin, and in having 6-glucosaminidase, 6-mannosidase, a-fucosidase and strong 

alkaline phosphatase activity. The results of DNA base composition and DNA-DNA 

homology studies support the specific separation of this group into a distinct species 

(Kilian et al. 1989).

1.4.6.3 S. oralis

S. oralis was the name given by Bridge and Sneath (1983). In a study incorporating cell 

wall analysis, physiological data and DNA hybridisation, those strains which resembled 

S. sanguis were excluded to give an amended description of S. oralis (Kilpper-Baltz et al.

1985). Bridge and Sneath (1982) proposed the type strain which was later found to be a 

typical strain of "S. mitior" (Kilpper-Balz et al. 1985, Kilian et al. 1989).

1.4.6.4 S. mitis

In the past similarities in the cell wall composition of S. oralis and S. mitis have probably 

contributed to the inability to distinguish between them (Colman and Williams 1972). 

Due to the small number of tests later used to identify strains as S. mitis this species was 

often poorly differentiated from S. salivarius.

There have been two recent proposals for the rejection of strain NCTC 3165 as the type 

species of S. mitis (Kilian et al. 1989). Pending a decision on this by the Judicial
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Commission of the International Committee on Systematic Bacteriology, Kilian et al. 

(1989) have proposed a new type strain for 5. mitis NS51(= NCTC 12261). These strains 

sometimes hydrolyse arginine, do not produce extracellular polysaccharide from sucrose, 

and produce IgAl protease less frequently than do strains of S. oralis. The strain NCTC 

12261 was subsequently proposed as the valid type strain of S. mitis, based on genetic 

(Gilmour et al. 1987) and taxonomic studies (Kilian et al. 1989). The latter study also 

subdivided this species into two groups, biovar I (S. mitis I) and biovar II (S. mitis II).

1.4.6.5 S. salivarius

S. salivarius was named by Andrewes and Horder (1906) for relatively easily recognised 

streptococci commonly isolated from human saliva. Strains of S. salivarius are typically 

non-haemolytic, produce acid from inulin, lactose, raffinose, salicin and trehalose, but not 

from mannitol, sorbitol or melibiose, and can hydrolyse aesculin but not arginine. Most 

strains produce levan as an extracellular polysaccharide from sucrose.

1.4.6.6 ”S. milleri group"

The name S. milleri was given to a group of non-haemolytic streptococci from active oral 

infections which were able to hydrolyse aesculin and arginine, were able to grow on 40% 

bile agar at 45 °C, but could not ferment mannitol or sorbitol.

S. anginosus is the term used to cover the "S. milleri group" by Andrewes and Horder 

(1906). These were a heterogeneous group of strains including S. milleri, S. intermedius, 

S. constellatus and S. MG-intermedius (Facklam 1977). Facklam also noted a close 

similarity among several species previously described by different authors as S. anginosus 

and S. constellatus (Holdeman and Moore 1974). However, no natural subdivisions were 

possible on the basis of the data. Consequently, they considered "S. milleri", S. 

constellatus, and S. intermedius to be later synonyms of S. anginosus as proposed
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previously by Coykendall et al. (1987). However, studies have shown that S. intermedius, 

S. constellatus and S. anginosus represent three genetically distinct groups (Whiley and 

Hardie 1989, Whiley et al. 1990a) that can be differentiated biochemically (Whiley et al. 

1990a).

1.4.6.7 5. vestibularis

S. vestibularis (Whiley and Hardie 1988), constitutes a group of alpha haemolytic 

streptococci that had been isolated mainly from the vestibular mucosa of the human mouth 

(Hardie and Whiley 1992). Chemotaxonomic data suggested that S. vestibularis shares 

homology with S. salivarius (Whiley and Hardie 1988). However, DNA-DNA 

hybridization studies confirmed that S. vestibularis strains represented a distinct species 

(Whiley and Hardie 1988, Hardie and Whiley 1992).

1.4.6.8 Other streptococci

There are obligately anaerobic species of streptococci which have been difficult to isolate 

and classify from oral samples, the most important of which are Peptostreptococcus. 

Several peptostreptococcal species have been recovered from dental plaque e.g. Ps. 

micros, Ps. magnus and Ps. anaerobius (Marsh and Martin 1992).

1.4.7 Mutans streptococci (MS)

The originally described '"S. mutans group" in humans was genetically heterogeneous, and 

has been divided into five species: S. mutans, S. sobrinus, S. rattus, S. cricetus and S. 

ferus (Coykendall 1974, 1977, 1983). S. cricetus and S. rattus were first isolated from 

hamsters and rats, respectively, but they are also found in the human mouth, although 

rarely (Loesche 1986). Subsequent studies increased the number of mutans-like species 

to seven, with the addition of S. macacae (Beighton et al. 1984) and S. downei (Whiley 

et al. 1988). The taxonomic position of S. ferus is less certain. It has been included in the
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mutans streptococcus group only on the basis of DNA homology (Schleifer et al. 1984) 

and appears to be more closely related to the S. oralis group (Gilmour et al. 1987).

On the basis of serological heterogeneity within the mutans streptococci, 8 different 

serological groups can be recognized (Bratthall 1970, Perch et al. 1974, Beighton et al.

1981). These are: S. cricetus (serotype ’a’), S. rattus (serotype ’b’), S. sobrinus (serotypes 

’d’ and ’g’), S. downei (serotype ’h’) and S. mutans (serotypes ’c’, ’e’ and ’f )  

(Coykendall 1977, 1983).

1.4.7.1 S. mutans

S. mutans was originally isolated from carious teeth (Clark 1924). The main habitat of S. 

mutans in the oral cavity is on the tooth surface (Krasse and Edwardsson 1966, Carlsson 

1967). It was later found in interdental areas and colonises mainly the pits and fissures 

of the teeth (Loesche et al. 1975, Keene et al. 1981, Theilade et al. 1982). The 

cariogenicity of S. mutans is partly due to its ability to synthesise extracellular 

polysaccharide from sucrose (Krasse 1965), due to its ability to convert dietary sugars to 

acid, and to withstand the acidic environment that this sugar metabolism induces 

(Donoghue and Newman 1976, Newman et al. 1976).

S. mutans produces extracellular glucosyltransferase (GTE) and fructosyltransferase (FTP) 

(Wenham et al. 1979), which allows the synthesis of water-soluble, adherent glucans in 

addition to a certain amount of fructans from sucrose (Hamada and Slade 1980). There 

are two distinct types of glucan, one which contains mainly a-(l-3) linkages and is water- 

insoluble. The other is a-(l-6) linkage-rich, is relatively water-soluble (Walker and Hare 

1977), and is the main glucan produced by S. mutans.
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1.4.7.2 S. sobrinus

This species was distinguished from other members of MS on the basis of genetic, 

antigenic and biochemical characteristics by Coykendall (1974). He showed that S. 

sobrinus is the species least related to S. mutans. Electron micrographs of S. sobrinus 

KIR, 6715, and OMZ174 show cocci with an outer dendritic layer, or "fuzz", which has 

not been observed in S. mutans, S. rattus, or S. cricetus. Most S. sobrinus strains react 

with the Bratthall ’d’ antiserum. Some strains did not give a strong ’d’ reaction and were 

put into a separate serotype, designated ’g’ by Perch et al. (1974). Strain SLl did not react 

with either ’d’ or ’g’ antibody. S. sobrinus cells appear incapable of synthesizing or 

catabolizing significant amounts of intracellular polysaccharide (Freedman and Coykendall 

1975). The habitat of S. sobrinus is the human tooth surface (Bratthall 1972, Perch et al.

1974). It has been frequently isolated from human dental plaque and is reported to be 

associated with approximal caries (Huis in’t Veld et al. 1979).

S. sobrinus can synthesise extracellular polysaccharide from sucrose.These species can 

produce two types of glucan, one containing mainly a-(l-3) linkage water-insoluble and 

an a-(l-6) linkage-rich type which is water-soluble (Freedman et al. 1983, Murchison et 

al. 1985). The glucans are produced by two types of glucosyltransferase, GTF-S and GTF- 

I, which catalyze the production of a-(l-6) branched polymers and a-(l-3) polymers, 

respectively (Hamada and Slade 1980, Inoue 1982, Koga et al. 1986). Four different types 

of GTF are reported to be present in S. sobrinus cell walls. Most need a polymer primer 

to initiate the polymerization reaction. However, a primer independent enzyme, GTF-S4 

of S. sobrinus, is able to initiate the polymerization reaction and plaque formation in the 

absence of polysaccharides. S. sobrinus can produce acids faster than other MS, and is 

capable of active glycolysis at low pH values (Stosser and Kneist 1988, de Soet et al. 

1989).
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1.4.8 Other species of oral micro-organisms

Bifidobacterium dentium, Corynebacterium (formerly Bacterionema) matruchotii, 

Propionibacterium spp. and Rothia dentocariosa (Gerencser and Bowden 1986) are 

Gram-positive species which have been regularly isolated from dental plaque (Bowden et 

al. 1975). A major group of Gram-negative bacteria is the genus Fusobacterium. Bacteria 

belonging to the genus have the characteristic morphology of long filaments or 

pleomorphic rods. Species of Fusobacterium have been isolated from the normal gingival 

crevice and from periodontal pockets and from approximal plaque (Bowden et al. 1975).

In addition, species of Actinobacillus, "Bacteroides", Campylobacter, Centipeda, Eikenella, 

Haemophilus (Sims 1970, Kilian and Schiott 1975), Leptotrichia, Mitsuokella, 

Porphyromonas (Shah and Collins 1988), Prevotella (Shah and Collins 1990), 

Selenomonas, Simonsiella and Treponema are found in dental plaque, depending upon the 

sites sampled and the clinical state of the site (Table 1.2).

1.5 Plaque formation

The diversity of the flora on the tooth surface is evident from the above. The tooth 

microflora is not merely a mixture of microorganisms, but it is rather a biofilm. Dental 

plaque is the term given to the complex microbial biofilm which forms on any part of the 

tooth surface, embedded in a matrix of polymers of bacterial and salivary origin (Newman 

and Poole 1974). Impetus for much research on plaque has been due to an association 

between the microflora of plaque and diseases such as caries and periodontitis. The basic 

mechanisms of plaque formation are similar to those underlying the general adhesion of 

bacteria to surfaces. A micro-organism is attracted to a surface by ionic attractions 

(Gibbons and van Houte 1980), which are of low specificity and allow only loose 

attachment of the micro-organisms to the substrate surface. Adhesins are cell surface 

molecules on the bacteria that interact with specific receptors on the surface (Alkan et al.
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1977) to increase the strength and specificity of attachment.

Bacteria can adsorb either non-specifically to the salivary pellicle or interact specifically 

with receptors or polymers present in the pellicle. The results of these interactions are 

reversible and irreversible adhesions respectively (Marsh 1986).

1) Reversible adhesion: Macroscopic cell surface properties relevant for reversible 

microbial adhesion include surface free energy (SFE), zeta potential and hydrophobicity:

a) High SFE surfaces promote more bacterial adhesion than surfaces of initially low SFE, 

indicating an underlying influence of the surface through the pellicle. Support for this 

assumption has been found in in vivo comparative studies of plaque formation (Quirynen 

et al. 1989). The influence of surface roughness was found to be more important for 

plaque formation in vivo than SFE (Quirynen et al. 1990).

b) The zeta potential of an organism has also been described as an important surface 

characteristic in adhesion (Olsson et al. 1976). The zeta potential is determined by the 

nature and the number of ionic groups on the cell surface and depends also on the pH and 

ionic strength of the suspending medium.

c) The acquired salivary pellicle is a hydrophobic film (Doyle et al. 1982), interacting 

with hydrophobic oral bacteria. There is a correlation between the hydrophobicity of 

bacterial strains and their ability to adhere to experimental pellicle. However, 

hydrophobicity alone was insufficient to account for the specific requirements of adhesion 

(Gibbons and Etherden 1983).

2) Irreversible adhesion

Several salivary components have been shown to attract micro-organisms, supporting a 

role for such components in irreversible microbial adhesion to the pellicle-covered tooth
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surface. These could confer specificity on the adhesive process of the early colonizers 

(Ericson and Magnusson 1976). For instance, salivary oligosaccharide-containing 

glycoproteins may serve as receptors for oral streptococci in the salivary pellicle (Gibbons 

and Qureshi 1978). Gibbons et al. (1990) reported that conformational changes may occur 

in proteins upon adsorption to surfaces. This provides the bacteria with a mechanism for 

efficiently attaching to teeth when they are suspended in saliva. The generation of 

cryptitopes due to conformational changes or enzymatic modifications appears to be 

involved in the colonization of several bacteria on mucosal and tooth surfaces (Gibbons 

and Hay 1989). In addition, there is evidence which suggests that elevated levels of 

neuraminidases and proteases associated with poor oral hygiene and gingivitis may also 

generate cryptitopes which promote colonization of certain Gram-negative bacteria 

associated with destructive periodontal disease. These enzymes concurrently destroy 

receptors required for attachment of relatively benign species such as S. mitis and S. 

sanguis (Childs and Gibbons 1990). Thus, the elevated levels of enzymes appear to have 

the potential for modulating bacterial colonization.

Intergeneric coaggregation is defined as cell-cell recognition and adhesion between 

bacterial pairs from different genera and is exhibited by nearly all human oral bacteria 

tested to date (Kolenbrander et al. 1989, Kolenbrander 1991). Cisar et al. (1985) suggested 

that interbacterial adhesion mediated by lectin-carbohydrate interactions is a central 

mechanism in the colonization of tooth surfaces.

Intrageneric coaggregation has been reported for coaggregation among actinomyces and 

in particular streptococci. Extensive coaggregation was observed for S. sanguis, S. oralis 

and S. gordonii. The interactions among streptococci were highly specific in that only 

certain paired strains were coaggregation partners, and all of the coaggregations were 

inhibited by galactosides. Only one strain of each pair was inactivated by heat (85 °C for
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30 min) or protease treatment. Intragenereic coaggregation among the streptococci and 

possibly actinomyces could be important during early plaque formation, since the most 

numerous colonizers 4 h after cleaning of a human enamel surface are streptococci, which 

constitute 78% of the total viable count (Nyvad and Kilian 1990a). The predominant 

streptococci are S. oralis, S. mitis I and S. sanguis.

However, Skopek et al. (1993) found that co-aggregation had only a limited effect on in 

vivo plaque formation. Their results pointed to the importance of other environmental 

factors, such as microbial growth.

3) Environmental conditions

First, environmental conditions and microbial interactions affect microbial growth rate, 

which in turn may affect the surface structures involved in microbial adhesion (van der 

Hoeven et al. 1984, 1985). Second, such factors may affect subsequent plaque 

accumulation, as shown by the well-established microbial shifts taking place within dental 

plaque with time (Ritz 1967).

Sucrose is an important environmental factor, for example, in combination with 

glucosyltransferases in saliva and pellicle (Scheie et al. 1987). Glucan may provide 

receptors for a number of micro-organisms possessing glucan-binding proteins. Non

adhering micro-organisms may possibly be entrapped in the glucan meshwork formed in 

the presence of sucrose (Scheie 1994).

Macpherson et al. (1991) found that sucrose increases the initial number of micro

organisms per unit surface area of enamel slabs in humans. These micro-organisms 

comprised Gram-positive and Gram-negative cocci and rods, including S. sanguis and 

"Bacteroides" spp. They also showed that, in the absence of sucrose, the number of
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colonizing micro-organisms increases steadily, whereas colonization seems to reach a 

plateau after 30h during sucrose exposure. Scheie (1994) stated that a "climax community" 

is attained within a shorter period in the presence of sucrose. However, Li and Bowden 

(1994) studied the effect of environmental factors such pH and fluoride on the 

development of biofilm. They showed in vitro that fluoride liberated from the substratum 

can inhibit the growth of biofilm cells, but only under excess of glucose and low pH 

conditions.

1.6 Microflora of plaque

The development of plaque with the establishment of pioneer species and subsequent 

colonisation by secondary species has been studied from tooth eruption onwards for 

different periods of time. For example, an early study on development of coronal plaque 

showed a broad progressive shift from mainly aerobic and facultative anaerobic flora in 

the early stages, to a situation where facultative and strictly anaerobic organisms become 

dominant ( Ritz 1967). Streptococci are important pioneer species, together with aerobic 

species such as Neisseria and Rothia in the early stages. After nine days, streptococci, 

Actinomyces, Veillonella and "Corynebacterium" were predominant (Ritz 1967). The 

results of this study indicated that the growth of anaerobes such as Veillonella and 

Fusobacterium depended upon prior growth of aerobic and facultatively anaerobic 

organisms and, as plaque thickness increased with age, conditions became more suitable 

for anaerobes.

A number of studies (Socransky et al. 1977, Syed and Loesche 1978, Kilian et al. 1979, 

Theilade et al. 1982, Liljemark et al. 1986, Nyvad and Kilian 1987, 1990a) have 

concluded that streptococci, in particular S. sanguis, S. oralis, "S. mitior" and S. mitis, 

predominate during the initial stages of plaque formation on enamel.
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Once the initial, predominantly streptococcal layer has formed, secondary plaque formers 

such as A. viscosus are able to colonize the developing plaque. Maturing plaque increases 

in complexity and Gram-negative anaerobes such as Veillonella spp., Fusobacterium and 

Prevotella spp. appear in increasing numbers while, in the climax community, spirochaetes 

can be detected (Theilade and Theilade 1985).

The maturation of plaque involves an increase in both the amount and diversity of micro

organisms on the tooth. F. nucleatum may play a key role in the plaque maturation 

process, since it is able to adhere to bacteria from many different genera (Kolenbrander 

et al. 1989).

1.7 Microbial interactions in plaque

Microbial interactions play an important role in the ecology of dental plaque. For 

example, bacteriocin-producing S. mutans strains appear to colonize plaque better than 

non-producing strains (van der Hoeven and Rogers 1979). In addition to competition for 

substrates, interbacterial adhesion, and competition for adhesion sites, the development of 

food chains among different species is known to play a role in maintaining the microbial 

diversity of plaque. The food chain best investigated in dental plaque is the association 

between the lactate-producing streptococci and the lactate-utilizing veillonellae (Mikx et 

al. 1972, van der Hoeven et al. 1985).

The association between species may be complex since, when Mikx et al. (1976) 

inoculated the oral cavity of specific pathogen-free (SPF) rats with A. viscosus and S. 

sanguis, it was difficult for S. mutans to establish itself. It was also noted that pre

inoculation of A. viscosus and S. mutans reduced the subsequent proportions of S. sanguis. 

Thus, it may be concluded that the establishment and proportions of specific micro

organisms in the microbial communities on the teeth may be affected by their sequence
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of introduction into the oral cavity. The effect of early colonizers on the formation of 

subsequent communities was complex, since pre-inoculation of either of these two species 

alone failed to inhibit the establishment of S. mutans in SPF rats (Mikx et al. 1975).

Svanberg and Loesche (1977) discovered that the experimental reduction of salivary levels 

of S. mutans around the time of insertion of artificial fissures prevented the colonisation 

of S. mutans in these fissures, even though the salivary concentrations of S. mutans 

subsequently were allowed to increase. Once S. mutans was established, however, 

experimental reduction in salivary S. mutans did not influence the proportional distribution 

of S. mutans in the fissures. The same results were observed for S. sanguis. Pre

inoculation with Actinomyces viscosus and S. mutans reduced the subsequent proportions 

of S. sanguis (Mikx et al. 1976), indicating that this inter-relationship system can be 

influenced by more complex interactions. Consequently, in the study of the plaque 

microflora in relation to caries, the entire plaque community and bacterial inter

relationships should be considered. It would be anticipated that numerous interactions 

could take place within plaque which could modify caries activity.

The characteristic tendency of the streptococci to grow in close association with other 

bacteria within dental plaque may depend on the expression of specific bacterial lectins 

mediating adhesion and their receptors. The lectin-mediated cell-cell recognition favours 

other interbacterial interactions, such as the mutual utilisation of different substances, or 

antagonistic activities, resulting in the formation of characteristic niches within the oral 

environment (Morris and McBride 1984). In fact, the specific initial recognition of one 

bacterium by another would be expected to favour additional types of interactions which 

would contribute to the establishment of microbial communities.



1.8 Bacterial metabolism in dental plaque

1.8.1 Carbohydrate metabolism

One of the most important biochemical processes in plaque is the formation of acid or 

base from fermentable carbohydrates or urea (Kleinberg 1970).

The catabolism of carbohydrates is an important process in plaque, because of the 

relationship between the metabolism of sugars, low pH, and dental caries. Sucrose is the 

most widely used sweetening agent. It has been intensively studied for its influence on the 

composition of the oral flora, notably S. mutans and Lactobacillus spp. Sucrose can be:

a) broken down by extracellular bacterial invertases (a-glucosidases) to glucose and 

fructose molecules, which are then taken up by plaque organisms (Gibbons 1972, Fukui 

et al. 1974),

b) transported intact as a disaccharide phosphate and cleaved inside the cell by an 

intracellular invertase or a sucrose phosphate hydrolase (Tanzer et al. 1977),

c) utilized extracellularly by glycosyltransferases. Glycosyltransferases (GTF) produce 

both soluble and insoluble glucans (with the release of fructose), which are important in 

plaque formation and in the consolidation of bacterial adhesion, while fructosyltransferases 

(FTF) produce fructans (and liberate glucose) which are frequently labile and can be 

utilized by other plaque organisms (Marsh and Keevil 1986).

Glucose enters bacterial cells either via the phospho-enol pyruvate-sugar 

phosphotransferase (PEP-PTS) system or alternatively through the energised membrane, 

a proton-linked active transport mechanism (Carlsson et al. 1985).

The phosphotransferase system is activated when sugar is in low concentration, whereas 

the active transport mechanism predominates when sugar is in excess and the 

environmental pH is low. The uptake of some sugars into the cell can be modified by 

these membrane carriers to prevent flooding with nutrient, or through the PEP-PTS to
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scavenge for the small quantities of sugars available in times of "famine" (Marsh and 

Martin 1992).

Once glucose is inside the cell it is phosphorylated and degraded by the glycolytic 

enzymes of the Embden-Meyerhof pathway, each molecule of glucose forming two 

molecules of pyruvate. The fate of pyruvate is regulated by two enzymes, lactate 

dehydrogenase (LDH) and pyruvate formate lyase (PEL). These are the triggers to 

homofermentation resulting in production of lactic acid or heterofermentation by which 

formate, acetate and ethanol are formed (Fig. 1.2). Yamada and Carlsson (1975) studied 

mutans streptococci grown in continuous culture with excess glucose, and found that 

lactate was the main anion formed. However, when glucose was restricted the major 

products were those of heterofermentation. The major acids formed from fermentable 

carbohydrates are lactic, acetic and propionic; small amounts of other acids such as 

butyric, isobutyric and valeric have been identified (Guggenheim et al. 1965).

1.8.2 Metabolism of nitrogenous compounds

Nitrogenous compounds are also used by oral bacteria. The major sources of nitrogenous 

material for oral bacteria are saliva and gingival crevicular fluid. Saliva contains low 

amounts of carbohydrate but a wide range of amino acids, peptides, protein and urea (20 

mg/100 ml) (Jenkins 1984). Many oral bacteria can degrade urea to carbon dioxide, and 

to ammonia which can raise the plaque pH. A number of bacteria are dependent on the 

protein fraction of saliva for growth. Therefore, hydrolysis of glycoproteins and other 

proteins and peptides by extracellular bacterial proteases will generate free amino acids 

and small peptides essential for growth. Carlsson and Griffith (1974) examined S. sanguis, 

S. mutans, S. salivarius and S. bovis grown anaerobically in continuous culture at pH 7.0 

under glucose-limitation and nitrogen-limitation. They found a significantly higher yield 

of bacterial mass under glucose limited conditions than under conditions of nitrogen 

limitation. S. sanguis is more proteolytic than S. mutans and analysis of proteins before
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Fig.l.ll Metabolism of glucose by S. mutans and the formation of acid end products (After 
Tanzer et al. 1969)
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and after incubation with cells suggests that the pattern of protein metabolism of the two 

species is different (Cowman et al. 1974, Cowman and Fitzgerald 1975).

Glycolytic activity of plaque can be enhanced by peptides and low molecular weight 

proteins. Kleinberg et al. (1973) reported one peptide that can increase lactic acid 

production by plaque bacteria, but can also increase base formation, thereby counteracting 

the enhanced glycolysis, and therefore could be important in reducing the risk of caries 

development. This will result in (a) a more rapid clearance of dietary carbohydrate from 

the mouth, and (b) the generation of base which will both neutralize the acid formed from 

the increase in glycolytic activity and raise pH to values around neutrality (Kleinberg et 

al. 1976, 1979). Species including S. mutans ’b’, A. naeslundii and heterofermentative 

lactobacilli have pH rise activity when incubated with a combination of glucose and either 

arginine or lysylarginine (Kleinberg et al. 1982).

1.9 Aetiology of dental caries

Dental caries is considered to be an infectious disease of multifactorial aetiology 

determined by interactions between the host microflora, substrate and time and the tooth 

surface (Fitzgerald and Keyes 1960, Keyes and Fitzgerald 1962, Newbrun 1978).

Clarke (1924) isolated S. mutans from human caries lesions. He concluded that S. mutans 

was associated with dental caries, but other investigators failed to recover this species 

from lesions. Studies with experimental animals confirmed the essential role of bacteria 

in dental caries (Orland et al. 1954, 1955). Germ-free rats of a susceptible strain did not 

develop caries even when they were fed a diet rich in fermentable carbohydrate (Orland 

et al. 1954). However, if the same animals were infected with enterococci {S. faecalis) 

together with a proteolytic anaerobic rod or an anaerobic pleomorphic rod, then caries
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developed (Orland et al. 1955). Subsequently studies showed the transmissible nature of 

dental caries (Keyes 1960, Fitzgerald and Keyes 1960, Fitzgerald 1968).

Animal and clinical studies have shown that although several species have been isolated 

from caries lesions, the most cariogenic species are mutans streptococci (Klock and Krasse 

1977, 1978, Togelius and Bratthall 1982, Carlsson et al. 1985) see (Table 1.3).

The properties of mutans streptococci that contribute to its cariogenicity include its 

marked aciduricity (Harper and Loesche 1984), acidogenicity (Minah and Loesche 1977), 

and ability to synthesize intracellular and extracellular polysaccharides (ECP) from 

sucrose. However, despite considerable investigation, the relationship between S. mutans 

and caries is not wholly understood. Some studies of dental plaque in relation to caries 

have shown that various organisms are able to produce caries (Table 1.3), in particular 

S. mutans and lactobacilli were present in higher proportions at carious surfaces than non- 

carious surfaces (Hardie et al. 1977, Boyar and Bowden 1985, Burt et al. 1985, Milnes 

and Bowden, 1985). Duchin and van Houte (1978) found that the prevalence of mutans 

streptococci (MS) could vary markedly between plaque from a "white-spot" lesion and 

that from the neighbouring sound enamel on the same tooth surface.

However, this organism has been isolated from individuals prior to caries initiation, and 

caries has occurred in some subjects in the absence of detectable S. mutans (Ikeda et al. 

1973, Mikkelsen and Poulsen 1976, Swenson et al. 1976). In addition, Thylstrup and 

Fejerskov (1986) stated that acidogenic bacteria as a whole are responsible for caries 

rather than a single group or species. These bacteria are present in plaque of caries-active, 

caries-inactive and caries-free individuals. In support of this view, Marsh et al. (1989a) 

compared the bacterial composition of plaque from sites with early stages of enamel 

demineralization with that of sound surfaces, and suggested that formation of lesion may
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Table 1.3 Selected studies which associated bacterial species with caries incidence.

References Micro-organisms

Bratthall (1972) S. mutans

Jordan and Hammond

(1972) A. viscosus

Bowden et al. (1976) S. mutans, Lactobacillus spp.

Jordan (1976) A. viscosus

Drucker and Green (1981) S. faecalis, S. milleri, S. mutans, S. salivarius, S. sanguis

Kohler et al. (1981) S.mutans

Loesche et al. (1982) S. mutans

Boyar and Bowden (1985) S. mutans, Lactobacillus spp., Actinomyces spp. and 

Veillonella

Milnes and Bowden (1985) L. acidophilus, L. brevis, L. casei, L. fermentum, L. 

plantarum, L. salivarius

Thylstrup and Fejerskov

(1986) A. viscosus, L. fermentum, L. salivarius

Boyar et al. (1989) A. viscosus, S. mutans, Lactobacillus spp.

de Soet et al. (1989) S. sobrinus

be associated with different combinations of bacteria rather than a specific pathogen. 

Acid produced from dietary carbohydrates is the most important factor in the pathogenesis 

of dental caries. The production of acid will alter the bacterial environment and reduce 

the local pH. Although many plaque organisms may produce acids at the critical pH value 

at which significant amounts of enamel are considered to dissolve (pH 5.4-4.4), only a 

few species are able to survive and continue to produce acid (Scherp 1971). In addition, 

van Houte et al. (1991) studied in vitro the pH-lowering potential of suspensions of fresh 

human dental plaque from tooth surface areas with incipient "white spot" caries and from 

sound tooth surfaces. It was shown that a very rapid pH drop and a very low plaque pH
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minimum could occur in the apparent absence of MS or lactobacilli. This suggests that 

organisms other than MS or lactobacilli can make a critical contribution to a fast pH drop 

and low pH minimum in dental plaque, and therefore could play a significant role in the 

aetiology of caries. These non-mutans streptococci generally can constitute a high 

proportion of the human dental plaque flora (Loesche 1986), and many strains are 

acidogenic at low pH, as indicated by their low final pH in sugar broth (Carlsson 1967, 

Kilian et al. 1989). Milnes and Bowden (1985) have investigated the progressing lesions 

of nursing caries, and they have isolated different species of Lactobacillus spp. (Table 

1.3), and stated that veillonellae could not modify caries attack. Matee et al. (1992) 

reported no significant difference in the number of MS between plaque overlying cavities 

and over adjacent sound enamel, which is in support of the above studies. In contrast, the 

Lactobacillus count was approximately 100-fold higher in plaque overlying cavities than 

on sound enamel. These findings suggest that the high number of lactobacilli in cavities 

is due to the provision of favourable local conditions such as a retentive area with a low 

pH. The increase in number of lactobacilli in cavities and their ability to produce high 

concentrations of lactic acid at an acidic pH indicates a role for lactobacilli in producing 

cavitation once initial lesions have formed.

1.10 Site specificity of caries

Caries does not occur randomly on the tooth surface but is localised to certain sites (Kidd 

and Joyston-Bechal 1987). Pits and fissures in the teeth are the most common sites of 

dental caries and provide areas where prevention of caries is most difficult (Marthaler

1975). Another commonly affected area is the approximal surface, where carious attack 

occurs cervical to the contact area. Other smooth tooth surfaces, e.g. buccal, labial and 

lingual, are less commonly affected. When these sites become carious, it is usually the 

surface adjacent to the gingival margin that is affected (Schafer et al. 1983, Kidd and

45



Joyston-Bechal 1987).

1.10.1 Root caries

Nyvad and Kilian (1987) reported that, irrespective of potential differences in the physico

chemical properties and pellicle composition of enamel and root surfaces (a factor which 

has been suggested to determine the amino acid composition of the acquired pellicle) the 

bacteria colonizing the two surfaces were identical. However, as caries develops or when 

the lesion is ’active’, the proportions of species can change, and mutans streptococci and 

Lactobacillus spp. may increase significantly in such lesions (Nyvad and Kilian 1990b, 

Beighton et al. 1993). Lactobacillus spp. together with S. mutans on a surface may 

represent a specific situation indicating caries risk (Ellen et al. 1985, Bowden et al. 1990), 

or a specific stage in lesion development (Bowden 1990).

Adults currently retain more of their natural teeth into the later years of life. For ageing 

people who continue to be dentate, caries remains a problem, despite the fact that caries 

is mainly a disease of the young. Several investigations have shown that caries continues 

into later life, confirming that the disease may not necessarily decline with increasing age 

in adults (Mandell 1985, Beck et al. 1988, Beighton et al. 1993).

1.10.2 Fissure plaque and caries

The high caries susceptibility of this area relates to the morphology of the pit or fissure 

(Newbrun 1989). The effects of dental plaque, age and bacterial composition on the pH 

of artificial fissures in human volunteers were studied by Igarashi et al. (1990). 

Streptococci and actinomyces dominated the fissure plaque, and their levels were related 

to the minimum pH of plaque. Fissure plaque of all ages contains high concentrations of 

acidogenic bacteria (Minah and Chu 1984). A decreasing acidogenic response at the base
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of the fissure was observed with increasing plaque age, suggesting that maturing fissure 

plaque created a diffusion barrier to fermentable carbohydrate (Igarashi et al. 1990). 

Alternatively it could be due to all the fermentable carbohydrate being used up before it 

reached the base of the fissure.

Microbiological studies of fissure plaque have shown a wide range in numbers and types 

of bacteria, although the dominant species are streptococci, especially those producing 

extracellular polysaccharide (Minah and Chu 1984). Anaerobic bacteria including 

Veillonella and Propionibacterium are found in low numbers, as are Neisseria spp., and 

facultative anaerobic Gram-negative rods (Theilade et al. 1982).

1.10.3 Approximal plaque and caries

Caries and chronic gingivitis or periodontitis are usually initiated interdentally. The lack 

of movement between contiguous approximal surfaces produces a stagnant site for plaque 

accumulation. Such sites are at increased risk of caries, chronic gingivitis and chronic 

periodontitis. The increase in plaque thickness resulting from its accumulation at such 

stagnant sites is associated with increasing anaerobic conditions and reduced rates of 

diffusion (Newman 1980). The association between plaque accumulation and caries 

initiation suggests that caries is more likely to occur beneath thick rather than beneath thin 

plaques (Mellberg et al. 1991). Approximal caries is initiated in relation to the sub-contact 

portion of plaque (Newman and Morgan 1980). This may be due to the fact that the 

predominant species which colonize this portion of gingival margin plaque on children’s 

teeth include saccharolytic, acidogenic organisms, which are mainly Gram-positive and 

Gram-negative polysaccharide-containing cocci, in a largely polysaccharide matrix 

(Newman 1979).
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1.11 Plaque sampling

The hard, non-shedding nature of teeth provides unique conditions for adhesion and 

proliferation of bacteria to form an immobilised biofilm. Biochemical investigations have 

suggested that sites near each other may have plaques with different metabolic capabilities 

(Charlton et al. 1971). This variation could be due to differences in the bacterial 

composition of plaque on neighbouring surfaces. In order to minimise any effects of such 

variations, the sampling area should be small and well-defined, approximately 4.0mm^ 

(Bowden et al. 1975, Duchin and van Houte 1978). Samples derived from a whole tooth 

surface might obscure variations in the bacterial composition at different sites on that 

surface (Loesche and Syed 1973).

Histological studies have shown that bacteria often exist in plaque as discrete micro

colonies (Newman and McKay 1973). Only by selecting the smallest practicable area for 

sampling can any progress be made by cultural or other methods of examination towards 

the study of the distribution of bacteria on a given tooth surface. Various means of 

obtaining suitably small samples have been evaluated (Hardie and Bowden 1974). Samples 

removed from teeth in vivo with dental floss (Bdman et al. 1975, Loesche and Laughon

1982), excavator (Ikeda and Sandham 1971) or probes have inherent inaccuracies, because 

it is difficult to exclude contamination by saliva, and to ensure that the entire thickness 

of plaque is removed. It is also impossible to define the condition of the underlying 

enamel or the exact location of the sample when it was in situ. A  possible solution to this 

problem is to obtain specimens from carefully extracted teeth. The plaque flora of freshly 

extracted premolars has been studied by cutting slices of enamel from different surfaces 

and removing the plaque by scraping (Donoghue 1974). The punch technique has also 

been used to remove plaque samples from defined areas of freshly extracted teeth 

(Sidaway 1979, Lindquist and Emilson 1991a).
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Marsh et al. (1989a) demonstrated the potential of sampling small sites of approximal 

plaque on extracted teeth for studies relevant to the earliest stages of enamel 

demineralisation. In this study it was possible to culture the predominant flora from 

different sites around the contact area. This method has also been used for the study of 

approximal plaque on extracted teeth using immunofluorescence techniques (Bush et al. 

1989, 1990, Gill et al. 1991).

1.12 Plan of investigation

In order to clarify the microbial ecology of the gingival margin plaque in relation to 

health and disease, the entire cultivable microflora from three sub-sites around the contact 

area has been examined. Microbiological studies on approximal plaque have indicated 

previously that the closer the plaque is to the caries-prone sub-contact area, the higher the 

count of streptococci in general and of MS in particular (Bush et al. 1989, Gill et al. 

1991). It is possible that the proportions of a number of the predominant species of plaque 

organisms are affected by discrete local ecological conditions. Such a shift in the 

proportions of species could be a more important factor than the mere presence or absence 

of mutans streptococci. Furthermore, studies by van Houte et al. (1991a, 1991b) have 

suggested the importance of streptococci other than MS in the initiation of dental caries.

The classification schemes of Kilian et al. (1989), Beighton et al. (1991b) and Johnson 

et al. (1990) were used to analyze the microflora of dental plaque at three sub-sites in 

relation to the contact area. Isolates of Streptococcus spp. and Actinomyces spp. received 

particular attention. The environmental conditions of these sub-sites may vary from one 

to another; therefore, the effect this may have on the balance of the plaque microflora was 

studied.
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Not all of the bacteria in a sample are able to grow equally well on a particular growth 

medium. Such factors as variation in growth rates, inter-species antagonism, inhibitory 

effects of selective media, and the vast expense of identifying all bacteria present by 

laborious biochemical tests have limited the practical use of the culture method. A major 

improvement in this approach would be if colonies could be speciated in a single step. 

The most promising approach to this is to identify species directly from samples by 

probing with species-specific antibody or DNA probes. For example, the recovery of S. 

sobrinus has been greatly underestimated by conventional cultural techniques (de Soet et 

al. 1987). Immunolabelling has overcome some of the problems of identification of 

selected plaque species (Bush et al. 1989, 1990, Gill et al. 1991). Thus, in the second part 

of this study immunolabelling was used to study local variations in distribution of selected 

cariogenic species at the three approximal sub-sites.

Nevertheless, traditional methods such as serological typing and biotyping tests may also 

be considered to have limited utility in identifying strains, and may not enable variations 

in the physiology and function of these strains to be identified. For instance, different 

strains of MS vary in their rate of acid production during glycolysis (Harper and Loesche 

1983, de Soet et al. 1989). This may be one of the reasons why correlations between 

counts of MS and caries lesions are often not made at individual sites. It is apparent that 

S. mutans and other oral bacteria, have a clonal population structure (Lenski 1993). 

Because each clonal line within a species is slightly different genetically, each will have 

a slightly different set of physiological and structural properties. Hence, they are likely 

to differ in their preference for a particular ecological niche or in their virulence (Russell 

1994).

Molecular techniques can provide more precise methods of strain identification and
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differentiation. Molecular methods such as restriction fragment length polymorphism 

(RFLP) have been used successfully for studying genetic diversity, transmission, and 

stability within populations of S. mutans (Caufield and Walker 1989, Alaluusua et al. 

1994). Kulkarni et al. (1989) have used RFLP to show transmission, proportions and 

diversity of MS species within members of one family. Rudney et al. (1992) studied strain 

identification, ecology and transmission of oral streptococci by RFLP pattern.

Nevertheless, despite the broad applicability of this method, its use in clinical 

microbiology is limited by the prolonged time needed for southern blot transfer and 

specific hybridization to gene or oligonucleotide probes and the large number of 

chromosomal bands to be analyzed. Analysis of a specifically defined genetic region 

provides a more precise method for distinguishing similar strains (DiRienzo et al. 1990).

Nucleotide sequences found in ^RNAs vary in an orderly fashion through the phylogénie 

interrelationship of microorganisms (Woese 1987). Because of their high information 

content and differing degrees of sequence conservation, ranging from very conserved to 

highly variable regions, ^RNA can be used to measure distant as well as close genealogical 

relationships (Woese 1987). Therefore, in the third part of the study, the identification 

system was based on amplification of 16S JRNA genes from clinical isolates of S. mutans, 

S, sobrinus, S. mitis I, S. mitis II and S. oralis using the polymerase chain reaction (PCR) 

(Saiki et al. 1985) and restriction enzyme analysis. This was done in order to find any 

variation in the pattern of 16S ^RNA gene of these species which could be related to their 

discrete ecological sites of isolation.
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1.13 Aims of the thesis

It is possible that the composition of the plaque flora can vary at neighbouring sites.

Therefore the aims of the present study were to:

a) Sample discrete sub-sites on approximal surfaces that are known to vary in their disease 

susceptibility, in order to determine whether any differences in composition of the flora 

might correlate with the clinically observed pattern of caries and gingivitis.

b) Determine the level of individual species at discrete small sites in gingival margin

plaque in relation to their location relative to the contact area.

c) Compare immunofluorescence and culture techniques for their ability for identification 

and quantification of selected caries-related species in plaque.

d) To establish whether relationships exist between the predominant ecological factors 

prevailing at different sites on the approximal surface and the microbial composition of 

plaque.

e) To evaluate and develop existing molecular biological approaches to improve 

discrimination between some species and biovars of study streptococci that were difficult 

to discriminate using conventional methods.
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CHAPTER TWO 

MATERIALS AND METHODS

2.1 Clinical Material and Plaque Sampling

2.1.1 Subjects and sampling sites

Plaque samples (270) were obtained from approximal surfaces of 90 teeth from 60 

schoolchildren (46 girls and 14 boys; mean age 12.5 ±1.4  year) from different areas of 

London. All the 90 teeth were clinically sound premolars (extracted for orthodontic 

reasons). The number of teeth sampled per patient varied from one to four. Out of the 

above subjects, 21 teeth from 21 children (16 girls, 5 boys; mean age = 12 ± 1.8 years) 

were chosen for the culture study (Table 2.1). Both the child and parent or guardian had 

given their voluntary consent for the teeth to be used in the study.

Table 2.1 Patient and site details, culture study.

Number of patients Number of teeth
21 21

Sex Number of sub-sites
F = 16 M = 5 N = 63

Mean age awav side below
12 ± 1.8 years 12 12 12

F = Female, M = Male

2.1.2 Sampling technique

The freshly extracted teeth were placed in sterile universal bottles (Bibby-Sterilin, Stone, 

UK) containing 5 ml pre-reduced transport fluid (RTF, Syed and Loesche, 1972) and 

immediately transferred to the laboratory for bacteriological analysis. The teeth were
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rinsed with sterile phosphate-buffered saline (PBS) (Oxoid, Basingstoke, UK) to remove 

blood and loosely attached bacteria. The teeth were held by sterile forceps, and the plaque 

was stained with a few drops of 0.5% (w/v) indigo carmine solution (ICI, Cheshire, UK) 

which had previously been shown not to affect bacterial viability (Marsh et al. 1989b). 

About 1 -2 mm^ of gingival margin plaque was removed with a sterile dental curette from 

each of three sub-sites: away from (A), to the side of (S), and below (B) the contact area 

(Fig. 2.1), and suspended in 800 pi RTF in a sterile microcentrifuge tube (Philip Harris 

Scientific, London, UK) containing small amount of glass beads (approximately 0.2 mm 

diameter, BDH, Poole, UK). The teeth were then washed with a few drops of PBS to 

visualise the contact area. Only extracted teeth with an intact full ring of plaque around 

the contact area were selected. Plaque samples were processed within 5 minutes of 

extraction for culture analysis. The teeth were dried at room temperature and the sample 

sites marked with red nail varnish (Fig. 2.1). Profiles of the teeth were drawn and 

photographed to record the locations of the sampled sites (Fig. 2.1). The teeth were then 

stored in 70% aqueous ethanol.

2.1.3 Preparation of teeth for caries diagnosis

The teeth were immersed in water for 2 hours, then the plaque was removed with a soft 

toothbrush. This procedure also tended to remove the varnish markings from the teeth. 

Therefore, before brushing, the original markings were replaced with a water-resistant red 

marker (Staedtler, Germany). The teeth were photographed and the resultant images 

compared with previous photographs of the stained surface to ensure that the locations of 

the markings had not changed (Fig. 2.2). The integrity of enamel was studied by visual 

examination using low-power magnification.
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Fig. 2.1 Location of sub-sites around the contact area. 

A = Away from contact area.

S = To the side of contact area.

B = Below contact area.
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Fig. 2.2 Location of sub-sites around the contact area after plaque was removed. 

A = Away from contact area.

S = To the side of contact area.

B = Below contact area.
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2.2 Culture procedures

2.2.1 Quality control for media

Several bacterial strains were used as positive controls to evaluate the selective media 

(Appendix A) and each strain was simultaneously cultured on non-selective media 

(Columbia blood agar). These strains included, S. mutans NCTC 10449, S. sobrinus NCTC 

27351, S. oralis NCTC 11427, S. oralis NCTC 7864, S. salivarius HHT 76, L  casei 

NCTC 10302, N. lactamica NCTC 10618, V. parvula NCTC 11463, A. israelii NCTC 

4860 and A. viscosus NY IB.

In order to test for the sterility of the reduced transport fluid, a Columbia blood agar plate 

was inoculated with 100 pi of this fluid. In addition, to check for the sterility of both 

selective and non-selective media, a non-inoculated plate was regularly incubated with 

each batch of plaque samples.

2.2.2 Reproducibility of culture techniques

Twelve plaque samples were prepared as explained in section 2.1.2 (Bush et al. 1990) and 

divided into two parts. Each part was treated as an individual sample. These twenty four 

samples were then serially diluted to 10  ̂ in pre-reduced transport fluid (RTF). Aliquots 

(lOOpl) were spread over the surface of duplicate selective and non-selective media (Table

3.1).

2.2.3 Bacterial Analysis of Plaque Samples

Plaque samples were dispersed by vortexing with sterile glass beads, approximately 0.2 

mm diameter (BDH, Poole, UK) for 1 min followed by aspiration (12 times) with a sterile 

syringe (Becton Dickinson, Dublin, Ireland) and a 25G sterile needle (Becton Dickinson, 

Dublin, Ireland) (Bush et al. 1990). Samples were then serially diluted to 10  ̂in RTF, and 

1 0 0  pi aliquots were spread over the surface of pre-reduced selective and non-selective
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media. Columbia Agar Base (Oxoid, Basingstoke, UK) supplemented with 7% (v/v) horse 

blood (Oxoid) was used to enumerate the total cultivable flora, also Actinomyces. Tryptone 

Yeast Cystine (TYC) agar and TYC supplemented with 20% (w/v) sucrose (BDH, Poole, 

UK) and 0.1 unit/ml bacitracin (TYCSB) (van Palenstein Helderman et al. 1983) were 

used to recover streptococci and mutans streptococci, respectively. Veillonella spp. were 

isolated from Veillonella vancomycin agar. Rogosa agar was used for isolation of 

Lactobacillus spp. and nutrient agar used to grow isolates for the catalase test and for 

aerobic growth.

All media were incubated in an atmosphere of 80% N2 , 10% H2 , and 10% CO2  in an 

anaerobic chamber for 5 days at 37°C. A summary of the full bacterial analysis of the 

plaque samples is given in Table 2.2.

Viable counts of bacteria were expressed as a percentage of the total cultivable microflora, 

and also as a percentage of the total number of sites colonised (isolation frequency).

The media used for the primary isolation of bacteria, together with details of their 

preparation, composition and manufacturer are listed in Appendix A.

22A  Bacterial identification

All materials used for biotyping were obtained from Sigma Chemicals Ltd (Poole, UK) 

or Lab M (Bury, Lancs, UK) unless otherwise stated. Tests were carried out either 

according to the manufacturers’ instructions (Diagnostic Tablets, Rosco Diagnostica 1990), 

or by the method of Beighton et al. (1991a).
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Table 2.2 Plaque sampling scheme.

Teeth collected in RTF

I
Rinsed in PBS, Plaque stained with blue food dye

I
Samples removed with curette and put in eppendorf containing RTF and glass beads

I
Vortexed and aspirated

I
Serially diluted to 10-3

I
Spread onto selective and nonselective media

I
Incubated anaerobically at 37°C for 3-5 days

I
Colonies counted and morphology noted

I
Gram stain, catalase reaction

I
Subcultured each colony type onto blood agar

I
Incubated anaerobically at 37°C for 24 h

I
Subcultured each colony type onto nutrient agar

I
Incubated aerobically at 37°C for 24 up to 72h

I
Further identification of GPC and GPR using biochemical tests.
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2.2.5 Streptococci

Several representative colonies of all catalase-negative Gram-positive cocci from TYC and 

TYCSB agar were isolated and grown overnight on blood agar and Todd-Hewitt broth. 

Mutans streptococci were distinguished from other streptococci biochemically and sub

divided by their fermentation of N-acetylglucosamine, amygdalin, inulin, mannitol, 

melibiose, sorbitol and raffinose, the hydrolysis of arginine and aesculin, and on the 

production of H2 O2 , a-glucosidase and acetoin (Voges-Proskauer; V. P. test) (Hardie and 

Bowden 1976, Coykendall and Gustafsen 1986, Kilian et al. 1989, Beighton et al. 1991a,

b). Substrates were obtained either from Lab M (Bury UK) or Sigma (Poole UK); 

fermentation tests and enzyme assays were performed according to the manufacturers’ 

instructions. IgAj protease activity was demonstrated using human myeloma IgAj (kindly 

donated by Professor M. Kilian, Aarhus, Denmark) as the substrate (Kilian and Holmgren 

1981). Neuraminidase was detected using a 4-methylumbelliferyl-linked substrate 

(Beighton et al. 1991a, b) (Table 2.3).

2.2.6 Actinomyces

Actinomyces were identified by a combination of catalase, a-fucosidase and urease 

activity, nitrate reduction and the ability to grow in the presence or absence of air 

(Scharfen 1973) (Table 2.4).

According to the recent classification of human strains of Actinomyces, the genospecies 

A. naeslundii included strains of A. naeslundii and A. viscosus (Johnson et al. 1990).

2.2.7 Neisseria and Veillonella spp.

Neisseria and Veillonella sp. were identified by catalase and peroxidase tests, fermentation 

of sugars, nitrate reduction and the ability to grow in the presence or absence of air 

(Cowan 1974).
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Table 2.3 Identification scheme for oral streptococci

S.
mutans

S.
sobrinus*

5.
sanguis

s.
gordonii

s.
mitis
I

S.
mitis
n

S.
oralis

S.
salivarius

"S.
mille ri"- 

group

a-Fucosidase . n.d. + . . .
a-Galactosidase + + - V 8 8 77 60 - -
IgAi protease - n.d. + - - - + - -
Neuraminidase - - - - 2 0 62 + - -
Acid from:
Arbutin + - + + - - + +
Amygdalin 81 - - + - - - + 59
Inulin + 84 + + - - - 60 -
Mannitol + 61 - - - - - - -

Melibiose + V V V V + + - -

N-acety 1-glucosamine + - + + + + + + +
Raffinose + - V V 70 + 56 - -

Sorbitol + - V - - 39 - - -

Trehalose + n.d. + + 30 - + 70 +

Hydrolysis of:
Aesculin + - V + - - - + +

Arginine - - + + - + - - +

Voges-Proskauer reaction + n.d. - - - - - + +
EPS production + + + + - - 78 - -
HA - + + + + + + - -

+ = > 80% of strains are positive, - = > 80% of strains are negative; figures relate to percentage of strains positive or negative.
EPS production = Extracellular polysaccharide producing, n.d. = Not determined. V = The fermentation reaction results differed with different 
biovars.
From Kilian et al. (1989), "Beighton et al. (1991b).
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Table 2.4 Identification scheme for Actinomyces spp.

Species Colony pig“ 
and morph‘d

o .
Growth

Catalase aPuc** Urease NO3

Reduction

A. israelii small +
white

A. naeslundii fawn ± ± + +

A. odontolyticus red/brown ± (80%) +

“ = pigmentation.
** = a-Fucosidase.

= morphology 
( ) = Percentage of strains positive.
+ = The reaction to this test was variable.

2.2.8 Lactobacillus spp.

Lactobacillus spp. were catalase negative, unbranched, regular or curved Gram-positive 

rods. They formed large white colonies and were recovered from Rogosa SL agar (Rogosa 

et al. 1951). Criteria for identification of oral bacteria are given in Table 2.5.

In addition there were some isolates that could not be identified further other than Gram- 

staining reaction. These were grouped under: Other (Unidentified) GPC; Other GPR; 

Other GNC and Other GNR.
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Table 2.5 Criteria for identification of oral bacteria.

Organism Identification test

Streptococcus Growth morphology on TYC and TYCSB from plaque samples.

Gram stain GPC

O2  growth +

Catalase test

Biochemical tests (Table 2.3).

Actinomyces Growth morphology on blood agar (BA)

Gram stain

Biochemical tests (Table 2.4)

GPR

Lactobacillus Growth morphology on Rogosa SL

Gram stain GPR

O2  growth 4-

Catalase -

Neisseria sp. Growth morphology on BA

Gram stain GNC

O2  growth +

Catalase test +

Veillonella sp. Growth morphology on Veillonella agar

Gram stain GNC

O2  growth -

Catalase test ±

Fusobacterium sp. Growth morphology on BA

Gram stain GNR

O2  growth -

Catalase test -

Other Gram stain ±

O2  growth ±

Catalase test ±

GPC— Gram-positive coccus, GPR= Gram-positive rod, GNC= Gram-negative coccus, 
GNR= Gram-negative rod. Other = GPC, GPR, GNC and GNR.
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2.3 Immune labelling technique and direct microscopic count

2.3.1 Sample preparation for IF study

Plaque samples were prepared as illustrated in sections 2.1.1 and 2.1.2. The plaque 

suspensions were vortexed for a few seconds before aliquots (15 pi) of each were 

dispensed onto multi-spotted (12 wells) slides (Hendley, Essex, UK), and dried in a 37°C 

oven for 2h. The films were then flame-fixed and the slides placed in special boxes 

containing copper sulphate crystals to exclude water, and stored at +4°C until required. 

The four antisera (anti-5, mutans serotype ’c’ NCTC 10449, anti-5, sobrinus serotype’d’ 

NCTC 27351, anti-L. casei NCTC 10302 and anti-L. acidophilus NCTC LA 435) used for 

this investigation were raised in BALB/c mice at UMDS Guy’s Hospital, London, by the 

method described by Bush et al. (1990).

2.3.2 Working dilution

The optimum working dilution was determined by titration. Each new batch of antiserum 

was diluted decimally from 1:10 to 1:800 and the highest dilution which gave a 4 4 - 

intensity of staining was chosen. The intensity of staining of the cells was graded on a 0 

to 44- basis, with 44- representing brilliant staining (Moody et al. 1958).

The working dilutions of each anti serum were: 5. mutans ’c’ 1:200, 5. sobrinus’d’ 1:600, 

L. casei 1:250 and L. acidophilus 1:600.

Each high-titre polyclonal mouse antiserum was used in conjunction with a rabbit anti

mouse IgG (H 4 - L chains) fluorescein isothiocyanate (FITC) conjugate (ICN Biomedicals, 

High Wycombe, UK), diluted 1:30 in PBS.

2.3.3 Indirect IF labelling

The method of staining and optimal conditions for use were as described by Bush et al. 

(1989). Briefly, aliquots (15pl) of the antiserum diluted 1:200 in PBS were applied to the 

films, which were then incubated in a moist chamber for 30 minutes at room temperature. 

Films were then rinsed with PBS, slotted into a slide rack and washed in a buffer (PBS) 

tank, continuously stirred for 30 minutes, then air-dried. Rabbit anti-mouse IgG (H4-L 

chains) FITC conjugate (ICN Biomedicals, High Wycombe, UK) was diluted 1:30 in PBS, 

and aliquots (15pl) applied to the films which again were incubated in a humid chamber
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at room temperature for 30 minutes. After a further wash, films were carefully dried and 

mounted in Citifluor API (Citifluor Ltd. The City University, London, UK). The slides 

were covered with a glass cover slip, excess mounting solution removed with tissue paper, 

and the edges of the coverslips sealed with glyceel (Gurr, BDH, Poole, UK).

2.3.4 Specificity of antisera

The specificity of each high-titre antiserum (primary antisera) was tested against an 

existing panel of 75 strains of oral micro-organisms (Table 2.6). The antiserum raised 

against L. casei showed cross-reactivity only with S. salivarius HHT 76, whilst the anti-L. 

acidophilus antiserum cross-reacted with S. salivarius HHT 76, S. oralis NCTC 7864, S. 

oralis NCTC 11427 and S. mitis BM 1296. Therefore, the anti-L. casei and anti-L. 

acidophilus antisera were adsorbed with S. salivarius by the method of Moody et al. 

(1958). The cross-reactivity of anti-L. acidophilus antisera with S. salivarius HHT 76, S. 

sanguis 7864, S. oralis 11427 and S. mitis BM 1296 was found to be caused by a 

common antigen. After adsorbing with S. salivarius HHT 76 or 5. sanguis, the serum was 

no longer cross-reactive; however, the titre was reduced from 1:600 to 1:300 dilution. The 

anti-S. mutans and anti-5, sobrinus antisera showed no cross reactions, reacting with only

the homologous strains and none of the other 75 strains that were tested (Table 3.7). The

rabbit anti-mouse antiserum cross-reacted with Staphylococcus aureus and some of the

filamentous rods (Table 3.7). Strains which cross-reacted with any of the antisera were

photographed using both phase contrast and fluorescence and their morphology noted.

The anti-L. casei and anti-L. acidophilus antisera were pooled, giving a final titre of 1:200 

for anti-L. casei and 1:300 for anti-L. acidophilus. This mixture was used as a primary 

antiserum for IF staining of lactobacilli.
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Table 2.6 List of 75 oral bacteria used to test for cross-reactivity of antisera.

No Species Strain No. Gram stain and 
cell morphology

1 Actinobacillus
actinomycetemcomitans 9709 (NCTC) G rod

2 Actinobacillus
actinomycetemcomitans 10980 (NCTC) G rod

3 Actinobacillus
actinomycetemcomitans Y4 (NCTC) G rod

4 Actinomyces odontolyticus 9935* (NCTC) G^ rod
5 Actinomyces viscosus 10951* (NCTC) G  ̂ rod
6 Actinomyces viscosus WVU1371 (NCTC) G  ̂ rod
7 Actinomyces viscosus NY IB (NCTC) G^ rod
8 Actinomyces naeslundii 10301 (NCTC) G  ̂ rod
9 Actinomyces israelii 4860 (NCTC) G  ̂ rod
10 Arachnia propionica 11666 (NCTC) G  ̂ rod
11 Actinomadura madurae 5654* (NCTC) G^ rod
12 Branhamella catarrhalis 11020* (NCTC) G coccus
13 Bifidobacterium dentium 11816 (NCTC) G  ̂ rod
14 Bacteroides fragilis 9343* (NCTC) G rod
15 Campylobacter concisus 11485* (NCTC) G rod
16 Capnocytophaga gingivalis 11654 (ATCC) G rod
17 Campylobacter rectus 11489* (NCTC) G rod
18 Capnocytophaga sp. (sputigena) 11654 (NCTC) G rod
19 Capnocytophaga sputigena 33612 (ATCC) G rod
20 Corynebacterium hofmanii plaque isolate G  ̂ rod
21 Corynebacterium matruchotii 10254 (NCTC) G^ rod
22 Eikenella corrodens 10596 (NCTC) G rod
23 Eikenella corrodens 10647 (NCTC) G rod
24 Eubacterium alactolyticum 23263 (ATCC) G* rod**
25 Eubacterium saburreum 33271 (ATCC) G  ̂ rod**
26 Fusobacterium nucleatum 10562 (NCTC) G rod
27 Fusobacterium naviforme 11464 (NCTC) G rod
28 Haemophilus aphrophilus 11098 (NCTC) G rod
29 Haemophilus parainfluenzae 7857* (NCTC) G rod
30 Lactobacillus acidophilus LA 435 (NCTC) G  ̂ rod
31 Lactobacillus casei 10302 (NCTC) G  ̂ rod
32 Lactobacillus odontolyticus 1406 (NCTC) G  ̂ rod
33 Leptotrichia buccalis 10249* (NCTC) G rod
34 Micrococcus mucilaginosus 10663 (NCTC) G  ̂ coccus
35 Neisseria sp. BM1305/A1078 G coccus
36 Neisseria lactamica 10618 (NCTC) G coccus
37 Neisseria pharyngis 4590 (NCTC) G coccus
38 Nocardia asteroides 11293* (NCTC) G  ̂ rod
39 Peptostreptococcus anaerobius 11460* (NCTC) G  ̂coccus

66



Table 2.6 Continued

No Species NCTC No. Gram stain and 
cell morphology

40 Prevotella corporis 33547 (ATCC) G rod
41 Prevotella denticola 33184 (ATCC) G rod
42 Prevotella loescheii 15930 (ATCC) G rod
43 Prevotella nigrescens 9336 (NCTC) G rod
44 Prevotella melaninogenica 11321 (NCTC) G rod
45 Prevotella oralis 11459* (NCTC) G rod
46 Porphyromonas gingivalis W50 (NCTC) G rod
47 Propionibacterium acnes 737* (NCTC) G+ rod
48 Rothia dentocariosa 10917* (NCTC) G+ rod
49 Selenomonas sputigena 33150 (ATCC) G rod
50 Simonsiella crassa 10283* (NCTC) G rod
51 Staphylococcus aureus 11561 (NCTC) G+ coccus
52 Streptococcus intermedius 11324 (NCTC) G+ coccus
53 Streptococcus mitior (mitis) BM 1296 (NCTC) G+ coccus
54 Streptococcus mitis I NS51 (NCTC) G+ coccus
55 Streptococcus mitis II SK132 (NCTC) G+ coccus
56 Streptococcus milleri 10709 (NCTC) G+ coccus
57 Strep, mutans ’a’ (S. cricetus) AHT (NCTC) G+ coccus
58 Strep, mutans ’b’ (S. rattus) RAT 78 (NCTC) G+ coccus
59 Strep, mutans ’c’ (S. mutans) 10449* (NCTC) G+ coccus
60 Streptococcus mutans ’c’ Guys 78 (NCTC) G+ coccus
61 Streptococcus mutans ’c’ R9 (NCTC) G+ coccus
62 Strep, mutans ’d’ (S. sobrinus) OMZ176 (NCTC) G+ coccus
63 Strep, mutans ’e’ (S. mutans) T 93 (NCTC) G+ coccus
64 Strep, mutans ’f’ (S. mutans) OMZ 175 (NCTC) G+ coccus
65 Strep, mutans ’g’ (S. sobrinus) 6715 WT (NCTC) G+ coccus
6 6 Strep, mutans ’h’ (S. downei) 11391 (NCTC) G+ coccus
67 Streptococcus oralis 11427 (NCTC) G+ coccus
6 8 Streptococcus salivarius HHT 76 (NCTC) G+ coccus
69 Streptococcus sanguis 10904 (NCTC) G+ coccus
70 Streptococcus sanguis 7864 (NCTC) G+ coccus
71 Streptococcus vestibularis 12166 (NCTC) G+ coccus
72 Treponema denticola 35405 (ATCC) G rod
73 Treponema vincentii 35580 (ATCC) G rod
74 Veillonella dispar 17745 (ATCC) G coccus
75 Veillonella parvula 11463 (NCTC) G coccus

* Type strain.
** Eubacterium spp. are often Gram-variable. 
ATCC American Type Culture Collection. 
NCTC National Collection of Type Cultures. 
Strep. = Streptococcus
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2.3.5 Adsorption of antisera

The anti-L. acidophilus antiserum was adsorbed with S. salivarius HHT 76. S. salivarius 

HHT 76 was grown in Tryptone Soya Broth anaerobically for 24h and washed once with 

sterile saline. After centrifugation, the cells were mixed with four volumes of the serum 

and incubated at 37°C for 3h. The suspension was stirred periodically during the 

incubation period. The adsorbed serum was separated from the cells by centrifugation. 

After adsorbing anti-L. acidophilus anti serum with S. salivarius HHT 76 it was found that 

the cross-reaction with S. sanguis 7864, S. oralis 11427 and S. mitis BM 1296 also 

deteriorated, indicating the possibility of a common antigen as a cause of this cross

reaction.

2.3.6 Sensitivity of antisera

This experiment was performed to establish whether S. mutans, S. sobrinus or lactobacilli, 

when pooled together, could each be accurately identified and enumerated. A number of 

pure cultures of bacteria (species known not to cross-react with the given antiserum) were 

prepared by suspending cells in 10 ml Wilkens-Chalgren Anaerobe broth (Oxoid, 

Basingstoke, UK), and incubating anaerobically for 2 days at 37° C. Loops of the culture 

were Gram-stained to ensure purity and the broth was separated from the cells by 

centrifuging at 4000 g for 15 min. Pellets were washed twice by resuspending in PBS (pH

7.2), and centrifuging and decanting off the supernatant. Final suspensions were prepared 

with a turbidity similar to No. 5 on the MacFarland scale (Elmer et al. 1988). Mixtures 

of cells of S. mutans ’c’ NCTC 10449 with S. oralis NCTC 7864 and of S. mutans with 

L. casei NCTC 10302 in the ratios 1:10 to 1:100,000 were prepared. Aliquots of 15 pi of 

each mixture were dispensed onto multi-spotted slides, dried and IF-stained, and then 

examined by immunofluorescence and phase contrast microscopy. Total numbers of 

fluorescing cocci were compared to the total number observed by phase contrast in 

randomly selected microscopic fields (0 . 0 1  mm^); fluorescent cells were enumerated
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similarly using appropriate illumination. This procedure was repeated for anti-6 ", sobrinus, 

anti-L. casei and anti- L. acidophilus antisera.

Paired t tests were performed on the data. The sensitivity of the method is limited by the 

number of cells easily counted (500 per specimen in this study). This procedure was 

repeated for S. sobrinus NCTC 27351, L. casei LA 435, and L. acidophilus NCTC 10302.

2.3.7 Positive and negative controls for IF staining

Cultures of S. mutans serotype ’c’ (NCTC 10449) and S. sobrinus serotype’d’ ( NCTC 

27351) were grown in Tryptone Soya Broth with and without 5% (w/v) sucrose for up to 

5 days in order to investigate the effect of any extracellular polysaccharide on IF staining. 

The possible inhibition of IF staining by in vivo factors relevant to natural plaque (cell- 

bound Ig, Emilson et al. 1974) was also tested by treating films of pure cultures of the 

homologous strain, grown in Tryptone Soya Broth with and without 5% (w/v) sucrose 

(BDH, Poole, UK), and with and without human serum (HS) for 1 h and followed by IF 

staining (Bush et al. 1990).

Duplicate films were treated with PBS and anti-mouse FITC conjugate as negative 

controls. S. mutans serotype ’c’ (NCTC 10449), S. sobrinus serotype’d’ (NCTC 27351), 

L. casei (NCTC 10302) and L. acidophilus (LA 435) were IF labelled with their specific 

antiserum (section 2.3.3) as positive controls for antisera.

2.3.8 Monoclonal antibody (Mab) studies

The FITC-conJugated rabbit anti-mouse antiserum cross-reacted with S. aureus and some 

filamentous rods (Table 3.7). This was countered by using negative controls to note the 

morphology of the cells. However, it is possible that during the dispersion of plaque some 

of these filamentous rods had been fragmented, so that the remnants resembled cocci.
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Two slides were prepared from each of sixty plaque samples, one was treated with anti-5. 

sobrinus polyclonal antiserum and the other with a monoclonal antibody that specifically 

stains S. sobrinus (OMVUIO, de Soet et al. 1987) which was kindly donated by Dr. J. 

de Soet, Amsterdam, Netherlands.

Monoclonal antibody was diluted 1:500 in PBS, and 40 pi applied to each well, and then 

incubated for Ih at room temperature. After washing, 40 pi of FITC-conjugated rabbit 

anti-mouse antiserum (ICN Biomedicals, High Wycombe, UK), diluted 1:30 in PBS, was 

added into each well and the slides incubated for Ih at room temperature (de Soet et al. 

1987). The slides were washed, covered with a cover slip and then examined (see section

2.3.10). Rabbit anti-mouse FITC was used as a negative control. To avoid false positive 

results, the samples were carefully screened. Where the negative control showed some 

reaction, very few single cocci were positive and there were no chains of cocci, this was 

taken as a false positive and not counted.

2.3.9 Direct microscopic counting

All stained films were examined by incident light fluorescence using a Zeiss standard 16 

microscope (Zeiss, Oberkochen, Germany) equipped with phase contrast and fluorescence 

optics. A HBO 50 W mercury lamp and filter set 487716 giving narrow band excitation 

illumination (485-505 nm) and fluorescence <520 nm was used. Determination of 

individual species in plaque samples was carried out using a Plan xlOO objective and a 

xlO eye piece incorporating a grid graticule, 0.02 mm^ (Zeiss, Oberkochen, Germany). 

Fluorescence microscopy was used to determine the number of IF positive cells. 

Randomly selected fields were first examined by fluorescence microscopy, then the field 

was examined by phase contrast microscopy to determine the total cell numbers per field, 

at least 20 fields for each well (each well contained one sample) were scanned. This 

procedure was repeated until 400 to 500 cells per sample were counted and the percentage
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of fluorescing cells was then calculated. Fluorescence intensity was recorded on a scale 

of 0 to 4+ (Moody et al. 1958).

2.3.10 Reproducibility test on plaque counting data

Duplicate films of a sample of approximal plaque which was positive for S. mutans ’c’ 

were prepared and 10 fields of each sample were counted. Paired t tests on the differences 

between the percentage values for the two films were then performed. Similar 

reproducibility assays were performed for S. sobrinus.

2.3.11 Photographic processing of slides

Different types of film were tried as there were disadvantages with both fast and slow 

films. Fast films do not have fine grain and so, although the exposure time is shorter, the 

detail is poor when projected. Slow films have fine grain and convey the detail, but the 

exposure times are longer and this can alter colour balance and lead to vibration problems 

during exposure.

a) Black and white photography

Kodak TMAX 100 and 400 ASA films were compared as follows:

15 seconds exposure, reciprocity 3, 4, 5, or 6, total exposure 30 to 52 seconds, and 

development in TMAX developer, diluted 1 in 4. Kodak TMAX 400 yielded greater 

detail, with a 2 - 2.5 minutes exposure. Negatives were processed in neat Acutol 

developer (Paterson Products, Herts, UK) for 10 min. at 20 °C. Black and white negatives 

were printed on Kodak Professional paper (F4 M 192 2293).

h) Colour photography

Ektachrome 400x Kodachrome 200 and Kodachrome 25 ASA films were evaluated. The 

grain size of 400 and 200 ASA films resulted in poor detail. However, Ektachrome 400x
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professional film exposed for 15 - 30 seconds (reciprocity = 3) yielded good contrast.

2.4 Statistical analysis

a) Culture: Viable counts of bacteria were expressed as colony forming units (cfu)/ml 

and as percentage of the total cultivable microflora. Due to the nature of the samples and 

on the basis of the different sites sampled it was appropriate to consider the samples 

independent. As the data (cfu/ml) distribution was highly skewed, it was normalised, 

where possible by log^g transformation of colony forming units/ml and percentage viable 

counts, and then analyzed for differences between species at each sub-site, using one-way 

analysis of variance. When a species was not detected, half of the minimum level of 

detection was used. The half minimum level of detection was 5 cfu/ml and 0.05% of the 

viable count. However, when species occurred with low frequency resulting in 

distributions which were not only highly skewed but also not amenable to log^o 

transformation, the Kruskal-Wallis test was used instead of one-way analysis of variance. 

If this test proved positive the Mann-Whitney test was then used to identify significantly 

differing groups.

McNemar’s test for comparing two proportions of the paired data (Armitage and Berry 

1987), was used to compare the proportion of each species at the three sub-sites. 

Associations between species were investigated using the comparison of two proportions 

for unpaired data (Armitage and Berry 1987). The standard error (SE) is given, as this 

provides a way of predicting the true population mean from the sample mean, i.e., there 

is a 95% chance that the true population mean will lie within the range: sample mean ± 

1.96 X SB sample mean.

The Wilcoxon matched pairs signed ranks test (Siegel 1956) was used for comparison of 

percentage viable counts or cfu/ml of species at the same sites. However, where a large
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number of comparisons are made with a set of data it is possible that differences 

significant at p < 0.05 may occur by chance in a proportion of cases. This would normally 

be corrected by the method of Newman-Keuls, Duncan and Scheffe or Bonferroni. 

However, as the number of comparisons to be made here is very large, these above 

methods might give too conservative a response (Altman 1991). In these circumstances 

the best possible solution was to adopt a more stringent level of significance. Therefore, 

as a precaution, a more stringent level of significance, p <0.025, was selected for 

comparison of species within the sub-sites (section 3.1.2.7).

b) IF: The IF data were presented as a percentage of total microscopic cell counts (see

2.3.10). One fluorescing cell determined in 500 cells gave a percentage count of 0.2%. 

This was taken as the minimum limit of detection (Bush et al. 1989). Therefore, 

comparison of proportions of each species at the three sub-sites was carried out using 

McNemar’s test. Associations between species were determined using the comparison of 

two proportions for unpaired data (Armitage and Berry 1987).

c) Caries: Chi-square analysis (Siegel 1956) was used to test for associations between the 

presence of individual organisms and caries (white spot lesions).
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2.5 Restriction enzyme analysis of 16S rRNA

2.5.1 Preparation of DNA

Genomic DNA from S. mutans ’o’, S. sobrinus’d’, S. mitis I (NS51), S. mitis II (SK132) 

S. oralis (LVGl) and clinical isolates of these species were obtained using a modification 

of the Marmur method (Marmur, 1961). Pre-reduced brain heart infusion (BHI) broth 

(Oxoid, Basingstoke, UK) was made up with DL-threonine (Sigma, Poole, UK) to a final 

concentration of 10 mM and pre-reduced by overnight incubation in an anaerobic 

chamber. Cell cultures were prepared by inoculating 100 ml of the pre-reduced BHI broth 

with 10 ml of an overnight inoculum. Cultures were incubated in an anaerobic chamber 

at 37° to exponential phase (2h-3h), until the broth turned cloudy, then solid glycine 

(BDH, Poole, UK) was added slowly to the culture to a final concentration of 5% w/v. 

The cultures were allowed to continue to grow for a further Ih - 2h. Cells were harvested 

at 4000 g and 4°C for 15 min.

2.5.2 DNA extraction

Cell pellets were resuspended in 1 ml TE buffer (Tris-HCl, EDTA, pH 7.2) in two sterile 

microcentrifuge tubes (500pl each) centrifuged at 13000 g for 1 min, and the pellet 

resuspended in 300pl of lOmg/ml RNAase (Sigma, Poole, UK), see Appendix B. 50pl of 

20mg/ml lysozyme (Sigma L-2879) (see Appendix B) was added and the mixture 

incubated at 37°C for 20 min, followed by the addition of sodium dodecyl sulphate (SDS, 

Sigma, Poole, UK) to a final concentration of 1% ( 15pl of 20% w/v) and a further 10 

min incubation. The final volume was made up to 600pl with TE and mixed very gently 

50 times, then 300pl of phenol saturated with TE (See Appendix B) (BDH, Poole, UK) 

and 300 pi of chloroform (BDH, Poole, UK) were added and mixed gently 20 - 50 times.
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The tubes were then centrifuged for 10 - 15 min in an MSB bench microcentrifuge 

(13,000 g). The upper layer was removed with a wide bore (2.5 - 3.5 mm diameter) sterile 

pipette tip. This stage was repeated 3 times.

The DNA was precipitated with one tenth of the volume of 5 M ammonium acetate and 

two volumes of cold (-20°C) ethanol, and mixed gently 5 - 1 0  times. The mixture was 

stored at -20°C overnight to precipitate the DNA.

Chromosomal DNA was spooled with a sealed bent glass pasteur pipette and washed in 

70% (w/v) ethanol, then air dried for a few minutes at room temperature (while still 

adhering to the glass pasteur pipette), and resuspended in 500pl of TE, allowing the DNA 

to dissolve slowly.

2.5.3 Quantification of DNA

The concentration of extracted DNA was determined from the absorbance values obtained 

at 260nm. An ODjgo reading of 1 is equivalent to 50 pg/ml double stranded DNA 

(Sambrook et al. 1989). Purity was estimated by taking the ratio of the OD2 6 0 : ODjgo 

readings. Ratios between 1.8 and 2.0 indicate the sample is pure. The OD2 6 0  and OD2 8 0  

of the DNA samples were measured in quartz cuvettes using a spectrophotometer 

(Ultraspect HI, Phamacia, UK).

2.5.4 Agarose gel preparation

Agarose gel (No. A-6013 Agarose type I Low EEO M, 0.12; Sigma, Poole, UK) was 

made up to 0.8 % w/v with Ix TBE (Appendix B) and melted by heating, followed by
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cooling in a water bath at 65°C. Subsequently, 30 ml of the mixture was poured into a 

mini gel tank (100 x 70 mm^, Flowgen, Kent, UK) and the gel allowed to set at room 

temperature for 30 minutes. The two end brackets were removed and the gel tank was 

filled with 50 ml TBE (1 x concentration).

2.5.5 Agarose gel electrophoresis for examination of DNA

The DNA sample (10 pi) was mixed with (2pl) loading buffer (Appendix B) in a sterile 

microcentrifuge tube, and 8 pi of this was loaded in one well of the gel. A measured 

amount of 2 pi of molecular weight size marker (section 2.5.6) was used as a control. The 

gel was run for 5 min on 100 V then 70 V for 15 min, followed by examination of the 

gel by UV light using ethidium bromide to enhance the visualization of DNA. The gels 

were photographed under ultraviolet illumination (Chromato-vue, model TM 36, Inc, 

USA) using Polaroid 665 film (Sigma UK) and a Polaroid CU-5 Land camera (5 inch 

lens, Oxford UK). The exposure time was 30 seconds.

2.5.6 Polymerase chain reaction (PCR)

PCR enables the 10* fold amplification of a specific region of DNA in vitro in a matter 

of hours (Saiki et al. 1985). The process involves repeated cycles of heat dénaturation, 

annealing of 2 oligonucleotide primers designed to define the fragment to be amplified, 

and extension of the annealed primers with the four dNTPs and DNA polymerase (Fig. 

2.3).

Using PCR, 16S rRNA genes of S. mutans ’c’, S. sobrinus’d’, S. mitis I (NS51), S. mitis 

II (SK132) and S. oralis (LVGl) were amplified using the following reagents.
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buffer (lOx) lOjol

sterile distilled water 84pl

dNTPs Ipl (100 mM)

primer A (the 5'primer) 1.5pl (0.1 mg/ml)

primer B (the 3’primer) 1.5pl (0.1 mg/ml)

DNA Ipl (0.3mg/ml)

Taq polymerase Ipl (2U/pl)

All the reagents used were obtained from Promega, Southampton, UK, except where 

otherwise noted.

The reagents were added to a 0.5 ml sterile microcentrifuge tube (Sigma, Poole, UK) in 

the order shown above. The 10 x buffer contained 15 mM Mg CI2 , Ipl of 100 mM dNTPs 

(25 mM of each of dATP, dCTP, dGTP and dTTP). The oligonucleotide primers used in 

this study were synthesized by Molecular Medicine, King’s College London, UK. 

Sequences corresponded to those within the 16S rRNA genes of streptococci, the forward 

primer and the reverse primers were 5 ’ -AGAGTTTGATCCTGG CTCAG-3’ and 5’-GGTT 

ACCTTGTTACGACTT-3’, respectively (Eden et al. 1991). These were used at a 

concentration of 150 ng/pl. 300ng DNA (phenol and chloroform extracted DNA) was 

added last. The total volume of reaction mixture was lOOpl. In addition to the samples 

two controls were prepared. The negative control comprised 1 pi sterile distilled water 

instead of DNA. The positive control consisted of 300ng of previously PCR tested DNA. 

Sixty pi of light weight mineral oil (Sigma, Poole, UK) was added to each reaction 

mixture and the microcentrifuge tubes pulsed for several seconds in the microcentrifuge. 

The microcentrifuge tubes were placed in a PCR machine (Techne PHC3, Cambridge, 

UK) which was programmed as follows:

5 minutes at 92°C for denaturing (resulting in single stranded DNA), then 1 minute at
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80°C. The Taq polymerase (lpl=5U) was added at this point (Faloona et al. 1990). The 

thermal profile used included 30 cycles, denaturing at 92°C for 1.5 min, primer annealing 

at 55°C for 1.5 min, and nucleotide extension at 72°C for 1.5 min (Fig. 2.3). 

Approximately 8pi of the reaction volume was then analysed by gel electrophoresis 

(section 2.4.9).

2.5.7 Examination of PCR products (Agarose gel)

Metaphor agarose (Flowgen, Kent, UK) was made at a concentration of 1.8% with TBE 

(Ix concentration) in a conical flask covered with perforated cling film and then melted 

in a microwave oven (850 W, Sharp, Watford, UK) for 2 min, then cooled to 65°C in a 

water bath. 30ml of the melted gel was poured in a mini gel tank (100 x70 mm^, Flowgen, 

Kent, UK). This gel was kept for Ih at room temperature, and then placed for a further 

Ih in the fridge at 4°C to develop solidly.

2.5.8 Agarose gel (Metaphor) electrophoresis

After the gel had set, the gel tank was loaded with 50 ml of TBE buffer (xl. Appendix 

B), the comb removed and the first, middle and last wells loaded, each with 2pi of the 

molecular weight markers (see section 2.5.6). Eight pi of each sample were mixed with 

loading buffer as in section 2.5.4 and loaded on the gel and the gel was then run for Ih 

at 50V. The gel was then stained in a solution of ethidium bromide (2.5 pg/ml water) with 

gentle shaking for 10 minutes.

The gels were photographed under ultraviolet illumination using Polaroid film and a 

Polaroid camera (see section 2.5.2). The optimum exposure time was 30 seconds.
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Fig. 2.3 Illustration of the polymerase chain reaction

A primer which is complementary to a DNA sequence will base pair with that region if 
the double stranded DNA is heated to separate the strands, and allowed to cool in the 
presence of the primer. By adding the components necessary for DNA synthesis (dNTPs 
and DNA polymerase) a new strand of DNA, complementary to the original strand, will 
be made using the 3’ end of the primer as starting point.

3’ 5’
DNAtemplate

5’ 3’
primer and newly synthesised DNA

3’ 5’
DNA template

primer A ---------------  _ _ _ _ _ _
5’ 3’

After primers anneal to opposite strands the following will occur.

3’ 5’
■ ■ ■ ■ ■ ■  primer B

5’ 3’ DNA template

3 '  5 '

■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■  mmÊÊÊÊa^^m template DNA
-----------------------------------  made using primer B

primer A 5’ 3’

Subsequently the strand newly synthesised from one primer acts as a template for the 
second primer.

template DNA 3' 5’
made using ■  ■  ■  primerB
primer A --------------- —  —  —  —  —  — -----  ----

5’ 3’

After many such cycles the product is a single fragment (total yield 1 -10 pg).

79



2.5.9 Restriction endonuclease analysis

All the materials used in this part of the study were obtained from Promega (Promega, 

Southampton, UK) unless otherwise stated. The amplified 16S rRNA genes of S. mutans 

’c’, S. sobrinus ’d’, S. mitis biovar I (NS51), S. mitis biovar II (SK132) and S. oralis 

(LVGl) were digested with eight restriction enzymes (Table 2.7). A group of six-bases 

recognition enzymes which included BamHl, HindUl, EcoRl, Smal, Kpnl, Pstl, Pvull and 

the four base cutter Haelll were used (Table 2.7). All these enzymes were used with 

multi- core buffer but Haelll, Pvull and Smal were used with the specific buffers which 

were provided with them. The size of restriction fragments was then estimated by running, 

on the same gel, polynucleotide markers of known molecular weight, such as lambda 

DNA ((]) X  174, digested with the enzyme Haelll, section 2.5.6).

Table 2.7 Restriction enzymes and their recognition sequences (target sites).

Source (Name) Recognition
sequence

U/ml X cut

Escherichia coli RY13 

Bacillus

(EcoRI) OiAATTC 25000 5

amyloliquefaciens H {BamHl) CiOATCC 2000 5

Klebsiella pneumoniae {Kpnl) GGTACvlC 15000 2

Haemophilus influenzae {HindlU) AiAGCTT 18000 6

Haemophilus aegyptius (Haelll) GGiCC 10000 >50

Proteus vulgaris (PvuH) CAGiCTG 12000 4

Providencia stuartii (Pstl) CTGCAiG 15000 18

Serratia marcescens (Smal) CCCiGGG 90000 3

X = Lambda 
i  The restriction site.
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The reaction was performed in a 1.5 ml sterile microcentrifuge tube. A measured amount 

(8.5 pi) of PCR product of each species was mixed with Ipl of the buffer. Nine of such 

tubes were prepared. BamHi, HindiSl, EcoRl, Smal, Kpnl, Pstl and Pvull were used at a 

concentration of lOU/pl. 0.5 pi of each enzyme was added to each microcentrifuge tube, 

except BamHl which was provided in a relatively low concentration (2U/pl), Ipl of it was 

used to digest the same amount of DNA. A negative control containing only PCR product 

and buffer was also prepared. All the microcentrifuge tubes were incubated in a water 

bath at 37°C for 3h, but the tube with Smal was incubated at room temperature. For 

comparative purposes, DNA (PCR product) of S. mitis I (NS51), S. mitis II (SKI32) and 

S. oralis (LVGl) was digested with Haelll and HindUl.

The reaction mixture of each species was run on Metaphor agarose (see 2.6.2 and 2.6.4). 

The restriction patterns of each species were compared in order to attempt to obtain a 

unique restriction pattern for each species. These patterns were compared to determine the 

degree of heterogeneity or relatedness of strains.
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CHAPTER THREE 

RESULTS 

3.1 Culture study

3.1.1 Reproducibilty of plaque sampling and bacterial counts

The results of reproducibility tests for plaque dispersion and primary cultures (section

2.2.2) showed a mean percentage variation of 5.2, with a range of 1.3% to 13%; therefore, 

the reproducibilty of the techniques was 94.8% (Tables 3.1).

The samples removed from the three sub-sites on each premolar were of small size, as 

indicated by the low total numbers of bacterial viable count (cfu/ml) (Table 3.2). In 

general, 20 species were identified, but not all of them were present in each sample. An 

average of 7-9 species was found at each sub-site. The largest range of isolates was 

present at sub-site B. Quantitative differences (cfu/ml and percentage of the total viable 

count) were found between the sub-sites from different subjects and also within subjects 

(Appendix D, Tables 1-20). Overall, Actinomyces spp. and Streptococcus spp. accounted 

for the majority of all the isolates, as is clear from the examination of mean percentage 

isolation frequencies (Tables 3.3).

3.1.2 Cultivable microflora of plaque from different sub-sites

3.1.2.1 Actinomyces spp.

Species of Actinomyces were isolated from sub-sites (A), (S) and (B) with mean 

proportions of 27.2%, 39.9% and 29.2%, respectively. The majority of the 63 surfaces 

examined had at least one species of actinomyces; only five sub-sites did not have any, 

four from the site away (A) and one of the below (B) sites. There was no substantial 

increase in the numbers of other species (e.g. streptococci) at these sites. The most 

prevalent Actinomyces spp. at all sites was A. naeslundii with mean percentage isolation 

frequency of A = 76.2%, S = 85.7% and B = 90.5%. The second most prevalent 

Actinomyces spp. was A. israelii, with a mean percentage isolation frequency at sub-sites
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Table 3.1 Reproducibility of culture techniques. Duplicate samples of approximal plaque 
were cultured on blood agar.

Sample
Number

Count (CPU) 
Plate 1

Count (CPU) 
Plate 2

Dilution
factor

% Variation

1 320 290 10'^ 9.4

2 230 225 10'̂ 2.2

3 315 311 10^ 1.3

4 314 301 10^ 4.4

5 75 81 neat 7.7

6 260 265 neat 1.9

7 220 214 10^ 2.3

8 285 300 10^ 5.0

9 80 83 10^ 9.5

10 345 300 neat 13.0

11 264 258 neat 2.3

12 132 129 10’̂ 3.0

(CPU) = Numbers of colony forming units. 
Mean percentage variation {x = 5.2%).

A = 47.6%, S = 66.7% and B = 61.9% (Table 3.3), although their proportions were low 

(Table 3.2). A. odontolyticus was recovered with a mean percentage isolation frequency, 

A = 38.1, S = 33.3 and B = 57.1 (Table 3.3) again as a low proportion of the total viable 

count (Table 3.2). A. naeslundii and A. odontolyticus both were isolated more often at sub

site B (Table 3.4), although the mean percentage viable count showed an increase for sub

sites A and S for A. naeslundii and A. odontolyticus respectively, when compared to the 

other two sub-sites (Table 3.2).
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Table 3.2 Percentage viable counts (mean and ranges; N = 21) of bacteria from small samples of approximal plaque taken at sites away from (A), to the side of (S) 
and below (B) the contact area.

Bacteria
Away (A) 
Mean+SE* Range

Side (S) 
Mean±SE Range

Below (B) 
Mean±SE Range

[a]
S. mutans 9.9±4.8 (0.0-78) 7.7±2.3 (0.0-28) 13.3±4.0 (0.0-54)
S. sobrinus 1.9±8.4 (0.0-38) 3.9±3.0 (0.0-63) 4.9±3.9 (0.0-83)
S. sanguis 4.4±1.3 (0.0-32) 8.3±2.7 (0.0-48) 7.8±2.9 (0.0-42)
S. gordonii 2.1±1.0 (0.0-10) 1.6±0.7 (0.0-13) 2.6±1.3 (0.0-14)
S. mitis I 13.2±3.6 (0.0-51) 7.6±2.3 (0.0-39) 8.4±2.4 (0.0-44)
S. mitis II 2.7±1.5 (0.0-30) 0.7±0.4 (0.0-90) 1.5±0.8 (0.0-14)
S. oralis 8.7±2.5 (0.0-31) 3.2±1.0 (0.0-16) 7.6±1.6 (0.0-28)
"S. miZ/gn "-group 5.0±2.4 (0.0-43) 3.7±1.5 (0.0-22) 2.9±1.3 (0.0-22)
S. salivarius 3.6±1.3 (0.0-41) 1.2±0.7 (0.0-11) 2.0±1.3 (0.0-23)
Unidentified GPC 3.8±2.1 (0.0-40) 6.2±2.3 (0.0-38) 8.1±4.3 (0.0-84)
A. naeslundii 20.6±4.2 (0.0-78) 20.1 ±4.5 (0.0-71) 18.3±4.6 (0.0-50)
A. odontolyticus 4.1 ±2.4 (0.0-50) 7.9±4.0 (0.0-78) 5.8±2.8 (0.0-60)
A. israelii 4.3±2.9 (0.0-50) 11.6±4.2 (0.0-70) 4.7±2.9 (0.0-60)
Lactobacillus 0.4±0.3 (0.0-7.0) 0.2±0.1 (0.0-20) 0.04±0.0 (0.0-1.0)
Unidentified GPR 0.7±0.4 (0.0-6.0) 1.6±0.4 (0.0-27) 1.1±0.8 (0.0-14)

♦ 1 1*>J 1
Neisseria 5.9±2.2 (0.0-28) 2.3±0.9 (0.0-15) 0.2±0.1 (0.0-8.0)

♦ i| [CJ
Trll1 ♦ 1 Lt»J 1

Veillonella 3.3±1.7 (0.0-30) 2.3±1.2 (0.0-24) 10.7±4.7 (0.0-83)
Fusobacterium 0.1 ±0.05 (0.0-1) 0.7±0.4 (0.0-7) 0.4±0.4 (0.0-8.0)
Facultative anaerobes (GNR) 0.7±0.6 (0.0-13) 2.5±2.4 (0.0-50) 1.2±0.8 (0.0-14)
Obligate anaerobes (GNR) 2.2±1.0 (0.0-20) 4.1±1.6 (0.0-29) 3.4±0.6 (0.0-25)

Mean total count cfu/ml 31300±14300 102700±38100 155800±102700

*SE = Standard error of the mean, [a] One-way analysis of variance of log-transformed raw data, and subsequent t test on the differences between the log-transformed 
data of each two sites, p<0.05 for B>A. ♦ Mann-Whitney test (section 2.4), [b] p<0.05 for A>B, [c] p<0.05 A<B and [d] p<0.05; for B>S. Viable count (cfu/ml) was 
used for these analyses; when organisms were not found, half of the minimum level of detection (5 cfu/ml) was used (data in Appendix D). GNR = Gram negative rods.
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Table 3.3 Mean percentage isolation frequency of species at different sites in relation to 
the contact area.

Organism
Awav
(N=21)

Side
(N=21)

Below
(N=21)

Gram-positive cocci (GPC)

S. mutans 42.9 62.0 85.7*
S. sobrinus 4.8 19.4 33.3**
S. sanguis 57.1 66.7 61.9
S. gordonii 33.3 33.3 38.8
S. mitis I 66.7 76.2 66.7
S. mitis II 33.3 28.6 33.0
"S. milleri"-group 38.1 42.9 42.9
S. oralis 57.1 47.6 62.0
S. salivarius 33.3 38.1 33.3
Unidentified (GPC) 47.6 52.3 42.9

Gram-positive rods (GPR)

A. naeslundii 76.2 85.7 90.5
A. odontolyticus 38.1 33.3 57.1
A. israelii 47.6 66.7 61.9
Lactobacillus spp. 14.3 14.3 9.5
Unidentified (GPR) 19.0 23.8 23.8

Gram-negative cocci (GNC)

Neisseria sp. 47.6 42.3 28.6
Veillonella sp. 28.5"' 38.1 76.2****

Gram-negative rods (GNR)

Fusobacterium 9.5 19.0 14.3
Facultative anaerobes 9.5 9.5 9.5
Obligate anaerobes 28.6 42.9 52.3

Comparison of two proportions for unpaired case was significant for:
S. mutans 'p<0.01; A<B, SND = 2.9, 95% C.I. (14.0% to 85.7%).
S. sobrinus "p<0.05; A<B, SND, 95% C.I. (4.8% to 52.33%).
Veillonella sp. ''p<0.01; A<B and *"p<0.05; B>S, SND = 0.15, 95% (C.I. 7.8 to 87.4%) 
and SND = 0.5, 95% (C.I. 8 .6 % to 67.8 %) respectively.
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3.1.2.2 Gram-negative rods

Facultative and obligately anaerobic Gram-negative rods were occasionally isolated from 

all sites. The mean percentage viable counts of these species were A = 0.7, S = 2.5, B = 

1.2, and A = 2.2, S = 4.1, B = 3.4, respectively. The mean percentage isolation frequency 

of obligate anaerobes also increased at sub-site B (Table 3.3).

Gram-negative morphotypes were rare. For example, the mean percentage viable counts 

of Fusobacterium spp. at sub-sites (A), (S) and (B) were 0.1%, 0.7% and 0.4%, 

respectively. The mean percentage isolation frequency, nevertheless, was also similarly 

low at all sub-sites (Table 3.3).

3.1.2.3 Lactobacillus spp.

Lactobacillus spp. were isolated at only very low levels; their mean percentage viable 

counts were relatively low at all the sites (A = 0.4%, S = 0.2%, and B = 0.04%). 

Therefore, due to the low number of isolates, comparisons between the sites would not 

give statistically valid results. Their mean percentage isolation frequencies were A = 

14.3%, B = 9.5% and S = 14.3% (Table 3.3).

3.1.2.4 Gram-negative cocci

Neisseria spp. comprised 5.9, 2.3, and 0.2% of the total viable counts of sub-sites A, S, 

and B, respectively. The differences between sub-sites A and B were statistically 

significant, A>B, p<0.03 (Table 3.2). The lowest mean percentage isolation frequency was 

also found at sub-site B (Table 3.2).

The mean percentage counts of Veillonella spp. were: A = 3.3%, S = 2.3% and B = 

10.7%. The cfu/ml counts of sub-sites were compared using Mann-Whitney U test (B>A, 

p <0.05, B>S, p <0.05, Table 3.2). Veillonella spp. were isolated significantly more often
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at sub-site B (B>A, p<0.01, Table 3.3). The remaining species and groups (see Table 3.4) 

showed no such trend with sampling site, with the possible exception of Neisseria spp. 

which tended to decrease at the sub-site below the contact area.

3.1.2.5 Streptococcus spp.

Streptococcus was the dominant genus at all sites (Table 3.2). An average of 4-5 species 

was found at each sub-site. All 63 sub-sites harboured at least one species of 

streptococcus (Appendix D, Tables 1-20). The most frequently isolated species at sub-sites 

(A) and (S) were S. mitis I, S. sanguis, and S. mutans (Table 3.2). The mean percentage 

isolation frequencies of these species at sub-sites (A) and (S) showed a similar trend, in 

the order S. mutans < S. sanguis < S. mitis I {S. mutans A = 43%, S = 62%, S. sanguis 

A  = 57%, S = 67% and S. mitis I A = 66.7%, S = 76.2%) (Table 3.3). However, at sub

site (B) the trend changed in the order S. mutans, 85.7%> S. mitis I 66.7%> S. sanguis, 

61.9%. The least frequently isolated species at sub-sites (A) and (S) was S. sobrinus, with 

a mean isolation frequency of 5% and 19%, respectively, and S. salivarius at sub-site B 

(B = 33.3%, Table 3.3).

S. mitis I was the numerically predominant streptococcal species at sub-sites A, S. sanguis 

at sub-site S, and S. mutans at sub-site B (Table 3.2). The mean percentage viable counts 

for S. mitis I were A = 13.2%, S = 7.6%, and the median values were 7.5% and 3.0%, 

respectively, and for S. mutans B = 13.4%, median 4.9% (Table 3.4).

The distribution of S. sanguis and S. gordonii was very little affected by the site of 

isolation. The mean percentage viable counts and median values for S. sanguis and S. 

gordonii were at sub-sites (A) 4.4 and 3.6% respectively at sub-sites (S) 8.3% and 2.1%, 

respectively, and at sub-sites (B) 7.8% and 0.7%, respectively (Table 3.4).
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s. oralis also showed a decrease in mean percentage viable counts in the order A>B>S 

(Table 3.2). Despite the apparently large mean percentage viable counts at the three sub

sites (A = 8.7%, B = 7.6% and S = 3.2%) the differences between the sites were not 

statistically significant, probably because of the large numbers of zero values (when 

species were not detectable) at sub-site S (Table 3.2).

Table 3.4 Mean and median percentage viable counts of streptococcal species from 
samples of approximal plaque taken away from (A), to the side of (S) and below (B) the 
contact area.

Species Awav
(N=21)

Side
(N=21)

Below
(N=21)

S. mutans r  9.9±4.8= r  7.7±2.3 rl3.3i4.0
* 0 .0 ^ ** 0 . 0 4 9

S. sobrinus L 1.9+1. 8 L- 3.9±3.0 L4.9±3.9
0 . 0 0 . 0 0 . 0

S. sanguis 4.4±1.3 8.3±2.7 7.7±2.9
3.6 2 . 1 0.7

S. gordonii 2 . 1 ± 1 . 0 1.6±0.7 2.7±1.0
0 . 0 0 . 0 0 . 0

S. mitis I rl3.2±3.6 r 7.6±2.3 r  8.4±2.4
♦ 7.5 ♦♦3.0 ♦♦♦ 3.9

S. mitis II L 2.7±2.7 L 0.7±0.4 L0.5±0.8
0 . 0 0 . 0 0 . 0

S. oralis 8 .6 ±2 . 1 3.2±1.0 7.6±1.6
5.1 0 . 0 5.7

"S. milleri''-group 5.0±2.4 3.7±1.5 2.5±1.2
0 . 0 0 . 0 0 . 0

S. salivarius 3.6±1.3 1 .2 ±0 . 8 2 .0 + 1 . 1

0 . 0 0 . 0 0 . 0

Unidentified 3.8±2.3 5.9±2.3 8.1±4.0

IgAi protease
0 . 0 0.4 0 . 0

producers 13.0±2.0 14.2±4 15.3±3.5

a = Mean ± standard error, b = median.
Vertical brace : Wilcoxon matched pair signed rank test, *p = 0.019, **p = 0.023, 
"p<0.01, ♦p<0.05, ♦*p<0.01, ♦♦♦p<0.05.
The mean values have been transferred from Table 3.2 as it was not possible to write the 
medians in that table.
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The proportions of IgAj protease-producing species were: 13.0%, 14.2% and 15.3% at 

sub-sites A, S and B, respectively. At each sub-site, IgA  ̂protease-producing species were 

recovered at a lower isolation frequency and proportion than those lacking this activity 

p<0.05 (Table 3.4).

The "S. milleri"-grouTp were recovered with the same frequency at sub-sites B and S 

(Table 3.3).

S. salivarius was present in one third of the children, the highest mean isolation frequency 

being at sub-site (S) (Table 3.3). Mean percentage viable counts of S. salivarius were at 

(A) 3.6%, at (S) 1.2% and at (B) 2.0%, confirming that S. salivarius frequently colonised 

sub-site A (Table 3.2).

Mutans streptococci (MS) were isolated preferentially from the sub-site below the contact 

area (B) (91%). Comparison of the distribution of S. mutans and S. sobrinus at the three 

sub-sites revealed a significant difference between (A) and (B) (B>A, p<0.05). When S. 

mutans or S. sobrinus were isolated alone, there was no significant difference in the 

percentage of sub-sites colonized (Table 3.5) although, for MS in general and S. mutans 

in particular, there was a clear trend for the isolation frequency to increase in the order 

A<S<B. S. mutans was the predominant and frequently the only species of mutans 

streptococcus recovered from a site (Table 3.5). S. sobrinus was rarely isolated in the 

absence of S. mutans and, when it was recovered with S. mutans, it was located 

preferentially at sub-site B (Table 3.5).

One-way analysis of variance on the log-transformed percentage viable counts of S. 

mutans was performed at each sub-site; the F value was 3.15, which showed there was 

a difference between the concentration of S. mutans from three sub-sites, which was
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significant at the 5% level. Further analysis and a paired t test on the differences between 

the log-transformed data for sub-sites (B) and (A) yielded p = 0.025 (Table 3.2). There 

were no statistically significant differences between S. sobrinus levels at any sub-site, 

even though the trend was for proportions to increase in the order A<ScB. The percentage 

viable count of S. mutans was significantly higher than that of S. sobrinus at all three 

locations (p=0.019, p=0.034 and p=0.004 for sub-sites A, S and B, respectively; Table 

3.5).

Table 3.5 Number and percentage of premolars and sub-sites colonised by mutans 

streptococci (MS) and lactobacilli.

Species Premolars 

colonised 

(n = 21) Away
(n=2 1 )

Sub-sites colonised

Side
(n=2 1 )

Below
(n=2 1 )

Total
(n=63)

MS
S. mutans 
alone
S. sobrinus 
alone
S. mutans + 
S. sobrinus 
Lactobacillus 

spp. alone 
Lactobacillus 

spp. 4 - MS

20 (95) 
11 (52)

1 (5)

8  (38)

1 (5) 

4(19)

10 (48) 
9(43)

14 (67) 
10 (48)

19 (91) 
12 (57)

43 (6 8 )
31 (49)

1 (5) 1 (5) 1 (5) 3(5)

0 (0 )
1

3(14)
*

6(29)
1

9(14)

0 (0 ) 1 (5) 0 (0 ) 1  (2 )

3(14) 4(19) 2 ( 1 0 ) 9(14)

( ) = percentage
Comparison of two proportions (unpaired cases) was highly significant for A<B; ♦p<0.01, 
SND = 3; 99% C.I. (6.1% to 79.7%). Similarly, *P<0.01; SND = 2.64, and 99 % C.I. 
(2.7 to 54.4).

There was no pattern in the relative concentrations of S. mutans and S. sobrinus when
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they were recovered together at the same sub-site. There were no statistically significant 

differences between other streptococcal species levels at any sub-site, even though the 

trend was for proportions to increase in the order B>S>A for some species and for others 

in the order A>B>S (Table 3.2).

S. mutans and A. naeslundii yielded the highest counts at most of the sites, and S. mutans 

and Veillonella spp. were significantly abundant below the contact area. Overall isolation 

frequency data indicated that each species could be isolated from all three sites, and that 

no species was specific to any of the sub-sites.

Using the current methodology, it was possible to isolate frequently a number of Gram- 

positive cocci (GPC) and rods (GPR) that did not fit conventional identification schemes. 

The mean percentage counts and proportions of unidentified GPR were generally less than 

the GPC. GPR were more prevalent at sub-site S than sub-sites A and B (Tables 3.2). The 

proportion of unidentified GPC increased in the order: B>S>A, although their mean 

isolation frequencies were similar at all sub-sites (Tables 3.2 and 3.4).

This study did not sub-classify S. salivarius and closely related species (Whiley and 

Hardie 1988), nor the "S. m///gn-group" (Whiley and Hardie 1989). Also, lactobacilli and 

veillonellae have been identified only to genus level, since the physiological tests used for 

the study were limited.

3.1.2.6 Bacterial associations

The McNemar’s test was applied to see if there was an association between the species 

isolated at each of the sub-sites. The comparison of proportions for unpaired data was 

applied to see if there was an association between the isolation of species from sub-sites 

(A), (S) and (B). For example, the proportion of S. sobrinus in samples with S. mutans 

was 0.23 and 0.33 at sub-sites S and B, respectively, and they were not found together
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at sub-site A. The proportion of S. sobrinus in samples without S. mutans was 0.08, 0.13 

and 0.33 at sub-sites A, S, and B, respectively, indicating no statistical association 

between the two species. Similarly, there were no significant positive or negative 

intergeneric or intrageneric associations between other species (for the complete list of 

other species), (Table 3.2) at any of the sites.

3.1.2.7 Variations in proportions of species within each suh-site

An average of 8  species was found at each sub-site. The minimum number of species was 

found at sub-site A, and the maximum number was at sub-site B (A = 3 and B = 14).

Wilcoxon matched pair signed ranks tests were used to compare the percentage viable 

counts of different species within each sub-site. At each sub-site, the percentage viable 

count of S. mutans was significantly higher than that of S. sobrinus at all the three 

locations (P = 0.019, 0.023 and p = 0.008 for sub-sites A, S and B, respectively). S. mitis 

I was also found in a significantly higher proportion than S. mitis II at each sub-site, p = 

0.02, p = 0.001 and p = 0.01, respectively (Table 3.5). The percentage viable counts of 

each species were compared with nineteen other species. Species for which their 

percentage viable counts were significantly higher than the percentage viable counts of 

others presented three patterns, a, b and c as indicated in Table 3.6a-3.6c.

Pattern a: Species for which percentage viable counts were significantly higher than 

others (level of significance p<0.025, see section 2.4) at only one of the three sub-sites. 

At sub-site A, the percentage viable counts of A. israelii and Neisseria were statistically 

significantly higher than Fusobacterium, p = 0.006 and 0.008, respectively. Similarly, S. 

salivarius was significantly higher than Fusobacterium and lactobacilli; p = 0.021, p = 

0.024, respectively. Also, sub-site A was the only sub-site at which A. naeslundii was 

significantly higher than A. israelii, p = 0.003 (Table 3.6a).
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At sub-site S, S. gordonii was significantly higher than S. sobrinus', S. mitis II was 

significantly higher than unidentified GPC and S. sanguis was significantly higher than 

A. odontolyticus (p <0.001, p = 0.008, and p = 0.002, respectively) (Table 3.6a).

At sub-site B, aciduric and acidogenic bacteria such as S. mutans and Veillonella were 

significantly higher than five and nine other species, respectively (Table 3.6a). These 

included facultative and obligate anaerobes (Table 3.6a).

Pattern b: Species for which the percentage viable counts were significantly different 

from others at two of the three sub-sites. At sub-sites A and S, the proportions (%) of 

A. naeslundii were significantly greater than those of S. oralis and S. sobrinus (Table 

3.6b). Also, S. oralis and S. mitis I were significantly higher than unidentified GPR and 

S. oralis (Table 3.6b).

At sub-sites A and B, which were the greatest distance apart, A. odontolyticus was 

significantly higher than Fusobacterium spp., S. mitis II was higher than S. oralis, and S. 

oralis was higher than Fusobacterium spp. (Table 3.6b).
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Table 3.6a Comparison of percentage viable counts of bacterial species isolated from 
small samples of approximal plaque (N = 63). Species levels (%) which were significantly 
different (p < 0.025) from each other at only one of the three sub-sites: away from (A) 
to the side of (S) and below (B) the contact area.

Species '  P (A) P(S) P(B)

A. naeslundii > A. israelii 0.003
A. naeslundii > Unidentified GPC 0.005
A. naeslundii > S. sanguis 0 . 0 0 0

A. israelii > lactobacilli 0.006
A. israelii > Fusobacterium 0.006
S. oralis > Obligate anaer.*** 0.017
S. oralis > S. gordonii 0.023
S. oralis > Facultative anaer.*** 0.004
S. mitis l>  S. gordonii 0 . 0 1 0

S. mitis I > Obligate anaer.*** 0.014
S. sanguis > S. sobrinus 0.017
S. salivarius > Fusobacterium 0 . 0 2 1

S. salivarius > lactobacilli 0.024
"S. milleri" > Fusobacterium 0.009
Neisseria > Fusobacterium 0.008
S. gordonii > S. sobrinus 0 . 0 0 0

S. mitis II > Unidentified GPC 0.008
S. sanguis > A. odontolyticus 0 . 0 0 2

S. sanguis > S. mitis II 0 . 0 0 2

A. naeslundii > S. gordonii 0.004
A. israelii > Unidentified GPC 0 . 0 2 0

A. israelii > S. salivarius 0 . 0 0 1

S. gordonii > lactobacilli 0.014
S. oralis > "S. milleri" 0 . 0 1 0

S. mitis I > Neisseria 0 . 0 0 1

S. mutans > S. salivarius 0.008
S. mutans > S. gordonii 0.017
Obligate anae > lactobacilli 0.014
S. mutans > A. odontolyticus 0 . 0 2 1

S. mutans > "S. milleri" 0 . 0 1 0

S. sobrinus > lactobacilli 0 . 0 2 0

Veillonella > Facultative anaer.*** 0.007
Veillonella > S. mitis II 0 . 0 1 2

Veillonella > Unidentified GPC 0.008
Veillonella > Neisseria 0.005
Veillonella > Obligate anaer.*** 0.017
Veillonella > Unidentified GPR 0.005

** Wilcoxon matched pair signed rank test was applied, GPC = Gram-positive coccus, 
GPR = Gram-positive rod, *** anaer. = anaerobes.
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Table 3.6b Comparison of percentage viable counts of bacterial species isolated from 
small samples of approximal plaque (N = 63). Species levels (%) which were significantly 
different (p< 0.025) from each other at two of the three sub-sites: away from (A) to the 
side of (S) and below (B) the contact area.

Species "p  (A) P(S) P(B)

A. naeslundii > S. oralis 0 . 0 2 0 0.016
A. naeslundii > S. sobrinus 0 . 0 0 0 0 . 0 0 2

S. oralis > Unidentified GPR 0.004 0.003
S. mitis l>  S. oralis 0.008 0.019
S. sanguis > Facultative anaer.*** 0.008 0 . 0 1 2

Unidentified GPC > Fusobacterium 0 . 0 1 2 0 . 0 1 1

S. mitis I > Unidentified GPR 0 . 0 1 0 0.003
S. mutans > S. mitis II 0 . 0 0 2 0 . 0 0 2

S. sanguis > S. gordonii 0 . 0 0 2 0.007
S. mutans > Facultative anaer.*** 0 . 0 1 0 0 . 0 2 0

A. odontolyticus > Fusobacterium 0.018 0.014
"S. milleri"> Lactobacillus spp. 0.013 0.024
S. mitis II > S. oralis 0.024 0.013
S. oralis > Fusobacterium 0.003 0 . 0 0 2

S. oralis > Lactobacillus spp. 0.003 0 . 0 0 1

** Wilcoxon matched pair signed rank test was applied. 
GPR = Gram-positive rod, ***anaer. = anaerobes.

Pattern c: Species for which the percentage viable counts were significantly different 

from others at all three of the sub-sites. A. naeslundii was the dominant species, the 

percentage viable counts were found significantly higher than seven of the eighteen 

species (Table 3.6c). The second most dominant species was S. mitis I which was 

significantly higher than five of the other species (Table 3.6c). The third species of this 

group was S. mutans which was significantly higher than four other species (Table 3.6c). 

Finally, obligate anaerobes were significantly higher than Fusobacterium at all of the three 

sub-sites (Table 3.6c).
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Table 3.6c Comparison of percentage viable counts of bacterial species isolated from 
small samples of approximal plaque (N = 63). Species counts which were significantly 
different (p<0.025) from each other at three sub-sites: away from (A) to the side of (S) 
and below (B) the contact area.

Species* "p  (A) P(S) P(B)

A. naeslundii > Neisseria 0.004 0 . 0 0 1 0 . 0 0 0

A. naeslundii > "S. milleri" 0.009 0.004 0 . 0 0 2

A. naeslundii > lactobacilli 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0

A. naeslundii > Obligate anaer.*** 0 . 0 0 0 0.005 0 . 0 0 2

A. naeslundii > Facultative anaer.*** 0 . 0 0 0 0.003 0.003
A. naeslundii > A. odontolyticus 0.005 0.023 0.003
A. naeslundii > S. salivarius 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0

S. sanguis > Lactobacillus spp. 0 . 0 0 2 0 . 0 0 1 0.003
S. sanguis > Fusobacterium 0.007 0.007 0.008
S. mitis I > 5. mitis II 0.017 0 . 0 0 1 0 . 0 1 2

S. mitis I > Lactobacillus spp. 0 . 0 0 1 0 . 0 0 1 0.008
S. mitis I > "S. milleri-gxoxxç" 0 . 0 2 1 0.024 0 . 0 1 0

S. mitis l>  S. salivarius 0 . 0 1 0 0.003 0 . 0 2 1

S. mitis I > Facultative anaer.*** 0 . 0 0 2 0.009 0.007
S. mutans > Lactobacillus spp. 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0

S. mutans > S. sobrinus 0.019 0.023 0.008
S. mutans > Fusobacterium 0.007 0 . 0 1 0 0 . 0 0 0

S. mutans > Unidentified GPR 0.019 0 . 0 1 1 0.004
Obligate anae. > Fusobacterium 0.014 0.009 0 . 0 1 2

For the complete list of bacterial species cultured from plaque samples see Table 3.2. 
" Wilcoxon matched pair signed rank test was applied, 

anaer. = anaerobes, GPC = Gram-positive coccus, GPR = Gram-positive rod.
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3.2 Direct microscopic count

3.2.1 Mutans streptococci (MS) and lactobacilli

The control quantification experiments, using films of pure cells of S. mutans, S. sobrinus 

and L. easel, showed that all of the cells present could be detected by IF staining (Fig. 

3.1a). Mutans streptococci and lactobacilli were distinguished from other species of dental 

plaque by fluorescence microscopy (Fig. 3.1b). This was confirmed as the count of 

fluorescing cells (fifty fields) showed 98% agreement with the total cell counts of the 

same fields as examined by phase contrast. Although some cells appeared to be single by 

phase contrast illumination, they could be distinguished as two cells by fluorescence, and 

vice versa. Variation between the counts was only 2%, which was similar to the value 

reported by Bush et al. (1990).

The specificity of the primary antisera (anti-^. mutans, anti-5, sobrinus, anti-L. acidophilus 

and anti-L. casei) and of the rabbit anti-mouse FITC-conjugated anti serum used was 

evaluated against 75 different oral species and the results are shown in Table 3.7. The full 

list of test species was shown in Table 2.6).

The reproducibility tests for counting techniques showed a mean percentage variation of 

4.7% for S. mutans, with a range of 0.65 to 10.5 (Table 3.8). For S. sobrinus the mean 

percentage variation was 4.9 with a range of 1.3% to 9.7%; therefore, the overall mean 

percentage variation was less than 5% and the reproducibility was 95% (Tables 3.8 and 

3.9).

Mutans streptococci were preferentially identified by IF from the sub-site below the 

contact area (B = 90%), compared with isolation frequencies of MS at sub-site A of 45% 

and at sub-site S of 62% (p<0.01).

S. mutans was identified by IF at 41% of sub-sites A, 51% of sub-sites S and 70% of sub-
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Fig. 3.1a Transmission light micrographs: fluorescence (left) and phase contrast (right) 
pictures of the same microscope field. Arrows indicate labelled cells. The scale bar applies 
to all the figures; A = pure culture of L  casei NCTC 10302, B = pure culture of S. 
sobrinus NCTC 27351, C = cross-reacting bacillus in a sample of approximal plaque.
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Fig. 3.1b Transmission light micrographs: fluorescence (left) and phase contrast (right) 
pictures of the same microscope field. Arrows indicate labelled cells. The scale bar applies 
to all the figures; A = Lactobacillus spp., 6 = 5 .  mutans ’c’ and C = S. sobrinus’d’ all 
in samples of approximal plaque.
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Table 3.7 Analysis of specificity of primary (p) and secondary (s) antisera used in IF studies with 75 species of oral bacteria.

a^-sera [a-iS. mutans a-S. sobrinus a-L. acidophilus a-L. caseiY [a-mouse FTTC]®
Dilution 1 : 2 0 0 1:600 1:600 1 : 2 0 0 1:30

Strain fluorescence intensity

S. mutans ’c’, ’e’, ’f , ’h’ 4+
S. mutans ’b ’ - 1 + - - -

S. sobrinus ’d’ - 4+ - - -

S. mitis - - 3+
S. oralis - - 3+ - -

S. sanguis - - 3-k - -

S. salivarius - - 3+ 3-k -

Staph, aureus A+ 4+ 4+ A+
L. acidophilus - - A+ - -

L. casei - - - 4+ -

L. odontolyticus - - 3+ - -

C. ochracea - 3+ - - -

M. mucilaginosum - 2+ - - 2+
R. dentocariosa - 3+ - - -

Simonsiella crassa - 2+ - - 2+
Leptotrichia dentium - 2+ - - 2+
Bifidobacterium dentium - - 2+ +3
Other species* - - - - -

“ a  = anti; •’Primary antisera = antiserum to each of following species: S. mutans ’c’, S. sobrinus’d’, L  acidophilus and L. casei.
^Secondary antiserum = rabbit anti-mouse FITC-conjugated antiserum; Staph, aureus = Staphylococcus aureus.
4+ = bright yellow-green, very sharp; 3+ = bright yellow-green, sharp and clear; 2+ = definite fluorescence, colour definitely yellow-green but 
low intensity; 1+ = minimal fluorescence, colour nondescript, not definitely green and - = borderline reaction between l4- and negative (Moody
et al. 1958). *For the complete list of other bacteria and their sources used in this study, see Table 2.6.
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Table 3.8 Reproducibility of counting technique using duplicate films of approximal plaque samples labelled by anti-5, mutans ’c ’ antiserum.

Well No. 5. mutans
Film 1 
total % 5. mutans

Film 2 
total % Variation

1 42" 410^ 10.24 47 483 9.73 5.10
2 48 449 10.69 45 418 10.76 0.65
3 38 356 10.67 49 488 10.04 6.08
4 40 409 9.78 44 445 9.88 1 . 0 2

5 46 463 (^38 47 451 10.42 10.50

Mean percentage of variations ( x = 4.67).
* Counts of fluorescing cells,  ̂Total cell counts, phase contrast microscopy, 10 fields per film.

Table 3.9 Reproducibility of counting technique using duplicate films of approximal plaque samples labelled by anti-5, sobrinus W antiserum.

Film 1 Film 2
Well No. 5. sobrinus total % 5. sobrinus total % Variation

1 1 2 " 410^ 2.93 14 483 2.9 1.30
2 15 449 3.34 15 418 3.58 4.1
3 16 356 4.49 13 488 4.71 4.78
4 9 409 2 . 2 1 1 455 2.41 9.65
5 2 2 500 4.4 19 451 4.2 4.65
6 1 1 480 2.3 1 2 495 2.62 5.08

Mean percentage of variations ( x = 4,92).
® Counts of fluorescing cells in 10 fields, ** Total cell counts, phase contrast microscopy, 10 fields per film.
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sites B. The detection frequency at sub-site B was significantly greater than at sub-sites 

A (SND = 4.1) and S (SND = 2.69); p<0.01 (for both B>A and B>S). The difference 

between the mean detection frequency at sub-sites A and S was not statistically 

significant. Similarly, S. sobrinus was detected in total from 21% of sub-sites A, 33% of 

sub-sites S and 49% of sub-sites B. The differences in mean detection frequencies of S. 

sobrinus at these three sub-sites were statistically significant, B>A (SND = 3.9) p<0.01, 

and B>S (SND = 2.1) p<0.05 (Fig. 3.2).

S. mutans and S. sobrinus were identified together in 12% of A sub-sites, 38% of B sub

sites and 22% of S sub-sites. The percentage isolation frequencies of MS from B sub-sites 

were significantly greater than from A sub-sites and also from S sub-sites (p<0.01 and 

p<0.05, respectively). S. mutans was identified on its own more often than S. sobrinus, 

with detection frequencies for S. mutans of 27%, 29% and 32% from sub-sites A, S and 

B, respectively (Table 3.10). When S. mutans or S. sobrinus were isolated alone, there was 

no statistically significant difference in the percentage of sub-sites colonized (Table 3.10). 

S. sobrinus was identified infrequently in the absence of S. mutans. There were instances 

where neither species was found; only nine of the 90 teeth were MS-free (Table 3.10).

S. mutans and S. sobrinus were both identified in greater numbers at sub-site B, compared 

with sub-sites A and S (p<0.05) (Fig. 3.3). The mean percentage of proportional counts 

for S. mutans at sub-sites A, S and B was: 0.60, 0.82 and 1.63, respectively. The 

equivalent values for S. sobrinus were 0.42, 0.66 and 0.97 at sub-sites A, S and B, 

respectively. The count at B was significantly greater than at A or S (p<0.01). Similarly, 

for S. mutans the mean microscopic counts at B were significantly greater than at S and 

A (p<0.01 for both, Fig. 3.3).

At each sub-site there were no statistically significant differences between the microscopic
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Fig. 3.2 Relationship between sites o f isolation and detection frequencies o f mutans streptococci 
(N =  90) and lactobacilli (N = 70) in plaque from three sub-sites, 

determined by immunofluorescence.
(%)

100

site B site S site A site B site S site A site B site S site A

1Ê  S.mutans sobrinus Lactobacilli 
A = away: B = below and S = side of contact area.

Comparison of two proportions; for S. mutans B >A  *p<0.01, B>S **p<0.01 
for S. sobrinus B >A  ^p<0.01 and B>S ^ p< 0.01 .
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Fig. 3.3 Mean percentage counts (±  SEM) of mutans streptococci (N = 90) 
and lactobacilli (N = 70) at three sub-sites of approximal plaque, 

determined by direct microscopic count using immunofluorescence.

M e a n  (% )

S. mutans S. sobrinus lactobacilli
SEM = Standard error of the mean.
A = away; B = below and S = side of contact area.
Wilcoxon signed-ranks test; for S. mutans B > A  and B >S ^p<0.01, 
S. sobrinus B > A  and B>S ^p<0.01 and S > A  ^ p < 0 .0 5  respectively.
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counts of S. sobrinus and S. mutans, even though the trend was for proportions to increase 

in the order S. mutans > S. sobrinus at all the three sub-sites. The pattern for the relative 

concentrations of each species when they were recovered together at each sub-site was in 

the order of B>S>A, There was a positive association between the frequency of detection 

of S. mutans and S. sobrinus at sub-site S (Table 3.11).

In some instances more than one tooth per patient was sampled (Table 3.12); this made 

it possible to compare the proportional microscopic counts of MS from upper teeth with 

those of opposite teeth from the lower jaw. The MS counts of upper teeth were higher 

than those of the opposite lower teeth. S. mutans counts were higher at the below (B) 

contact area sub-site of the upper teeth compared to the opposing teeth in the lower jaw 

(p<0.05). When the average counts of S. mutans from sub-sites A, S and B of the upper 

teeth were compared with those from lower teeth, the upper counts remained significantly 

higher than the lower jaw counts, p<0.05 (Table 3.12).

3.2.2 Lactobacilli

Lactobacillus spp. were identified on average from 21% of the 210 sub-sites examined (at 

sub-sites A 17%, sub-sites S 19% and at sub-sites B 23%) (Fig. 3.2) . However, when 

Lactobacillus spp. were present, they were often found in relatively high proportions 

compared to MS, with a range from not detectable (ND) to 8 %. Their mean proportional 

counts were A = 0.5, S = 0.7 and B = 0.9. There were no statistically significant 

differences between the isolation frequency or the mean percentage proportional counts 

of lactobacilli recovered from the three sub-sites (Fig. 3.2 and Fig.3.3).

The proportions of Lactobacillus spp. in samples with MS were 0.38, 0.24 and 0.33 at 

sub-sites A, S and B, respectively. By using the comparison of two proportions 

(McNemar’s test; fifty seven samples from each sub-site) a positive association between 

the detection frequencies of these species and those of MS was found at sub-sites A and
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Table 3.10 Numbers and percentage of approximal premolar surfaces and sub-sites 
colonised by mutans streptococci and lactobacilli, using indirect immunofluorescence and 
direct microscopic count.

Bacterium

alone

S. mutans +
S. sobrinus

MS-free
^Lactobacillus
spp.
Lactobacillus 

spp. + MS

Sub-sites colonised

colonised
(N=90)

Away (A) 
(N=90)

Side (S) 
(N=90)

Below (B) 
(N=90)

Total
(ht=270)

MS 81 (90) 43 (48) 56 (62) 73 (81) 172(64)
S. mutans 28 (31) 24 (27) 26 (29) 29 (32) 81 (30)

alone
S. sobrinus 6(7) 8(9) 1 0 ( 1 1 ) 1 0 ( 1 1 ) 28 ( 1 0 )

47 (52)

9(36)
22 (31)

19 (27)

11 (12) 20 (22) 34 (38)

47 (52) 
12 (17)

9(13)

34 (38) 
13 (19)

8 ( 11)

17 (19) 
16 (23)

15 (21)

65 (24)

96(36)
44(21)

33(15)

( ) Percentage in parenthesis. " Number of samples; N= 70, and total number
of samples N = 210.
“APS = approximal premolar surfaces. * Comparison of two proportions for B, S and A, 
were:
b for B>A; SND = 3.9; P <0.01 and 99 % C.I. (9% to 42%),
c for B>S; SND = 2.2; P <0.05 and 95 % C.I. (2.1 to 28.9).
d for MS free surfaces A>B; SND = 2.2; p<0.05 and 95% C.I. (12.3% to 15.4%).

Table 3.11 McNemar’s test for comparison of the detection of S. sobrinus in the absence 
(-) or presence (+) of S. mutans at sub-site S.

S. sobrinus

+ - Total

S. mutans + 2 0 1 0 30

- 26 34 60

46 44 90

SND = 2.0 ; 95% C.I. (1.29% to 39%) and p<0.05.
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B (p<0.01). However, there was no correlation between the direct microscopic counts of 

lactobacilli and MS. Lactobacillus spp. were also found in the absence of MS (0.1, 0.17 

and 0.1% at sub-sites A, S and B, respectively).

3.2.3 Comparison of IF and culture

The data from sixty samples of 20 teeth processed by culture and IF techniques were in 

general agreement with one another. However, there were lower values of mean 

percentage counts for IF (Table 3.13). Both methods showed that prevalence of MS varied 

with location in relation to the contact area, with a tendency to higher MS counts at the 

B and S sites (Tables 3.14). S. mutans was detected by culture from 40%, 60% and 85% 

of the sub-sites A, S and B, respectively, and by IF from 75%, 70% and 80%, of the sites 

respectively.

S. sobrinus was cultured from 5%, 40% and 35% of sub-sites A, S and B, respectively. 

Significantly higher counts were obtained using IF: 30, 40 and 60% at sub-sites A, S and 

B, respectively (p<0.01. Table 3.14). There were some instances in which species were 

identified by only one of the methods. The results for S. mutans and S. sobrinus (N = 60, 

by IF only) were 75.0 and 40.0%, respectively, and by culture only 61% and 20.0% 

respectively (Table 3.14). The detection levels for Lactobacillus spp. were identical for 

both methods (Table 3.14).

To find out whether the significantly lower detection of S. sobrinus by culture possibly 

is related to an inhibitory effect of the selective media (TYC and TYCSB) used for their 

growth and isolation, growth of MS on TYC and TYCSB was compared with their growth 

on blood agar. Compared with the colony count on blood agar, S. mutans was inhibited 

by 13.9% and 16.4% on TYC and TYCSB, respectively, while S. sobrinus was inhibited 

by 19.8% and 32.0% on TYC and TYCSB, respectively (Table 3.16). Therefore, the 

higher detection levels using IF could be accounted for by the inhibitory effect of TYC
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and TYCSB.

The possibility of false positive detection of S. sobrinus (see section 2.3.9) by polyclonal 

antibody was studied by treating duplicate samples of 21 teeth (63 sub-sites) with a 

specific monoclonal antibody. The first set of samples was treated with anti-5, sobrinus 

’d’ polyclonal and the second set with monoclonal (OMVUIO, de Soet et al. 1987) 

antibodies. The results showed no statistically significant differences between the counts 

obtained by the use of two anti-5, sobrinus ’d’ antibodies, and there was a strong 

correlation between the counts (Table 3.17).

3.2.4 Prevalence of Lactobacillus spp. and MS on approximal surfaces 

a: Culture study

Mutans streptococci (MS) were isolated from 95% of the 21 tooth surfaces, and from 6 8 % 

of the 63 sub-sites (Table 3.5). On an individual approximal surface, 5. mutans could be 

recovered on its own from one gingival margin sub-site (A = 9 ; B = 1 2 ; S  = 10), and 5. 

sobrinus alone from another. Similarly, 5. mutans and 5. sobrinus were recovered together 

from sub-sites: B = 6  and S = 3. There were instances where neither species or only one 

species might be found at one sub-site and not at the other two sub-sites (Table 3.6). Of 

the 63 sub-sites on the 21 approximal tooth surfaces examined, only one had no MS at 

any sub-site. Three, ten and seven teeth had one, two or three sub-sites, respectively, 

colonised by MS.

b: IF study

Although a much larger number of teeth were studied by IF the overall results were 

similar to those obtained by culture. MS were identified from 90% of the 90 tooth 

surfaces. However, MS were detected on 64% of the 270 sub-sites studied by IF, and only 

36% of these sub-sites had no detectable MS (Table 3.10). In many cases MS were found 

at one of the three sub-sites but not at the other two sub-sites on the same tooth surface.
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The MS-free sub-sites were 50% of A, 38% of S and 21% of B (data in Appendix E, 

Table 1).

3.2.5 Relationship between bacterial species and early caries lesions

Visible white spot lesions were found in 21 of the 90 teeth and in 25 of 270 sub-sites 

processed by IF for MS and lactobacilli; 90% of these early lesions were at the sub-site 

below the contact area (B). All the plaque samples from these sites contained MS. 

Lactobacilli were found on 7 of the 25 white spot lesions (Fig. 3.4).

An overall statistically positive association (see section 2.4 c) was found between the 

presence of S. mutans ’c’ and S. sobrinus ’d’ and caries lesions (p<0.001). The trend of 

B>S>A for the mean proportional counts of Lactobacillus spp. correlated with the finding 

that all of the 7 sub-sites that had lactobacilli had white spot lesions. A similar positive 

association was found between the isolation frequency of Lactobacillus spp. and the 

presence of white spot lesions (Fig. 3.4).

Four of the 21 teeth studied by culture had minor white spot lesions: two at sub-sites B, 

two at sub-site S and one at sub-site A. Lactobacillus spp. were isolated together with MS 

and A. naeslundii, and exclusively from teeth that had white spot lesions. However, two 

of these teeth had no detectable lactobacilli (two lesions at sub-sites B and one at sub-site 

S), but 3 of these teeth were also colonised by A. odontolyticus.
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Fig. 3.4 A ssociation betw een presence o f mutans streptococci, 
lactobacilli determ ined by im m unofluorescence, 

and percentage o f  caries lesions.
(%)

S, m  +  S.s S. m  S. s M S  +  L.

% caries lesions

L .

S. m = S. mutans, S. s = S. sobrinus, L. = lactobacilli, MS = mutans streptococci. 
Percentage of lesions which had 5. m + 5. s>  S, m, S. s, L  or L. + M S;^P <0.01.
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Table 3.12 The distribution of S. mutans 
lower teeth.

'o’ as percentage proportional microscopic counts (IF) at various sites from ipsilateral upper and

Patient
No.

UPPER TOOTH LOWER TOOTH

Below*
(B)

Side
(S)

Away
(A) *Total

Below
(B)

Side
(S)

Away
(A) Total

127 0 . 0 4.0 0.5 4.5 0 . 0 0 . 0 0 . 0 0 . 0

150 1.4 0 . 0 0 . 0 1.4 0 . 0 0 . 0 0 . 0 0 . 0

152 3.1 0.7 0 . 0 3.8 0.5 0 . 0 0 . 0 0.5
183 1.5 1.3 0 . 0 2 . 8 0.9 1 . 2 0.3 2.4
187 0 . 0 0.9 0 . 0 0.9 0 . 0 0 . 0 0 . 2 0 . 2

191 0.5 0 . 0 0.3 0 . 8 0 . 0 0 . 0 0 . 2 0 . 2

193 0.9 0 . 0 0 . 0 0.9 0 . 0 0 . 0 0 . 0 0 . 0

2 0 0 0 . 6 0 . 6 0 . 0 1 . 2 1 . 6 0 . 0 0 . 0 1 . 6

164 2 . 1 0.5 0 . 0 2 . 6 0.7 0 . 0 1 . 2 1.9
244 4.9 2 . 6 1.3 8 . 8 3.4 2.45 0 . 2 4.0
246 0.7 0 . 0 0 . 0 0.7 0 . 8 0 . 0 0 . 8 1 . 6

255 3.8 4.7 1.5 1 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

156 0 . 2 0.9 0 . 0 0.9 0 . 0 0.9 0 . 0 1.9
158 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 2 0 . 2

* Wilcoxon matched pair signed rank test, upper teeth B>lower teeth B; p<0.05.
* Total upper B>total lower B, p<0.05.
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Table 3. 13 Comparison of mean percentage counts of S. mutans, S. sobrinus and Lactobacillus spp. determined by culture and IF at different 
sub-sites around the contact area.

Away (A) 
(N = 20)

Sub-sites colonised
Side (S) 
(N = 20)

Below (B) 
(N = 20)

CU IF CU IF CU IF

Bacterium Mean % ± SE Mean % ± SB Mean % ± SB

♦
S. mutans

1
5.5±3.0 1 .0 ±0 . 2

j
6.7±2.0 

♦ ♦♦ 1
1.3+0.4

1
11.4±3.7
1

2.9±0.7
1

♦ ♦ 1 1

S. sobrinus 2.0±0.9
1

0.3±0.1 4.1±3.2 0.5±0.2 5.2±4.1
1

1.1 ±0.3

Lactobacillus spp. 0.4±0.3 0.3±0.2 0 .2 ±0 . 1 0 .2 ±0 . 2 0.04±0.0 0 . 1 ±0 . 1

CU = Culture IF = immunofluorescence

Mann-Whitney test applied on percentage viable counts for:
S. mutans *B>A; p<0.01; by culture and by IF for B>A and B>S; **p<0.02 and ***p<0.04, respectively. 
S. sobrinus B>A; *p<0.02 by IF.
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Table 3.14 Comparison of percentage isolation frequency and number of sub-sites colonised by S. mutans, S. sobrinus and Lactobacillus spp. 
as identified by culture and IF.

Bacterium

Sub-sites colonised

Total
(N=60)

Away
(N=20)

Side
(N=20)

Below
(N=20)

CU IF *CUIF CU IF CUIF CU IF CUIF CU IF CUIF

MS 9 16 7 13 15 1 0 19 18 15 41 49 37
S. mutans + 0 5 0 3 7 2 5 8 5 8 2 0 1 2

S. sobrinus (0 ) (25) (0 ) (15) (35) ( 1 0 ) (25) (40) (25) (13) (33) (2 0 )

S. mutans alone 8 1 0 7 9 7 7 1 2 8 8 29 25 2 2

(40) (50) (35) (45) (35) (35) (60) (40) (40) (48) (42) (37)

S, sobrinus alone 1 1 0 1 1 1 2 2 2 4 4 3
(5) (5) (0 ) (5) (5) (15) ( 1 0 ) ( 1 0 ) ( 1 0 ) (7) (7) (5)

Lactobacillus 3 3 3 3 3 3 2 2 2 8 8 8

spp. (15) (15) (15) (15) (15) (15) ( 1 0 ) ( 1 0 ) ( 1 0 ) (13) (13) (13)

CU = culture EF = immunofluorescence
Comparison of two proportions for B, S and A, were:
SND of (B) and (A) = 2.8; 95% Cl = (4% to 85%); S. mutans culture.
SND of (B) and (A) = 2.0; 95% Cl = (1.6% to 58%); S. mutans + 5. sobrinus culture

* CUIF = Culture + IF ( ) = Percentage isolation frequency
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Table 3.15 Comparison of numbers of colonies of S. mutans ’c’ and S. sobrinus ’d’ on 
blood agar, TYC and TYCSB on twelve consecutive subcultures.

S. mutans S. sobrinus

BA* TYC TYCSB BA TYC TYCSB

1 45 40 44 45 36 28
2 190 160 158 190 145 126
3 8 6 81 62 215 170 1 0 1

4 250 2 2 0 152 41 39 35
5 39 34 40 1 2 0 105 99
6 140 134 128 1 2 0 1 1 0 84
7 85 79 70 116 8 6 79
8 39 38 38 49 40 39
9 80 69 57 135 90 85
1 0 58 50 52 52 44 29
1 1 32 26 30 50 32 42
1 2 80 78 48 2 2 0 184 113

DM** - 13.9% 16.4% - 19.8% 32.0%

* Columbia agar base supplemented with 7% v/v horse blood.
DM*̂  = Differences between mean percentage counts (cfu) on TYC and TYCSB from 
counts on blood agar.
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Table 3.16 Comparison of percentage proportional counts of S. sobrinus ’d’ using anti-5. 
sobrinus ’d’ polyclonal and monoclonal antibodies.

Polyclonal antibody Monoclonal antibody*

Away Side Below Away Side Below

1 0 . 1 0 0 . 1 0 0.82 0 . 1 0 0 . 1 0 0 . 0 0

2 0 . 1 0 0 . 1 0 0 . 1 0 0 . 1 0 0 . 1 0 0 . 1 0

3 0 . 1 0 0.41 0.80 0 . 1 0 0.81 0 . 1 0

4 0 . 1 0 0 . 1 0 0.40 0 . 1 0 0 . 1 0 0 . 1 0

5 0 . 1 0 0 . 1 0 0 . 1 0 0 . 1 0 0 . 1 0 0 . 1 0

6 0 . 1 0 0.80 0 . 1 0 0 . 1 0 0 . 1 0 0 . 1 0

7 0 . 1 0 0 . 1 0 0 . 1 0 0 . 1 0 0 . 1 0 0 . 1 0

8 0 . 1 0 0.60 1.96 0 . 1 0 0 . 1 0 1.40
9 0.80 2 . 2 0 1.43 0 . 2 0 2.80 2.04
1 0 0 . 1 0 0.25 2 . 0 0 0.81 0 . 1 0 1 . 2 2

1 1 0 . 1 0 1 . 0 0 0.65 0 . 1 0 1 . 0 0 0 . 8 8

1 2 0 . 1 0 0 . 1 0 1.25 0 . 1 0 1.05 1.99
13 1.80 0 . 1 0 0 . 1 0 1 . 2 0 0 . 1 0 1.80
14 0 . 1 0 0.40 0 . 1 0 0 . 1 0 0 . 1 0 0 . 1 0

15 0 . 2 0 0 . 1 0 0.40 0 . 1 0 0 . 1 0 0 . 1 0

16 0 . 1 0 1 . 1 0 0.83 0 . 1 0 0.80 0 . 1 0

17 0 . 1 0 0.42 8 . 0 0 0 . 1 0 0.82 2.50
18 0 . 1 0 0.40 0 . 1 0 0 . 1 0 0 . 1 0 0 . 1 0

19 0 . 1 0 0.40 0.80 0 . 1 0 0 . 1 0 0.87
2 0 0.43 0 . 1 0 0.50 1.40 0 . 1 0 0.60
2 1 0 . 1 0 0 . 1 0 0.60 0 . 1 0 0 . 1 0 0.25

Correlation between counts at sub-sites; A (r = 0.64), S (r = 0.82) and B (r = 0.66), and 
for total (N = 63) sub-sites, r = 0.66.
Counts were expressed as a proportion of total microscopic count.
* = Monoclonal antibody, OMVUIO (de Soet et al. 1987).
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3.3 Restriction analysis of 16S rRNA genes

Restriction analysis of 16S rDNA of selected streptococci including S. mutans, S. 

sobrinus, S. mitis I, S. mitis II, S. oralis and S. intermedius were performed together with 

a limited RFLP analysis of S. crista, S. sanguis S. salivarius and S. vestibularis. The DNA 

extracted was intact (>2200 bp), and the size of amplified 16 S rDNA by PCR for most 

of the test species was approximately 1500 bp for all strains (Fig. 3.5). The amplified 16S 

rDNA of the laboratory strains was each digested with eight restriction enzymes (Table 

2.7).

3.3.1 Mutans streptococci

The amplified 16S rDNA fragment of S. mutans ’c’ (NCTC 10449) was digested with 

eight restriction endonuclease enzymes. Restriction endonuclease sites for BamYil 

(CJ-GATCC), Hinàm  (AIaGCTT), Pvull (CAGiCTG), Pstl (CTGCAiG) and Smal 

(CCC-IgGG) were not detected for 16S rDNA of S. mutans ’o’, whereas for £coRI there 

was one restriction site and for Haelll four restriction sites (Table 3.17).

One restriction endonuclease site was detected for S. sobrinus ’d’ with EcoRI, Hindlll and 

Kpnl. Only Haelll had two restriction sites giving three fragments for each. The Haelll 

third fragment had a low molecular weight, which made its restriction pattern different 

from that of EcoRl, and also from the pattern of Tfaglll-digested S. mutans ’c’ (Table 

3.17). Therefore, it was possible to easily distinguish S. mutans ’c’ from S. sobrinus ’d’ 

by using Haelll only. The amplified 16S rDNA of other serotypes of "S. mutans-group" 

e.g. S. sobrinus ’g’, S. cricetus ’a’, S. mutans ’e’ and ’f  were digested with HaeUi. 

Serotype ’g’ had the same pattern as serotype’d’, and serotypes ’a’, ’e’ and ’f  showed 

a pattern the same as for S. mutans ’c’.
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3.3.2 5. mitis I and S. mitis II

The results of restriction fragment length polymorphism (RFLP) of 16S rDNA of S. mitis 

I with the selected restriction enzymes are shown in table 3.17. 5. mitis I had one site for 

EcoR\ and three sites for HaelW (Table 3.17). The results were the same for S. mitis II, 

and neither of them had any restriction sites for the other six enzymes (Table 3.17).

3.3.3 S. oralis

The results of RFLP showed that S. oralis (LVGl) 16S rDNA had restriction sites for 

EcoRl and Haelll, Hindlll and Kpnl. However, no restriction endonuclease sites for Pstl, 

BamUl, Smal and P v m I I  were detected for S. oralis (LVGl) (Table 3.17).

3.3.4 Other species of viridans streptococci

Under the set conditions, the PCR of 16S rDNA of S. intermedius produced three copies 

with the given primers. The results of digestion with eight enzymes were positive for 

EcoPl with one restriction site, and HaePB with 5 restriction sites (Table 3.17). Since the 

most effective restriction enzymes were EcoPl, //m dlll and Haelll, it was decided to use 

a combination of enzymes, and then re-test the other species.

3.4.5 Double digestion

An attempt was made to achieve greater specificity by using combinations of restriction 

endonuclease enzymes.

EcoRI and Haelll together produced three fragments for S. mitis I, S. mitis II and S. oralis 

(Table 3.18). Similarly, when Haelll and Hindlll were used together, the fragment of 

<194 bp appeared to be specific for S. oralis (LVGl) (Table 3.18). Therefore, on the basis 

of the results shown in Table 3.18, Haelll and Hindlll are the most appropriate enzymes 

to be used together for examination of 16S rDNA of S. mitis I, S. mitis II and S. oralis.

117



These enzymes were used to restrict other species of viridans streptococci but all of them 

showed the same pattern as S. mitis I or S. mitis II (Table 3.18). Therefore, the sequences 

of AAGCTT (Hindin.) and GGCC (HaeUl) appear to be part of conserved regions of the 

oral streptococci tested, and no combination of the two enzymes was found that was 

capable of distinguishing between the species.

Table 3.17 Number of restriction endonuclease sites and approximate fragment sizes 
following digestion of 16 rDNA of S. mutans ’c’, S. sobrinus’d’, S. mitis I, S. mitis II and 
S. oralis.

Species Enzymes *No. of sites Fragment size [bp]

S. mutans (NCTC 10449) EcoRI 1 800, 750
Hae\M 4 550, 500, 300, <100, <100

S. sobrinus (NCTC 27351) EcoRl 1 840, 750
Kpnl 1 840, 680
Haelll 2 600, 500, 280
Hindlll 1 800, 750

S. mitis I (NS51) EcoRl 1 872, 700
HaelU 3 620, 400, 320,200

S. mitis II (SK 132) EcoRl 1 872, 700
Haelll 3 620, 400, 320,200

S. oralis (NCTC 1142) EcoRl 1 872, 700
Kpnl 1 1070, 500
Hindlll 1 1070, 480
Haelll 2 600, 500, 280

S. intermedius (ATCC 27335) EcoRl 1 870, 750
Haelll 5 650,450,300,230,150, <100

*No. of sites = Number of restriction sites detected. 
0  = strain number
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Table 3.18 Number of restriction endonuclease sites and approximate fragment sizes 
following double digestion of amplified 16S rDNA of S. mitis I, S. mitis II and S. oralis.

Species Enzymes *No. of sites Fragment size [bp]

S. mitis I (NS 51) EcoRI and Haelll 2 603, 400, 310
HaeUl and Hindlll 3 600,500, 330,200

S. mitis n  (SK 132) EcoRl and Haelll 2 603, 400, 310
HaeUl and Hindlll 3 600,500, 330,200

S. oralis (NCTC 12166) EcoRl and HaeUl 2 605, 400, 281
HaeUl and Hindlll 4 500,260,210, <194, 

< 1 0 0

S. anginosus (NCTC 10713) HaeUl and Hindlll 3 600,500,330,200

S. crista(CR3ll) HaeUl and Hindlll 3 600,500,330,200

S. gordonii (NCTC 12166) HaeUl and HindUl 3 600,500,330,200

S. sanguis (SK 7) HaeUl and HindUl 3 600,500, 330,200

S. salivarius (NCTC 8618) HaeUl and HindUl 3 600,500,330,200

S. vestibularis (NCTC 12166) HaeUl and HindUl 3 600,500,330,200

*No. of sites = Number of restriction sites detected. 
0  = strain number

3.4.6 Clinical samples

Species of MS, S. mitis (I and II) and S. oralis were recovered from 57 sub-sites (19 teeth 

from 11 patients). Forty nine isolates of S. mutans and 13 isolates of S. sobrinus (from 

10 sub-sites) were ribotyped using HaeWl to digest their amplified 16S rDNA. All species 

of S. mutans showed the same pattern as S. mutans ’c’ with three distinctive bands (550 

bp, 500 bp and 300 bp). There was no deviation from the pattern for different subjects or 

different sub-sites.
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All species of S. sobrinus presented the same pattern obtained for S. sobrinus ’d’ or ’g’ 

with three bands (600 bp, 500 bp and 280 bp). There were no differences between the 

isolates from different sub-sites or from different subjects (Fig. 3.6, Table 3.19).

Thirty nine strains of S. mitis (I, II) from 18 sub-sites and 14 strains of S. oralis from 9 

sub-sites were processed for ribotyping. Discrimination between clinical isolates of S. 

mitis (I, II) and S. oralis was not easy, since additional ribotypes were seen for some of 

these S. mitis (I, II) strains. A greater consistency in pattern was observed for S. oralis 

strains (Fig. 3.7, Table 3.19), whereas several isolates of S. mitis deviated from the pattern 

presented previously by type strains of this species. These profiles were not specific to 

any of the sub-sites.

Table 3.19 Restriction endonuclease pattern of amplified 16S rDNA of plaque samples 

of: S. mitis I, S. mitis II and S. oralis with Haelll and Hindlll, and mutans streptococci 

with Haelll.

Species Number of strains Ribotype Prevalence

S. mitis I/II 28 I 72%
7 II 18%
4 II 1 0 %

S. oralis 14 I 1 0 0 %

S. mutans 49 I 1 0 0 %

S. sobrinus 13 I 1 0 0 %
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1 2 3 4 5 6 7 8 9  10 11

1078 —
872 —
603 —

1353

Fig. 3.5 The PCR products of 16S rDNA of S. mutans ’c’(10449 NCTC), S. sobrinus ’d’( 
NCTC 27351), 5. mitis I (NS51), 5. mitis II (SK132), 5. oralis (NCTC 11427), & 
intermedius (ATCC 27335), S. anginosus (NCTC 10713), S. crista (CR 311), & gordonii 
(NCTC 7865), S. sanguis (SK7), S. salivarius (NCTC 8618) and S. vestibularis (NCTC 
12166) followed by electrophoresis on 8 % agarose gels, lanes 2 to 11 respectively. Lane 
1 is //aelll-digested ()) X 174 DNA.
* Standard molecular weight markers [Promega Corporation, UK].
( ) = Strain number.
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1 2 3 4 5 6 7 8 9 10 11 12 13 14

1353 — 
1078 -J  
872^
603

310 —I 
281, 271 — 

234 — 
194 —

— 1353 I— 1078 
872
603

— 281, 271
— 234
— 194

Fig. 3.6 Restriction endonuclease digestion patterns of 16S rDNA of 11 clinical isolates {S. mutans ’c ’ 

and S. so b r in u s ’d ’) with HaeWl, followed by electrophoresis on 1.8% M etaphor agarose gels. Lanes 

are: 2 and 3=5". mutans ’c ’ (Tsb IV B5) and S. so b rin u s ’d ’ (Tsb VB) from sub-site B of subject 223, 

respectively. Lanes 4 and 5 = S. sobrinus ’d ’ (Ba VI B) and S. mutans ’c ’ (Tsb I B) from sub-site B 

of subject 225; 7 and 9 = S. mutans ’c ’ (Tsb II S2, TC II A5) from sub-sites S and A of subject 261. 

Lanes 10 and 11 = & mutans ’c ’ (Tsb II A4 and Tsb IV S3) from sub-sites A and S of subject 272; 12 

and 13 = 5. mutans ’c ’ (Tc I B3) and S. so b rin u s ’d ’ (Tc II B3) from sub-site B of subject 266. Lanes 

1, 8 and 14 = //ae lll-d igested  0 X 174 DNA; fragment sizes are given in base pairs.

* Standard molecular weight markers [Promega Corporation, UK].

( ) = Strain number.
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

1353 
1078 
872 - 
603-

310- 
281, 271 

234- 
194-

h r

Fig. 3.7 Restriction endonuclease digestion pattern of 16S rDNA of 16 clinical isolates 
of S. ora lis  with H a e lll  and H in d lll,  followed by electrophoresis on 1.8% Metaphor 
agarose gels. Lanes 2 to 10 and 12 to 18 are profiles of digested DNA [2 = (N6  1 I/o), 
3 = (N6  18/0), 4 = (N5 29/o), 5 = (N2 26/o), 6  = (N2 26/o), 6  = (N2 25/o), 7 = (N6  I/o), 
7 = (N6  I/o), 8  = (N6  2 2 / 0 ), 9 = (N4 3/o), 10 = (N5 30/o), 12 = (N5 4/o), 13 = (Have 
/Bl), 14 = (Have /B2), 15 = (N5 3/o), 16 = (N3 4/o), 17 = (Tc II S) and 18 = (Tc I A)]. 
Due to the low concentration of the DNA in wells 3 and 15 bands in these lanes did not 
appear in the photograph. Lanes 1 and 11 are Haelll-digested ({) X 174 DNA; fragment 
sizes are given in base pairs. All the strains appear to have the same pattern.
* Standard molecular weight markers [Promega Corporation, UK].
( ) = Strain number.
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CHAPTER FOUR 

DISCUSSION

4.1 Introduction

The present investigation comprises a systematic study of the microbiology of small 

samples of plaque from discrete sites on human teeth, in an attempt to explain the 

microbial ecology of approximal human dental plaque. Although small samples were 

analyzed in an earlier study (Marsh et al. 1989a), no attempt was made at that time to 

standardise the sampling sites for comparative purposes. To give enough space between 

the sample sites, the sample size was reduced. Hence, the present study provides data 

concerning the distribution of plaque bacterial species from comparative locations 

increasing in stagnation away from to below the contact area, which is the most stagnant 

site, and which is thought to be caries and gingivitis-susceptible.

Although it is now generally accepted that mutans streptococci are closely associated with 

the aetiology of caries at a variety of enamel surfaces (Loesche 1986), little is known of 

the microbiology of the very early stages of enamel caries development. However, 

evidence is beginning to emerge that suggests that the microflora of plaque as a whole 

and perhaps shifts in their proportions may be involved in different stages of disease 

development.

4.2 Culture aspects

The first part of the present study concerned the distribution of bacterial populations, as 

obtained by culture at the different sub-sites. The three sub-sites which were chosen for 

the present work would differ from each other due to their physical and biological 

properties. For example, sub-site A might be more accessible to saliva and be more 

aerobic than sites B and S. Increasing stagnation at sub-site B could result in the 

formation of thicker plaque which might be more anaerobic, with a lower Eh and different

124



rate of diffusion than the plaque at sub-sites A and S.

The approximal surface is a site with considerable microbial, biochemical, immunological 

and mechanical interactions, therefore, plaque formed in this site is expected to 

accommodate different micro-environments. Marsh and Martin (1992) suggested a general 

model for plaque, where either sharp or gentle gradients extending over small distances 

will exist in plaque for many key parameters (physical and chemical). These parameters 

include: concentration of essential nutrients, pH, Eh, concentration of toxic products of 

metabolism and rate of diffusion. All these would influence microbial growth and 

survival. Therefore, in the present work the results are discussed on the basis of expected 

differences in microflora composition due to different factors at each micro-environmental 

site.

The isolation frequency of Actinomyces israelii showed a varying trend, although this did 

not reach statistical significance. The mean percentage viable count and mean percentage 

isolation frequency of A. israelii (Tables 3.2 and 3.3, respectively) were markedly higher 

at sub-site S compared with sub-sites A and B. This is in general agreement with the 

results of a longitudinal study of approximal plaque from premolars of 13 to 14-year old 

children (Bowden et al. 1975, 1976), in which they identified Actinomyces spp. using 

more complicated physiological and serological tests compared with the present study 

(Table 2.4). They also reported large differences between the mean percentage viable 

counts of A. israelii recovered from different sites in the same subject. However, in a 

study of plaque from children in South America, Thompson et al. (1980) reported a mean 

isolation frequency of 96.8%, and mean percentage viable count of 10.4% for A. israelii. 

The high mean isolation frequency in the latter study could be due to cross-reactivity of 

fluorescent antibody with other species in the plaque sample.
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A. naeslundii was found in at least at one sub-site on all of the premolars (Appendix D 

Tables 1-20). Species of A. naeslundii had the highest mean percentage viable counts and 

mean percentage isolation frequency at all the sub-sites (Tables 3.2 and 3.3, respectively). 

Comparison of the data for this species with previous studies proved problematical due 

to changes in classification (Johnson et al. 1990). Therefore, the data for A. naeslundii has 

been compared with the sum of strains of A. naeslundii and A. viscosus from previous 

reports. On this basis, A. naeslundii data (mean percentage viable counts and isolation 

frequency) were in agreement with previous reports (Bowden et al. 1975, Boyar and 

Bowden 1985, Milnes and Bowden 1985, Milnes et al. 1993). Although the mean 

percentage isolation frequency and mean percentage viable counts for total Actinomyces 

spp. are in general agreement with the above studies, the mean percentage viable counts 

of A. naeslundii (Tables 3.2 and 3.3) were lower than those reported previously by Marsh 

et al. (1989a). This could be due to the changes in the taxonomy of A. naeslundii 

mentioned above (Johnson et al. 1990).

Similarly, variations between mean percentage counts at different sub-sites in the present 

study were smaller than those reported by Bowden et al. (1975). This is expected since 

they compared samples of approximal plaque from the contralateral (two teeth on opposite 

sides of the mouth, same jaw) upper first molars. However, in the present work, samples 

were taken from sub-sites on the same surface of the same tooth. The high viable counts 

of A. naeslundii at sub-sites A and S could be due to its ability to utilize lactate under 

aerobic conditions. Van der Hoeven and van den Kieboom (1990) have proposed that 

lactate consumption may be an important factor for Actinomyces spp. (A. naeslundii and 

A. viscosus) to survive in an environment limited in energy sources for most of the time. 

This is more likely to happen at sub-sites A or S rather than sub-site B, since oxygen is 

more likely to be in excess at the former sites.
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At each sub-site the mean percentage of A. naeslundii was statistically higher than the 

mean percentage of many of the other species (Table 3.6 c). At sub-sites at which A. 

naeslundii was high, the total number of some streptococci {S. mitis I/E and S. sanguis) 

was also high. One of the elements which could have contributed to such an increase is 

lectin-carbohydrate interactions among A. naeslundii, S. mitis VU and S. sanguis (Cisar 

et al. 1979). The results of this in vitro study are also supported by other in vivo 

investigations of the microbiological development of supragingival plaque (Socransky et 

al. 1977, Liljemark et al. 1993), and studies of the early microbial colonization of human 

enamel (Nyvad and Kilian 1987). Therefore, the high counts of A. naeslundii at all sub

sites could be due to different physicochemical and biological factors controlling the 

growth of this species at each sub-site.

A. odontolyticus had its highest mean isolation frequency at sub-site B whilst its greatest 

mean percentage viable count was at sub site S. Small variations were observed for the 

mean percentage count and mean isolation frequency of A. odontolyticus (Tables 3.2 and 

3.3). However, these values for both variables were substantially higher than those 

previously reported (Bowden et al. 1975, Boyar and Bowden 1985, Boyar et al. 1989), but 

not in other studies (Kilian et al. 1979, Milnes and Bowden 1985); in all these studies 

Rogosa SL agar was used, whereas Columbia agar supplemented with 1% horse blood 

was used in the present study, which could be one of the reasons for these differences in 

viable counts of A. odontolyticus.

The present study showed that Veillonella spp. could be recovered with significant 

differences in isolation frequency and mean percentage counts at each sub-site (B>S 

p<0.03, and S>A, p<0.007. Table 3.2). The mean percentage count and isolation frequency 

of Veillonella spp. at sub-sites B was in line with the findings of Bowden et al. (1975), 

however, the overall mean (mean of three sub-sites) isolation frequency and viable counts
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were less than the values reported by Bowden et al. (1975). This could be due to the 

larger sample size and lower number of subjects processed in that longitudinal study, 

suggesting that to obtain representative results concerning ecology of plaque it is 

absolutely essential to use mini-size plaque samples from different subjects.

There is some controversy over the precise role of Veillonella spp. in the aetiology of 

dental caries (Noorda et al. 1988). Veillonella spp. are unable to ferment dietary 

carbohydrates, but they can utilize lactic acid generated by other plaque bacteria during 

glycolysis, converting it to the weaker propionic and acetic acids, van der Hoeven et al. 

(1978) have shown a symbiotic relationship between V. alcalescens and S. mutans in 

dental plaque of gnotobiotic rats, resulting in significantly lower caries.

Other studies have shown higher proportions of Veillonella in progressing incipient lesions 

(Boyar and Bowden 1985), and at sites with nursing (bottle) caries (Milnes and Bowden 

1985). Also, Veillonella have proliferated along with S. mutans and L. casei, at the 

expense of "non-cariogenic" species, in mixed culture studies during growth at low pH 

(McDermid et al. 1986). Furthermore, no inhibition of demineralization was observed in 

vitro when V. alcalescens was cultured with S. mutans in an "artificial mouth" (Noorda 

et al. 1988). The probable explanation for these findings is the likely higher lactic acid 

concentration at the sites studied. High levels of Veillonella may act as markers for sites 

with a high lactate concentration. In the present study, the highest proportions of 

Veillonella were found at sites with the highest counts of mutans streptococci (sub-site B, 

Table 3.2). Similarly, Marsh et al. (1989a) found the lowest proportions of Veillonella at 

those sites that had developed early caries in the absence of cultivable mutans 

streptococci.

Neisseria spp. were isolated in significantly higher proportions at sub-site A (A>B, p =
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0.03). The higher counts of Neisseria spp. at this sub-site may be attributed to their 

aerobic requirements. Surprisingly, the isolation frequency oiNeisseria spp. did not appear 

to be influenced by the site of isolation. The high mean percentage count of Neisseria spp. 

at sub-site A, which had the highest count of S. mitis I/II, is in contrast with the findings 

of Dajani et al. (1976a, b). They found that bacteriocins produced by S. mitis and S. 

sanguis inhibited many Gram-negative species including Neisseria spp.

Lactobacillus spp. were recovered only infrequently, and their proportions were not 

affected by the site of isolation. This may be because they do not form part of the main 

resident plaque microflora of the approximal surface. While established caries lesions were 

not a feature of the teeth sampled (only four white spot lesions were observed on three 

of the teeth in the culture study), nevertheless an attempt was made to clarify whether 

microbial composition at a specific site correlated with the clinically-observed pattern of 

approximal caries. Lactobacilli were found without MS only once at one of the sub-sites, 

but MS were found commonly without lactobacilli (Table 3.5). Since, lactobacilli become 

more predominant only following establishment of mutans streptococci and the 

development of early lesions (Marsh et al. 1989a), it is not surprising that the former 

were isolated infrequently in the present study. Their isolation frequencies and proportions 

appeared to be much higher from sites undergoing demineralisation. Indeed, in one study, 

lactobacilli were only recovered from such approximal surfaces (Boyar and Bowden 

1985).

In the present study, identification of streptococci was carried out according to the latest 

taxonomic schemes (Kilian et al. 1986, Beighton et al. 1991) which provided a more 

precise definition of the various species. This study has apparently for the first time 

elucidated some qualitative and quantitative changes in the composition of approximal 

plaque from discrete sites. Some of these differences were to a certain extent dependent
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upon changes in the taxonomy. In this connection one of the main differences between 

these and previous studies is the subdivision of S. sanguis into two separate species, S. 

sanguis and S. gordonii, and in addition, division of S. oralis from S. mitis, and 

subdividing S. mitis into two distinct biovars (S. mitis I and S. mitis II). Ecological 

significance is attached to these findings since different taxonomic groups presumably 

have evolved to fill characteristic niches within the oral environment.

Of the streptococcal species considered above, all are found in mature dental plaque but 

only some participate in the initial colonisation of the tooth surface. Nyvad and Kilian 

(1987) used enamel squares for various time periods and found that after 12 h, 5. mitis 

II (arginine-negative ), S. oralis and S. sanguis were in the greatest numbers. Because of 

the changes in the taxonomy of the oral streptococci, particularly with regard to S. 

sanguis, S. mitis I and S. mitis II, it is difficult to compare directly the results from 

different workers. Nevertheless, in the present study, the results concerning streptococcal 

composition of approximal plaque are in overall agreement with other studies (Ikeda et 

al. 1973, Bowden 1975, Hardie et al. 1977, Mikkelesen et al. 1981, Boyer and Bowden 

1985, Marsh et al. 1989a). Small differences can be explained by changes in 

nomenclature. Furthermore, the present study has described a broad range of species in 

approximal plaque some of which (e.g. S. mitis and S, oralis) have not been reported (in 

detail) in previous studies.

The mean viable counts (cfu/ml) of total streptococci were: 13.8x10^ at sub-site (A), 

32.6x10^ at sub-site (S) and 40.5x10^ at sub-site (B), and their mean percentage viable 

counts were 53.6 %, 37.2% and 49.2%, respectively. There was a decrease in mean 

percentage viable count of streptococci at sub-site (S), although the recovery (mean 

percentage isolation frequency) of streptococci at sub-site (S) was not significantly 

different from those at sub-sites (A) and (B) but was consistent with an increase in non-
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streptococcal species at this sub-site (S). It is not possible to determine whether this 

change in the relative proportions of organisms was due to an increase in the numbers of 

some, a decrease in others, or a combination of both. Alternatively, it may be because this 

site is more suitable for the co-existence of a wide spectrum of physiologically-related 

genera.

S. mitis has recently attracted much attention. This is due to the fact that it is an early 

coloniser of the tooth surface and usually can be found in many different sites in the 

mouth. In this study, S. mitis had the highest median and percentage isolation frequency 

at sub-sites (A) and (S) and the third highest at sub-site (B) (Tables 3.4 and 3.5). These 

results are in general agreement with other studies of approximal plaque, for example. 

Boyar et al. (1989). In the study of microflora associated with the development of initial 

enamel décalcification below orthodontic bands in vivo which was proposed to be similar 

to protected areas on approximal surfaces, they found that "S. mitior" {S. mitis I/II and S. 

oralis) had the highest mean percentage viable counts, median and isolation frequencies. 

In an earlier study. Boyar and Bowden (1985) reported an isolation frequency of 80% for 

"S. mitior”. Also, Hardie et al. (1977) reported "S. mitior” as the most prevalent 

streptococcal species isolated from approximal surfaces in 1 1  to 1 2  year old children.

Similarly, S. mitis was reported as the most prevalent species at 4 sites (maxillary 

approximal, labial, mandibular approximal and labial) by McNamara et al. (1979). In the 

more detailed studies of Nyvad and Kilian (1987), S. mitis I was the most prevalent 

streptococcal species from root surfaces and enamel after 12 and 24 h.

The differences between the mean percentage viable counts of S. mitis I at these sub-sites 

were not statistically significant, although a trend of A> B> S was observed (Table 3.2). 

The higher recovery of S. mitis I at sub-site A could suggest that sub-site (A) is a better
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habitat for S. mitis I. On a microscopic scale this sub-site is more accessible to saliva, and 

this sub-site is less stagnant compared with the other sub-sites examined, and therefore 

plaque at sub-site A might be less anaerobic and perhaps have a higher pH. Liljemark and 

Gibbons (1972) found that S. mitis ("S. mitior") could adhere better than the other 

streptococci to buccal mucosa and to teeth this attachment being mediated by a "fuzzy 

surface" coat. Nevertheless, Hsu et al. (1994), could not directly correlate the adhesion 

and colonisation properties of S. mitis I.

S. mitis II was recovered at a significantly lower frequency and in lower numbers than S. 

mitis I (Table 3.4). Since the levels of S. mitis II were mainly lower than S. mitis I in pre- 

dentate and dentate children (Smith et al. 1993), during the early colonisation of human 

enamel and root surfaces after 8  hours (Nyvad and Kilian 1987) and on dental enamel in 

caries-active and caries-inactive individuals (Nyvad and Kilian 1990a), this could imply 

that the S. mitis II population decreases a short time after the formation of plaque ( 8  

hours) and stays low irrespective of local environmental conditions or the state of the 

tooth surface. However, Frandsen et al. (1991) reported that S. mitis II constituted a 

surprisingly large proportion of the streptococci on the dorsum of the tongue, even 

outnumbering S. salivarius.

Another streptococcus closely related to S. mitis I/II is S. oralis. The mean percentage 

viable counts of S. oralis at the three sub-sites were in the order A>B>S, and there was 

a significant difference between sub-sites B and S (Table 3.2). An increase in proportion 

of S. oralis was found within the initial 24 h of dental plaque formation on enamel and 

root surfaces (median 1% to 27%) (Nyvad and Kilian 1989). Milnes et al. (1993) reported 

mean percentage counts of 8 .6 % in maxillary supragingival plaque and 13.2% in 

mandibular supragingival plaque in preschool children.
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Nyvad and Kilian (1990a) found that S. oralis was primarily associated with initial dental 

plaque, where it constituted 28% of the total cultivable streptococci. When present on 

other surfaces, it amounted to only a small part of the flora. There was no difference in 

the recovery of S. oralis from caries-active and caries inactive sites (Nyvad and Kilian 

1990a), leading to the conclusion that the level of S. oralis is not affected by caries- 

related environmental factors. The overall percentage count of S. oralis (mean of the three 

sub-sites) in the present study is higher than that reported by Nyvad and Kilian (1987, 

1990a) but lower than by Milnes et al. (1993). This may be due to differences in sampling 

techniques, e.g. sample size.

The range of physiological tests used in the present study did not allow distinction 

between species of the "S. milleri"-group. The findings are in general agreement, however, 

with previous studies which also reported on the "S. milleri"-group (Kilian et al. 1979, 

Marsh et al. 1989a, Milnes et al. 1993). The inconsistency between the recovery of the 

"S. milleri-group" in the present study and in those of Bowden et al. (1975), Hardie et al. 

(1977) and Boyar and Bowden (1985), which reported much lower isolation frequencies 

and viable counts again could be due to the use of different media and sampling 

techniques.

S. sanguis and S. gordonii (formerly included within S. sanguis) were recovered from all 

the sub-sites, and their distributions at sub-sites B and S were similar (Table 3.2, 3.3). S. 

sanguis was the second most dominant streptococcus recovered from sub-sites A and S, 

but the third at sub-site B in frequency of isolation. Furthermore, S. sanguis had the 

highest mean percentage viable count at sub-site S, and the third highest mean percentage 

viable count at sub-sites A (Table 3.2). The mean percentage viable count and mean 

isolation frequency of S. sanguis are in general agreement with Marsh et al. (1989a) and 

Milnes et al. (1993), but differ from earlier work which reported that S. sanguis is the
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predominant streptococcus in supragingival dental plaque (Carlsson et al. 1970, 1975, 

Loesche et al. 1972). This discrepancy probably can be explained by differences in 

nomenclature.

The high counts and persistence of S. sanguis could be due to the fact that this species 

can produce an IgA^ protease (Kilian and Holmgren 1981), and also can utilize 

carbohydrates and arginine as a carbon and energy source (van der Hoeven et al. 1984). 

Production of the IgAj protease facilitates colonisation, and the latter nutritional properties 

enable this species to co-exist with other species and utilize arginine in the absence of 

carbohydrate.

S. salivarius was present in one third of the children, and there was no attempt to identify 

the newly recognized species of S. vestibularis (Whiley and Hardie 1988). Variations were 

found between the proportions of S. salivarius at all the sub-sites, though none of them 

were statistically significant (Tables 3.2 and 3.3).

The mean isolation frequency of S. salivarius at the various sub-sites of about 30% was 

similar to those reported by Macpherson et al. (1990). However, a comparison of present 

S. salivarius data with a similar study in terms of site analysis (Marsh et al. 1989a), 

showed that the mean percentage viable counts found in the present study were higher. 

These inconsistencies could be due to the use of different tests and identification schemes 

in the two studies.

The proportions of S. salivarius and S. sanguis have been investigated during the initial 

phase of plaque formation by van Houte et al. (1970). They found that the percentage of 

S. salivarius on tooth surfaces was much lower than in saliva and on the tongue tip. In 

contrast, the percentages of other extracellular polysaccharide-producing (EPS)
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streptococci, particularly, S. sanguis were very high on the tooth surfaces, and 

simultaneously much lower in the saliva and tongue tip samples. The observed low 

proportions of S. salivarius and high proportions of S. sanguis in dental plaque are mainly 

the result of differences in the ability of cells to adhere to, rather than in their ability to 

grow on the tooth surface. The data for S. salivarius and S. sanguis from the present work 

are consistent with the above findings.

The frequency of isolation of MS from premolar approximal surfaces in the present study 

was higher than that reported in a larger survey of older individuals (Lindquist and 

Emilson 1991b). In agreement with other studies (for reviews, see Loesche 1986, Bratthall 

1991), S. mutans was found significantly more often, and in higher proportions, than S. 

sobrinus. The recovery of S. sobrinus was similar to that reported by Lindquist and 

Emilson (1991b), but the isolation of S. mutans was more frequent. This might reflect the 

use of different media in the two studies to isolate mutans streptococci. Higher viable 

counts of S. mutans have been obtained on TYC and TYCSB compared with MSB agar 

(Schaeken et al. 1986), although others have not found such marked differences (Beighton 

1991). The difference might also relate to the narrow range of age group in the present 

study, to differences in sampling, or to the use of a wide range of physiological tests for 

distinguishing between S. mutans and S. sobrinus, rather than a reliance on colonial 

morphology (as was used by Emilson 1983 and Lindquist and Emilson 1991a, b).

Ideally, any association between plaque composition and caries should be determined at 

defined sub-sites (Marsh et al. 1989a, Bush et al. 1989, 1990, Gill et al. 1991). 

Approximal surfaces are particularly prone to caries, especially just apical to the contact 

area (Leigh 1927, Newman and Morgan 1980). It is not feasible to study the distribution 

of individual bacterial species around the contact area on teeth in situ, and correlations 

between approximal plaque and caries have had to be based on radiographs and samples
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of the microflora of the entire macro-area. Therefore, possible important sub-site 

differences in microflora (especially in MS) could have been obscured.

In the present study the most frequent recoveries and highest proportions of MS {S. 

mutans and S. sobrinus) were from the sub-site below (B) the contact area. This was also 

the sub-site from which S. mutans was detected most commonly by immunofluorescence 

(Gill et al. 1991). Although S. mutans and S. sobrinus were found together on 38% of 

teeth, there was no evidence of a statistically significant positive association in their 

presence at any sub-site. This was in contrast to the findings of Lindquist and Emilson 

(1991a), and also the results obtained by applying immunofluorescence in the second part 

of the present investigation. This in turn could be due to the limited number of samples 

used in the culture study, whereas in both the Lindquist and Emilson (1991a) and the 

present immunofluorescence studies a much larger number of samples were processed. 

Also, it may be due to the probable inhibitory effect of TYC and TYCSB on the growth 

of these species (Table 3.15). Furthermore, one or both of these species could be absent 

from the other sites sampled on the same tooth surface.

Factors responsible for regulating the distribution of these two species at a given site are 

only poorly understood. Indeed, there have been few reports in which small plaque 

samples have been studied in relation to clearly-defined sub-sites (Bush et al. 1989, Boyar 

et al. 1989, Marsh et al. 1989a, Gill et al. 1991). The preferential location of MS below 

the contact area might be related to stagnation in this location as in occlusal fissures, and 

to the impaired substrate clearance effect of saliva. In such an environment, the pH may 

be lower for longer periods, and such conditions would favour the growth of MS at the 

expense of less acidogenic and aciduric species (Donoghue and Newman 1976, Newman 

et al. 1976, Bradshaw et al. 1989). Although S. mutans is more bacteriocinogenic than S. 

sobrinus, and growth of the latter species can be suppressed by bacteriocin production by
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s. mutans (Ikeda et al. 1988), such inhibitors are not considered a major factor in 

determining whether an individual species would colonise or predominate a particular sub

site in buccal plaque (Lindquist and Emilson, 1991b). Differences in the pattern of 

colonisation by S. mutans and S. sobrinus might rather be related to the fact that they 

possess different abilities to metabolise locally available endogenous nutrients (Homer and 

Beighton 1991).

From the results of studies carried out in experimental animals and in man it has been 

anticipated that numerous interactions could take place in plaque which could modify 

caries activity. However, concerning caries, relationships among bacterial species are 

likely to be at least as complex and variable as the presence and number of any one of 

the species. From the results given in Tables 3.6a and b, relationships between the 

different species could be affected by ecological factors that dominate their micro

environment. From the pattern a (Table 3.6a) the least variation between species was 

found at sub-sites S. This may be explained by the fact that this site is located somewhere 

between sub-sites A and B, and may provide conditions intermediate, or less extreme than 

those present at sub-sites A and B, which are more different from each other as reflected 

in species detected (Table 3.a). However, some species were isolated in significantly 

greater numbers than others at all three sub-sites (Table 3.6c). This may be due to the 

ability of these species to adapt to the different environments better than the others.

The present cultural study is limited since it has failed to sub-classify S. crista (Handley 

et al. 1985, Whiley and Hardie 1988). Also, the number of samples was limited due to 

the time demanding and other requirements of cultural microbiology. Since more data are 

needed to validate the above results, it was decided to focus on some of the caries-related 

species which varied in their proportions at different sub-sites. Therefore, in the second 

part of the study S. mutans, S. sobrinus and lactobacilli were studied in a large number
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of samples by immunofluorescence, as it is fast and potentially cheap.

4.3 Immunofluorescence studies

An important factor to be considered in relation to the ecology of mutans streptococci and 

lactobacilli is the location of cells in relation to caries-prone sites. Few studies have 

considered the relevance of the precise location of plaque samples, and all have been 

limited either by the number of samples (culture) or species (IF) studied.

Using high-titre polyclonal antisera in IF, S. mutans ’c’, S. sobrinus’d’ and Lactobacillus 

spp. (all human caries-related species) were shown to be detectable in discrete approximal 

plaque samples at levels as low as 0.2% of a proportional direct microscopic count (Bush 

et al. 1990) when this procedure was used to analyze 270 discrete small samples.

S. mutans has been identified previously in plaque by IF, but the antiserum usually gave 

troublesome cross-reactions which could either be adsorbed out (Bratthall 1972) or 

masked by counter-staining (Grenier et al. 1973). In the present study, very high-titre 

polyclonal mouse antisera (anti-5, mutans ’c’ and anti-5, sobrinus’d’) helped to overcome 

the minimum cross-reactivity found simply by diluting the anti serum. However anti-A. 

casei and anti-1, acidophilus antisera required adsorption with 5. salivarius. The adsorbed 

sera retained a very strong specific reaction, sufficient to permit their use at a dilution of 

1:300 (anti- L. acidophilus and anti-1, casei) and gave a 4+ intensity for homologous 

strains.

The (3+) reactions with 5. salivarius and members of strains closely related to 5. oralis 

(S. mitis and 5. sanguis) could be due to a single antigen common to these four species 

and 1. acidophilus. The strong 3+ reactions given by 1. odontolyticus to the anti-1. 

acidophilus antiserum was regarded as genus-specific.
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The FITC-conjugated rabbit anti-mouse antiserum (used as secondary antibody) cross

reacted with Staph, aureus and some filamentous rods (Table 3.7). Application of 

monoclonal antibody (OMVUIO, de Soet et al. 1987) did not help to avoid this problem, 

and showed similar cross-reactions. Therefore, there was no reason for not using anti-5. 

sobrinus polyclonal anti serum, or any obvious advantage in using monoclonal antibodies 

compared with the polyclonal antiserum. In addition, monoclonal antibodies may be too 

exquisitely specific and so fail to recognize isolates of the target species that have 

undergone only minor variation in one antigen (Russell 1991). The loss of antigens can 

occur as a result of subculturing, as reported by Russell and Smith (1986). In that study 

they reported the release of antigens A, B, C, and lipoteicboic acid (LTA) of S. mutans 

in cell suspensions and supernatants. They suggested that the increased shedding of 

surface antigens as a result of subculturing may be a secondary consequence of changes 

in the underlying wall structure to which antigens A, B, C and LTA are linked, or to a 

’domino’ effect in which a change in any one of the surface components could destabilise 

the others (Russell and Smith 1986).

However, using SDS-PAGE and immunoblot analysis only small differences in the surface 

antigens were found between the fresh and laboratory isolates of S. mutans ’c’, and S. 

sobrinus, and also the only S. sobrinus strain showing a protein of 190 kDa in SDS-PAGE 

was a subcultivated serotype ’g’ reference strain (Widerstrom et al. 1994). Similarly 

Hamilton et al. (1989) reported no antigenic changes between fresh isolates and their 

homologous laboratory strains.

In the present study the antisera (anti-5, sobrinus’d’ and anti- 5. mutans ’c’) appeared to 

be specific in spite of shared antigens (Russell et al. 1986). For instance, LTA is common 

to all streptococci and many other Gram-positive species. If the antiserum was reacting 

with any of the known antigens such as LTA the cross-reactions would be expected to
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have been more extensive. However, weak cross-reactions observed with filamentous rods 

(Table 3.7) could be due to a common chemical grouping in a cell wall molecule shared 

by different species, or otherwise to non-specific binding. Cross-reactions with filamentous 

rods (Table 3.7) were easily distinguished from the 4+ results with S. mutans or S. 

sobrinus on the basis of simple morphology and did not pose a problem.

It is possible that serum antibodies could interfere with the sensitivity and specificity of 

detection of bacteria using IF. Antibodies to S. mutans have been detected in human 

serum (Challacombe 1974) and these can reach the gingival crevice via the crevicular 

fluid (Challacombe et al. 1978). Serum Ig has been demonstrated by IF staining in the 

same apical plaque border on the approximal tooth surfaces of premolars in children, as 

used in the present study (Newman et al. 1979). Emilson et al. (1974) suggested that such 

host Ig could affect the reliability of the IF technique if it masked bacterial antigens. It 

has been shown by Pekovic et al. (1987) and Bush et al. (1990) that Ig and complement 

were associated with plaque species. In the present work incubation of S. mutans ’c’ and 

other species with human serum did not inhibit or affect the intensity of IF-staining 

(section 2.3.8). This suggests that host antibodies are unlikely to have affected the efficacy 

of the IF technique used in this study. One explanation for the finding of no inhibition of 

staining is that the host Ig may be displaced by the greater avidity (due to immunization) 

of the antiserum IgG (Bush et al. 1990). Alternatively, the antiserum raised by 

immunization may be detecting additional or alternative antigens to those induced by 

natural immunization in man.

Sucrose is a common dietary sugar and its presence stimulates the synthesis of soluble and 

insoluble glucans by S, mutans GTF-S and GTF-I enzymes, respectively (Marsh 1986). 

These enzymes are normally extracellular but they, and a glucan binding protein (GBP), 

become cell-bound when sucrose is present (Russell et al. 1986). The effect of this is that
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the cell becomes surrounded by a layer of extracellular polysaccharides (EPS) which could 

mask antigens (Newman et al. 1976). The results of the present study and that of Bush 

et al. (1990) confirmed that this does not occur under the conditions used. In fact, cells 

exposed to sucrose may be expected to have a greater density of cell-bound GTF (an 

antigen to the antiserum) and glucan binding protein, so possibly potentiating the staining 

reaction.

The highest isolation frequency and mean percentage counts of S. mutans, S. sobrinus and 

lactobacilli were obtained at the sub-site below the contact area (Figs 3.2 and 3.3). The 

IF study confirmed the results of the culture study (Tables 3.14 and 3.15) and showed a 

significant difference between counts and isolation frequency of mutans streptococci at 

the three sub-sites studied (Tables 3.14 and 3.15). An overall comparison of the results 

with the results of previous studies indicates general agreement (Table 4.1).

In the present study, mini-sampling allowed detection of high numbers of S. sobrinus at 

sub-site B. Previous studies have not used samples from discrete sites below the contact 

area. The average mean percentage value for the isolation frequencies at sub-sites A, B 

and S; 53.3% for S. mutans and 34.3% for S. sobrinus are in good agreement with those 

of de Soet et al. (1990, 1993) and Beighton et al. (1989) although they did not use the 

direct microscopy method. The discrepancy between the results of the present study and 

those of Bratthall (1972), Thomson et al. (1976, 1980), and Keene et al. (1977) could 

be due in part to sampling and identification techniques. All these studies showed that S. 

mutans is isolated more frequently than S. sobrinus serotype ’d’. This could be due partly 

to fundamental differences between the mechanisms by which S. mutans and S. sobrinus 

attach to pellicles of tooth surface. It may also be that S. sobrinus attachment is enhanced 

to pellicle which has been exposed to sucrose (Gibbons et al. 1986). Recently 

Wennerholm and Emilson (1995) studied the relationship between sucrose retention and 

colonization by mutans streptococci at different sites (buccal surface) of the dentition. The
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Table 4.1 Comparison of frequency distribution of S. mutans and S. sobrinus in plaque or saliva from different countries.

No. of 
Samples

Prevalence of Serotype(%) Method of 
Detecting 

Serotypes
Source of 
SamplesInvestigator S. mutans 

’c’
S. sobrinus 

’d’
Country

Present studv 90(B) 70.0 49.0 IF HDP UK, London
(1995) 90(S) 51.0 33.0 IF HDP "

90(A) 39.0, 53.3'" 21.0, 34.6"" IF HDP "
Previous reports: 
Siguijons et al. 
(1995) 56 97 30.0 Cu HDP Iceland

de Soet et al. 125 51.0 43.0 IBT HDP Iceland
(1990) 72 81.0 35.0 IBT HDP Netherlands

Beighton et al. 183 94.0 34.0 Cu, IF saliva Kenya
(1989)
Thomson et al. 55 70.0 1.9« IF HDP USA, Maine
(1980) 
Keene et al. 64 32.7 11.2 (22) Bio HDP Saudi Arabia
(1977) 169 87.1 1.5 (3) Bio HDP USA, Great Lakes

25 83.3 6.7 (2) Bio HDP USA, Orlando
17 70.8 4.2 (1) Bio HDP Chile, San Diego
41 82.0 6.0 (3) Bio HDP USA, Hawaii

Thomson et al. 10 80.0 lO.QK IF HDP USA
(1976) 186 87.0 4.0: IF HDP USA

55 76.1 ND: IF HDP USA
Shklair and 216 88.0 7.0: Bio. HDP USA
Keene (1974) 
Loesche et al. 139 80.0 31.0: IF HDP USA
(1973)
Ella et al.(1973) 24 8.0 100.0: (43) IF HDP USA
Bratthall 69 73.0 10.0: IF HDP USA
(1972) 307 41.0 12.0: IF HDP "

HDP = Human dental plaque, IBT = Immune blotting, CU, IF = Culture and then identified by IF, Bio = Biochemical, ND = Not detected, ™ = mean, 
( ) = Sample site or Number of samples,  ̂= Serotypes’d’ and ’g’ identified together.
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frequency of mutans streptococci decreased towards the anterior teeth with S. sobrinus 

predominating over S. mutans. This was not related to sucrose concentration, but it could 

be that molars receive less effective cleaning than anterior teeth and removal of an acidic 

environment is less effective, thereby favouring the growth of mutans streptococci 

(Bradshaw et al. 1989). In this context the increased percentage of S. sobrinus at sub-site 

B is in line with the results reported by Wennerholm and Emilson (1995). Similarly, the 

positive association between S. mutans and S. sobrinus (Table 3.11), was in agreement 

with the findings of Lindquist and Emilson (1991a). This was in contrast to the 

observation of Wennerholm and Emilson (1995) that S. sobrinus predominated over S. 

mutans.

The frequency of MS in maxillary approximal sites was greater than in mandibular sites 

(p<0.05). The frequency of MS at maxillary sub-site B was significantly higher than at 

mandibular sub-site B (p<0.01). This is consistent with the results of McNamara et al. 

(1979), and could be explained by the relatively limited access of saliva to maxillary sites. 

Where the access of saliva to plaque sites is reduced, a decrease in the local pH will 

occur. In addition, the gingival crevice region, especially in protected approximal areas, 

is bathed by the nutritionally-rich gingival crevicular fluid (GCF) particularly in the case 

of upper sites, since GCF tends to flow downward. A more nutritionally-rich GCF 

environment and a low pH at the site below the contact area could lead to an increase in 

the proportions of lactobacilli and streptococci in plaque at this site. This may be 

attributed not only to saliva exclusion but also to carbohydrate retention in stagnant sites, 

especially below the contact area (Kleinberg 1977, Weathered et al. 1989). Also, it could 

be related to differences in sugar intake, as suggested by Wilson and Ashley (1990) for 

free smooth surface and approximal plaque. At the same time, it may be that the early 

colonisers are also more resistant to the antimicrobial components of GCF.
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The present IF study suggest a definite positive association of MS with early visible 

lesions (Fig. 3.4). S. mutans and S. sobrinus were detected at 64% of the 270 sites, often 

over visibly apparently healthy sites. Although Marsh et al. (1989a) reported that very 

early caries could not be related to the presence or numbers of any one organism, these 

species were detected in the few plaque samples which were taken from tooth surfaces 

with early caries, where the lesion could be seen as a white spot. The association may be 

even stronger at the histological level. Some investigators have stated that at this level 

there are no caries-free approximal surfaces (J. M. ten Cate, personal communication). A 

large increase in the number of S. mutans over white spot lesions was noted by Duchin 

and van Houte (1978). They found one hundred fold differences in the concentration of 

S. mutans in samples taken from a single white spot lesion compared to adjacent healthy 

enamel. Many studies have shown a correlation between plaque counts of MS and both 

caries prevalence and incidence (Zickert et al. 1982, Loesche 1986, Lang et al. 1987). 

There have also been investigations that found no correlation between the MS count and 

the presence of caries (Hardie et al. 1977, Carlsson et al. 1985, Marsh et al. 1989a, 

Russell et al. 1990, Macpherson et al. 1992).

Local factors such as differences in exposure to saliva, or variations in fluoride levels of 

surface enamel could be implicated in the association of MS with healthy sites. The water 

fluoride content was <0.3 ppm for all patients (Thames Water). Hamilton and Buckley 

(1991) showed that prolonged growth of S. mutans in an acidic environment, such as 

might be found at retention sites or in relation to caries lesions, resulted in significant 

changes in cell physiology that conferred increased aciduricity. Also, other species present 

in the plaque may modify the effects of S. mutans. Lang et al. (1987) found that the 

proportion of S. mutans at sites that later developed lesions would increase significantly 

6-9 months prior to the clinical diagnosis of a lesion, suggesting that local colonisation 

with S. mutans precedes the demineralisation process.
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The very low frequency and lack of statistically significant differences between the sites 

colonised by Lactobacillus spp. is generally consistent with the findings of Ikeda et al. 

(1973) (Figs. 3.2 and 3.3). In the present study, lactobacilli were found together with MS 

and mainly where white spot lesions were present on the tooth surface (Fig. 3.4). This 

could indicate that these organisms appear at a later stage of caries development and then 

spread on the site. In agreement with this Matee et al. (1992) have shown the relative 

increase in the numbers of lactobacilli in cavities and suggested that their ability to 

produce large amounts of acid indicates a role for lactobacilli in producing cavitation once 

initial lesions have been formed.

Previous studies suggested that S. mutans has an unequal distribution on smooth surfaces 

(Ikeda et al. 1973). An overall decrease in its prevalence from molar to anterior teeth has 

also been demonstrated (Keene et al. 1981, Kristofferson et al. 1984, Lindquist and 

Emilson, 1990). The results of the present study show that proportions can vary even at 

neighbouring sites in the gingival margin plaque on the same surface. Ultrastructural 

studies have demonstrated the presence of microcolonies of similar cocci juxtaposed in 

the same subcontact area plaque, also on children’s premolars (Newman 1975). This 

indicates the necessity of obtaining small plaque samples from precise areas, to 

demonstrate possible ecological differences in plaque location, which could be related to 

its pathogenicity at that specific site.

Comparing the results obtained by IF with those of culture, IF proportional counts of S. 

mutans were lower than cultural, in contrast to the results of Emilson et al. (1974) who 

determined 7.3% by IF and 6.1% by culture for S, mutans. This could be due to the 

greater specificity of antisera and efficiency of techniques used in the present work. Also, 

there was no masking of antigen, and the existence of dead cells in the plaque samples 

could have increased the total IF count. The higher percentages with culture could be due
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to the fact that the number of colony forming units represents only a fraction of the cell 

counts obtained by direct microscopic techniques. Apart from non-viable cells, differences 

may also be due to problems in isolation and growth (Colwell et al. 1985).

Organisms affected by environmental factors or distortion of their community may not 

grow. Some organisms are more sensitive to these factors than others. It is possible that 

the lower isolation frequency of S. sobrinus by culture compared with IF (Table 3.15) may 

at least be attributed partly to the higher inhibitory effect of TYC and TYCSB on S. 

sobrinus than on S. mutans (Table 3.15). This is in line with the results previously 

reported by Schaeken et al. (1986) and Wade et al. (1986) who compared the growth of 

S. mutans and S. sobrinus on different media. Also, de Soet and de Graaff (1990) 

compared the recovery of S. sobrinus from blood plates and from TYCSB by 

immunoblotting, and reported a higher proportion of S. sobrinus when blood plates were 

used.

It is clear that microbiological studies (by culture) of S. sobrinus on approximal surfaces 

have underestimated the frequency and levels of this organism. The present study confirms 

this having shown by two different approaches that there is a significant increase in MS 

isolation in gingival margin approximal surface plaque as one proceeds from a cleansable 

aspect towards the most stagnant and, therefore, most caries-prone site on the approximal 

surface, below the contact area.

The pattern observed in the present investigation for the distribution of MS is consistent 

with the clinically observed pattern of initiation of caries and gingivitis. In view of 

previous evidence and the present findings it seems reasonable to propose that the 

presence of MS together with underlying ecological factors that created the microbial 

community are responsible for the pathogenicity of plaque, particularly at the site below
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the contact area, at which both caries and chronic gingivitis are initiated approximally.

Different strains of MS vary in their rate of acid production during glycolysis (Harper and 

Loesche 1983, de Soet et al. 1989). This variation among strains may occur also 

intraorally in humans and may be one of the reasons why correlations between counts of 

MS and caries lesions are often not seen in individual sites. Culture, serotyping and 

biotyping can only show limited variations concerning the physiology of these species. 

More powerful techniques may reveal further differences at the molecular level. Therefore, 

the next part of the study was directed, as an initial stage, at assessing the utility of 

ribotyping MS and the most prevalent streptococci, S. mitis I/II and S. oralis, in an 

attempt to develop a more discriminating system for microbial identification in plaque.

4.4 Analysis of 16S rRNA of streptococci

Methods that yield a precise strain identification are needed to track strains among closely 

related species, to study potential differences in pathogenicity and strains of species from 

geographically different locations. Phenotypic characteristics such as serotype and biotype 

have been used in the present study as useful markers. However, they provide limited 

information for species identification. This is a critical issue in studies of plaque ecology, 

especially when results from different laboratories are to be compared. Molecular genetic 

approaches that rely on DNA sequence differences provide more powerful methods for 

fingerprinting closely related species. Restriction endonuclease fragment patterns have 

been used for strain identification in studies related to the epidemiology and transmission 

of a number of species including S. mutans (Alaluusua et al. 1994). However, performing 

southern blot analysis of a whole genomic digestion is a long procedure. Alternatively, 

one may use restriction endonuclease enzymes on a specific region within a gene, that 

contains variable sequences among strains. This has proved to be a successful tool for
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strain spéciation and species identification (Woese 1987). PCR and restriction fragment 

length polymorphism of 16S rRNA has been successfully used to differentiate S. uberis 

from S. prauberis (Jayarao et al. 1991). Although variable regions of the 16S ribosomal 

genes have frequently been used as the target for DNA probes to identify microorganisms, 

in some situations there is very little sequence variation observed between the 16S rRNA 

of closely related species (Rogall et al. 1990, Barry et al. 1991).

In an attempt to determine the 16S rRNA restriction pattern of selected streptococci, the 

amplified 16S rDNA fragment of S. mutans ’c’ (NCTC 10449) and S. sobrinus ’d’(NCTC 

27351) were digested with eight restriction endonuclease enzymes (Table 2.7). The 

digestion with HaeWl gave three fragments of different molecular weight for each species 

of S. mutans ’c’ and S. sobrinus ’d’, which made it possible to easily distinguish S. 

mutans ’c’ from S. sobrinus’d’ (Table 3.18 and Fig. 3.8). To date, this was the easiest 

method to distinguish these two species by using only one restriction enzyme {Haelll). 

The present results on S. mutans ’c’ and S. sobrinus ’d’ confirm the previous reports of 

Coykendall (1974), and Coykendall and Lizotte (1978), which showed considerable lack 

of DNA-homology between certain serotypes.

The present examination of other serotypes (’a’, ’e’, ’f’ and ’g’) of MS showed no more 

RFLP profiles of 16S rDNA with the HaeWl, Serotypes ’d’ and ’g’ had an identical 

pattern. Similarly serotypes ’a’, ’e’ and ’f’ showed a pattern similar to that of serotype ’c’. 

This was in contrast with the findings of Schleifer et al. (1984), who showed that by 

ribosomal RNA homologies, S. sobrinus’d’ was more related to S. cricetus ’a’ and S. 

mutans ’c’ was more related to S. rattus ’b’. The reason for this discrepancy might be 

in the different methods used in the two studies. In the present study a minimum number 

of restriction sites were probed, and resulted in fragments of similar sizes for some of the 

serotypes (Fig. 3.6). However, restriction fragments of the same size can have sequence
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variations that cannot be detected unless new restriction sites are generated. Therefore, it 

should be possible to increase the number of ribotypes and thereby the specificity of the 

results, by using several restriction enzymes to confirm the identity of the ribotypes 

(Griffen et al. 1992).

S. mitis I and II showed the same restriction profiles (Figs. 3.10 and 3.11). However, 

application of enzymes on amplified 16S rDNA of S, oralis (LVGl) showed variations 

with HaeUl and HindUl (Table 3.18). Therefore, a combination of the two enzymes was 

used which resulted in fragments of different lengths. The differences between these 

patterns was enough to discriminate the species of S. oralis (LVGl) from 5. mitis I/II 

(Table 3.19). The same enzymes were applied to other species of streptococci (S. 

intermedius, S. crista, S. sanguis, S. salivarius and S. vestibularis) and mainly they 

showed a pattern which was the same as that observed for S. oralis (LVGl). Hence, 

sequences of GGCC (Haelll) and AAGCTT (Hindlll) are likely to be parts of the 

conserved region of 16S rDNA of streptococci. The variations in clinical samples of 5. 

mitis I/II (Table 3.19) could be due to minor DNA rearrangements (Hall 1994), or to the 

fact that they may be atypical S. mitis I/II strains. Also, it should be noted that the 16S 

rDNA is highly conserved for phylum Gram positive (Tanner et al. 1994), and a number 

of species other than streptococci may have some homology similar to those described in 

the present study, therefore such studies require the use of several restriction enzymes.

The data obtained by analysis of 16S rDNA genes of streptococci have been limited due 

to: a) technical problems involved in obtaining reproducible amplification of genes by 

PCR.

b) lack of information about the sequences of 16S rDNA,

c) the rather large size of restriction enzymes (six base cutter) and the limited number of 

restriction enzymes used,

d) and perhaps by the limited ability of ethidium bromide to stain small fragments.
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CHAPTER FIVE 

CONCLUSIONS AND FUTURE WORK

5.1 Conclusions

In this study dental plaque has been sampled from small sites from different locations 

increasing in stagnation away from to below the contact area on human approximal tooth 

surfaces. Microbiological analysis of these samples showed that not every species that had 

been isolated was found at all of the sub-sites, and none of the species cultivated was 

unique to a given site. Local variations in the prevalence of particular species were 

evident at different sub-sites. Some species were found more often and in higher levels 

at a particular sub-site. The predominant Actinomyces spp. and streptococcal species at 

mostof the sub-sites were A. naeslundii and S. mitis I, respectively. Variations in the 

plaque microflora were demonstrated at the different sub-sites, both with respect to species 

prevalence at each site, and by variations in the proportion of species within each sub-site.

A trend was found for A. odontolyticus to be isolated more often at sub-site B, below the 

contact area, and A. israelii from sub-site S to the side of the contact area. S. mutans was 

also isolated by culture significantly more often at sub-site B, while both S. mutans and 

S. sobrinus were identified by IF significantly more often and in higher proportions from 

sub-site B. Similarly, Veillonella spp. were isolated significantly more often and in higher 

proportions at sub-site B when compared to sub-sites S and A. However, in contrast. 

Neisseria spp. were isolated significantly more often at sub-site A than sub-site B. This 

difference in site specificity for Neisseria and Veillonella spp. may reflect the more 

aerobic status of sub-site A compared to sub-site B.

There was also a trend for some other species and groups of bacteria (A. naeslundii, A. 

odontolyticus, obligate anaerobes, 5. gordonii and S. oralis) to be isolated more frequently 

from the most stagnant site B, compared with the least stagnant site A. However, S.mitis 

I was isolated more frequently from site S, compared with sites A and B. IgA, protease-
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producing species were found at each sub-site, but they formed a small proportion of the 

total Streptococcus spp.

Lactobacillus spp. were isolated rarely, and were usually found together with mutans 

streptococci. There was a positive relationship between the presence of lactobacilli and 

caries (white spot lesions only), but this was determined mainly only on the basis of 

immunofluorescence (IF), probably because a larger number of teeth were processed in 

this part of the study. A similar positive association between S. mutans ’c’ and S. sobrinus 

’d’ was confirmed by IF but not by culture. While this study confirmed the association 

between mutans streptococci (MS) and caries, it showed that these species could also 

frequently be isolated from non-carious sites.

Comparison of data obtained by IF and by culture showed general agreement. Mean 

percentage counts obtained by IF were lower than those obtained by culture. The 

possibility of false positive detection by IF of Lactobacillus spp. and low or not detectable 

growth of S. sobrinus ’d’ by culture was observed. Anti-5". sobrinus ’d’ polyclonal 

antibody proved to be as efficient as a specific monoclonal antibody (OMVUIO, de Soet 

et al. 1987) for detection of S. sobrinus’d’. Both culture and IF methods showed that the 

prevalence of MS varied with location in relation to the contact area, and the detection 

levels for Lactobacillus spp. were identical for both methods.

The frequency of isolation of MS species at all sites indicated that not even S. mutans 

or S. sobrinus are specific pathogens in the classical microbiological sense. They may 

represent examples of oral opportunistic pathogens responding to change in the local oral 

environment. The data obtained from culture and IF indicate that in any antimicrobial 

approach to caries the aim should be, not the elimination of a given species but rather its 

control. On the basis of the results from this and previous work this disease is unlikely 

to be caused by a specific pathogen.
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In any treatment of plaque-based disease it should be remembered that the plaque flora 

is also important as a host defence factor. It is essential to maintain the factors which 

control plaque ecology close to its status found during health. Also, in any administration 

of special diet or oral treatment the importance of micro-environments and stagnant sites 

should be considered. Low pH generated in plaque from fermentable carbohydrate can 

lead to the selection of acidogenic and aciduric bacteria. Such changes in pH may be 

modulated by other dietary components. Therefore, restoration of plaque composition to 

one compatible with an oral microbial ecology associated with health could help in the 

prevention of caries. The overall results indicate that approaches such as vaccination are 

inadvisable for prevention of plaque-based disease as we are dealing, not with a specific 

pathogen-based infection, but with a shift in the balance of the resident oral flora.

Problems were encountered in the identification of certain streptococci (e.g. distinguishing 

S. mitis I from S. mitis II). As an alternative approach, therefore, PCR and RFLP were 

used for the analysis of 16S ribosomal DNA genes of streptococci digested with the two 

enzymes (Hea III and Hind III). However little variation in sequence was found. The 

reproducibility of amplification of 16S rDNA genes was improved by using a standard 

amount of genomic DNA from these species for PCR. S. mutans could be distinguished 

from S. sobrinus using restriction enzyme Haelll on amplified 16S rDNA genes of these 

species. Combination of two restriction enzymes {Haelll and Hindlll) yielded a better 

resolution between the bands.

The restriction fragments obtained (550 bp) from the analysis of 16S rDNA genes of S. 

mutans can be sequenced and used to develop a DNA probe or to make species specific 

primers for identification of these species. The results from PCR and RFLP of 16S rDNA 

genes of S. mutans and S. mitis (I, II) made it clear that if appropriate restriction enzymes 

are chosen, the similarities and differences among strains can be easily determined by 

visual examination.
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5.2 Future work

Proceeding from this study, further research is suggested as follows. Microbiological data 

obtained in this study could become more meaningful in relation to the status of enamel 

underlying the site of plaque sampling by cutting these teeth through the sample sites and 

examining the resultant sections by polarised light microscopy for evidence of early caries 

lesions. As mutans streptococci were found in plaque over carious and non-carious 

enamel the aim would be to determine whether other species are involved in early 

colonisation or shift in proportion prior to an increase in the levels of mutans streptococci. 

A longitudinal study could follow up sequential changes in proportions of plaque flora at 

risk sites and sites which are less at risk, in order to establish whether, and at what stage 

shifts in proportions of species occur,with a view to earlier intervention to prevent caries.

Further research is indicated to identify those species that could not be speciated in the 

present study. This possibly could be achieved by using PCR, RFLP and other molecular 

techniques.

In relation to further possible developments involving the use of IF the possibility of 

simultaneously counting two species at a time should be considered. This could be 

achieved by raising primary antibodies in different species such as mouse and goat or 

rabbit; also, the secondary antibodies could be labelled by different fluorescent dyes.

More work on the analysis of 16S rDNA genes of different Streptococcus spp. is required 

as digestion of this region with the selected enzymes showed relatively little variation. For 

example, the PCR and RFLP of 16S rDNA genes of S. mitis (I, II) requires more work 

using Hea III and Hind III restriction enzymes. This would help to distinguish these 

strains from each other, and might also reveal relationships between the genetic structure 

and sites that these species are isolated from the mouth. Polymerase chain reaction and 

restriction length polymorphism analysis of ribosomal DNA genes could be used to
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distinguish between streptococci. This would be facilitated by applying at least two of the 

following methods:

a) direct sequencing the 16S rDNA encoding gene,

b) digestion with several restriction enzymes to identify variable sequences,

c) using PCR for random amplification of polymorphic DNA (RAPD), and alternatively

d) using the spacer (intergenic) region between the 16S and 23S rDNA genes, which have 

been reported to possess variable sequences and can be used to obtain distinctive profiles 

for strains tested (Barry et al. 1991, Griffen et al. 1992).
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Appendix A
List of media

1- Enriched horse blood agar

Columbia agar Base (Oxoid, Basingstoke, UK) supplemented with 7% (v/v) horse blood 

(Oxoid, Basingstoke, UK) was used to enumerate the total cultivable flora.

2- TYC agar

TYC (Lab M, Bury, England) was used for the primary isolation of streptococcal strains 

(de Stoppelaar 1967).

3- TYC sucrose bacitracin agar (TYCSB)

This selective medium was used for the isolation of mutans streptococci (Van Palenstein 

Helderman et al. 1983). TYC agar was supplemented with 15% (w/v) sucrose (BDH, 

Poole, UK) to give a final concentration 20% of sucrose and 0.1 unit/ml bacitracin 

(Sigma, Poole, UK).

4- Veillonella vancomycin agar

Veillonella agar (Rogosa 1956) was used for the isolation of Veillonella SPP. Veillonella 

agar (Oxoid, Basingstoke, UK)) was prepared and autoclaved then allowed to cool to 50° 

C before adding 7.5 pg/ml filter sterilised vancomycin (Eli Lilly, Basingstoke, England).

5- Rogosa agar

Rogosa SL media (Difco, Mosely, England) was used as a selective medium to recover 

lactobacilli. Glacial acetic acid was added to the agar after boiling to decrease the pH 

(Rogosa et al. 1951).

6- Nutrient agar

Nutrient agar (Oxoid, Basingstoke, UK) was used for aerobic growth.

All media were made up according to manufacturers’ instructions and autoclaved at 121°C 

for 15 minutes, then cooled to 50-55°C before adding any supplements, and before 

pouring into petri dishes. The plates were then dried at 37°C for 45-60 minutes and stored 

at 4°C for a maximum of one week. All plates were incubated anaerobically overnight 

before they were inoculated, and then incubated for 5 days at 37°C. Different colony types 

were counted and sub-cultured for identification.
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Appendix B

List of reagents used.
gram/100 ml

Reduced transport fluid (RTF)

Sodium carbonate Na2 C0 3  0.04

di-potassium orthophosphate K2 HPO4  0.045

Magnesium sulphate MgSO^ 0.018

Potassium di-hydrogen phosphate KH2 PO4  0.045

Sodium chloride NaCl 0.09

Ammonium sulphate (NH4 )2 S0 4  0.09

Dithiothreitol 0.02

EDTA 0.001 M

Distilled water to make volume to 100 ml

Phosphate buffered saline (PBS) pH 7.2

Sodium chloride 8.0 g

Potassium chloride 0.2 g

Disodium hydrogen phosphate 1.5 g

Sodium dihydrogen phosphate 0.2 g

Distilled water to make volume to one litre.

PBS + azide
Sodium azide powder 0.2 g

PBS one litre

PBS + bovine serum (BSA) + Tween 20 (T20)

List of solutions used in DNA extraction

Ammonium acetate 5.0 M

Ammonium acetate (BDH, Poole, UK) 38.54 g

Dissolve in 100 ml distilled water.

GBx Loading buffer (6x)

Glycerol (BDH, Poole, UK)) 30.0 ml

Bromophenol blue (BDH, 44305) 0.25 g

Xylene cyanol (BDH 20123) 0.25 ml
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Make up volume to 100 ml with distilled water.

Store at 4°C.

Lysozyme 20.0 mg/ml

Made up in 1 ml sterile distilled water.

20 % SDS

Sodium dodecyl sulphate (SDS) (BDH, Poole, UK) 20.0 g

Dissolve in 100 ml water.

Sterilize by filtration through a 0.2 pm filter.

5 M Sodium chloride

Sodium chloride (NaCl) (Sigma, Poole, UK) 29.0 g

Dissolve in 100ml autoclaved distilled water.

THE buffer xlO

Tris base 108.0 g

Boric acid 55.0 g

EDTA 7.44 g

Make up volume to 1000 ml with distilled water.

EDTA

EDTA 7.449g

1000 ml distilled water pH 8

TE buffer

10 mM Tris-HCl + 1 mM EDTA, pH 8.0 

TES Buffer

50 mM Tris (Tris, BDH, Poole, UK)

15 mM Ethylenediaminetetra-acetic acid disodium salt (EDTA, BDH, Poole, UK) pH 8 

Preparation of RNAase

Pancreatic RNAase (RNAase A) (Sigma, Poole, UK) was prepared at a concentration of 

10 mg/ml in 10 mM Tris-HCl (pH 7.5) and 15 mM NaCl. In order to make the solution
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free from any DNAase it was boiled for 15 minute in a water bath then cooled slowly to 

room temperature. The mixture was then centrifuged (13000 g) for 3 minutes in order to 

remove denatured DNAase, the supernatant transferred to a sterile tube and stored at - 

20°C. The prepared RNAase solution was diluted 1:10 before used.

Preparation of molecular weight size markers

Molecular weight markers were prepared by adding 0.5 pi of ()) X 174, Haelll digested 

(Promega, Southampton, UK) to 9.5 pi TE and 2pl loading buffer in a sterile micro

centrifuge tube.
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List of abbreviations
A

ADP 

DNA 

DNAase 

dNTP 

dATP 

dCTP 

dGTP 

dTTP 

EDTA 

E. coli 

FITC 

GCF 

GTF 

h 

IF 

IgA 

IgG 

IgM 

kb 

X 

M

Mab 

MS 

MgClz 

Pg 
pi
mM 

|iM 

min 

NaCl 

NaOH

Appendix C

adenine

adenosine diphosphate 

deoxyribonucleic acid 

deoxyribonuclease 

deoxynucleotide triphosphate 

deoxyadenosine triphosphate 

deoxycytidine triphosphate 

deoxyguanosine triphosphate 

deoxythymidine triphosphate 

ethylenediamine tetra-acetic acid 

Escherichia coli 

fluorescein isothiocyanate 

gingival crevicular fluid 

glucosy 1 transferase 

hour

immunofluorescence 

immunoglobulin A 

immunoglobulin G 

immunoglobulin M

kilobase (number of bases in thousands)

lambda bacteriophage DNA (used for testing restriction enzymes) 

molar

monoclonal antibody 

mutans streptococci 

magnesium chloride 

microgram 

microlitre 

millimolar 

micromolar 

minute

sodium chloride 

sodium hydroxide
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OD

PCR

RFLP

RNA

RNAase

rRNA

RTF

sIgA

SE

SEM

Tris

Tris-HCl

TYC

TYCSB

U

uv

v/v

w/v

optical density

polymerase chain reaction

restriction fragment length polymorphism

ribonucleic acid

ribonuclease

ribosomal ribonucleic acid

reduced transport fluid

secretory immunoglobulin A

standard error

standard error of the mean

tris (hydroxymethyl) aminomethane

tris (hydroxymethyl) aminomethane hydrochloride

Tryptone Yeast Cystine

Tryptone Yeast Cystine; sucrose and bacitracin 

unit

ultraviolet (light)

volume per volume (%v.v, the volume in ml in 100ml total volume) 

weight for volume (%w/v, the weight in gram in 100 ml total 

volume)
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APPENDIX D 
TABLES 1-20 CULTURE DATA

Table 1 Distribution of Streptococcus mutans as cfu/ml and as a percentage of the 
viable count at various sites in relation to the contact area.

Patient
N°

Tooth
N°

Away Side Below

cfu/ml (% vc) cfu/ml (% vc) cfu/ml (% vc)

211 UL4 0.0 (0.0) 0.0 (0.0) 980.0 (37.24)

212 LR4 0.0 (0.0) 0.0 (0.0) 200.0 (4.9)

215 LR5 200.0 (0.4) 1.0x10^ (10.1) 10.0 (0.12)

216 LR4 8.9x10^ (78.0) 4.9x10" (27.4) 9.6x10" (52.5)

217 LR5 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

218 UR5 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

219 LR4 1000.0 (2.9) 420.0 (2.7) 300.0 (1.8)

220 UR4 0.0 (0.0) 8000.0 (1.9) 3.0x10^ (1.24)

221 LR4 0.0 (0.0) 0.0 (0.0) 900.0 (8.41)

222 LLR 0.0 (0.0) 100.0 (0.1) 1.2x10" (22.9)

223 UR5 6000.0 (1.9) 1.43x10" (24.0) 2.25x10^ (0.6)

224 UR4 3000.0 (3.2) 0.0 (0.0) 1.0x10^ (3.8)

225 UR4 200.0 (0.4) 0.0 (0.0) 200.0 (0.1)

226 UL4 0.0 (0.0) 200.0 (1.6) 1.0x10^ (9.4)

227 UR4 0.0 (0.0) 300.0 (9.0) 700.0 (9.7)

228 UR4 0.0 (0.0) . 4.2x10^ (14.9) 800.0 (9.4)

229 UL5 0.0 (0.0) 5.2x10^ (28.9) 8.0x10^ (7.3)

230 LL5 0.0 (0.0) 2.0x10^ (28.2) 3.xlO^ (51.6)

231 UL4 11500.0 (53.2) 1.3X10" (10.9) 2.2X10" (1.0)

232 LR4 240.0 (17.4) 0.0 (0.0) 1.9x10^ (53.5)

233 UL4 30.0 (30.0) 100.0 (0.7) 0.0 (0.0)

N° = number
% VC = percentage of viable count.
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Table 2 Distribution of Streptococcus sobrinus as cfu/ml and as a percentage of the
viable count at various sites in relation to the contact area.

Patient
N°

Tooth
N°

Away Side Below

cfu/ml (% vc) cfu/ml (% vc) cfu/ml (% vc)

211 UL4 40.0 (0.7) 0.0 (0.0) 0.0 (0.0)

212 LR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

215 LR5 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

216 LR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

217 LR5 0.0 (0.0) 0.0 (0.0) 1.95x10^ (83.0)

218 UR5 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

219 LR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

220 UR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

221 LR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

222 LL4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

223 UR5 0.0 (0.0) 10.0x10^ (0.2) 1.6x10" (4.7)

224 UR4 0.0 (0.0) 0.0 (0.0) 1000.0 (0.4)

225 UL4 0.0 (0.0) 0.0 (0.0) 2.2x10" (11.7)

226 UL4 0.0 (0.0) 400.0 (3.1) 600.0 (5.6)

227 UR4 0.0 (0.0) 500.0 (15.1) 0.0 (0.0)

228 UR4 200.0 (38.5) 0.0 (0.0) 20.0 (0.2)

229 UL5 0.0 (0.0) 0.0 (0.0) 100.0 (0.1)

230 LL5 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

231 UL4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

232 LR4 0.0 (0.0) 5.0x10^ (63.4) 0.0 (0.0)

233 UL4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

N° = number
% vc = percentage of viable count.
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Table 3 Distribution of Streptococcus sanguis as cfu/ml and as a percentage of the
viable count at various sites in relation to the contact area.

Patient
N°

Tooth
N°

Away Side Below

cfu/ml (% vc) cfu/ml (% vc) cfu/ml (% vc)

211 UL4 0.0 (0.0) 20.0 (0.1) 0.0 (0.0)

212 LR4 450.0 (12.7) 0.0 (0.0) 300.0 (7.3)

215 LR5 2:7x10^ (5.9) 2.4x10" (24.3) 3.0x10" (35.3)

216 LR4 0.0 (0.0) 2.1x10" (11.8) 1.1x10" (6.0)

217 LR5 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

218 UR5 20.0 (3.6) 800.0 (7.3) 4.0x10" (13.1)

219 LR4 0.0 (0.0) 20.0 (0.1) 0.0 (0.0)

220 UR4 20.0 (5.6) 0.0 (0.0) 0.0 (0.0)

221 LR4 200.0 (9.9) 60.0 (1.5) 600.0 (5.6)

222 LL4 50.0 (3.7) 4.0x10" (29.5) 1.0x10" (1.9)

223 UR5 2.0x10" (6.8) 22.4x10" (47.8) 300.0 (0.1)

224 UR4 4000.0 (4.2) 1.12x10" (15.5) 100.0 (0.4)

225 UL4 900.0 (2.0) 2.5x10" (4.2) 2.6x10" (13.9)

226 UL4 2.0x10" (16.7) 0.0 (0.0) 200.0 (1.9)

227 UR4 0.0 (0.0) 0.0 (0.0) 5.0x10" (52.4)

228 UR4 0.0 (0.0) 0.0 (0.0) 60.0 (0.7)

229 UL5 4.0x10" (6.2) 400.0 (2.2) 2.4x10" (21.9)

230 LL5 0.0 (0.0) 900.0 (12.7) 0.0 (0.0)

231 UL4 0.0 (0.0) 1.7x10" (14.2) 0.0 (0.0)

232 LR4 330.0 (14.3) 0.0 (0.0) 0.0 (0.0)

233 UL4 0.0 (0.0) 300.0 (2.1) 0.0 (0.0)

N° = number
% vc = percentage of viable count.

191



Table 4 Distribution of Streptococcus gordonii as cfu/ml and as a percentage of the
viable count at various sites in relation to the contact area.

Patient
N°

Tooth
N°

Away Side Below

cfu/ml (% vc) cfu/ml (% vc) cfu/ml (% vc)

211 UL4 0.0 (0.0) 20.0 (0.0) 80.0 (3.1)

212 LR4 350.0 (10.2) 0.0 (0.0) 0.0 (0.0)

215 LR5 0.0 (0.0) 0.0 (0.0) 2.0x10" (23.6)

216 LR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

217 LR5 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

218 UR5 0.0 (0.0) 200.0 (1.8) 1.0x10" (3.3)

219 LR4 0.0 (0.0) 0.0 (0.0) 200.0 (1.2)

220 UR4 10.0 (2.8) 0.0 (0.0) 0.0 (0.0)

221 LR4 100.0 (5.0) 0.0 (0.0) 0.0 (0.0)

222 LL4 0.0 (0.0) 3.6x10^ (2.7) 1.4x10" (0.8)

223 UR5 2.0x10^ (0.7) 5.8x10^ (12.4) 0.0 (0.0)

224 UR4 0.0 (0.0) 7.2x10" (10.0) 0.0 (0.0)

225 UL4 800.0 (1.7) 1.5x1 O'* (2.5) 2.0x10" (1.1)

226 UL4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

227 UR4 0.0 (0.0) 0.0 (0.0) 1.0x10" (10.5)

228 UR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

229 UL5 0.0 (0.0) 0.0 (0.0) 1.2x1 O'* (10.9)

230 LL5 0.0 (0.0) 200.0 (0.4) 0.0 (0.0)

231 UL4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

232 LR4 260.0 (19.4) 0.0 (0.0) 0.0 (0.0)

233 UL4 0.0 (0.0) 400.0 (2.8) 0.0 (0.0)

N° = number
% vc = percentage of viable count.
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Table 5 Distribution of Streptococcus mitis I as cfu/ml and as a percentage of the
viable count at various sites in relation to the contact area.

Patient
N°

Tooth
N°

Away Side Below

cfu/ml (% vc) cfu/ml (% vc) cfu/ml (% vc)

211 UL4 2.7x10^ (47.4) 4.0x10" (14.8) 600.0 (23.5)

212 LR4 80.0 (2.3) 30.0 (33.4) 0.0 (0.0)

215 LR5 2.4x10^ (5.3) 300.0 (3.0) 1.7x10" (20.0)

216 LR4 0.0 (0.0) 3.0x10" (10.1) 8.9x10" (19.1)

217 LR5 500.0 (26.1) 10.0 (7.7) 0.0 (0.0)

218 UR5 100.0 (17.8) 0.0 (0.0) 9.0x10" (29.6)

219 LR4 0.0 (0.0) 350.0 (2.3) 2.6x10" (15.1)

220 UR4 0.0 (0.0) 5.6x10" (1.3) 6.0x10" (2.7)

221 LR4 400.0 (19.9) 290.0 (7.1) 600.0 (5.6)

222 LL4 10.0 (0.7) 6.3x10" (4.7) 900.0 (1.9)

223 UR5 2.68x10" (8.8) 0.0 (0.0) 1.55x10^ (43.6)

224 UR4 7.5x10^ (7.8) 5.0x10" (6.9) 4.8x10" (18.4)

225 UL4 5.0x10" (10.9) 1.4x10" (2.6) 9.0x10" (4.8)

226 UL4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

227 UR4 20.0 (40.0) 500.0 (15.1) 0.0 (0.0)

228 UR4 0.0 (0.0) 11.0x10" (39.0) 400.0 (4.7)

229 UL5 33.0x10" (50.0) 600.0 (3.3) 9.0x10" (8.2)

230 LL5 1.8x10" (30.0) 900.0 (12.7) 40.0 (0.8)

231 UL4 1.51x10" (7.5) 500.0 (0.4) 0.0 (0.0)

232 LR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

233 UL4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

N° = number
% vc = percentage of viable count.
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Table 6 Distribution of Streptococcus mitis II as cfu/ml and as a percentage of the
viable count at various sites in relation to the contact area.

Patient
N“

Tooth
N°

Away Side Below

cfu/ml (% vc) cfu/ml (% vc) cfu/ml (% vc)

211 UL4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

212 LR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

215 LR5 L6xlO^ (3.5) 100.0 (1.0) 300.0 (3.54)

216 LR4 0.0 (0.0) 1.6x10" (9.0) 1.1x10" (2.35)

217 LR5 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

218 UR5 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

219 LR4 400.0 (1.2) 150.0 (1.1) 0.0 (0.0)

220 UR4 10.0 (3.0) 0.0 (0.0) 500.0 (0.2)

221 LR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

222 LL4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

223 UR5 2.12x10" (4.7) 0.0 (0.0) 1.5x10" (0.23)

224 UR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

225 UL4 0.0 (0.0) 6.6x10^ (1.2) 0.0 (0.0)

226 UL4 1.0x10^ (8.3) 0.0 (0.0) 0.0 (0.0)

227 UR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

228 UR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

229 UL5 0.0 (0.0) 0.0 (0.0) 1.18x10^ (1.1)

230 LL5 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

231 UL4 9.9x10^ (4.9) 400.0 (0.3) 0.0 (0.0)

232 LR4 0.0 (0.0) 0.0 (0.0) 500.0 (14.08)

233 UL4 30.0 (30.0) 250.0 (1.7) 10.0 (10.0)

N° = number
% vc = percentage of viable count.
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Table 7 Distribution of Streptococcus oralis as cfu/ml and as a percentage of the viable
count at various sites in relation to the contact area.

Patient
N°

Tooth
N°

Away Side Below

cfu/ml (% vc) cfu/ml (% vc) cfu/ml (% vc)

211 UL4 0.0 (0.0) 3.0x10^ (11.0) 400.0 (15.3)

212 LR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

215 LR5 23x10^ (5.0) 0.0 (0.0) 1000.0 (11.8)

216 LR4 0.0 (0.0) 10.0x10^ (5.6) 63.0x10^ (13.3)

217 LR5 300.0 (15.7) 0.0 (0.0) 0.0 (0.0)

218 UR5 90.0 (16.1) 0.0 (0.0) 0.0 (0.0)

219 LR4 0.0 (0.0) 1.48x10^ (9.7) 2000.0 (12.0)

220 UR4 0.0 (0.0) 4.4x10^ (1.0) 3.5x10^ (1.5)
221 LR4 300.0 (14.9) 400.0 (9.8) 500.0 (5.7)

222 LL4 0.0 (0.0) 0.0 (0.0) 1200.0 (2.6)

223 UR5 3.5x10“ (11.8) 0.0 (0.0) 10.0x10^ (28.2)

224 UR4 6.5x10^ (6.9) 3.0x10^ (4.2) 4000.0 (15.3)

225 UL4 4.0x10' (8.8) 1.0x10^ (16.6) 7000.0 (3.0)

226 UL4 3.0x10' (25.0) 0.0 (0.0) 0.0 (0.0)

227 UR4 10.0 (20.0) 0.0 (0.0) 0.0 (0.0)

228 UR4 0.0 (0.0) 1.8x10^ (6.3) 400.0 (4.7)

229 UL5 2.0x10“ (30.8) 0.0 (0.0) 2000.0 (5.5)

230 LL5 1.2x10' (20.0) 0.0 (0.0) 0.0 (0.0)

231 UL4 1.5x10' (5.1) 200.0 (0.2) 0.0 (0.0)

232 LR4 0.0 (0.0) 0.0 (0.0) 300.0 (8.5)

233 UL4 0.0 (0.0) 250.0 (1.7) 0.0 (0.0)

N° = number
% vc = percentage of viable count.
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Table 8 Distribution of Streptococcus milleri group as cfu/ml and as a percentage of the
viable count at various sites in relation to the contact area.

Patient
N°

Tooth
N°

Away Side Below

cfu/ml (% vc) cfu/ml (% vc) cfu/ml (% vc)

211 UL4 2.0x10^ (35.1) 3.0x10^ (11.0) 320.0 (12.1)

212 LR4 1.5x10^ (42.5) 20.0 (22.2) 900.0 (22.0)

215 LR5 1.2x10^ (2.6) 40.0 (0.4) 20.0 (0.2)

216 LR4 0.0 (0.0) 3.7x10'" (20.8) 0.0 (0.0)

217 LR5 0.0 (0.0) 10.0 (7.7) 0.0 (0.0)

218 UR5 0.0 (0.0) 0.0 (0.0) 3.9x10^ (12.8)

219 LR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

220 UR4 10.0 (2.8) 0.0 (0.0) 1.0x10"" (4.15)

221 LR4 100.0 (5.0) 400.0 (9.8) 100.0 (2.2)

222 LL4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

223 UR5 4.0x10^ (13.5) 4.68x10"" (10.0) 0.0 (0.0)

224 UR4 0.0 (0.0) 1.0x10^ (1.4) 1.0x10^ (3.8)

225 UL4 500.0 (1.1) 2.0x10"" (3.3) 5.0x10^ (2.7)

226 UL4 0.0 (0.0) 0.00 (0.0) 0.0 (0.0)

227 UR4 0.0 (0.0) 0.00 (0.0) 0.0 (0.0)

228 UR4 0.0 (0.0) 400.0 (1.4) 0.0 (0.0)

229 UL5 5.0x10^ (7.7) 0.0 (0.0) 0.0 (0.0)

230 LL5 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

231 UL4 0.0 (0.0) 0.0 (0.0) 6.0x10^ (0.3)

232 LR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

233 UL4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

N° = number
% vc = percentage of viable count.
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Table 9 Distribution of Streptococcus salivarius as cfu/ml and as a percentage of the viable
count at various sites in relation to the contact area.

Patient
N°

Tooth
N°

Away Side Below

cfu/ml (% vc) cfu/ml (% vc) cfu/ml (% vc)

211 UL4 1.0x10^ (17.5) 10.0 (0.1) 0.0 (0.0)

212 LR4 0.0 (0.0) 10.0 (11.1) 400.0 (9.7)

215 LR5 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

216 LR4 0.0 (0.0) 0.0 (0.0) 1.0x10^ (0.6)

217 LR5 0.0 (0.0) 10.0 (7.1) 0.0 (0.0)

218 UR5 70.0 (12.5) 0.0 (0.0) 120.0 (0.4)

219 LR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

220 UR4 60.0 (16.6) 0.0 (0.0) 0.0 (0.0)

221 LR4 0.0 (0.0) 40.0 (1.0) 0.0 (0.0)

222 LL4 100.0 (6.8) 100.0 (0.1) 0.0 (0.0)

223 UR5 2.4x10" (8.1) 0.0 (0.0) 2.0x10^ (0.6)

224 UR4 1.2x10" (12.9) 1.0x10^ (1.4) 0.0 (0.0)

225 UL4 0.0 (0.0) 0.0 (0.0) 5.1x10" (27.2)

226 UL4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

227 UR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

228 UR4 0.0 (0.0) 400.0 (1.4) 0.0 (0.0)

229 UL5 3.0x10^ (1.5) 0.0 (0.0) 0.0 (0.0)

230 LL5 0.0 (0.0) 0.0 (0.0) 90.0 (1.7)

231 UL4 0.0 (0.0) 1.3x10" (10.9) 4.0x10" (1.9)

232 LR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

233 UL4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

N° = number
% vc = percentage of viable count.
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Table 10 Distibution of unidentified gram positive cocci as cfu/ml and as a percentage of
the viable count at various sites in relation to the contact area.

Patient
N°

Tooth
N°

Away Side Below

cfu/ml (% vc) cfu/ml (% vc) cfu/ml (% vc)

211 UL4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

212 LR4 0,0 (0.0) 0.0 (0.0) 0.0 (0.0)

215 LR5 4.2x10^ (9.24) 200.0 (2.0) 0.0 (0.0)

216 LR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

217 LR5 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

218 UR5 100.0 (17.9) 0.0 (0.0) 300.0 (1.8)

219 LR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

220 UR4 0.0 (0.0) 1.0x10^ (0.2) 0.0 (0.0)

221 LR4 10.0 (0.5) 0.0 (0.0) 0.0 (0.0

222 LL4 50.0 (3.4) 100.0 (0.1) 0.0 (0.0)

223 UR5 0.0 (0.0) 4.8x10" (10.2) 0.0 (0.0)

224 UR4 400.0 (0.4) 1.5x10" (20.6) 1.1x10^ (4.21)

225 UL4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

226 UL4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

227 UR4 20.0 (40.0) 400.0 (12.1) 10.0 (0.1)

228 UR4 20.0 (3.8) 7.4x10^ (25.9) 7.2x10^ (84.3)

229 UL5 20.0 (0.1) 1.8x10^ (10.0) 5.0x10^ (4.6)

230 LL5 0.0 (0.0) . 2.7x10^ (38.1) 2.14x10^ (40.3)

231 UL4 0.0 (0.0) 6.0x10^ (0.5) 6.0x10" (2.8)

232 LR4 50.0 (2.2) 0.0 (0.0) 300.0 (8.5)

233 UL4 20.0 (20.0) 500.0 (3.5) 30.0 (30.0)

N° = number
% vc = percentage of viable count.
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Table 11 Distribution of Actinomyces naeslundii as cfu/ml and as a percentage of the
viable count at various sites in relation to the contact area.

Patient
N°

Tooth
N°

Away Side Below

cfu/ml (% vc) cfu/ml (% vc) cfu/ml (% vc)

211 UL4 0.0 (0.0) 3030.0 (11.2) 80 (3.3)

212 LR4 140.0 (4.0) 10.0 (11.1) 1.8x10^ (43.9)

215 LR5 2.0x10^ (44.0) 100.0 (1.0) 330.0 (3.9)

216 LR4 1.0x10^ (8.7) 6.0x10^ (3.4) 5.0x10^ (2.7)

217 LR5 460.0 (24.1) 20.0 (15.4) 180.0 (48.1)

218 UR5 70.0 (12.5) 4.9x10^ (44.6) 1.18x10" (8.8)

219 LR4 8.0x10^ (22.9) 0.0 (0.0) 6.0x10^ (36.14)

220 UR4 80.0 (23.6) 1.2x10" (2.8) 0.0 (0.0)

221 LR4 500.0 (24.9) 1.5x10^ (36.6) 4.8x10^ (44.8)

222 LL4 1.13x10^ (76.9) 3.9x10" (35.5) 4.0x10^ (19.7)

223 UR5 5.5x10^ (17.5) 1.04x10^ (17.4) 2.0x10" (5.6)

224 UR4 1.5x10" (15.8) 5.0x10^ (6.9) 200.0 (0.8)

225 UL4 7.2x10^ (15.7) 1.3x10^ (21.6) 4.5x10" (8.9)

226 UL4 6.0x10^ (50.0) 9.2x10^ (65.6) 2.42x10" (22.8)

227 UR4 0.0 (0.0) 1.3x10^ (40.0) 0.0 (0.0)

228 UR4 200.0 (38.5) 0.0 (0.0) 0.0 (0.0)

229 UL5 2.2x10" (11.3) 2.2x10^ (12.2) 1.8x10" (16.4)

230 LL5 0.0 (0.0) 60.0 (0.8) 500.0 (8.6)

231 UL4 50.0 (0.23) 7.0x10" (58.6) 1.7x10^ (78.5)

232 LR4 330.0 (24.7) 0.0 (0.0) 150.0 (4.2)

233 UL4 20.0 (20.0) 5.5x10^ (38.2) 60.0 (54.5)

N° = number
% vc = percentage of viable count.
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Table 12 Distribution of Actinomyces odontolyticus as cfu/ml and as a percentage of the
viable count at various sites in relation to the contact area.

Patient
N°

Tooth
N°

Away Side Below

cfu/ml (% vc) cfu/ml (% vc) cfu/ml (% vc)

211 UL4 0.0 (0.0) 7.0x10" (25.9) 0.0 (0.0

212 LR4 0.0 (OTO 0.0 (0.0) 200.0 (43)

215 LR5 500.0 (1.1) 0.0 (0.0) 0.0 (0.0)

216 LR4 100.0 (0.9) 0.0 (0.0) 0.0 (0.0)

217 LR5 0.0 (0.0) 0.0 (0.0) 0.0 (OD)

218 UR5 40.0 (7.1) 2.0x10" (18.20 200.0 (1.2)

219 LR4 3.0x10^ (8.6) 1.2x10" (78.43) 1.0x10" (6D)

220 UR4 0.0 (0.0) 0.0 (0.0) 1.0x10" (0.4)

221 LR4 0.0 (0.0) 0.0 (0.0) 300.0 (2.8)

222 LL4 0.0 (0.0) 8.0x10" (5.9) 4.0x10" (8.3)

223 UR5 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

224 UR4 7.0x10" (7.6) 6.0x10" (83) 100.0 (0.4)

225 UL4 2.28x10" (49.9) 0.0 (0.0) 1.3x10" (18.7)

226 UL4 0.0 (OD) 0.0 (0.0) 6.4x10" (60.3)

227 UR4 0.0 (OD) 0.0 (&0) 0.0 (o.(%
228 UR4 0.0 (0.0) 0.0 (Œ0) 0.0 (0. 0 )

229 UL5 0.0 (0.0) 5.2x10" (28.89) 1.0x10" (9.1)

230 LL5 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

231 UL4 2.2x10" (10.2) 800.0 (0.67) 32.13x10" (14.9)

232 LR4 20.0 (1.9) 0.0 (0.0) 200.0 (5.63)

233 UL4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

N° = number
% VC = percentage of viable count.
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Table 13 Distribution of Actinomyces israelii as cfu/ml and as a percentage of the
viable count at various sites in relation to the contact area.

Patient
N°

Tooth
N°

Away Side Below

cfu/ml (% vc) cfu/ml (% vc) cfu/ml (% vc)

211 UL4 0.0 (0.(% 7.0x10% (25.9) 20 (0.8)

212 LR4 0.0 (0.0) 20.0 (22.2) 0.0 (0.0)

215 LR5 1.2x10^ (2.63) 80.0 (57.15) 90.0 (1.0)

216 LR4 0.0 (0.0) 7.0x10% (3.9) 0.0 (0.0)

217 LR5 70.0 (3.6) 80.0 (57.15) 40.0 (1.7)

218 UR5 0.0 (o.(% 0.0 (0.(% 1.0x10% (3.3)

219 LR4 5.0x10^ (14.5) 0.0 (0.0) 0.0 (0.0)

220 UR4 0.0 (0.0) 3.0x104 (69.6) 9.0x10% (173)

221 LR4 400.0 (19.9) 0.0 (0.0) 0.0 (0.0)

222 LL4 0.0 (0.0) 2.0x10% (1.5) 100.0 (2.0)

223 UR5 3.3x104 (11.14) 0.0 (OD) 2.66x104 (T5)

224 UR4 5.0x10^ (5.4) 5.0x10% (6.9) 0.0 (0.0)

225 UL4 1.7x10^ (3.7) 2.9x10^ (48.2) 1.0x10% (0.5)

226 UL4 0.0 (0.0) 3.0x10% (23.4) 6.4x10% (60.3)

227 UR4 0.0 (0.0) 0.0 (0.0) 150.0 (1.97)

228 UR4 0.0 (o.(% 0.0 (0.(% 0.0 (0.0)

229 UL5 0.0 (0.0) 0.0 0)0) 1.6x104 (14.57)

230 LL5 1.0x10% (16.7) 300.0 (4.24) 0.0 (o.(%

231 UL4 1.0x10% (4.97) 100.0 (0.08) 1.0x104 (0.46)

232 LR4 108.0 (46.75) 2.74x10% (34.73) 0.0 (0.0)

233 UL4 0.0 (OD) 100.0 (0.67) 0.0 (0.0)

N° = number
% vc = percentage of viable count.
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Table 14 Distribution of Lactobacillus spp. as cfu/ml and as a percentage of the viable
count at various sites in relation to the contact area.

Patient
N°

Tooth
N°

Away Side Below

cfu/ml (% vc) cfu/ml (% vc) cfu/ml (% vc)

211 UL4 0.0 (0.0) 10.0 (0.1) 0.0 (&0)

212 LR4 0.0 (OD) 0.0 (OH) 0.0 0.0)

215 LR5 140.0 (0.32) 100.0 (1.02) 0.0 (0.0)

216 LR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

217 LR5 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

218 UR5 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

219 LR4 0.0 (Oio 0.0 (OD) 0.0 (&0)

220 UR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

221 LR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

222 LL4 0.0 (0.0) 0.0 (OTO 0.0 (0.0)

223 UR5 2.12x10" (6.7) 5.0x10" (1.7) 2.22x10" (0.72)

224 UR4 0.0 (OD) 0.0 (0.0) 0.0 0.0)

225 UL4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

226 UL4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

227 UR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

228 UR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

229 UL5 0.0 (0.0) 0.0 (0.c% 0.0 (&0)

230 LL5 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

231 UL4 20.0 (0.1) 2.71x10" C128) 245.0 (0.11)

232 LR4 0.0 (0.(% 0.0 (0.0) 0.0 (0.0)

233 UL4 0.0 (OD) 0.0 (0.0) 0.0 (0.0)

N° = number
% vc = percentage of viable count.
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Table 15 Distibution of unidentified gram positive roads as cfu/ml and as a percentage of
the viable count at various sites in relation to the contact area.

Patient
N°

Tooth
N°

Away Side Below

cfu/ml (% vc) cfu/ml (% vc) cfu/ml (% vc)

211 UL4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

212 LR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

215 LR5 190.0 (0.42) 150.0 (1.5) 0.0 (0.0)

216 LR4 0.0 (0.0) 40.0 (OJ) 10.0 (0.1)

217 LR5 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

218 UR5 0.0 (0.0) 0.0 (&0) 0.0 (0.(%

219 LR4 0.0 (OD) 620.0 (4.1) 0.0 (0.0)

220 UR4 60.0 (5^% 0.0 (0.0) 0.0 (0.0)

221 LR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0

222 LL4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

223 UR5 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

224 UR4 0.0 (0.0) 0.0 (0.0) 3.4x10" (13.(%

225 UL4 0.0 (0.0) 40.0 (0.1) 0.0 (0.0)

226 UL4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

227 UR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

228 UR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

229 UL5 10.0 (0.1) 0.0 (0.0) 340.0 (0.3)

230 LL5 0.0 (0D) 0.0 (&0) 0.0 (OD)

231 UL4 1.0x10" (3.7) 250.0 (0.2) 1.0x10" (0.1)
232 LR4 0.0 (0.0) 120.0 (1.5) 0.0 (0.0)

233 UL4 0.0 (0.0) 3.9x10" (27.1) 10.0 (10.0)

N° = number
% vc = percentage of viable count.
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Table 16 Distribution of Neisseria as cfu/ml and as a percentage of the viable count at
various sites in relation to the contact area.

Patient
N°

Tooth
N°

Away Side Below

cfu/ml (% vc) cfu/ml (% vc) cfu/ml (% vc)

211 UL4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

212 LR4 1.0x10^ (28.3) 0.0 (0.0) 100.0 (2.4)

215 LR5 0.0 (0.0) 0.0 (0.0) 30.0 (0.4)

216 LR4 1.5x10" (21.7) 0.0 (0.0) 0.0 (0.0)

217 LR5 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

218 UR5 0.0 (0.0) 300.0 (2.7) 0.0 (0.0)

219 LR4 600.0 (1.7) 20.0 (0.0) 0.0 (0.0)

220 UR4 110.0 (30.5) 3.0x10^ (7.0) 0.0 (0.0)

221 LR4 0.0 (OD) 0.0 (0.0) 0.0 (0.0)

222 LL4 210.0 (14.3) 8.0x10" (&0) 200.0 (0.4)

223 UR5 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

224 UR4 8.0x10" (8.6) 0.0 (0.0) 0.0 (0.0)

225 UL4 300.0 (0.7) 100.0 (0.1) 0.0 (0.0)

226 UL4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

227 UR4 0.0 (0.0) 300.0 (94) 0.0 (0.0)

228 UR4 90.0 (17.3) 0.0 (0.0) 20.0 or 2 )

229 UL5 5.0x10" (0.8) 2.6x10" (14.5) 80.0 (0.1)

230 LL5 0.0 (0.0) 30.0 (0.4) 0.0 (0.0)

231 UL4 1.3x10" (6.0) 700.0 (0.6) 50.0 (0.1)

232 LR4 0.0 (&0) 0.0 (&0) 0.0 (0.0)

233 UL4 0.0 (0.0) 800.0 (5 j) 0.0 (0.0)

N° = number
% vc = percentage of viable count.
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Table 17 Distribution of Veillonella as cfu/ml and as a percentage of the viable count at
various sites in relation to the contact area.

Patient
N°

Tooth
N°

Away Side Below

cfu/ml (% vc) cfu/ml (% vc) cfu/ml (% vc)

211 UL4 0.0 (0.0) 0.0 (0.0) 120.0 (4.6)

212 LR4 0.0 (0.0) 0.0 (0.0) 200.0 (4.9)

215 LR5 0.0 (0.0) 10.0 (0.1) 20.0 (0.2)

216 LR4 0.0 (0.0) 0.0 (0.0) 5.0x103 (Z8)

217 LR5 580.0 (30.4) 0.0 (0.0) 120.0 (5.1)

218 UR5 40.0 (7.1) 2.6x10^ (23.6) 6.3x103 (20.7)

219 LR4 7000.0 (20.0) 0.0 (0.0) 0.0 (o.(%

220 UR4 0.0 (0.0) 1.0x10^ (23) 2.0x103 (8310
221 LR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

222 LL4 10.0 (0.8) 1.4x10^ (10.4) 9.0x103 (17.6)

223 UR5 1.9x10^ (6.4) 1.4x10^ (2.99) 1.6x10^ 6L5)

224 UR4 (0.0) 0.0 0.0 (0.0) 4.5x103 (1730
225 UL4 0.0 (0.0) 530.0 (0.08) 0.0 (0.0)

226 UL4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

227 UR4 0.0 (0.0) 20.0 (0.6) 270.0 (2.82)

228 UR4 20.0 (3.9) 0.0 (0.0) 20.0 (0.23)

229 UL5 0.0 (&0) 0.0 (0.0) 80.0 (0.07)

230 LL5 0.0 (0.0) 0.0 (0.0) 40.0 (0.75)

231 UL4 0.0 (0.0) 0.0 (0.0) 2.4x103 (0.15)

232 LR4 0.0 (0.0) 0.0 (0.0) 200.0 (5.6)

233 UL4 0.0 (0.0) 1.4x10^ (9.72) 0.0 (o.(%

N° = number
% vc = percentage of viable count.
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Table 18 Distribution of Fusobacterium as cfu/ml and as a percentage of the viable
count at various sites in relation to the contact area.

Patient
N°

Tooth
N°

Away Side Below

cfu/ml (% vc) cfu/ml (% vc) cfu/ml (% vc)

211 UL4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

212 LR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

215 LR5 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

216 LR4 0.0 (0.0) 0.0 (&0) 0.0 (0.0)

217 LR5 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

218 UR5 0.0 (0.0) 0.0 (&0) 0.0 (0.0)

219 LR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

220 UR4 0.0 (0.(% 3.0x10* (TO) 0.0 (0.0)

221 LR4 0.0 (0.0) 200.0 (4.9) 900.0 (8.4)

222 LL4 0.0 (0.0) 0.0 0.0 0.0 (0.0)

223 UR5 2000.0 (1.0) 0.0 (0.0 0.0 (0.0)

224 UR4 0.0 (0.0) 2000.0 (2.7) 100.0 (3.8)

225 UL4 300.0 (&7) 0.0 (0.0) 0.0 (0.0)

226 UL4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

227 UR4 0.0 (0.(% 0.0 (0.0) 0.0 (0.0)

228 UR4 0.0 (0.0) 0.0 (0.0) 20.0 (0.2)

229 UL5 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

230 LL5 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

231 UL4 0.0 (0.(% 0.0 (0.0) 0.0 (0.0)

232 LR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

233 UL4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

N° = number
% vc = percentage of viable count.
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Table 19 Distribution of Obligate Anaerobes as cfu/ml and as a percentage of the
viable count at various sites in relation to the contact area.

Patient
N°

Tooth
N°

Away Side Below

cfu/ml (% vc) cfu/ml (% vc) cfu/ml (% vc)

211 UL4 0.0 (0.0) 0.0 (0.0) 20.0 (0.80)

212 LR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

215 LR5 9.0x10^ (19.8) 400.0 (4.1) 0.0 (0.0)

216 LR4 0.0 (0.(0 0.0 0.0 0.0 (0.0)

217 LR5 0.0 (0.0) 10.0 (7.14) 50.0 (2.1)

218 UR5 30.0 (5.4) 0.0 (&0) 0.0 (0.0)

219 LR4 1.0x10^ (2.9) 180.0 (1.18) 4200.0 (25.3)

220 UR4 0.0 (0.0) 3.0x10" (TO) 8000.0 (3.3)

221 LR4 0.0 (0.0) 1.2x10% (29.3) 2000.0 (18.7)

222 LL4 0.0 (0.0) 1.4x10" (10.3) 8000.0 (15.10
223 UR5 9.0x10% (2.9) 0.0 (0.0) 0.0 (0.0)

224 UR4 1.0x10" (10.8) 1.1x10" (15.2) 1.2x10% (4.9)

225 UL4 800.0 (1.8) 250.0 (0.04) 6.0x10% (3.2)

226 UL4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

227 UR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

228 UR4 0.0 (0.0) 3.4x10% (11.89) 0.0 (0.0)

229 UL5 0.0 (0.0) 0.0 (&0) 10.0 (0.01)

230 LL5 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

231 UL4 0.0 (0.0) 0.0 (0.0) 400.0 (0.1)

232 LR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

233 UL4 0.0 (0.0) 0.0 (0.0) 0.0 (&0)

N° = number
% vc = percentage of viable count.
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Table 20 Distribution of Facultative Anaerobes as cfu/ml and as a percentage of the
viable count at various sites in relation to the contact area.

Patient
N°

Tooth Away Side Below

cfu/ml (% vc) cfu/ml (% vc) cfu/ml (% vc)

211 UL4 0.0 (0.0) 0.0 (00) 0.0 (0.0)

212 LR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

215 LR5 0.0 (0.0) 5.0x10^ (50.6) 0.0 (0.0)

216 LR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

217 LR5 0.0 (OD) 0.0 (Œ0) 0.0 (0.(%

218 UR5 0.0 (0.0) 200.0 (1.8) 0.0 (0.0)

219 LR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

220 UR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

221 LR4 0.0 (OD) 0.0 (&0) 0.0 (0.0)

222 LL4 0.0 (0.0) 0.0 (0.0) 6000.0 (11.8)

223 UR 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

224 UR4 1.3x10" (13.6) 0.0 (0.0) 3.6x10^ (13.10

225 UL4 300.0 (0.7) 0.0 (0.0) 0.0 (0.0)

226 UL4 0.0 (0D) 0.0 (OTO 0.0 (OD)

227 UR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

228 UR4 0.0 (0.0) 0.0 (0.0) 0.0 (0. 0 )

229 UL5 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

230 LL5 0.0 (0.0) 0.0 (0.0) 0.0 (0.(%
231 UL4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

232 LR4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

233 UL4 0.0 (0.0) 0.0 (0.0) 0.0 (0.(%

N° = number
% vc = percentage of viable count.
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APPENDIX E 
TABLES 1-2

Table 1 Distribution of 5. mutans ’c ’ and S. sobrinus 'd* as percentage of proportional count
at various sites in relation to the contact area, using IF-staining.

Tooth Tooth 
No. location

Away (A) Side (S) Below(B)

S. m S. s* S. m S. s S. m S.S

Single tooth 
212^ LR4 2.8 ND 0.2 ND ND ND
215 LR4 0.8 0.5 0.9 0.8 0.38 0.4
217 LR5 ND ND 0.6 0.7 ND 3.3
218 UR5 0.2 ND ND ND 0.4 ND
219 LR4 2.4 ND 2.0 ND 1.2 ND
220 UR4 0.2 ND 1.3 ND 0.9 ND
221 LR4 ND ND ND ND 4.8 0.8
222 LL4 0.7 ND 1.4 ND 4.6 ND
223 UR5 1.9 1.6 2.8 3.1 0.6 4.4
224 UR4 2.7 0.8 0.25 2.2 3.3 1.5
225 UL4 1.3 ND 0.2 ND 2.4 0.6
226 UL4 ND ND 1.0 ND 1.4 2.5
227 UR4 1.6 0.4 2.2 0.4 1.9 ND
228 UR4 ND ND ND ND ND ND
229 UL5 1.4 0.5 6.9 0.9 5.1 0.4
230 LL5 ND 0.6 2.2 1.0 2.1 0.8
231 UL4 1.5 ND 4.0 ND 6.8 ND
232 LR4 3.2 ND ND 1.1 12.3 ND
233'^ UL4 0.3 ND ND ND 6.9 ND

238 UL4 ND ND ND 1.4 0.4 1.7
241 LL4 ND ND ND ND ND ND
250 LL4 0.4 ND ND ND 1.6 ND
253 LR4 ND ND 0.4 1.1 1.2 ND
202 UR4 0.2 ND ND 1.3 0.2 2.0
204 UL5 ND 1.5 ND 2.2 2.0 2.2
195 UR5 0.6 ND 1.0 ND 1.3 ND
160 UR5 0.6 ND 1.2 ND 1.0 1.9
133 UR4 ND ND ND ND ND 1.9
20 LR5 1.0 ND ND ND 0.9 2.4
27 UL5 ND ND ND ND 0.3 ND
33 UL5 4.7 ND ND 1.2 0.4 ND
45 UR4 ND ND 0.2 ND 0.2 1.3
52 LL5 ND ND 1.0 ND 4.1 ND
53 LR4 ND ND 0.2 ND 1.65 0.3
61 UR4 ND 1.3 0.9 1.3 0.4 1.8
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Table 1 Continued

Tooth Tooth Away (A) Side (S) Below(B)
No. location -------------------------- -------------------------- -------------------------

S. m S. s" S. m 5. s S. m S.s

Two (ipsilateral) teeth 
127 UL4 0.5 2.0 4.0 1.7 ND 4.2
128 LL4 ND ND ND ND ND 3.1
150 UR4 ND ND ND ND 1.4 ND
151 LR4 ND ND ND ND ND ND
152 LR5 ND ND 0.7 2.6 3.1 3.4
153 LR5 ND ND ND 0.7 0.5 0.8
155 LL5 ND ND 0.3 ND ND ND
183 UL5 ND 1.9 1.3 ND 1.5 ND
184 LL5 0.3 1.2 1.2 1.2 0.9 1.8
187 UR4 ND ND 0.9 ND ND ND
189 LR4 ND ND 4.7 ND ND 1.3
191 UR4 ND ND ND ND 0.3 ND
192 LR4 0.2 ND ND ND ND ND
193 UR4 ND 0.7 ND 1.7 0.9 1.4
194 LR4 ND ND ND ND ND ND
200 UR4 ND ND 0.6 ND 0.6 1.1
201 LR4 ND ND ND ND 1.6 ND
214 LR5 0.8 0.5 0.9 0.7 ND 2.2

Two (contralateral) teeth
7 UR5 ND ND 1.5 ND 0.8 1.0
9 LL5 ND ND ND ND ND ND
10 UR5 0.6 ND 0.2 ND 0.2 2.0
11 UL5 0.9 2.4 ND 2.5 1.0 2.8
12 UR4 ND ND ND ND ND ND
13 UL4 ND ND ND ND ND ND
41 LR4 ND ND ND ND ND ND
42 LL4 ND ND ND ND ND 0.8
206 UL4 ND ND ND ND ND ND
207 LR5 ND 2.5 1.7 4.1 2.5 4.3
210 UR4 ND ND 1.8 ND 1.5 ND
211 UL4 ND ND ND ND 0.2 ND
234 UR4 ND ND 0.4 ND ND 1.8
235 UL4 ND ND ND ND 1.3 3.3
236 UR4 ND ND ND ND ND ND
237 UL4 ND ND ND ND ND ND
239 UR5 0.8 2.6 1.3 1.2 14.9 1.6
240 LL5 ND ND 0.4 ND ND 0.9
242 LL5 ND 0.2 0.2 2.2 0.4 ND
243 UR5 ND ND 0.2 ND 1.6 ND
248 UR5 2.1 ND 2.2 2.8 2.8 0.7
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Table 1 Continued

Tooth
No.

Tooth
location

Away (A) Side (S) Below(B)

S. m* S. s** S. m S. s S. m S.s

249 UL5 1.2 2.8 0.7 2.6 7.3 ND

Three teeth
163 LR5 ND ND ND ND 1.3 ND
164 UL5 ND 1.5 0.5 1.7 2.1 3.2
165 LL5 ND ND ND ND 0.6 ND
242 LL5 ND ND ND 2.2 0.4 0.4
243 UR5 ND ND ND ND 1.5 ND
244 UL5 1.3 ND 2.6 1.9 4.9 2.4
245 UL4 2.0 2.4 2.4 ND 3.4 3.1
246 UR4 ND ND ND ND 0.7 ND
247 LR4 0.8 ND ND ND 0.8 2.1
255 UL4 1.5 0.4 4.7 ND 3.8 0.9
256 LL4 ND ND ND ND ND ND
257 UR4 1.9 ND 2.0 0.8 2.7 1.1

Four teeth
156 UR4 ND ND 0.9 ND 0.2 ND
157 LR4 ND ND ND ND ND ND
158 UL4 ND ND ND ND ND ND
159 LL4 0.2 ND ND ND ND ND

* S. m = S. mutans** S. s = S. sobrinus. 
ND = <0.2

Cl TO ^  and C, culture data available in appendix D.
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Table 2 Distribution of Lactobacillus spp. as percentage of proportional count at various sites
in relation to the contact area, using IF-staining.

Tooth Tooth Away (A) Side (S) Below(B)
No. location

7 UL4 ND ND 2.8
8 LR5 ND ND ND
9 LL5 ND ND 3.2
18 LR5 3.8 ND ND
24 LR4 ND ND ND
25 LL5 ND ND ND
27 UL5 1.9 0.7 3.2
31 UL4 ND 0.9 0.4
35 UR4 ND ND ND
36 LL5 ND ND ND
41 LR4 ND ND ND
45 UR4 ND ND ND
52 LL5 ND ND 3.6
53 LR4 ND ND ND
59 UR4 ND ND ND
61 UR4 1.8 5.4 5.2
118 LR4 ND ND ND
133 UL5 ND ND ND
135 UL4 ND ND ND
143 UL4 ND ND ND
144 LL5 ND ND ND
145 LR5 ND ND ND
161 UL5 ND 3.6 ND
163 LR5 ND ND 3.6
162 UR5 ND ND ND
164 UL5 0.6 5.9 8.0
165 LL5 2.9 3.3 4.5
174 UR4 ND ND ND
181 UL4 1.0 ND ND
183 UL5 4.7 ND 3.6
187 UR4 ND ND ND
195 UR5 ND ND ND
196 UL5 ND ND ND
200 UR4 ND ND ND
202 UR4 ND ND ND
210 UR4 ND ND ND
211 UL4 ND ND ND
212 LR4 ND ND ND
215 LR5 2.2 0.6 2.6
217 LR5 ND ND ND
218 UR5 ND ND ND

212



Table 2 continued

Tooth
No.

Tooth
location

Away (A) Side (S) Below(B)

219 LR4 ND 0.9 ND
220 UR4 ND ND ND
221 LR4 ND ND ND
222 LL4 ND ND ND
223 UR5 0.4 0.6 4.0
224 UR4 ND ND ND
225 UL4 ND ND ND
226 UL4 ND ND ND
227 UR4 ND ND ND
228 UR5 ND ND ND
229 UL5 ND ND ND
230 LL5 ND ND ND
231 UL4 0.3 8.0 1.9
232 LR4 ND ND ND
233 UL4 ND ND ND
234 UR4 0.5 1.0 2.8
235 UL4 ND ND 4.8
236 UR4 ND ND ND
237 UL4 ND 5.6 ND
238 UL4 ND ND ND
240 LL5 ND 1.9 ND
241 LL4 ND ND ND
242 LL5 ND ND ND
245 UL4 ND ND ND
248 UR5 ND ND ND
250 LL4 ND ND ND
253 LR4 ND ND ND
255 UL4 ND ND ND
257 UR4 2.0 ND 3.9
258 LU4 ND ND ND

ND = <0.2

213



PUBLICATIONS

Ahmady K, Marsh PD, Newman HN (1993). Distribution of Streptococcus mutans and 

Streptococcus sobrinus at sub-sites in human approximal dental plaque. Caries Res. 27: 135- 

139.

Abstracts

Ahmady K, Marsh PD, Newman HN (1992). Distribution of mutans streptococci at sub-sites 

in approximal plaque. J Dent Res. 71: 645.

Ahmady K, Marsh PD, Newman HN (1993). Streptococci in children: an ecological study of 

approximal plaque using microsite sampling. J Dent Res. 72: 735.

Ahmady K, Marsh PD, Newman HN (1993). Microbial ecology of plaque from caries-prone 

sites on approximal tooth surface in schoolchildren. Caries Res. 27: 238.

Ahmady K, Marsh PD, Challacombe SJ, Newman HN (1994). Culture and 

immunofluorescence studies of mutans streptococci and lactobacilli in schoolchildren. J Dent 

Res. 73: 851.

Ahmady K, Challacombe SJ, Marsh PD, Newman HN (1994). Ecological study of mutans 

streptococci and lactobacilli at sub-sites in approximal dental plaque of schoolchildren. Caries 

Res. 28: 219.

Ahmady K, Challacombe SJ, Beighton D, Marsh PD, Newman HN (1995). Analysis of 16S 

rRNA genes of human dental plaque streptococci. Submitted for BSDR 1996.

214

i '



laries Research
ditor-in-Giief: J.M. ten Cate, Amsterdam

leprint
tiblisher; S.Karger AG, Basel 
tinted in Switzerland

K. Ahmady^
P.D. M arslf 
H. N. Newman ®
J.S. Bulman^

“ Department of Periodontology, Institute of 
Dental Surgery, British Postgraduate 
Medical Federation, University of London, 

*’ Department of Public Dental Health, 
Institute of Dental Surgery, London,

‘ Pathology Division, PHLS Centre for 
Applied Microbiology and Research, 
Salisburv,UK

Basic Sciences

Caries Res 1993;27:135-139

Distribution of Streptococcus 
mutans and Streptococcus 
sobrinus at Sub-Sites in Human 
Approximal Dental Plaque

Key Words
Approximal plaque 
Bacterial distribution 
Streptococcus mutans 
Streptococcus sobrinus

Abstract
The distribution and prevalence of Streptococcus mutans and Streptococcus 
sobrinus were determined at three sub-sites in human approximal plaque: 
away from (A), to the side of (S) and below (B) the contact area. Small plaque 
samples were taken from all three sub-sites on clinically sound approximal 
surfaces of a single premolar from each of 21 schoolchildren. S. mutans was 
detected significantly more often and in higher proportions than S. sobrinus 
from sub-sites A (p = 0.019), S (p = 0.034) and B (p = 0.004). S. mutans was 
detected in highest proportions from the B site compared to the A site 
(p = 0.025); there were no significant differences in the isolation frequency or 
prevalence of S. sobrinus from any of the sub-sites. S. mutans and S. sobrinus 
were never isolated together from the A sub-sites and were recovered together 
most commonly from the B sub-sites (p<0.01). It is concluded that 5. mutans 
and 5. sobrinus preferentially colonise the most caries-prone site apical to the 
contact area.

Mutans streptococci do not colonise the dentition uni
formly. Their presence varies from tooth to tooth and 
even on different surfaces of the same tooth [Gibbons et 
al., 1974]; an overall decrease in their prevalence from 
molar to anterior teeth has also been demonstrated 
[Keene et al., 1981; Kristoffersson et al., 1984; Lindquist 
and Emilson, 1990].

The two species of mutans streptococci most common
ly isolated from human tooth samples are S. mutans and 
S. sobrinus. Numerous studies of different populations 
have found that S. mutans is isolated more often than

S. sobrinus fromieeth [Loesche, 1986; Bratthall, 1991] and 
from individual tooth surfaces [Lindquist and Emilson, 
1991a]. However, there have been few studies of the distri
bution of bacteria at different sub-sites on an individual 
tooth surface. Duchin and van Houte [1978] found that the 
prevalence of mutans streptococci could vary markedly 
between plaque from a ‘white-spot’ lesion and from neigh
bouring sound enamel on the same tooth surface. More 
recently, wide variations were reported in the colonisation 
of small discrete areas on the buccal surfaces of clinically 
sound maxillary teeth by 5. mutans and 5. sobrinus [Lind-
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Fig. 1. Location of dental plaque around the contact area of a 
premolar to indicate the sampling sites away (A) from, to the side (S) 
of, and below (B) the contact area.

quist and Emilson, 1991b], However, as these surfaces 
have a low risk of caries, the aim of the present study was 
to determine the distribution and prevalence of these two 
species of mutans streptococci at three sub-sites on the 
more caries-susceptible human approximal tooth surface.

Materials and Methods

Clinical Material and Plaque Sampling
From each of 21 schoolchildren (16 girls, 5 boys; mean age = 

12±1.6 years), one clinically sound premolar tooth (extracted for 
orthodontic reasons) was used for the study. Both the child and parent 
or guardian had given their consent for the teeth to be used in the 
study.

The freshly extracted teeth were collected in sterile reduced trans
port fluid (RTF) [Syed and Loesche, 1972] and processed within 5 min 
of extraction for cultural analysis. Teeth were rinsed with phosphate- 
buffered saline, pH 7,2, to remove blood and loose debris, and plaque 
was stained with 0,5% (w/v) indigo carmine (ICI, Cheshire, UK), 
which has been shown not to affect bacterial viability [Marsh et al,, 
1989a]. Teeth were then washed again with phosphate-buffered saline 
to visualise the contact area on the approximal surfaces as outlined by 
the staining procedure. All 21 teeth studied exhibited an intact full 
ring of plaque around the contact area. About 1-2 mm^ of gingival 
margin plaque was removed with a sterile dental curette from three 
sub-sites: away from (A), to the side of (S), and below (B) the contact

area (fig. 1), and suspended in 800 pi RTF in a sterile microcentrifuge 
tube (Alpha Laboratories, Eastleigh, UK), The teeth were dried and 
the sample sites marked with red nail varnish and photographed to 
record their location.

Bacterial Analysis o f  Plaque Samples
Plaque samples were dispersed by vortexing with glass beads for 

1 min, followed by aspirating (12 times) with a syringe and 25-gauge 
needle [Bush et al,, 1990], Samples were then serially diluted to lO' în 
RTF, One-hundred-microlitre aliquots were spread over the surface 
of pre-reduced selective and non-selective media. Columbia Agar 
Base (Oxoid, Basingstoke, UK) supplemented with 7% (v/v) horse 
blood (Oxoid) was used to enumerate the total cultivable flora. TYC 
(Lab M, Bury, UK) and TYC supplemented with 20% (w/v) sucrose 
and 0.1 unit/ml bacitracin (TYCSB) [van Palenstein Helderman et al., 
1983] were used to recover streptococci and mutans streptococci, 
respectively. All media were incubated in an atmosphere of 80% N:, 
10% H 2 , 10% CO2 in an anaerobic chamber for 5 days at 37°C. Viable 
counts of 5, mutans and S. sobrinus were expressed as a percentage of 
the total cultivable microflora and also as a percentage of the total 
number of sites colonised (isolation frequency).

Bacterial Identification
All colonies on TYC and TYCSB were gram-stained and tested for 

catalase production; cells that were gram-positive cocci andcatalase- 
negative were identified as streptococci. Two representative colonies 
of each morphological type were identified. Mutans streptococci 
were distinguished from other streptococci biochemically and sub
divided by their fermentation of N-acetylglucosamine, amygdalin, 
inulin, mannitol, melibiose, sorbitol and raffinose, the hydrolysis of 
arginine and aesculin and on the production of H2O2 and a-glucosi- 
dase [Hardie and Bowden, 1976; Coykendall and Gustafsen, 1986; 
Beighton et al,, 1991]. Substrates were obtained either from Lab M or 
Sigma (Poole, UK); fermentation tests and enzyme assays were per
formed according to the manufacturer’s instructions.

Statistical Analysis
As the distribution of mutans streptococci data was highly 

skewed, it was normalised by means of a log transformation of the 
colony-forming units per millilitre and percentage viable counts. 
Where microorgansisms were not detected, half of the minimum level 
of detection was used, The half minimum level of detection for mutans 
streptococci was 5 cfu/ml and 0.05% of the viable count. Analysis was 
based on using these log-transformed data, using one-way analysis of 
variance. However, due to the lower isolation frequencies involved, it 
was impossible to normalise the data for S. sobrinus using a similar 
transformation and, therefore, analysis of the latter was carried out 
using the Friedman test [Siegel, 1956], This meant that isolation 
frequencies of S. sobrinus and S. mutans at each sub-site were 
compared using the Wilcoxon matched pairs signed ranks test 
[Siegel, 1956],

Comparison of mean isolation frequency of the sites was carried 
out using McNemar’s test for comparing two proportions for the 
paired data [Armitage and Berry, 1987], Any association between the 
two species was tested using the comparison of two proportions for 
unpaired data [Armitage and Berry, 1987],
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Table 1. Mean and percentage viable counts of the total cultivable microflora, 5. m utans and 5. sobrinus from small samples of 
approximal plaque taken at sites away from (A), to the side of (S) and below (B) the contact area

Bacterium Mean viable countiSE

A S B

(mean cfu/ml ±SE) x 10̂ % (mean cfu/ml±SE) x 10̂ % (mean cfu/ml 1  SE) x 10̂ %

Total anaerobic 3.1 ± 14.3 
count (50-296,100)

100

a

102.7138.1
(90-601,600)

100 155.81102.7
(100-2,165,300)

100

. b

5. m utans 6.4±5.5
(N D -11,500)

S. sobrinus 0.01 ±0.009 * 
(ND-200)

,9.9±4.8
(ND-78)
1.918.4

XND-78)

4.712.4
(ND-49,000)
0.310.24 ** 
(ND-5,000)

r 7.612.3
(ND-28.9)
3.9114.0

XND-67.4)

7.314.6 . 
(ND-96,000)
2.011.3 ***'
(ND-22,000)

13.314.1
(ND-53.5)
4.7118.0
(ND-83)

Figures in parentheses represent ranges. ND = Not detected (see 'Materials and Methods’). Horizontal braces: one-way analysis of 
variance of log-transformed raw data, and subsequently t test on the differences between the log-transformed data for the B and A; a = 
log-transformed cfu/ml, p =  0.004; b = log-transformed percentage of viable count, p = 0.02.

Vertical braces: Wilcoxon matched pair signed ranks test, *p = 0.019, **p = 0.034, ***p = 0.004.

Results

The samples removed from the three sub-sites on each 
premolar were of small size as indicated by the low num
bers of cultivable bacteria recovered from each sub-site 
(table 1). Only three surfaces had (minor) white spot le
sions, with no clear association with higher levels of mu
tans streptococci.

Mutans streptococci were isolated from 95% of the 21 
tooth surfaces, and from 68% of the 63 sub-sites (table 2) 
Mutans streptococci were isolated preferentially from the 
sub-sites below the contact area (B, 91%). Comparison of 
the distribution of the two species at the three sub-sites 
revealed a significant difference between A and B when 
S. mutans and 5. sobrinus were recovered together 
(A = 0%, B = 29%; p<0.01). When S. mutans or S. sobri
nus were isolated alone, there was no significant differ
ence in the percentage of sub-sites colonized (table 2), 
although there was a trend for the isolation frequency of 
mutans streptococci and S. mutans to increase in the order 
A < S < B .  When isolates were identified, S. mutans was 
the predominant and frequently the only species of mu
tans streptococci recovered from a site (table 2). S. sobri
nus was rarely isolated in the absence of S. mutans and, 
when it was recovered with S. mutans, it was located pref
erentially at sub-sites B (table 2).

Table 2. Number and percentage (in parentheses) of premolars 
and sub-sites colonised by mutans streptococci (ms)

Bacterium Premolars 
colonised 
(n = 21)

Sub-sites colonised

A
(n = 21)

S
(n = 21)

B
(n = 21)

total 
(n = 63)

m s 20(95) 10(48) 14 (67) 19(91) 43(68)
S. mutans 11(52) 9(43) 10 (48) 12(57) 31(49)

alone
S. sobrinus 1(5) 1(5) 1 (5) 1(5) 3(5)

alone
S. m utans 1 8(38) 0(0) 3(14) 6(29) 9(14)

S. sobrinus 1 ------------* — 1

McNemar’s test highly significant, *p<0.01. The limits for the 
difference between the proportions of isolations: SND = 2.64; 95% 
Cl (7.40-49.74).

The comparison of two proportions for unpaired data 
was applied to see if there was an association between the 
isolation of both species from sub-sites A, S and B. The 
proportion of S. sobrinus in samples with S. mutans was 
0.0,0.23 and 0.33 at sub-sites A, S and B, respectively, and
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for S. sobrinus in samples without 5. mutans it was 0.08, 
0.13 and 0.33 at sub-sites A, S, and B, respectively, in
dicating no statistical association between the two species.

A one-way analysis of variance on the log-transformed 
percentage viable count of 5. mutans was performed at 
each sub-site; the F value was 3.15, which was significant at 
the 5% level, and a paired t test on the differences be
tween the log-transformed data for the sub-sites B and A 
gave p = 0.025 (table 1). There were no statistically signif
icant differences between S. sobrinus levels at any sub
site, even though the trend was for proportions to increase 
in the order A <  S <  B (table 1). At each sub-site, the per
centage viable count of 5. mutans was significantly higher 
than that of S. sobrinus at all three locations (p =  0.019, 
p = 0.034 and p = 0.004 for sub-sites A, S and B, respec
tively; table 1).

On an individual surface, 5. mutans could be recovered 
on its own from one sub-site (A = 9, B = 12, S = 10), and 
S. sobrinus alone from another. Similarly, 5. mutans and 
S. sobrinus could be recovered together from one sub-site 
(B = 6, S = 3), and there were instances where neither spe
cies or only one species might be found at the other two 
sub-sites on that surface (table 2). Of the 63 sub-sites on 
the 21 approximal tooth surfaces examined, only one had 
no mutans streptococci at any sub-site. Four, nine and 
seven teeth had one, two or three sub-sites, respectively, 
colonised by mutans streptococci.

There was no pattern for the relative concentrations of 
each species when they were recovered together at the 
same sub-site. At the 9 sub-sites where both species were 
found, S. mutans was present in greater numbers at 4 sub
sites, S. sobrinus predominated at 4 sub-sites, and one 
sub-site had identical levels of each species.

Discussion

The frequency of isolation of mutans streptococci from 
premolar approximal surfaces in our study was higher 
than that reported in a larger survey of older individuals 
[Lindquist and Emilson, 1991a]. In agreement with other 
studies [for reviews, see Loesche, 1986; Bratthall, 1991], 
we found S. mutans significantly more often, and in higher 
proportions, than 5. sobrinus. The colonisation level of 
S. sobrinus in our study was similar to that of Lindquist 
and Emilson [1991a], but our isolation of S. mutans was 
greater. This might reflect the use of different media in the 
two studies to isolate mutans streptococci. Higher viable 
counts of S. mutans have been obtained on TYC and 
TYCSB compared with MSB agar [Schaeken et al., 1986],

although others have not found such marked differences 
[Beighton, 1991]. The difference might also relate to the 
narrow range of age group in our study, to differences in 
sampling, or to our use of a wide range of physiological 
tests for distinguishing between S. mutans and 5. sobri
nus, rather than a reliance on colonial morphology [Emil
son, 1983; Lindquist and Emilson, 1991a, b].

Ideally, associations between plaque composition and 
caries should be determined at defined sub-sites [Marsh et 
al., 1989b; Bush et al., 1989,1990; Gill et al., 1991]. Ap
proximal surfaces are particularly prone to caries, espe
cially just apical to the contact area [Leigh, 1927; Newman 
and Morgan, 1980]. It is not feasible to study the distribu
tion of individual bacterial species around the contact area 
on teeth in situ, and correlations between approximal 
plaque and caries have had to be based on radiographs and 
samples of the microflora of the entire macroarea. There
fore, possible important sub-site differences in microflora 
(especially in mutans streptococci) and caries could have 
been obscured.

In this study, we used teeth that had been extracted for 
orthodontic reasons to investigate the distribution of mu
tans streptococci in plaque in the gingival margin area in 
several locations in relation to the contact area. The most 
frequent recoveries and highest proportions of mutans 
streptococci were from the sub-site below (B) the contact 
area. This was also the sub-site from which S. mutans, 
alone or in combination with S. sobrinus, was isolated 
most commonly, and in the highest proportions. It was 
also the sub-site from which S. mutans was detected most 
commonly by immunofluorescence [Gill et al., 1991]. Al
though we found S. mutans and 5. sobrinus together on 
38% of teeth, there was no evidence of a positive associ
ation in their presence at any sub-site, in contrast to the 
findings of Lindquist and Emilson [1991a]. Indeed, one or 
both of these species could be absent from the other sites 
sampled on the same tooth surface.

Factors responsible for regulating the distribution of 
these two species at a given site are only little understood. 
Indeed, there have been few reports in which small plaque 
samples have been studied in relation to clearly defined 
sub-sites [Bush et al., 1989; Boyar et al., 1989; Marsh et 
al., 1989b; Gill et al., 1991]. The preferential location of 
mutans streptococci below the contact area might be relat
ed to the stagnation in this location (as in occlusal fis
sures), the ability of such species to avoid antibacterial 
factors at this site or, more likely, to this site being less 
accessible to the buffering and substrate clearance effect 
of saliva. In such an environment, the pH may be lower for 
longer periods, and such conditions would favour the
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growth of mutans streptococci at the expense of less acido- 
genic and aciduric species [Donoghue and Newman 1976; 
Newman et al., 1976; Bradshaw et al., 1989]. S. mutans is 
also more bacteriocinogenic than S. sobrinus [Lindquist 
and Emilson, 1991b], and growth of the latter species can 
be suppressed by bacteriocin production by S. mutans 
[Ikeda et al., 1988]. Alternatively, differences in the pat
tern of colonisation by S. mutans and S. sobrinus might be 
related to the fact that they possess different abilities to 
metabolise locally available indigenous nutrients [Homer

and Beighton, 1991]. Further work will be necessary to 
determine whether other oral species show similar pat
terns of distribution at sub-sites in plaque.
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