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Foreword

Progress in medical sciences over the past two decades has witnessed great
advances in immunology. The demonstration of immunoglobulin structure,
complement cascade and monoclonal antibodies are only some of the
milestones in humoral immunity. The cellular basis of immune responses,
with phenotypic and functional definition of subsets of immunoregulatory T
cells, B cells and accessory cells, have generated a wealth of new concepts in
the pathogenesis of many diseases. The discovery that the major
histocompatibility antigens are esssential in genetic restriction and in
antigen presentation has placed immunogenetics in the centre of
investigations of a great number of diseases. Molecular immunology has
been the most recent advance which almost solved one of the greatest
dilemmas in immunology, namely the nature of the T cell receptor.
Diagnostic medicine has also benefited greatly from the specificity and
sensitivity of antibody dependent assays such as radioimmunoassay.

Oral diseases are no exception to the benefits bestowed by immunology.
Indeed, the subject is now taught both at the undergraduate and
postgraduate levels. This new book brings together experts in oral
immunology and presents concepts and knowledge in this specialized area.
The remarkable point is that immunology has taken the centre stage in our
understanding not only of two of the most common dental diseases,
periodontal disease and caries, but also of mucosal conditions, such as
recurrent oral ulceration.

The demand for information in oral immunology is considerable and this
volume should fulfil the objectives of presenting the subject to those who
wish to improve their understanding of the aetiology, pathogenesis,
treatment and prophylaxis of a large number of oral diseases.

T. Lehner MD, MB, BDS, FDS, FRCPath
Professor of Oral Immunology

Head of Department of Immunology

United Medical and Dental Schools of Guy’s
and St Thomas (Guy’s Campus), London

vii



Series Editor’s Note

The modern clinician is expected to be the fount of all wisdom concerning
conventional diagnosis and management relevant to his sphere of practice.
In addition, he or she has the daunting task of comprehending and keeping
pace with advances in basic science relevant to the pathogenesis of disease
and ways in which these processes can be regulated or prevented.
Immunology has grown from the era of anti-toxins and serum sickness to a
state where the study of many diverse cells and molecules has become
integrated into a coherent scientific discipline with major implications for
many common and crippling diseases prevalent throughout the world.

Many of today’s practitioners received little or no specific training in
immunology and what was taught is very likely to have been overtaken by
subsequent developments. This series of titles on IMMUNOLOGY AND
MEDICINE is designed to rectify this deficiency in the form of distilled
packages of information which the busy clinician, pathologist or other health
care professional will be able to open and enjoy.

Professor W. G. Reeves, FRCP, FRCPath
Department of Immunology

University Hospital, Queen’s Medical Centre
Nottingham
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1
The Host Defence System of the Mouth

A. E. DOLBY

THE BARRIERS OF THE ORAL MUCOSA

The most effective way of isolating the host from potentially harmful agents
would be by the establishment of a completely impermeable barrier. In the
case of the mouth this problem is in fact dealt with in a number of ways;
partly through the creation of a series of physicochemical barriers and partly
through specific and non-specific humoral and cellular barriers within and
on the mucosa. In addition, the resident flora afford some protection to the
host; they may prevent colonization by pathogens through the phenomenon
of ‘bacterial interference’. How this mechanism works is not clear, but it
may involve competition for sites on the host cells, for nutrients or mutual
inhibition by toxic products. The first of the barriers provided by the host is
saliva (see Figure 1.1).

Figure 1.1



IMMUNOLOGICAL ASPECTS OF ORAL DISEASES
THE PHYSICOCHEMICAL BARRIERS

Saliva as a protective barrier

The mouth is bathed in saliva, secreted by both major and minor salivary
glands, and organisms trapped within the saliva are transported to the
hostile environment of the stomach. Attachment and colonization of the
mouth by organisms occurs nonetheless. Several constituents of saliva are
non-specifically protective: mucin, lactoferrin, lysozyme and lacto-
peroxidase.

Antibacterial role of mucin

Other, protective constituents of saliva also rely to some extent upon mucin
for their action. For example, lysozyme, which is a basic protein, is strongly
associated with the sialic acid portion of mucin and is therefore presented to
bacteria entrapped by the mucin. Secretory immunoglobulin A (IgA)
appears to interact with mucin. Human IgA contains a large number of
oligosaccharides linked to the protein core in the ‘hinge’ region of the
molecule where the Fc (non-antigen-binding) portion is linked to the Fab
(antigen-binding) portions. This and other structural peculiarities of IgA
have led to the suggestion that IgA and mucins form a complex with the
antibody combining site of the Ig protruding from the surface. In this way
bacteria are made ‘mucophilic’ and retained within the mucus layer through
antigen—antibody interaction. Non-immune mechanisms of bacterial
clearance by mucin appear to depend upon the presence of the
oligosaccharide side-chains as well as the protein core. Bacteria possess an
interlacing polysaccharide coat or glycocalyx, and can adhere to the
glycocalyx of another cell, be it bacterial or host. The adherence is often
mediated by lectins within the glycocalyx, substances which bind specifically
to polysaccharides. Lectin attachment is also a mechanism whereby the
mucin can hold the bacteria and prevent them from interacting with the host
cell surface. Mucin may also simulate the carbohydrate surface of the
epithelial cell and so compete for bacterial binding sites directed towards
host cell attachment.

Lactoferrin

Lactoferrin has been detected in the serous acini, demilunes, intercalated
and intralobular ducts of salivary glands, and is released into the
extracellular environment during activation of neutrophil poly-
morphonuclear leukocytes. It exhibits a binding avidity for iron many times
greater than that of transferrin. It is on this basis that the protein was
presumed to exert its antibacterial action, depriving iron-dependent
bacteria of their essential element. More recently, realization of the
importance of the superoxide species in bacterial killing by phagocytic cells,
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THE HOST DEFENCE SYSTEM OF THE MOUTH

and the fact that the production of the hydroxyl radical (OH-) could be
catalysed by iron, led to the suggestion that lactoferrin acted as an iron-
bearing catalyst in the modified Haber—Weiss reaction where hydrogen
peroxide is reduced by reduced molecular oxygen (O3). However, since
lactoferrin is not fully saturated, it would function best at sites of infection.
Levels of lactoferrin are raised where there is inflammation in the gut and
the gingival sulcus is one example of a site where this occurs.

Mucus is subject to oxidative degradation, a reaction in which iron or
copper can serve as a catalyst. Thus lactoferrin probably acts also as an
inhibitor of this degradation, helping to maintain the rheological properties
of saliva.

Lysozyme

Lysozyme is a cationic protein with the enzymic potential (muramidase) of
hydrolysing bacterial cell wall peptidoglycan. Its origin is primarily from the
salivary glands where it is present, in soluble and free form, in the acinar and
intralobular ducts. It is found also in macrophages and neutrophils; since
these cells are also present in gingival sulcus fluid they will contribute to the
salivary lysozyme via this route.

In its muramidase capacity the enzyme may play a role in combating
Streptococcus mutans, either by lysis of the bacterial cell wall or by
disaggregation of the chains of streptococci with subsequent reduction in
growth potential.

In addition lysozyme, since it is a cationic protein, can act as an
aggregating agent and again lead to autolysis of bacteria. In this role
lysozyme is not inactivated by competitive inhibitors of the enzyme
muramidase, and Gram-negative organisms have been lysed in in vitro
studies.

Lactoperoxidase

The lactoperoxidase of saliva oxidizes thiocyanate ions, in the presence of
hydrogen peroxide, to intermediate toxic products such as hypothiocyanate.
Gram-negative bacteria seem to be more susceptible; they may actually be
killed while Gram-positive organisms are only slowed in their growth. The
presence or absence of catalase (2H,0,=SH,0, + O,) in bacteria is
important, since the H,0O, is a rate-limiting factor in the production of the
toxic oxidized thiocyanates.

The two physicochemical barriers of the oral epithelium
Studies of oral mucosal permeability have included the buccal absorption

test, in which materials are applied which may elicit a response in the
underlying tissue; in vitro systems with mucosal epithelium suspended in a
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diffusion cell; and tracer studies involving lanthanum (electrodense for
electron ‘microscopy) or horseradish peroxidase (demonstrable by
histochemistry). Passage of materials from below appears to be hindered at
a level which at the first, intra-epithelial barrier, corresponds to the site of
discharge of the membrane coating granules into the extracellular space
during maturation of the epithelial cells. Membrane coating granules, in
keratinizing oral epithelium, are membrane-bound, elongated structures
containing a series of parallel lamellae. They are composed mainly of
phospholipid and appear to play a role in the formation of a water barrier.
Non-keratinizing oral epithelial membrane coating granules are circular
with a dense non-lamellar central core. Both types of granules appear to fuse
with the cell membrane and discharge their contents into the extracellular
space. Membrane coating granules are not present in the epithelium of the
gingival attachment.

The second barrier is that of the basement membrane; here large
molecules are impeded, for example antigen—antibody complexes will not
pass through. In inflammation the efficiency is reduced and larger molecules
can pass through.

THE CELLULAR BARRIER
Iinter-epithelial lymphocytes

These occur singly and in clusters; they are capable of migrating into and out
of epithelium. Even germ-free animals possess these inter-epithelial
lymphocytes which do not increase in number on antigen challenge. Some of
the cells possess the cell surface markers of helper and suppressor/cytotoxic
T cells; others are presumably B cells since they are not completely absent
even in the athymic nude mouse oral mucosa. These cells may have a variety
of roles: in the intestine inter-epithelial lymphocytes have been shown to
function as natural killer cells, to participate in antibody-dependent cell
mediated cytotoxicity and to proliferate in response to non-specific
mitogens and alloantigens. However, inter-epithelial lymphocytes in the
intestine increase in number with inflammation; for example in coeliac
disease the inter-epithelial lymphocytes may outnumber the enterocytes.
Unlike oral mucosa, the conversion of a germ-free animal to normal does
lead to an increase in the number of intestinal inter-epithelial lymphocytes.
The intestine therefore appears to behave like a secondary lymphoid organ,
whereas the oral mucosa lymphoid cells constitute a primary lymphoid
organ. One other possible role of the inter-epithelial lymphocytes is that of
the control of the Langerhans cells.

Langerhans cells

These are dendritic inter-epithelial cells which possess adenosine
triphosphate, cell surface glycoproteins which have been linked to the

4



THE HOST DEFENCE SYSTEM OF THE MOUTH

immune response (Ia antigens) and receptors for the functional non-antigen
combining portion of immunoglobulin (Fc receptors) and for the third
component of complement (C3). They therefore have several features of
macrophages and are thought to fill this role, processing antigen at an intra-
epithelial site. Unlike inter-epithelial lymphocytes Langerhans cells do
increase in number with inflammation; in human gingival epithelium when
oral hygiene is withdrawn and in the oral mucosa of germ-free animals
exposed to conventional surroundings. As with inter-epithelial
lymphocytes, Langerhans cells are found in normal uninflamed mucosa.
Presumably they process antigen which is transported to the lymph nodes to
evoke a response in resting lymphocytes. The Langerhans cells, like the
other macrophages, produce variable amounts of interleukin-I, a non-
antigen-specific factor that augments lymphocyte reactions by activating T
helper cells. Keratinocytes can also produce interleukin-I, the summation of
the two soluble mediators from Langerhans cells and keratinocytes has been
termed epidermal cell-derived thymocyte-activating factor or ETAF, which
has been detected in gingival sulcus fluid. The thymocytes referred to in the
acronym are mouse thymocytes which are used in assays of interleukin-I.

Antigen processing and major histocompatibility antigens

Antigen is apparently presented to the lymphocyte as a package composed
also of the Class II major histocompatibility (MHC) antigens of the
Langerhans cell — the Ia (or immune response associated) antigens referred
to above. Experiments in vitro have shown that antigens which require T cell
cooperation for antibody production are processed most effectively when
there is matching of the Class Il MHC antigens of the macrophage and the
lymphocyte. The importance of this rather complex restriction in antigen
presentation probably lies in the resistance to autoimmunity it induces, since
only cells with Class I MHC antigens can effectively present antigen to the
lymphocytes. Interestingly, other cells which do not normally display Class
II MHC antigens can be persuaded to do so, by, for example, vy interferon.
Even keratinocytes can display Class I MHC antigens under the influence
of interferon, so that the potential for autoimmune responses is then
increased.

The Langerhans cell is also required in the processing of cell surface
associated antigens, for example in vitro studies using unmatched epidermal
cells have revealed that Langerhans cells are necessary for the generation of
cell-mediated cytotoxic reactions occurring against such epidermal cells.

Distribution of Langerhans cells

The Langerhans cells are distributed unevenly throughout the mouth.
Keratinized oral mucosa has fewer Langerhans cells than skin; the number
within the oral mucosa appears to vary inversely with the degree of
keratinization. Thus in the hard palate and dorsal tongue there are areas
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with no Langerhans cells. This uneven distribution may give a clue to the
role of the oral mucosa in sensitization of the host as there is a parallel
between the absence of Langerhans cells from some sites of the oral mucosa
and from rodent tail skin. Tolerance, rather than hypersensitivity, to the
sensitizer dinitrofluorobenzene is induced by painting the Langerhans cell
devoid tail skin of the rodent.

Langerhans cells in skin can be reduced by adhesive tape stripping,
ultraviolet irradiation and topical corticosteroid therapy. Although
ultraviolet irradiation is limited, orally, to the lips, topical corticosteroid
application does have relevance to oral mucosa. It should be remembered
that topical corticosteroid therapy influences this afferent limb of the
immune response in addition to other anti-inflammatory effects.

The cells of the gingival sulcus

Gingival crevice fluid contains desquamating epithelial cells from the oral
sulcular epithelium and leukocytes. The gingival sulcus is in fact the major
route for the passage of leukocytes into the oral cavity. Of these leukocytes
95-97% are neutrophils, 1-2% lymphocytes and 2-3% monocytes and of
the lymphocytes, the ratio of T cells to B cellsis 1 : 2.7. Studies of labelled
leukocytes show that they migrate from blood into the gingival sulcular
fluid. The number of leukocytes entering the mouth from the gingival sulcus
is often thought to be very large. In the presence of gingival or periodontal
disease this is indeed the case, but in health the number of leukocytes
entering the mouth by this route is remarkably small. Examination by in
vitro methods, of the functional capacity of the cells, reveals that the
neutrophils retain their phagocytic function, albeit at a lower level than
those of peripheral blood.

Phagocytosis by the gingival sulcus leukocytes

When a foreign particle is deposited in the gingival sulcus, it may be coated
with specific host protein such as immunoglobulin (Ig) or complement.
These proteins, defined as opsonins, facilitate ingestion of the particle by the
phagocytic cell through binding to specific receptors on the phagocytic cell
surface (Fc receptor, complement receptor). The engulfed particles are
internalized within cytoplasmic vacuoles which, with the fusion of enzyme-
rich lysosomal granules, forms the phagolysosome. The process of fusion is
known as degranulation. These lysosomal enzymes may also be released to
the exterior under certain circumstances and B glucuronidase and elastase,
for example, have been detected in gingival sulcus fluid.

The oxidase system of phagocytosis

Initiation of the phagocytosis is accompanied by a cellular ‘respiratory burst’
characterized by an increase in oxygen consumption (2-20-fold background)
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and generation of reactive oxygen derived radicals (superoxide anion O3,
HO,). These may also be released into the gingival sulcus. Other materials
such as Ig or immune complex may initiate the respiratory burst. Two
molecules of O3 react to form H,O,, a reaction catalysed by superoxide
dismutase. The highly reactive oxygen-derived metabolites which are
produced include hydroxyl radical, singlet oxygen and hypochlorous acid.
Singlet oxygen is very unstable and will readily interact with other
molecules. This return to the more stable form of molecular oxygen is
accompanied by the release of energy leading to light emission which may be
measured, and is interpreted as a measure of phagocytic activation.

The role of the leukocyte myeloperoxidase

Both neutrophil and macrophage myeloperoxidase will react with hydrogen
peroxide in the presence of a halide (the chloride ion is abundant in tissue
fluid and transudates) to form highly reactive toxic substances such as
hypochlorous acid. Individuals lacking the myeloperoxidase system are not
unusually susceptible to recurrent infections, whereas subjects with a
deficient oxidase system (chronic granulomatous disease) do experience
severe and recurrent infections including oral mucosal ulcerations.

Damage to the host by the leukocyte defence mechanisms

During the phagocytic process, and in other methods of neutrophil
activation, the antibacterial substances released are capable of damaging
host cells. The host is protected from the action of the lysosomal enzymes
released by phagocytic cells by enzyme inhibitors such as the o,-
macroglobulin and a;-antitrypsin of gingival sulcus fluid. The oxidase
system is counterbalanced by superoxide dismutase which converts the
superoxide anion to hydrogen peroxide, and catalase which deals with the
hydrogen peroxide. The selenium-dependent enzyme glutathione
peroxidase works at lower concentrations of HO, and may therefore be
more important than catalase. Finally, and perhaps not unexpectedly, some
bacteria found in the gingival sulcus also provide superoxide dismutase.

THE BARRIER PROVIDED BY IMMUNOGLOBULIN

The immunological barrier of oral mucosa: immunoglobulin in the
epithelium

Immunoglobulin (Ig) may be present in the oral mucosal epitheliumin a free
or bound form. Free Ig represents the Ig of serum and tissue fluid and can be
removed by prolonged washing of the tissue prior to histological
examination. Bound Ig is that which cannot be removed by such washing; in
reaction with antigen it may form insoluble complexes that are trapped
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within the tissue, probably also bound, by the Fc portion (the non-antigen
binding part) of the antibody to Fc receptors on the surface of phagocytic
cells.

Normal oral mucosa contains free Ig, which can be detected within the
intercellular spaces of the lower two-thirds of the mucosal epithelium. IgG
and IgA are found most commonly and are most pronounced at the junction
of the outer one-third and inner two-thirds of the epithelium. This is the area
where the physicochemical permeability barrier is also sited. In inflamed
oral mucosa inter-epithelial IgM and fibrinogen are also detectable, an
indication of the loss of the molecular sieving effect of the normal basement
membrane. Pooling of Ig within the epithelium may explain the eosinophilic
bodies which are observed there. Thus a protective barrier of Ig lies within
the epithelium: IgA which should lead to ‘quiet’ elimination of the antigen
or IgG which would lead to an inflammatory response.

Immunoglobulins of the oral cavity: gingival sulcus fluid

IgG, IgM and IgA are all present in gingival sulcus fluid but at levels lower
than those found in serum. The third component of complement is also
found and may explain the presence of ghosts of bacterial cells found at the
apical border of dental plaque. This functional role of immunoglobulin and
complement in the gingival sulcus appears to be limited by the fact that only
approximately 20% of the total IgG and IgA in dental plaque is specific for
bacterial antigen found within the plaque. Activation of the classical
complement pathway appears to occur to a small extent in the normal
gingival sulcus; both the classical and alternate pathways are activated in
disease and some complement components (C3 and C4) are then produced
in the gingiva itself.

Immunoglobulins of the oral cavity: saliva

Saliva contains immunoglobulin which is derived from several sources. In
addition to the secretory IgA which is produced by plasma cells closely
associated with the major and minor salivary glands, it contains variable
amounts of IgG which is derived from the gingival sulcus and from
transudate of oral mucosa. The amount of IgG is raised with increased
gingival inflammation partly because there is an increased gingival sulcus
flow of serum IgG and partly because inflamed gingiva acquires additional
IgG- producmg plasma cells. Other immunoglobulins, IgE and IgD, may be
found in saliva; they also will be of gingival sulcus fluid origin having come
originally from serum. It is for this reason also that IgM is low in saliva; it is at
a diffusion disadvantage compared with IgG in passing from serum into the
gingival sulcus or pocket. The IgA which is found in saliva arises from two
sources: that of the common mucosal defence system described below and
that which may be locally induced.
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Secretory IgA

Secretory IgA (SIgA) is the predominant Ig in saliva and is synthesized by
plasma cells associated with the major and minor salivary glands. Minor
salivary gland secretions contain much higher concentrations of SIgA than
do parotid secretions or mixed saliva. Most minor salivary glands have short
ducts and are probably exposed to antigens; lymphoid cells are often
associated with these ducts. Further characterization of the lymphoid cells
associated with the minor salivary glands into the T and B variety of cells
suggests that a separate mucosal Ig system may exist in the mouth,
dependent partly on the circulating large lymphocyte pool but capable also
of local stimulation and modulation of the response via accompanying T
cells. That local stimulation may occur is supported by the finding of cells
with the characteristics of antigen presenting cells in association with the
minor salivary glands of experimental animals. Thus in addition to mucosal
IgA arising from the common mucosal immune defence system described
below, a proportion would appear to be induced locally.

Secretory IgA has the advantage in terms of mucosal protection that it is
neither complement activating nor opsonizing. Unlike complement
activating immunoglobulins, there is no cell lysis with release of enzymes
into the tissues or ingress of polymorphs to further enhance the local
damage. IgA is in this sense a ‘quiet’ defender of mucosal surfaces.

The value of IgA to the newborn is shown by the concentration of IgA in
colostrum, more than 20 times that of whole saliva.

Secretory component

SIgA is conveyed to the mucosal surfaces as a dimer joined to a glycoprotein
termed secretory component, which is synthesized by epithelial cells of the
salivary glands. The dimeric SIgA is linked by a J chain; this and the
secretory component are complexed and extruded from the epithelial cells
as a product highly resistant to proteolytic attack. However, certain
pathogenic organisms such as Streptococcus pneumoniae and Haemophilus
influenzae secrete a protease capable of selectively cleaving the IgAl
subclass in humans. The IgA2 subclass is resistant to this enzyme; since IgA1
and IgA2 are often present in approximately equal amounts in secretions the
fact has importance in terms of attempts to stimulate immunity.

Stimulation of the mucosal immunoglobulin system

In a simplistic explanation immunoglobulin produced by plasma cells which
have been stimulated by an antigen should be presented to the same site. In
some instances this is true, a large proportion of the immunoglobulin
produced in a granuloma relates to antigens present there and local mucosal
responses are as much as 30 times higher at the site of antigen presentation
compared with elsewhere. However, in the case of the mucosal immune
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system, other factors prevail which result often in immunoglobulin
appearing at sites remote from the stimulatory site. The primary site of
antigen processing in the gut is the Peyers patches. After population of the
Peyers patches before birth, B cells are apparently sensitized by antigen of
gut origin, then divide and migrate to other sites within the body.
Essentially, small lymphocytes migrate to the peripheral lymph nodes and
spleen, whereas large lymphocytes migrate to the lamina propria of the gut.
Those cells committed to IgA production seem to have a predilection for the
lamina propria of the gut and the exocrine tissues such as salivary and
mammary glands. This route of induction of cells capable of producing IgA,
followed by production of the IgA at other distant mucosal sites, has been
termed the common mucosal immune defence system; the mechanism
underlying the phenomenon is not known. What determines the homing of
the IgA cell to specific sites is also not clear, although there is some evidence
that the presence of antigen increases the homing rate and that hormones
play arole, at least, in the mammary gland and uterine cervix. It does mean,
however, that circulating cells may settle at a site where they produce IgA
which is irrelevant to that situation.

Modulation of the mucosal IgA response

Stimulation of the mucosal immune response within the gut is of
considerable interest since it has been realized that protection by IgA is one
of the major sources of protection against such intestinal diseases as cholera
or shigellosis. In the mouth the major interest has been with the
enhancement of a mucosal response to the organisms associated with dental
caries or, hopefully, specific periodontal disease-associated organisms.

The route of presentation of the antigen is of importance in the
stimulation of the mucosal response. For example, B-lactoglobulin (a
constituent of cows’ milk) stimulates tonsillar lymphocytes in vitro to
produce IgA, whereas tetanus toxoid stimulation leads to the production of
IgG. Parenteral antigens appear to lead to an IgG response whereas those
antigens priming the mucosa-associated lymphoid system stimulate mainly
IgA-producing cells. Mucosal IgA responses are stimulated most effectively
by repeated or prolonged antigen exposure. Thus an organism replicating
continuously in contact with mucosa would act this way. However, the
response is transient; the mucosal IgA system has a poor memory. For
example, the protective mucosal secretory IgA antibodies which accompany
gonorrhoea last for little more than 6 weeks. Periodontal pocket bacteria are
thus more likely to evoke a continued mucosal immune response than
Streptococcus mutans; the latter attaches preferentially to teeth rather than
mucosa.

Oral tolerance

Tolerance to an antigen may exist at the mucosal site, systemically or at both
sites. Immunization by the oral route may lead to systemic tolerance, but
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there are no instances of oral immunization leading to mucosal tolerance.
Parenteral immunization evokes suppression of mucosal IgA responses by
two mechanisms, that of the production of suppressor T cells and of high-
avidity IgG serum antibody which interferes with the normal function of the
mucosal IgA responses. The factors that determine whether mucosal
antigens would evoke systemic tolerance or immunity are not well
understood; clearly they are of importance in attempts at combating caries
or periodontal disease by enhanced immunity. Circulating antigen—-IgA
complexes or T-suppressor cells may be responsible for the tolerance.

SUMMARY

The mouth is protected from harmful substances and organisms by a series
of barriers. Physicochemical barriers exist within the oral mucosa, but are
not absolute. Immunoglobulin pervades the mucosal epithelium and enters
the gingival sulcus. Cells within the mucosa process antigen to initiate a
response which leads to the immunoglobulin presence or to sensitized cells
capable of mounting a cellular immune response. Potentiation of the
humoral response presents difficulties.

Enhancement of the immune component of the barrier is short-lived in
terms of IgA, damaging in terms of IgG and poorly understood in the
cellular sense.
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2
The Microbiology of Dental Plaque in
Health and Disease

P. D. MARSH

INTRODUCTION

A unique feature of the ecology of the mouth is the provision of hard, non-
shedding surfaces (teeth) for microbial colonization. Elsewhere in the body,
bacteria attach to epithelial surfaces, and regular desquamation ensures that
the bacterial load at any site is small. Commonly, only around 100 bacteria
are found per human buccal epithelial cell and these belong to only a limited
number of bacterial genera (e.g. Streptococcus and Haemophilus spp.). In
contrast, relatively thick films of micro-organisms are able to accumulate on
teeth, particularly at those sites (pits and fissures, approximal surfaces, the
gingival crevice) that afford protection from saliva flow and mastication.
These films of micro-organisms are embedded in a matrix of polymers of
microbial and salivary origin and are termed dental plaque. Although dental
plaque is associated with disease it is important to remember that it is also
found naturally on sound enamel surfaces. Indeed, one of the main
problems when attempting to determine the causative organisms of plaque-
mediated infections arises from the fact that disease occurs at sites where
there is already a normal flora. Bacteriological studies have shown that these
diseases are not attributable to any of the common, medical pathogens but
appear to result from an imbalance in the commensal flora. Thus, the
bacteria that have been implicated with disease (and which will be described
later in detail) are also found at healthy sites, although usually less
frequently and in lower numbers. Consequently, many microbiological
studies of plaque are concerned with:

1. what constitutes a normal, healthy plaque flora;

2. which plaque bacteria can act as opportunistic pathogens and cause
disease (and under which conditions);
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3. what are the properties of these opportunistic pathogens that
contribute to their pathogenicity; and

4. what are the environmental factors that trigger the transition of the
plaque flora from having a commensal to a pathogenic relationship
with the host?

The answers to many of these questions will be provided in this chapter, but
as a prelude to any study attempting to relate the microbial composition of
plaque to the clinical status of the site, methods for the optimum recovery of
all the viable bacteria present in a sample have to be developed. These will
be described in the following section.

METHODS FOR THE RECOVERY, ENUMERATION AND
IDENTIFICATION OF BACTERIA IN DENTAL PLAQUE

The study of the bacterial composition of dental plaque has proved to be one
of the most challenging areas of contemporary microbiology. Some of the
features of dental plaque that make it so demanding to analyse are shown in
Table 2.1 while the main stages in the processing of plaque are shown in
Figure 2.1.

Table 2.1 Some properties of dental plaque that contribute to the difficulty in determining its
bacterial composition

Property Comment

High species diversity Plaque contains a wide range of different bacteria, some of
which are present only in low numbers

Cell adhesion and aggregation  Plaque bacteria adhere to one another, and therefore have
to be dispersed without causing undue cell damage

Anaerobic Many plaque bacteria lose their viability if exposed to air

Variability in composition Plaque flora varies in composition over relatively small
areas; therefore small, discrete samples are necessary

Confused taxonomy/difficult The classification of some of the bacterial groups (taxa)

identification of plaque bacteria found in plaque has yet to be resolved; this leads to
difficulties in identifying isolates which can be compounded
by the lack of simple criteria for speciation

Sampling procedures

An important fact that has to be borne in mind (and which will be developed
in more detail later) is that the microbial composition of plaque varies from
site to site. Therefore large plaque samples or, indeed, a number of smaller
samples from different sites but which are pooled together, are of little value
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LIGHT MICROSCOPY

motility;
fluorescence

SAMPLE ——’ TRANSPORT TO ———’ DISPERSION

COLLECTION LABORATORY
small samples; reduced transport sonication;
methodology depends fluid vortex mixing
on anatomy of sampling with beads

site

SUB-CULTURE & (@=————- COLONY COUNTS @=————— SERIAL

IDENTIFICATION DILUTION
sugar fermention tests selective and non-selective reduced transport
fermentation products agar plates; fluid

enzyme profiles aerobic & anaerobic
membrane lipids environments

antigen-antibody reactions

Figure 2.1 Schematic representation of the stages involved in determining the microbial
composition of dental plaque

because important site differences will be obscured. The method of
sampling plaque will depend on the site under study, but individual research
groups often develop their own specific techniques. The accessible smooth
surfaces of enamel pose few problems and a range of dental instruments
have been used. Care has to be taken to avoid ‘contamination’ of the
specimen with saliva which contains around 10® bacteria/ml. It is more
difficult to remove plaque from approximal sites although dental probes,
scalers, dental floss and abrasive strips have all been used with different
degrees of success. Pits and fissures are also difficult to sample and generally
the amount of plaque recovered is dependent on the anatomy of the site.
Fine probes, pieces of wire and sterile needles have been used, although as
an alternative approach some groups used artificial fissures or crowns which
can be easily inserted and removed from the mouth for study.
Sub-gingival plaque has proved to be the most difficult to sample because
of the anaerobic nature of the site. The flora is now known to comprise high
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numbers of obligately anaerobic bacteria, including spirochaetes, most of
which will lose their viability rapidly if exposed to air. In disease, the
anatomy of the site means that those organisms at the base of the pocket,
near the advancing front of the lesion, are likely to be of most interest.
Again, it is important not to remove with a sample material from other sites
in the pocket, as this might obscure significant relationships between specific
bacteria and disease. To overcome these problems a number of methods
have been developed, all of which have their particular advantages and
drawbacks. For example, a simple approach has been to insert paper points
into pockets but the number of organisms removed from the root of the
tooth or from epithelial surfaces by this method will be small. Samples have
also been taken by irrigation of the site and retrieval of the material through
syringe needles; however this method will obviously remove plaque from
the whole depth of the pocket. A particularly sophisticated method employs
a broach kept withdrawn in a cannula which is flushed constantly with
oxygen-free nitrogen. The broach is used to sample plaque only when the
cannula is in position near the base of the pocket. After sampling, the broach
is retracted into the cannula and withdrawn. Perhaps the most frequent
approach has been to use a curette or scaler after the supra-gingival area has
been cleared. The scaler tips can be detached and placed immediately in gas-
flushed tubes containing reduced (anaerobic) transport fluid for delivery to
the laboratory. Alternatively, when periodontal surgery is needed, plaque
has been removed from extracted teeth or from surfaces exposed when flaps
are reflected. It is impossible to design experiments to compare the
efficiency of each of these sampling methods, but it is important to realize,
particularly when comparing studies in which different sampling procedures
have been used, that the results will, to a certain extent, reflect the method
adopted.

Transport and dispersion

All samples need to be transported to the laboratory for processing as
quickly as possible. Specially designed transport fluids help to reduce the
loss of viability of some of the more delicate organisms during delivery to the
laboratory. These fluids usually contain reducing agents such as cysteine to
maintain a low redox potential, thus helping to preserve the obligate
anaerobes.

Plaque by definition is a complex mixture of a range of micro-organisms
which are bound tenaciously to one another. These clumps and aggregates
of bacteria must be dispersed efficiently (ideally to single cells) if the
specimen is to be diluted accurately. It is now accepted that mere vortex
mixing of a sample is inadequate. Mild sonication produces the maximum
number of particles from a specimen but it exerts a selective effect by
specifically damaging spirochaetes and some other Gram-negative bacteria,
particularly Fusobacterium species. One of the most efficient methods,
particularly for sub-gingival plaque, is to vortex samples with small glass
beads in a tube filled with carbon dioxide.
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Cultivation

Once dispersed, samples are usually serially diluted in transport fluid and
aliquots are spread on to a number of freshly prepared, pre-reduced agar
plates. These plates are chosen to grow either the maximum number of
bacteria (generally, various forms of blood agar are used for this purpose)
‘or, in order to encourage the growth of some of the minor components of
plaque, a number of selective media have been devised which permit the
growth of only a limited number of species. For example, the addition of
vancomycin to blood agar plates will inhibit nearly all Gram-positive
bacteria, a high sucrose concentration encourages the growth of oral
streptococci, while plates with a low pH favour lactobacilli. It should be
stated that these media are selective and not specific. The identity of the
colonies on these plates must be confirmed; their colonial appearance or
growth on a particular medium should not be regarded as diagnostic. Also,
some bacteria will not grow unless additional factors are added to the
medium. Haemophili were only recovered from plaque when the
appropriate co-factors were added to the isolation media. Depending on the
bacteria being.cultivated, plates have to be incubated for different times and
under different atmospheric conditions. For example, to grow some
Bacteroides species, plates will need at least 7 days incubation at 37 °Cin an
anaerobic jar or cabinet filled with a gas mix containing CO,/H,/N,, while
Neisseria require only 2 days incubation in air.

Identification

The first stage usually involves colony counting; colonies with a similar
appearance are counted and subcultured for further analysis. This assumes
that:

1. cells of the same micro-organism produce colonies with an identical
morphology, and

2. cells of different micro-organisms produce colonies with distinct
morphologies.

Generally this assumption holds true, but on occasions it has been shown
that different bacteria can produce identical colonies. The first level of
discrimination involves the Gram-staining of subcultured colonies; bacteria
are then grouped according to whether their cells are Gram-positive or
Gram-negative, and are rod- or coccal-shaped. This dictates which tests will
be necessary to achieve speciation. Some bacteria can be identified using
simple criteria —for example, sugar fermentation tests — while others require
a more sophisticated approach such as the application of gas-liquid
chromatography to determine their acid end-products of metabolism. The
main groups of bacteria found in plaque, together with an outline of the
methods employed in their identification, will be described in the next
section.
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Microscopy

An idea of the principal morphological groups of bacteria found in plaque
can be obtained using light microscopy. Dark-field illumination techniques
have been used to quantify the numbers of motile bacteria in ‘unprocessed’
plaque, including spirochaetes, which are extremely difficult to cultivate by
conventional means. As the numbers of spirochaetes and motile organisms
have been related to the severity of some periodontal diseases, and because
microscopy is relatively cheap and gives results quickly, it has been hoped
that these techniques could be used in the clinic to monitor the progress of
patients undergoing treatment. However, a major disadvantage of dark-
field microscopy is that most of the putative pathogens in plaque-mediated
diseases cannot be recognized by morphology alone. To overcome this
problem, some groups are raising antisera (monoclonal or specific
polyclonal) against a limited number of bacteria that are believed to be
implicated in disease. These antisera can be either conjugated with a
fluorescent dye (direct fluorescence) or used in conjunction with
commercially prepared, conjugated anti-rabbit IgG (indirect fluorescence)
to quantify rapidly the approximate numbers of selected key bacteria in
plaque. This methodology would obviate the need for many of the lengthy
and labour-intensive steps described above (Figure 2.1), but to date only a
limited number of specific antisera have been described and close
correlations between results obtained by these serological approaches and
conventional bacteriology on the same material have not always been found.
Electron microscopy has proved useful in studying plaque formation, and it
has also been used to show that bacteria invade gingival tissues in aggressive
forms of periodontal disease: immunocytological techniques have enabled
some of the observed bacteria to be identified.

TYPES AND PROPERTIES OF THE PRINCIPAL BACTERIA FOUND IN
DENTAL PLAQUE

The normal flora of dental plaque is complex, comprising a wide range of
bacterial species; yeasts such as Candida spp. can also be found. The
microbial composition of plaque is not constant but varies from site to site,
both between and within mouths, and with time. Before these variations can
be discussed, the main bacterial types commonly recovered from plaque will
be described briefly; these are listed in Table 2.2. Emphasis is placed on the
taxonomy of plaque bacteria because, without valid subdivision and
accurate identification of isolates, any possible association of particular
species with disease will not be made.

Gram-positive cocci

Streptococci comprise on average around 30% of the total cultivable flora of
plaque. The majority are a-haemolytic on blood agar and consequently were
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Table 2.2 Some of the commonly isolated bacteria from dental plaque

Gram-positive cocci

Streptococcus mutans
sobrinus
sanguis
‘mitior’
milleri
salivarius

Peptostreptococcus spp.*

Gram-positive rods
Actinomyces israelii
naeslundii
viscosus
odontolyticus
Arachnia propionica
Bacterionema matruchotii
Bifidobacterium spp.
Eubacterium spp.
Lactobacillus acidophilus
casei
spp-
Propionibacterium spp.
Rothia dentocariosa

Gram-negative cocci
Branhamella spp.
Neisseria spp.
Veillonella alkalescens

Gram-negative rods

Actinobacillus actinomycetemcomitans

Bacteroides spp.
Campylobacter concisus
Capnocytophaga sputigena

gingivalis

ochracea
Eikenella corrodens
Fusobacterium spp.
Haemophilus spp.
Leptotrichia buccalis
Selenomonas sputigena
Treponema spp.
Wolinella recta

*The term spp. is used where there is confusion or controversy as to the number and
nomenclature of species in a genus

originally grouped together as viridans streptococci or as Streptococcus
viridans. More recent taxonomic studies have shown that these can be
divided into a number of well-defined species with distinct properties, often
with a different potential to act as opportunistic pathogens. Most work has
been published on Streptococcus mutans, mainly because of its primary role
in the aetiology of dental caries. In particular its antigenic make-up has
received considerable attention because of the possibility of:

1. immunizing humans with S. mutans, or specific antigens of S. mutans,
as a protective measure against caries; and

2. using serological techniques for the rapid identification of clinical
isolates, for example, for use in epidemiological surveys.

So far, at least eight serotypes of S. mutans have been recognized (a—h) on
the basis of carbohydrate antigens which are covalently linked to the
peptidoglycan of the cell wall (Table 2.3). Although they are serotype-
specific they can also be responsible for cross-reactions among some of the
other serotypes. For example, there is cross-reactivity among serotypes c, e
and f, probably because of a common poly-rhamnose backbone to the
antigen. More recent studies have suggested the differences between some
of these serotypes are so great that they should be regarded as separate
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species (Table 2.3). This proposal has been slow to gain widespread
acceptance but, in future, it is likely that the specific epithet S. mutans will be
limited to the c, e, f serogroups only.

Table 2.3 Proposed nomenclature and cell wall carbohydrates of the ‘S. mutans’ group

Present serotype Cell wall carbohydrate Proposed species name
cef Glucose, rhamnose S. mutans
d, g h Glucose, galactose, rhamnose . sobrinus

Glucose, galactose, rhamnose S. cricetus

Galactose, rhamnose S. rattus

Note: Another “mutans-like” species, S. ferus, which reacts with antisera raised against S.
mutans (serotype c), has been isolated from wild rats.

Other components of the outer surfaces of the ‘S. mutans group’ of
bacteria have been found to be antigenic (Figure 2.2). Lipoteichoic acids are
negatively charged amphipathic molecules, composed of sugar phosphates
(e.g. glycerol phosphate), that are attached to the cell membrane but which
protrude through the cell wall and are secreted in high concentrations into
the environment. The function of lipoteichoic acids (LTA) is not known, but
they are responsible for wide serological cross-reactions among oral
streptococci. These molecules do have biological activity; they are involved
in bacterial adherence and can cause bone resorption in periodontal disease.
A great deal of attention has been focused in recent years on the protein
antigens of S. mutans. A number have been isolated and purified and shown
to have a range of molecular weights; they are probably covalently linked to
the cell wall although they are also released into the environment, and

—LTA

v— protein
N

peptidoglycan
&

r carbohydrate

membrane

Figure 2.2 Schematic representation of the outer layers of a streptococcal cell
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growth conditions can effect their secretion. In many cases the function of
these proteins is not clear, although some have been found to have enzyme
activity, particularly with respect to sucrose metabolism (e.g.
glucosyltransferase, fructosyltransferase, or invertase activity) or to act as
receptors (glucan-binding proteins, salivary protein-binding proteins). The
main interest in these proteins has been due to the fact that some have been
used with success as immunogens in an anti-caries vaccine, reducing both
caries and the numbers of S. mutans in plaque in monkeys.

In plaque overlying sound enamel, S. mutans is found spasmodically and
often only in low numbers. In caries the numbers of this group of bacteria
increase, although the factors responsible for this shift are not yet clear. A
notable feature of these bacteria is that they can proliferate under low pH
conditions (i.e. they are aciduric) whereas most other plaque bacteria, with
the exception of lactobacilli, would be inhibited. S. mutans is also highly
acidogenic, and these bacteria can also synthesize from sucrose several
water-soluble and water-insoluble polysaccharides using glycosyl-
transferases. There are several enzymes involved; in simple terms,
glucosyltransferase-I synthesizes the insoluble glucan while glucosyl-
transferase-S produces the soluble glucans. Together they synthesize a
highly branched, water-insoluble poly-glucan rich in a,1-3 linkages, termed
‘mutan’. This polysaccharide plays an important role in the consolidation of
attachment of cells in plaque, and may localize acidic fermentation products
producing environments with a low local pH, thus encouraging
demineralization of enamel. S. mutans also produces a fructosyltransferase
that synthe-izes an unusual fructan with an inulin (§,2-1)-like structure.

Other streptococci are associated more with sound enamel and
unfortunately, because of this, have received much less attention.
Streptococcus sanguis is an early colonizer of the tooth surface and also
produces glucosyltransferases. The product has fewer a,1-3 linkages than
the polymer made by S. mutans. Generally, S. sanguis is regarded as not
producing a fructosyltransferase although, under certain growth conditions,
one strain has been shown to make a poly-fructan from sucrose. Some
strains produce neuraminidase, which removes the terminal sialic acid
residues on the side-chains of salivary glycoproteins, while others have IgA,
protease activity. This may affect how the particular organism competes
with the host and colonizes certain sites. S. sanguis also possesses
carbohydrate, lipoteichoic acid and protein antigens but they have received
little detailed attention. ‘S. mitior’ and S. milleri are also commonly isolated
from dental plaque; some strains of ‘S. mitior’ also make insoluble glucans
from sucrose while S. milleri makes no polymers at all. These bacteria are
potential opportunistic pathogens, particularly if they gain entry to the
blood stream. ‘S. mitior’ is the most common isolate from cases of infective
endocarditis while S. sanguis and S. mutans are also recovered regularly. In
contrast, S. milleri is rarely associated with infective endocarditis but it has
been isolated from abscesses (particularly of the brain and liver),
appendicitis and peritonitis. Despite its name, S. salivarius, is also found
regularly in plaque. A characteristic of this species is the production from
sucrose of a fructan with a levan-like (,2-6) structure. This molecule is

21



IMMUNOLOGICAL ASPECTS OF ORAL DISEASES

highly labile and can be metabolized by a number of plaque bacteria. Some
strains of S. salivarius have also been shown to produce glucans from
sucrose. Other streptococci are recovered less frequently from plaque.
Obligately anaerobic streptococci (€.g. Peptostreptococcus spp.) have been
found in periodontal pockets, and in infected root canals and abscesses.
Occasionally, enterococci such as S. faecalis have been isolated from plaque
and also infected root canals. In contrast to the skin and nose, staphylococci
and micrococci are not considered to be regular members of the plaque flora
although they have been found in fissures. Generally, simple physiological
tests can be used to identify oral streptococci and there are a number of
commercially produced galleries of tests now available for this purpose.

Gram-positive rods

This is one of the predominant groups of bacteria in healthy plaque and
includes a wide range of species. Indeed, certain genera such as
Actinomyces, Bacterionema and Rothia appear to have the mouth as their
sole natural habitat. However, many species can act as opportunistic
pathogens, e.g. Actinomyces israelii, A. viscosus and A. naeslundii are
commonly isolated from cases of actinomycosis and, more recently, have
also been recovered from infections associated with inter-uterine devices.
Actinomyces spp. have both carbohydrate and protein antigens, some of
which are associated with specific types of fimbriae on the cell surface, and
an amphipathic molecule distinct from LTA has also been identified. A.
viscosus produces an extracellular slime which is a heteropolysaccharide,
and a fructan (levan) from sucrose. The numbers of Actinomyces in plaque
increase at the onset of gingivitis, and they have also been implicated in root
surface caries.

Lactobacilli are another group of bacteria that have received a great deal
of attention in the past, mainly because it was believed that they were the
causative organisms of dental caries. They are now believed to play more of
arole in the progression of incipient lesions and in dentinal caries rather than
with _initiation per se. Both homo- and heterofermentative strains are
present in plaque; commonly isolated species include L. casei, L.
acidophilus, L. fermentum and L. plantarum. Their numbers are very low at
healthy sites but they are probably the most acid-tolerant species of bacteria
in dental plaque and thrive at sites with a low pH. Lactobacilli are generally
more resistant to fluoride and chlorhexidine than other plaque bacteria. A
number of the Gram-positive rods in plaque are obligately anaerobic,
including A. israelii, Arachnia propionica, Bifidobacterium spp.,
Eubacterium spp. and Propionibacterium spp. Therefore, appropriate
precautions have to be taken when attempting to isolate these organisms
from plaque. The use of gas-liquid chromatography to identify the acid end-
products of carbohydrate metabolism is necessary to differentiate between
these diverse groups of bacteria, although the analysis of cell wall
carbohydrates by thin-layer chromatography is also useful. Simple
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physiological tests or serology may be needed to speciate isolates once the
genus has been determined by the above-mentioned chemotaxonomic
methods.

Gram-negative cocci

Branhamella spp. and Neisseria spp. are early colonizers of the enamel
surface. Branhamella can be distinguished from Neisseria by their inability
to make acid from carbohydrates. Oral isolates of both of these genera are
poorly described but can be differentiated from Veillonella spp. by being
facultatively anaerobic (i.e. strains can grow in the presence or absence of
air). In contrast, V. alkalescens is an obligate anaerobe that cannot
metabolize sugars but does utilize intermediary metabolites such as lactate.
Thus they can form food chains with lactate-producing bacteria and they
have recently been shown to be highly acid-tolerant, growing in the
laboratory in mixed cultures at pH 4.1. Large numbers of this species may
reflect sites where there are high concentrations of lactic acid.

Gram-negative rods

This is probably the most diverse and taxonomically confused group of
bacteria found in plaque. The majority of aerobic or facultatively anaerobic
Gram-negative rods belong to the genus Haemophilus, many of which
cannot be cultivated unless their growth medium is supplemented with
haemin (X-factor) or nicotinamide adenine dinucleotide (V-factor) or both.
The species isolated from plaque include H. parainfluenzae, H. segnis and
H. aphrophilus. Other facultatively anaerobic Gram-negative rods have
been identified as Eikenella corrodens, the colonies of which
characteristically pit the surface of agar plates. These facultatively anaerobic
bacteria can be opportunistic pathogens and have been isolated from
infections of the jaw and from cases of infective endocarditis. A group of
bacteria that have come into prominence more recently are micro-
aerophilic, CO,-requiring strains that have been classified as
Capnocytophaga spp. and Actinobacillus actinomycetemcomitans. The
latter strain has also been isolated from cases of infective endocarditis, and it
is strongly implicated in the aetiology of juvenile periodontitis. At present
its taxonomic position is being reassessed and it has been proposed that it
should be reclassified as Haemophilus actinomycetemcomitans. Strains of
Capnocytophaga have also been isolated in high numbers from pockets in
subjects with juvenile periodontitis.

The obligately anaerobic Gram-negative rods are currently undergoing
considerable taxonomic reorganization. Problems have arisen because some
strains are asaccharolytic and therefore simple physiological tests, such as
sugar fermentation tests, cannot be used in their identification. The
application of gas-liquid chromatography to determine the pattern of
metabolic products from glucose or peptide catabolism is usually necessary
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in order to place isolates into their appropriate genus. However, a problem
can arise because some strains are slow-growing and it can be difficult to
distinguish between such bacteria and those that are genuinely
asaccharolytic. As an alternative approach some research groups have
applied more sophisticated methods to classify and identify these difficult
isolates. These methods include:

1. enzyme profiles, particularly aminopeptidases (commercially
prepared galleries containing a range of substrates are available for
these studies);

2. enzyme mobilities;
3. analysis of the chemical composition of cell walls;
4, analysis of the lipid components of the cell membranes.

The obligately anaerobic genera include Leptotrichia, Fusobacterium,
Campylobacter (C. concisus is a new species recently isolated from
periodontal pockets), Bacteroides, Selenomonas (S. sputigena has a tuft of
flagella), and Wolinella (W. recta is also motile due to a single polar
flagellum). These bacteria are found in the highest numbers in the gingival
crevice and the periodontal pocket; indeed, many of these Gram-negative
rods are strongly implicated in the aetiology of different periodontal
diseases.

One group of fastidious, obligately anaerobic bacteria that can be easily
recognized are those Bacteroides that produce colonies with a characteristic
black pigment when grown on blood agar plates. These black-pigmenting
Bacteroides were originally named B. melaninogenicus, although the
pigment is now known not to be melanin but to be derived from haemin, an
essential growth factor for these bacteria. Recent studies have shown that
there are a number of distinct black-pigmenting species including B.
melaninogenicus, B. intermedius, B. gingivalis, B. loescheii, B. denticola
and B. endodontalis. These black-pigmenting Bacteroides are found in high
numbers in cases of chronic periodontitis, although the predominant species
may vary with the depth of the pocket. The classification of the non-
pigmenting Bacteroides is undergoing a reformation; it would be
inappropriate and, indeed, impossible in this chapter to attempt to describe
the taxonomy of this diverse and nutritionally demanding group of bacteria.

A number of spirochaetes of different sizes have been recognized in
plaque using dark-field microscopy. They have proved difficult to cultivate
in the laboratory although species such as Treponema denticola, T. orale,
and T. macrodentium have been described based on differences in their
metabolic activities in simple physiological tests, their fermentation
products, and on the number and arrangement of their axial filaments.
Mycoplasmas have also been recovered from dental plaque and some
believe that they may play a role in periodontal diseases; however, little is
known of their pathogenic properties as yet.
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DEVELOPMENT OF DENTAL PLAQUE

Three approaches have been adopted in the study of the development of
plaque on a clean tooth surface. Microscopy, and particularly scanning
electron microscopy, has been valuable in following the appearance of the
different morphological types of microbe during colonization and plaque
build-up, while conventional bacteriological techniques have been used to
identify and enumerate the attached micro-organisms. The attachment of
these organisms to surfaces (for example, hydroxyapatite beads) and to
other plaque bacteria, in the presence and absence of saliva, has been
quantified in the laboratory and a number of specific molecular interactions
have been described. The combined results of these studies suggest that
plaque does not develop in a random manner but rather that bacteria
colonize in a relatively specific sequence. Four distinct (but arbitrary) stages
in plaque development can be recognized:

1. areversible phase, whereby cells are adsorbed to a surface primarily
by electrostatic forces; this is followed by:

2. an irreversible phase involving specific molecular interactions
between the cell and saliva-coated enamel surfaces;

3. arepeat of phases (1) and (2), but in which salivary bacteria attach to
organisms that are already adhering (this stage is termed co-
aggregation); and finally

4. the division of the attached micro-organisms until growth is confluent
and a film is formed.

Each of these stages will now be described in more detail, but it should be
remembered that these divisions are artificial. Plaque formation is a
dynamic process; the adsorption, growth, removal and reattachment of
bacteria is a continuous process and so the structure of plaque will undergo
regular reorganization.

Bacteria rarely come into contact with clean enamel. Within seconds of a
tooth surface being cleaned, certain salivary polymers are selectively
adsorbed, forming the ‘acquired pellicle’. This pellicle is less than 1 um thick
and consists of various proteins (including proline-, tyrosine-, and histidine-
rich proteins), glycoproteins, lysozyme, amylase, immunoglobulins
(particularly IgA), and blood group reactive proteins. It is the outcome of
the interaction between these molecules and those on the bacterial surface
that determines whether an organism will attach. Bacteria also become
coated with polymers from saliva to increase still further the possible
number of interactions. However, the first stage in adherence is believed to
involve electrochemical forces. All surfaces in nature have an electrical
charge. Therefore as a bacterium approaches a surface it experiences both a
weak van der Waals attractive force and an electrostatic repulsive force. The
summation of these forces produces a theoretical area (known as the
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‘secondary minimum’) where a cell will experience a weak attraction
towards the surface. Depending on the ionic strength of saliva, this
secondary minimum will lie approximately 5-10 nm from the tooth surface.
While bacteria are held (reversibly) in this secondary minimum, the outer
layers of bacteria are able to (1) adsorb either non-specifically to the pellicle
or (2) interact specifically with receptors or polymers present in the pellicle.
This polymer bridging increases the probability of irreversible attachment
and it has been proposed that these molecules may span the distances over
which electrochemical forces apply, particularly if they are located on
surface appendages of bacteria such as fimbriae. Some of the specific
polymer interactions that have been recognized include:

lipoteichoic acid
or glucosyltransferase — blood group reactive proteins
antigen — antibody (particularly IgA)
protein receptor — lysozyme
glucosyltransferase — dextran/glucan

Only a few bacterial types are able to colonize a clean tooth surface. These
pioneer species are generally coccal-shaped and the majority are Neisseria
spp. or streptococci, and in particular S. sanguis. The synthesis of
neuraminidase IgA protease by the latter may aid its early colonization of
enamel. The surface never becomes saturated with adsorbed bacteria
(Figure 2.3a). Those that are present grow, forming microcolonies which
will eventually merge (Figure 2.3b). Salivary polymers will continue to be
adsorbed on to the bacteria already attached to the pellicle, and therefore
several of the adhesive mechanisms described above will continue to
operate. An important mechanism that aids plaque build-up and encourages
species diversity is the recently described phenomenon of coaggregation
between oral bacteria. Coaggregation can occur between:

1. Gram-positive species,
e.g. S. sanguis or and Actinomyces spp., or
S. mitis Bacterionema matruchotii
Propionibacterium acnes
2. Gram-negative species,

e.g. Bacteroides melaninogenicus and Fusobacterium nucleatum
3. Gram-positive and Gram-negative species,

e.g. Streptococcus spp. or and Bacteroides spp.
Actinomyces spp. Capnocytophaga spp.
F. nucleatum
Eikenella corrodens
Veillonella sp.
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(a) (b)

(c) (d)

Figure 2.3 Scanning electron micrographs of developing plaque showing (a) microcolony
formation during colonization, (b) the complexity of plaque when growth is confluent and a
complete microbial film is formed, (c) a section of plaque showing a microcolony type of
substructure, and (d) ‘corn-cob’ formation. These photographs were kindly provided by Alan
Saxton (Unilever Research)

Coaggregation involves lectins; lectins are carbohydrate-binding proteins
that interact with the complementary carbohydrate-containing receptor on
another cell. Thus the lectin-mediated interaction between streptococci and
actinomyces can be blocked by adding galactose or lactose or by treating the
receptor with a protease. Another important factor in plaque development
is the synthesis of extracellular polysaccharides by streptococci. The water-
insoluble glucans, and in particular mutan, make an important contribution
to the structural integrity of plaque. Also, they are believed to localize acidic
fermentation products which may encourage demineralization. As the
microcolonies of attached bacteria grow and merge, a film of micro-
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organisms is formed and the environment is modified. The metabolism of
the early colonizers, together with the development of gradients in plaque,
creates conditions with a lower redox potential which are therefore more
suited to obligate anaerobes. Growth rates of bacteria are faster during the
early stages of colonization; mean generation times of approximately 2
hours have been measured in studies of animals. As the coverage of the
surface becomes confluent, so the mean generation times become longer,
and in established plaque bacterial doubling times of 24 hours have been
recorded. During the early stages of plaque development, few rod-shaped
bacteria are seen, although Rothia, actinomyces and lactobacilli have been
isolated. After several days, anaerobes including Veillonella spp. appear
more frequently and eventually filamentous bacteria become predominant
on microscopic evidence, although they appear to be present in much lower
numbers when cultured. Accumulation of the bacteria continues until a
critical size is reached and sheer forces limit further expansion. Electron
microscopy of mature plaque has shown that both a heterogeneous and a
colony type of substructure exists. Pallisades of filaments at right angles to
the enamel surface can be seen, as can microcolonies of apparently single
species (Figure 2.3c). The structure of plaque varies from site to site. A
vertical stratification can be seen on smooth surfaces: the early stages of
colonization result in a condensed layer of a limited number of bacterial
types, while a bulk layer shows less orientation but a higher species diversity.
Impacted food particles can be seen in fissures; there is also little evidence of
pallisading. In the gingival crevice and periodontal pocket a loose layer is
found over the surface of a condensed layer. Many bacterial associations
have been observed in these ‘loose layers’, of which the most common is the
attachment of coccal cells to one end of a filamentous cell (Figure 2.3d).
These associations have been termed ‘corn-cobs’ and the components are B.
matruchotii and a particular subgroup of S. sanguis which have tufts of fibrils
on one part of their surface; similar associations also occur between
Eubacterium sabbuream and V. alkalescens. The predominant bacterial
types found on sound enamel at different sites on the tooth surface will now
be described in detail.

BACTERIAL COMPOSITION OF PLAQUE AT DIFFERENT SITES OF
THE TOOTH SURFACE

The main factors affecting the distribution of bacteria on the tooth surface
are:

1. The affinity of an organism for a site. Certain streptococci have a
predilection for saliva-coated enamel because of the specific
molecular interactions described previously.

2. The redox potential of a site. Obligately anaerobic bacteria will be
limited to those sites with a low Eh. Such conditions exist in the
deeper layers of plaque, particularly in the gingival crevice and at
approximal surfaces.
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3. The provision of essential nutrients. Many of the more fastidious oral
bacteria are dependent on the provision of nutrients (particularly
peptides and amino acids) and growth factors (vitamins and haemin)
by crevicular fluid. The gingival crevice is therefore able to satisfy the
nutritional demands of certain bacteria that could not survive
elsewhere in the mouth.

From the above, it is not surprising that the predominant cultivable flora
from fissures, approximal surfaces and the gingival crevice are different, or
that variations occur in the flora at a particular site in different individuals.
The microbiology of fissure plaque has been determined using either
‘artificial fissures’ implanted in occlusal surfaces of pre-existing restorations,
or by sampling ‘natural’ fissures. The flora is mainly Gram-positive and is
dominated by streptococci, and extracellular-polysaccharide producing
streptococci in particular. In one study no obligately-anaerobic Gram-
negative rods were found, although other anaerobes including Veillonella,
Arachnia and Propionibacterium were isolated in low numbers (Table 2.4).
Other studies have found Neisseria spp. and Haemophilus parainfluenzae on
occasions. A striking feature of the flora is the wide range of numbers and
types of bacteria in the different fissures. This suggests that the ecology of
each fissure might be different. The factors that determine the final
composition of the flora in fissures are not known, but the influence of saliva
at this site must be of great significance. The simpler community found in
fissures compared to other enamel surfaces probably reflects a more severe
environment, perhaps with a limited range of nutrients.

Table 2.4 The predominant cultivable flora of 10 occlusal fissures in adults

Bacterium Median percentage of Range Percentage isolation
total cultivable flora frequency

Streptococcus 44.9 7.9-86.3 100
Staphylococcus 8.5 0-23.0 80
Actinomyces 18.2 0-45.9 80
Arachnia 1.6 0-20.8 60
Propionibacterium 0.9 0-7.5 50
Eubacterium 0 0-27.1 10
Lactobacillus 0 0-28.6 20
Veillonella 33 0-44.4 60
Individual species:

S. mutans 24.7 0-86.3 70

S. sanguis 0.8 0-14.9 50
‘S. mitior’ 0 0-13.0 30

S. milleri 0 0- 3.2 10
A. naeslundii 33 044.3 70
A. viscosus 33 0-17.0 80
L. casei 0 0-9.8 10
L. plantarum 0 0-28.6 10
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The main organisms isolated from 58 samples of approximal plaque taken
from 10 subjects are shown in Table 2.5. Although streptococci are present
in high numbers, these sites are frequently dominated by Gram-positive
rods, particularly Actinomyces spp. The more reduced nature of this site
compared to that of fissures can be gauged from the higher recovery of
obligately anaerobic organisms. Again, the range and percentage isolation
frequency of most bacteria is high, suggesting that each site represents a
distinct ecological niche which should be looked at in isolation with regard to
the relationship between the resident flora and the clinical state of the
enamel.

Table 2.5 The predominant cultivable flora of approximal plaque

Bacterium Mean percentage of Range Percentage isolation
total cultivable flora frequency

Streptococcus 229 0.4-70.0 100

Gram-positive rods 42.1 4.0-81.0 100

(predominantly Actinomyces)

Gram-negative rods 7.8 0-66.0 93

(predominantly Bacteroides)

Neisseria 1.5 0-44.0 76

Veillonella 13.1 0-59.0 93

Fusobacterium 0.4 0- 5.4 55

Lactobacillus 0.5 0-1.9 24

Rothia 0.4 0-5.7 36

Individual species:

S. mutans 2.2 0-23.0 66

S. sanguis 5.9 0-64.0 86

S. salivarius 0.7 0- 7.0 54

S. milleri 0.5 0-33.0 45

A. israelii 16.5 0-78.0 72

A. viscosus/naeslundii 19.1 0-74.0 97

Viable counts were derived from 58 samples of approximal plaque from 10 schoolchildren

The variability of plaque has again been highlighted in a recent study in
which several small samples have been taken from different sites around the
contact area of teeth extracted for orthodontic purposes. An example is
shown in Table 2.6; at each approximal site the total numbers, as well as the
range and types, of bacteria vary, again emphasizing the need for accurate
sampling of discrete sites when attempting to correlate the composition of
plaque with disease.

An obviously distinct ecological climate is found in the gingival crevice.
This is reflected in the high species diversity of the bacterial community at
this site. Obligately anaerobic bacteria form a major part of the crevice flora
and spirochaetes are isolated almost exclusively from this region. In contrast
to the flora of fissures and approximal surfaces, the predominant bacteria in
the gingival crevice are obligately anaerobic and many are Gram-negative
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Table 2.6 The cultivable flora from three sites on the approximal surface of an extracted
tooth from a schoolchild

Viable count (colony-forming units)

Bacterium 0] ®

® Site 1 2 3
Total count 1.7 x 10* 6.8 x 10? 7.9 x 10°
Streptococcus 0 0 6.1 x 10°
Actinomyces 5.8 x 10? 0 1.8 x 10°
Neisseria 25 25 1.5 x 10*
Veillonella 0 0 6.5 x 10*
Capnocytophaga 0 0 1.3 x 10?
Haemophilus 1.7 x 10* 6.0 x 10? 0
Individual species:
S. mutans 0 0 3.7 x 10
S. sanguis 0 0 1.1 x 10°
S. mitior 0 0 1.0 x 10*
S. salivarius 0 0 1.8 x 10*
A. viscosus 5.8 x 10? 0 1.8 x 10°
A. naeslundii 0 0 6..5 x 10°
Gram-negative ‘spreading’ bacillus 0 + 0

Table 2.7 The predominant cultivable flora of the healthy gingival crevice of seven adults

Bacterium* Mean percentage Range Percentage
of total cultivable isolation
flora frequency

Gram-positive facultatively anaerobic

cocci (predominantly Streptococcus) 39.6 2.4-73.2 100
Gram-positive obligately anaerobic

cocci (predominantly Peptostreptococcus) 0.8 0- 5.6 14
Gram-positive facultatively anaerobic

rods (predominantly Actinomyces) 35.1 9.8-62.5 100
Gram-positive obligately anaerobic rods 9.5 0-36.6 86
Gram-negative facultatively anaerobic

cocci (predominantly Neisseria) 0.3 0- 1.8 14
Gram-negative obligately anaerobic

cocci (Veillonella) 2.0 0- 49 57
Gram-negative facultatively

anaerobic rods Not detected 0
Gram-negative obligately anaerobic rods 12.7 7.5-20.4 100

*Spirochaetes were not looked for in this study, but they have been found at this site using dark-
field microscopy techniques in other investigations
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(Table 2.7). In disease, the gingival crevice becomes a periodontal pocket;
the flora from these pockets is also complex and is predominantly Gram-
negative and will be described in detail in the following section. The
complexity of the flora from these sites is not only due to the low redox
potential (Eh) and the provision of essential nutrients by crevicular fluid,
but also because many of the indigenous bacteria are able to form food
chains. Thus, the products of metabolism of one organism become primary
sources of nutrients for another. Examples include the production of
isobutyrate and putrescine or spermine by Fusobacterium spp., and
succinate by Gram-positive rods, which are utilized by some spirochaetes.
Similarly, Fusobacterium and Bacteroides spp. provide hydrogen and
formate for the growth of vibrio-like organisms, while the metabolism of
black-pigmented Bacteroides is dependent on the synthesis of vitamin K by
other bacteria. Lactate, produced by a number of oral bacteria, can be
utilized by Veillonella sp. and Treponema oralis. The high pH (the pH of
deep pockets is pH 8.5) of the site will also favour certain bacteria including
B. gingivalis which have alkali-stable enzymes. The majority of
asaccharolytic bacteria found in the mouth are recovered from the gingival
crevice and periodontal pocket.

DENTAL PLAQUE AND DISEASE

Impetus for much of the work on oral microbiology has stemmed from the
finding of a relationship between the numbers and metabolism of certain
bacteria in plaque and the most prevalent diseases affecting industrialized
societies — namely, caries and periodontal diseases. As stated earlier, this
area of study has proved to be one of the most challenging in contemporary
microbiology, primarily because of the presence of a complex, normal flora
at sites of infection. The bacterial aetiology of these diseases will be
described in detail shortly, but it should be remembered that many plaque
bacteria can also act as opportunistic pathogens, particularly if they gain
entry to the blood stream. Bacteria can then be disemminated to other parts
of the body causing abscesses at a number of sites (including the brain, liver
and abdomen) and infective endocarditis in ‘at-risk’ subjects with damaged
or prosthetic heart valves. Most of the bacteria isolated from these infections
are sensitive to the antibiotics used in routine clinical practice. However,
low numbers of resistant bacteria (particularly penicillin-resistant
streptococci and Bacteroides spp.) are carried by many people, and
therefore the response of patients to antibiotic treatment should be carefully
monitored.

DENTAL CARIES

Dental caries has been defined as the localized destruction of the tissues of
the tooth by bacterial action. Cavities begin as small demineralized areas in
the enamel but commonly progress into the dentine or pulp, and it is now
believed that the bacterial flora changes as the lesion progresses through
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these tissues. Evidence for dental caries as an infectious disease will be
presented in the next chapter. In brief, studies using germ-free animals have
shown that caries only develops when animals fed on a cariogenic (high
sucrose) diet are infected with certain bacterial species. In these studies, S.
mutans has been shown to be the most cariogenic species, causing caries of
smooth surfaces as well as in pits and fissures in hamsters, gerbils, rats and
monkeys. Immunization of rodents and monkeys with whole cells or specific
antigens of S. mutans can lead to a reduction in the numbers of the organism
in plaque and a decrease in the number of carious lesions that develop
compared with sham-immunized animals. Other bacterial species can cause
caries when mono-infected in germ-free animals including S. sanguis, ‘S.
mitior’, S. milleri, S. salivarius, enterococci, Lactobacillus spp., A. viscosus
and A. naeslundii, although the cavities are usually restricted to fissures.

In humans the evidence for the involvement of bacteria in caries is
obviously indirect. Patients on long-term antibiotic therapy usually exhibit a
reduced caries experience, while the bacterial flora of a carious lesion is
usually different from that found on sound enamel. The difference that has
attracted most attention has been the finding that S. mutans is isolated more
commonly and in higher numbers from carious lesions. Thus a large number
of cross-sectional epidemiological studies around the world, on a number of
sites and surfaces, have demonstrated a positive correlation between the
presence of a carious lesion and an increase in the isolation frequency and
percentage viable count of S. mutans in the overlying plaque compared with
control sites on sound enamel. For example, in one particularly interesting
study several small samples of plaque were taken from a number of
individual incipient (‘white spot’) lesions and the percentage viable counts of
S. mutans were compared with those in a similar number of samples taken
from neighbouring, clinically sound enamel on the same tooth. The
proportions of S. mutans from carious areas were considerably higher than
those from the adjacent sound surface areas although, except at one site, the
percentage counts of S. mutans were low (Table 2.8). The bacteria making
up the remainder of the flora were not identified but would undoubtedly
include other streptococci and actinomyces which can make significant
concentrations of acid from carbohydrates. In studies of carious fissures,
higher levels of S. mutans have been recovered from carious sites. For
example, in one study, 71% of carious fissures had viable counts of §.
mutans of 10% or more of the total cultivable flora, whereas 70% of the
fissures that were caries-free at the time of sampling had no detectable S.
mutans. The collective evidence from this type of cross-sectional study has
been taken as proof by many that S. mutans is the sole pathogen in human
caries. However, cross-sectional studies do not allow cause-and-effect
relationships to be determined. It is possible that S. mutans may increase in
numbers in plaque only once a carious lesion has been initiated, perhaps in
response to a change in environmental conditions. Streptococcus mutans
grows well at low pH and the pH of a carious lesion is generally below pH 4.0
and can be as low as pH 3.2. Furthermore, the development of a carious
lesion is favoured by a high and regular intake of sucrose, and this has been
shown to lead to an increase in the proportions of S. mutans at a site while

33



IMMUNOLOGICAL ASPECTS OF ORAL DISEASES

other bacteria (e.g. S. sanguis) that are less tolerant of excess carbohydrate
and low pH values, are inhibited. Longitudinal epidemiological studies, in
which initially sound, but caries-susceptible, surfaces are monitored both
clinically and microbiologically for a fixed length of time, are the only way
that true cause-and-effect relationships between bacteria and disease can be
established. Several longitudinal surveys of fissures have demonstrated a
strong relationship between the presence of high levels of S. mutans (>20%
of the total cultivable flora) and the initiation of dental caries, while no
correlation between S. sanguis and caries was found. In one study, S. mutans
was only a minor component (0.1%) of plaque from five fissures that
became carious; however, counts of lactobacilli (bacteria also able to
tolerate low pH) were higher in these samples and it was concluded that
these were the causative organisms in these fissures. There was also a group
that remained caries-free during the study, but who had previously a high
caries experience; S. mutans comprised, on average, nearly 10% of the total
cultivable flora of these fissures over a 12-month period. Thus, although a
strong correlation between S. mutans and fissure decay was found, lesions
could develop in the apparent absence of significant numbers of this species,
while this species could persist in relatively high numbers for long periods
without caries developing.

Table 2.8 The percentage viable count of S. mutans from a ‘white spot’ lesion and from
adjacent sound enamel on the same tooth

Subject Mean percentage viable count of S. mutans Ratio
S. mutans ‘white spot’/
S. mutans sound

‘White spot’ lesion Sound enamel

enamel
1 1.30 0.03 43.3
2 0.01 0.002 5.0
3 0.06 0.002 30.0
4 0.06 0.02 3.0
5 0.8 0.01 80.0
6 63.2 0.5 126.4
7 1.4 0.2 7.0
8 0.2 0.07 0.3

Note: The viable counts are the mean value of several sites in the ‘white spot’ lesion apd an
equal number of sites on neighbouring sound enamel. Eight subjects were studied

The results of longitudinal surveys of approximal surfaces have proved
equivocal. This may be due to difficulties of repeated, accurate sampling of
the same site, problems of diagnosing the early lesion by radiographs, or it
may mean that the aetiology of the initiation of approximal caries is less
clear-cut than that of fissures. It should be remembered that fissures have a
higher ‘natural’ concentration of S. mutans and are more streptococcal-
dominated than approximal surfaces. No clear relationship between the
presence of S. mutans, or any other organism, and caries initiation at
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approximal sites was found in a major study of English school-children.
Indeed, it appeared that the isolation frequency and mean percentage viable
count of S. mutans rose after, rather than before, the first radiographic
diagnosis of a carious lesion. Frequently where this increase occurred, these
lesions continued to progress through the enamel; increases in the number
of lactobacilli at these sites were also common. This finding was in
agreement with a study of Dutch army recruits in which the prevalence of S.
mutans also correlated strongly with the clinical progression of a lesion.
Caries progression occurred at 14 out of 55 sites; S. mutans was in excess of
5% of the total cultivable flora at 71% of these surfaces, while this species
could not be detected on 51% of the tooth surfaces without caries
progression. However, it is noteworthy that in both of these longitudinal
studies of approximal caries, a small number of surfaces developed caries in
the absence of detectable S. mutans, while S. mutans persisted in high
numbers at sites that remained caries-free during the study.

Table 2.9 Percentage viable count and isolation frequency of bacteria recovered from
progressive and non-progressive incipient carious lesions, and from sound, approximal enamel
surfaces

Bacterium Progressive lesion ~ Non-progressive lesion Sound enamel
(n=14) (n=18) (n = 32)

Percentage Isolation Percentage Isolation Percentage Isolation
viable  frequency*  viable  frequency  viable  frequency

count* count count
S. mutans 9.7 100 33 75 6.6 75
‘S. mitior’ 3.9 50 5.4 100 3.6 67
S. sanguis 6.1 100 8.5 87 6.4 100
S. salivarius 5.7 100 6.3 100 8.5 100
A. viscosus 28.9 100 32.8 100 323 100
A. naeslundii 0.3 50 45 50 2.3 80
A. odontolyticus 0.8 50 0 0 0 0
Lactobacillus spp. 0.7 75 0 0 0 0
V. alkalescens 10.6 100 8.9 100 9.4 100

*32 lesions from 22 children (aged 4-9 years) were diagnosed as incipient; 14 of the lesions
progressed to a point requiring restoration; between 3 and 8 samples were taken from each site
— the counts and isolation frequencies represent median values

One theory that emerged from these studies was that the flora associated
with caries progression might differ from that associated with initiation. This
theory has recently been tested in a study of incipient approximal lesions in
Canada. Radiographically diagnosed lesions and control, sound surfaces
were sampled microbiologically at regular intervals for 12 months. The flora
associated with lesions that progressed to the point of requiring restoration
were compared with that of non-progressive lesions and of control surfaces
which, where possible, were the contralateral site in the same child (Table
2.9). Statistically positive correlations with progression were found with S.
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mutans, Lactobacillus spp., A. odontolyticus and V. alkalescens, while S.
mitior’, A. naeslundii and A. viscosus had negative associations. It was
particularly striking that A. odontolyticus and Lactobacillus spp. were only
found at sites where lesion progression occurred. These findings suggest that
microbiology could prove a valuable adjunct to clinical diagnosis,
particularly as radiographs were relatively insensitive in this respect —
restoration of ‘white spots’ need only be contemplated when either or both
of these bacteria are detected.

There have been some recent studies of nursing caries and of root surface
caries. The upper anterior teeth of children with nursing caries were found
to be heavily colonized by S. mutans and lactobacilli (particularly L.
fermentum and L. plantarum) compared to control sites in the same mouth;
V. alkalescens was also present in large numbers at diseased sites and it was
considered that the presence of these bacteria might reflect environments
with high concentrations of lactic acid. Early cross-sectional studies of root
surface caries found high numbers (around 40% of the total cultivable flora)
of A. viscosus in the plaque overlying lesions. In a recent longitudinal study
the compositions of the flora from diseased sites were not statistically
different from control sites and, in all sites, the flora was highly variable with
time. Interestingly, A. naeslundii was isolated far less frequently than A.
viscosus and was more associated with root surface health than disease.
Also, the isolation of S. mutans and lactobacilli together from a site was a
strong indicator of root surfaces at risk of decay, even though both bacteria
were usually only minor components of the plaque flora.

In conclusion, bacterial species such as S. mutans and lactobacilli are more
commonly associated with caries than with sound enamel. However, this
association is not unique and, in a small number of cases, caries can occur in
the absence of S. mutans, while S. mutans can sometimes persist in relatively
high numbers without any apparent demineralization. This is not, perhaps,
surprising when one considers the properties of bacteria that are associated
with cariogenicity (Table 2.10). Many of these attributes are not unique to S.
mutans or lactobacilli, with perhaps the exception of their acid tolerance.
Although many bacteria may be able to lower the pH to below the ‘critical
pH’ for enamel demineralization, the host may be able to cope and maintain
the integrity of enamel through remineralization. However, if the diet
changes and the frequency of sugar consumption is increased, then the pHin
plaque will be lowered more often and aciduric (acid-tolerating) bacteria
will be at a competitive advantage and thrive at the expense of other
organisms. This shift in the composition of the flora could tip the balance in
favour of demineralization. Just such a trend has been observed during in
vitro studies of mixed cultures grown for several weeks in a chemostat.
When the pH was lowered from 7.0 to 4.1 the proportions of S. mutans, L.
casei and V. alkalescens rose; the glycolytic activity and the concentration of
lactic acid produced by the community increased; while amino acid
metabolism (and base production) was suppressed. Bacterial interactions
can also modulate the cariogenicity of an organism. It has been
demonstrated in gnotobiotic rats that Veillonella can form a food chain with
streptococci by utilizing their lactic acid, converting it to the weaker acids
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acetic and propionic, and thereby reducing the number of carious lesions per
animal. Also, other bacteria, particularly some of the Gram-negative
anaerobes found in approximal plaque, can catabolize amino acids, urea and
peptides and in doing so generate ammonia and other basic compounds. The
importance of these reactions in plaque ecology should not be overlooked. It
has been argued by some that caries results not so much from an over-
production of acid but more from a deficiency of base production by plaque
bacteria. Thus caries development will depend on the outcome of the
interaction of diet, the plaque microbial community and host. It is not
surprising, therefore, that direct correlations between single bacterial
species and caries initiation are not always found.

Table 2.10 Properties of cariogenic bacteria

Property Comment

Extracellular polysaccharide Insoluble polymers are involved in plaque formation and
production from sucrose may limit diffusion of acidic fermentation products
Intracellular polysaccharide Enables bacteria to make acid in the absence of exogenous
production carbohydrates

Rapid sugar transport Sugar phosphotransferase uptake systems enable bacteria

to scavenge for low concentrations of carbohydrates; under
such conditions sugar transport and subsequent glycolysis is
rapid

Acid production The rate and type of acid formed are markedly influenced
by environmental conditions

Acid tolerance Although many plaque bacteria can produce a low
environmental pH, few organisms are able to metabolize
and grow under such conditions

PERIODONTAL DISEASES

The microbiology of periodontal diseases has undergone a reformation in
recent years as a result of improvements in (a) sampling techniques, and (b)
the taxonomy and identification of the isolates. Several distinct periodontal
diseases are now recognized, and as more sophisticated and biochemical
approaches are adopted in clinical diagnosis then groups of patients with
more specific forms of disease will emerge. Evidence that bacteria are
involved in periodontal diseases has come from gnotobiotic animal studies.
Germ-free animals rarely suffer from periodontal disease although, on
occasions, impacted food in the gingival crevice can give rise to an
inflammatory response. However, when certain bacteria, particularly those
isolated from human periodontal pockets, are used to infect these animals
then inflammation is much more common and severe. These bacteria are
predominantly Gram-negative (Campylobacter, Actinobacillus, Eikenella,
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Bacteroides, Selenomonas, Capnocytophaga, Fusobacterium) although
some streptococci and actinomyces can also be pathogenic in these animal
models. Furthermore, when antibiotics active against these bacteria are
administered to the infected animal, progression of the disease is arrested.
In man, the evidence has come mainly from cross-sectional epidemiological
studies (longitudinal surveys are not usually possible because of the chronic
nature of the disease and the difficulties in predicting sites likely to become
infected) and from the results of plaque-control studies. The bacteriology of
the major types of periodontal disease will be described in the following
sections; for simplicity it will be possible to describe only the principal
organisms that have been implicated.

Gingivitis

Chronic marginal gingivitis is a non-specific inflammatory response to
dental plaque involving the gingival margins. Many regard gingivitis as
resulting from a non-specific proliferation of the normal gingival crevice
flora due to poor oral hygiene. Certainly the total plaque mass increases,
and this is associated with a marked increase in the numbers of facultatively
anaerobic Gram-negative rods (these are mainly Haemophilus
parainfluenzae and were not detected in one study of the healthy crevice,
Table 2.7) and obligately anaerobic Gram-negative rods (including
Fusobacterium spp. and asaccharolytic Bacteroides spp.); Actinomyces spp.
also increase in proportions in gingivitis. However, results from one
longitudinal study suggested that a more specific relationship might exist
between certain bacteria (A. viscosus and black-pigmented Bacteroides) and
cases of gingivitis that are associated with bleeding. In another longitudinal
study of experimental gingivitis in four adult volunteers, in which the most
comprehensive bacteriological analysis of plaque to date has been
performed, 166 distinct bacterial groups (taxa) were detected. Of these, 73
taxa showed a positive correlation to gingivitis, 29 were negatively
correlated while the remainder either showed no correlation or were
regarded as being present as a result of gingivitis. The flora from different
individuals was extremely variable, although certain trends did emerge. The
flora became more diverse with time as gingivitis developed and progressed,
and the most likely aetiological agents were A. naeslundii, A. odontolyticus,
F. nucleatum, an unknown lactobacillus species, Streptococcus anginosus
(similar to S. milleri), V. alkalescens and a non-typable Treponema sp. It is
again interesting to note that the numbers and types of bacteria present
appear to change with disease progression. The effect of bleeding on the
composition of the flora is of great interest as the black-pigmented
Bacteroides spp. require haemin for growth, and this can be obtained from
the enzymic hydrolysis of blood proteins. The plaque micro-organisms do
not invade the gingival tissues. Inflammation is induced by bacterial cell
surface components and diffusible metabolic products. The nature of these
toxic components will be discussed in a later section. There is also an
exaggerated form of gingivitis that is associated with pregnancy, puberty,
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menstruation, stress, and the use of oral contraceptives. The factors
responsible for gingivitis in pregnancy have been studied in detail. The
composition of the sub-gingival flora fluctuates during pregnancy, and
during the second trimester the proportions of B. intermedius increase
significantly. Steroid hormones can be detected in crevicular fluid and,
following laboratory studies, the rise in numbers of B. intermedius was
attributed to the preferential ability of this species to metabolize
progesterone and oestradiol; both hormones were able to replace the
growth requirement for vitamin K by this species.

Chronic periodontitis

Chronic periodontitis is an inflammatory disease of the supporting tissues of
the teeth. It can be distinguished from gingivitis in that not only are the
gingivae involved but also the alveolar bone and the periodontal fibres. The
nature of the stimuli that lead to chronic periodontitis is at present unknown
but a subtle interaction between the bacteria, their products and the host
defences is involved. Gingivitis is probably a precursor of chronic
periodontitis but not all sites with gingivitis progress to more severe forms of
periodontal disease. Bacteria believed to be implicated in periodontitis are
located at the base of the pocket and, as discussed earlier, one of the major
problems is to sample this area without recovering bacteria from other parts
of the pocket. A number of studies have compared the flora of the healthy
gingival crevice with diseased sites in the same mouth. Two general
approaches have been adopted. The first attempts to analyse the whole of
the pocket flora; the problems associated with identifying some of the
bacteria together with the labour-intensive nature of plaque processing
(Figure 2.1) means that only a small number of patients can be studied.
Frequently, wide variations in the composition of the flora are found
between different individuals with apparently the same clinical condition.
The second approach, which is also the more common, screens plaque for
the presence of only a few key bacteria, although this means that a larger
number of samples and patients can be examined.

There is general agreement from studies using both approaches that the
pocket flora is complex and is composed mainly of obligately anaerobic
Gram-negative rod-shaped and filamentous bacteria, many of which are
asaccharolytic (i.e. cannot make acid from sugars) and proteolytic, using
amino acids and peptides as carbon and energy sources. However, the
problems associated with this type of research, and which were alluded to
above, have meant that there are confusing and contradictory reports in the
literature concerning the actual micro-organisms present, and many
clinically similar pockets have markedly dissimilar floras. For example, in a
study of ‘early periodontitis’, peptostreptococci predominated in one pocket
while black-pigmented Bacteroides spp. and A. israelii were recovered in
large numbers from another. Dark-field microscopy has shown that many of
the bacteria in plaque from patients with periodontitis are motile, and that
spirochaetes can be present in large numbers. Indeed, for a long time it was
believed that the numbers of these bacteria correlated with the severity of
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the disease process, but this association is now less clear. Improvements in
sample collection and processing have resulted in the culturing and
identification of some of these motile organisms, and species such as
Wolinella recta and Selenomonas sputigena have been found more
commonly and in higher numbers at diseased sites. Other studies have found
a wide range of Fusobacterium spp., e.g. F. nucleatum, and Bacteroides,
including pigmented and non-pigmented species. Cluster analysis of the
complex microbiological data from pockets has shown that different
groupings of a limited number of bacteria may be associated with particular
stages or forms of periodontal disease. In some instances distinct groups of
micro-organisms could produce a similar pathological response. Examples
of these groupings include B. intermedius, E. corrodens, F. nucleatum,
‘fusiform’-Bacteroides and Actinomyces spp. from ‘minimally inflamed’
periodontitis, while F. nucleatum, B. gingivalis, W. recta, ‘fusiform’-
Bacteroides and Peptostreptococcus sp. were found in different proportions
in more severe cases of periodontitis (Table 2.11).

Table 2.11 Clusters of bacteria that were associated with periodontitis in man

Percentage viable count (median value)
Bacterium

Cluster  I* 2 3

N
(9

A. actinomycetemcomitans
Actinomyces sp.

B. intermedius

B. gingivalis

‘Fusiform’ Bacteroides

E. corrodens

F. nucleatum
Peptostreptococcus sp.

W. recta

—
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*Cluster 1 = “minimally inflamed” periodontitis;
clusters'2-5 = more advanced forms of periodontitis

The complexity and variability of the pocket flora can be further gauged
from a recent comprehensive study of plaque from 38 sites in 22 subjects
diagnosed as having ‘moderate periodontitis”; 171 different bacterial taxa
were recognized, of which only 22 bacteria and 5 types of treponeme were
considered to be possible causative agents. Among the bacteria implicated
in disease were F. nucleatum, Peptostreptococcus spp., six species of
Eubacterium, W. recta, Lactobacillus spp., Actinomyces spp., B. gingivalis,
B. intermedius, Selenomonas sputigena and Staphylococcus epidermidis,
although many were present in very low proportions.

After considering the results of the studies outlined above, the following
points can be made:
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1. Chronic periodontitis results from the activity of mixed cultures
(consortia) of predominantly obligately anaerobic Gram-negative
bacteria.

2. The compositions of these consortia vary with the depth of the pocket

and with the severity of the disease. However, until the criteria are
standardized for the nomenclature of the different forms of
periodontitis (i.e. ‘early’, ‘moderate’, ‘advanced’) it will be difficult
to compare and interpret the results from different studies. Also it is
now realized that destructive periodontal disease does not occur at a
slow, continuous rate but progresses in bursts by recurrent acute
episodes. Until methods are available to confirm whether a pocket is
in an ‘active’ or ‘inactive’ phase it will again be difficult to make
accurate assessments of the role of specific bacteria in disease.

3. The composition of the flora varies markedly between studies. This
might be due to differences in: (a) the plaque sampling or processing
techniques, or in the levels of detection of key organisms due to the
methods adopted; (b) the precise form of chronic periodontitis under
investigation.

The flora also varies widely within a study. This might be due to (a)
lack of precision in diagnosing disease, (b) lack of precision in
sampling individual pockets, (c) pockets being sampled during both
active and inactive phases.

4. Alternatively, different combinations of bacteria might give rise to
similar pathological states, although it should be remembered that in
cross-sectiona: studies it is difficult to distinguish between those
bacteria that are responsible for disease and those which proliferate
as a result of it. The concept of microbial specificity in terms of the
aetiology of periodontitis need not be discounted; it should be
redefined to include the role of consortia of bacteria in disease.

Juvenile periodontitis (periodontosis)

This is a rare condition that usually affects adolescents; it can have both a
localized (restricted to the first permanent molars and the incisor teeth) or a
generalized pattern of destruction. In contrast to chronic periodontitis, the
plaque associated with localized juvenile periodontitis is sparse, containing
few bacteria (approximately 10° colony-forming units per pocket) which are
restricted to only a limited number of species. These bacteria are usually
saccharolytic Gram-negative rods; in many early studies the predominant
bacteria were not obligate anaerobes although they did require CO, for
growth. The organisms found most consistently were Capnocytophaga spp.
and A. actinomycetemcomitans. Both bacteria can produce a range of
enzymes capable of destroying periodontal tissues but the most noticeable
feature is the production of a powerful leukotoxin by A.
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actinomycetemcomitans, enabling it to avoid one of the most important host
defence systems in the periodontal pocket. These patients are also believed
to have an impaired immune defence system. Mycoplasmas have been seen
in immunocytological studies of patients with localized juvenile
periodontitis, and they were also implicated, together with spirochaetes and
a number of bacteria, in a recent bacteriological study. The role of
Capnocytophaga spp. in juvenile periodontitis is now being questioned,
several studies have found these bacteria in higher numbers in the flora of
the healthy gingiva.

In one study of severe generalized periodontitis in 21 young adults, two
unclassified Treponema species were closely associated with disease as were
a number of bacteria including F. nucleatum, seven species of Eubacterium,
lactobacilli, Peptostreptococcus sp., B. intermedius and Selenomonas spp.
The precise role of these bacteria in disease has yet to be determined.

Acute ulcerative gingivitis

This disease is characterized by the formation of grey pseudomembranes on
the gingivae which can easily slough off revealing an area of bleeding
underneath. When smears are examined microscopically, spirochaetes can
be seen as can Gram-negative filamentous bacteria. These bacteria were
believed to be fusobacteria but a recent study of 22 ulcerative sites in eight
patients has shown that these bacteria may also be B. intermedius;
Selenomonas spp. and A. odontolyticus may also be involved in disease.

Only in the later stages of periodontitis, or in the more aggressive diseases
such as juvenile periodontitis and acute ulcerative gingivitis, are bacteria
found invading the tissues. These bacteria have been detected using
scanning and transmission electron microscopy of sections of tissue and, on
occasions, immunocytological techniques have been used to identify the
invading organisms. In localized juvenile periodontitis, spirochaetes,
mycoplasmas, A. actinomycetemcomitans and Capnocytophaga sputigena
have been found in the periodontium, while a range of morphological types
of Gram-positive and Gram-negative bacteria have been recognized in
tissues in patients with advanced periodontitis.

VIRULENCE FACTORS IN PERIODONTAL DISEASES

Except in severe forms of periodontal disease, bacteria do not invade host
tissues. Tissue damage is therefore mainly a result of enzymes and
cytotoxins produced by plaque bacteria, and a damaging host inflammatory
response to bacterial antigens and products. It should be remembered that
although phagocytic cells play an important protective role in the defence of
the pocket, the release of lysosomal enzymes will inevitably lead to the
damage of epithelial cells. Virulence factors of periodontal pathogens are
therefore related to:
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1. enzymes and cytotoxins causing direct damage to host cells,

2. bacterial products that enable them to evade or modulate the host
defences, and

3. bacterial components that cause indirect damage to host cells by
activating or enhancing an inflammatory response (Table 2.12).

Table 2.12 Bacterial virulence factors implicated in periodontal disease

1. Substances causing inflammation

Polypeptides Polysaccharides
Lipopolysaccharides

2. Substances causing tissue damage
Trypsin-like enzyme Phospholipase A
Collagenase Acid and alkaline phosphatases
Hyaluronidase Butyric and propionic acids
Chondroitin sulphatase Indole
Lipoteichoic. acid Ammonia
Lipopolysaccharide Volatile sulphur compounds

Capsule-induced bone resorption

3. Substances modulating the host defences

Capsules Proteases degrading:
Leukotoxin Complement (Cs)
Polymorph-inactivating factors Iron-binding proteins
Immunoglobulin-specific proteases Proteinase inhibitors

Black-pigmented Bacteroides spp., Capnocytophaga spp. and A.
actinomycetemcomitans can produce a number of enzymes that can destroy
the integrity of the periodontal tissues; these include collagenase,
hyaluronidase, and chondroitin sulphatase. Some bacteria also produce acid
and alkaline phosphatases, which may be involved in alveolar bone
breakdown, while phospholipase-A may produce prostaglandin precursors
and so initiate prostaglandin-mediated bone resorption. These proteolytic
enzymes, by reducing tissue integrity, facilitate the diffusion of cytotoxic
substances such as indole, ammonia, butyric and propionic acids. Volatile
sulphur compounds can also increase the permeability of the oral mucosa
and inhibit protein synthesis. Bacteroides gingivalis has been shown to be
more proteolytic than other species, and its potential virulence can be
gauged from laboratory studies where it is the only species that, when
injected in pure culture into mice, produces acute, rapidly spreading
infections whereas other black-pigmented Bacteroides spp. produce only
small, localized abscesses at the sites of inoculation.

Neutrophils, in association with specific antibodies against plaque
bacteria, play a major protective role in the pocket. Therefore bacterial
factors that interfere with these processes, or which enable organisms to
evade the host defences, must make a significant contribution to the
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pathogenicity of these bacteria. Pathogenic black-pigmented Bacteroides
spp. reduce the chemotaxis of polymorphs by (a) producing capsular
material which can mask the chemotactic lipopolysaccharides (endotoxin) in
their outer membranes, or (b) synthesizing as yet uncharacterized products
which are themselves non-chemotactic but which compete for and block
chemotactic receptors on polymorphs. Capnocytophaga spp. also elicit
products that impair polymorph function, but by mechanisms distinct from
those described above. Bacterial capsules have other properties too; in B.
gingivalis the presence of a capsule correlates with a resistance to
phagocytosis while capsular material derived from A. actino-
mycetemcomitans is a potent stimulator of bone resorption in vitro, being
active at concentrations 1000-fold lower than purified lipopolysaccharides
from the same organism. Antibodies against pocket bacteria might also
protect the host by inhibiting the attachment of cells to host tissues, by
exerting bactericidal or opsonizing effects, or by neutralizing toxins or
enzymes. However, most black-pigmented  Bacteroides and
Capnocytophaga spp. produce IgAl, IgA2 and IgG proteases which will
interfere with the protective actions of antibodies in vivo. Virulent strains of
A. actinomycetemcomitans produce a powerful leukotoxin which primarily
affects polymorphs, and to a lesser extent monocytes. It was found that 55%
of isolates from localized juvenile periodontitis patients produced a
leukotoxin compared with only 16% of strains from healthy sites. Also,
serum anti-leukotoxin antibodies were detected in 94% of patients with
disease but in only 19% of control subiects.

Other factors that can contribute to the severity of disease include a range
of surface antigens that can produce an inflammatory response. These
include lipoteichoic acid, polysaccharides and lipopolysaccharides
(endotoxin). Lipopolysaccharides (LPS) from pocket bacteria can vary
greatly in chemical composition and biological activity, although most will
cause bone resorption in laboratory tests. The importance of lipo-
polysaccharides in disease is not clear since, in some pathogens, molecules
that are more biologically active may actually mask LPS. Recently it has
been shown that B. gingivalis has proteolytic enzymes that can inactivate
proteinase inhibitors and pro-enzymes present in human plasma that enable
the host to initiate and regulate the inflammatory response. It is not known
yet whether other pocket bacteria have similar properties.

Another feature of the pathogenicity of black-pigmented Bacteroides spp.
relates to their ability to degrade iron-binding proteins found in serum and
hence crevicular fluid. These bacteria require haemin for growth; B.
gingivalis is the most efficient species in the laboratory at degrading haeme-
containing plasma proteins such as haptoglobin, haemopexin, transferrin,
lactoferrin and albumin. The virulence of B. gingivalis in mice has been
shown to be related to the availability of haemin in the original growth
medium of the cells.

In summary, many bacteria implicated in the aetiology of periodontal
diseases produce a wide range of factors that directly or indirectly damage
host tissues and enable the organisms to modulate the host defences.
Probably, no single species produces all of these factors at optimum
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concentrations. This may be one of the reasons, therefore, why consortia of
bacteria are associated with most forms of periodontal disease (e.g. see
Table 2.11). It may be that the combined actions of several bacteria are
necessary to overcome the host defences, enabling other bacteria to multiply
and produce toxins and enzymes which destroy gingival tissues resulting in
the products of an even wider range of bacteria gaining access to underlying
tissues. This is known as pathogenic synergism, and has been recognized in a
number of other infections of man and animals.

FUTURE ROLE OF MICROBIOLOGY IN DIAGNOSIS OF PLAQUE-
MEDIATED DISEASES

The key to the effective management of infectious diseases, including those
mediated by dental plaque, is early diagnosis and appropriate therapeutic
intervention. The preceding sections have shown that the plaque microflora
associated with caries and periodontal diseases is complex, and often
consortia of bacteria are implicated. The composition of these consortia can
vary markedly between individuals and with the severity and type of disease.
In periodontal disease, many of the key bacteria are slow-growing or are
difficult to cultivate and identify. Is it possible, therefore, to use any of the
above microbiological information in the clinic:

1. to identify susceptible sites or patients,

2. as a diagnostic aid to assess the success or failure of therapy,
particularly in periodontal disease?

In Sweden, the levels of S. mutans and/or lactobacilli in the saliva of
schoolchildren are monitored regularly. High carriage rates of either
organism are considered to indicate a high caries risk for the individual.
Preventive measures applied to these children can reduce selectively the
numbers of S. mutans leading to a subsequent reduction in caries incidence.
These preventive measures include professional tooth cleaning and oral
hygiene instruction, dietary counselling, and the application of
antimicrobial substances such as fluoride and/or chlorhexidine. This type of
programme has also been applied to mothers with young babies. When
salivary counts of S. mutans were reduced in heavily infected mothers, there
was a significant reduction in the incidence of its transmission from mother
to baby, resulting in a delay in both the acquisition of this species and the
time of the appearance of the first carious lesion.

It has already been shown that it may be possible to predict the
progression of incipient lesions merely on the basis of the presence of
lactobacilli or A. odontolyticus at a site (Table 2.9). A similar approach has
been made to assess treatment efficacy in periodontal disease. In a pioneer
study the presence of B. gingivalis, B. intermedius, spirochaetes and motile
rods in sub-gingival plaque samples was related to post-treatment
periodontal disease activity in 20 adults with moderate-to-severe
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periodontitis. To simplify the techniques involved, plaque was obtained
using paper points and was dispersed using vortex mixing; B. gingivalis and
B. intermedius were identified by indirect immunofluorescence, while the
spirochaetes and motile rods were detected by phase contrast microscopy. It
was found that the presence of B. gingivalis and spirochaetes at sites
correlated strongly with continued loss of periodontal attachment; no
associations were found with motile rods or B. intermedius. However, these
bacteria were not detected at several active lesions and so treatment
decisions based solely on the absence of these organisms could result in the
omission of necessary therapy. It was concluded, though, that treatment
should be continued as long as B. gingivalis and spirochaetes are detectable
in samples of sub-gingival plaque.

These studies suggest that, in the future, it may be possible to use the
presence of selected key bacteria in plaque as diagnostic predictors of sites at
risk of further disease activity. However, before such a possibility becomes
reality, it will be necessary to refine clinical diagnostic methods and to
determine the role of a wider range of plaque bacteria in disease.
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3
Dental Caries in Humans and Animal
Models

S. J. CHALLACOMBE

Introduction

Dental caries is one of the most prevalant diseases of man. In spite of recent
reductions in the rate of decay in Western societies, the prevalence of caries
in developed countries remains at greater than 95% of the population.
Caries is still increasing in the developing countries. Thus for practical
purposes it can be considered as ubiquitous in developed countries. The cost
of treatment of dental disease is probably the most expensive of bacterial
infections and it also results in considerable loss of time and productivity.

Dental caries may be defined as the localized destruction of tooth tissue by
bacterial action. Dissolution of the hydroxyapatite crystals seems to precede
the loss of organic components of both enamel and dentine, and this
demineralization is thought to be caused by acids resulting from the bacterial
fermentation of dietary carbohydrates. It is important to note that not all
surfaces of tooth are equally afflicted, and that areas which are protected
from cleansing, such as the fissures and areas between the teeth, are much
more susceptible to decay.

The concept of immunity to caries depends on the demonstration that
caries is a bacterial infection. Although vaccination against dental caries was
attempted in the 1930s, the real impetus for development of vaccination
against caries came with the demonstration, using germ-free animals, that
caries could not occur in the absence of bacteria, and that specific bacteria
were needed. No amount of refined carbohydrate would produce caries in
the absence of bacteria. These early experiments established caries as an
infective disease, and are discussed in further detail below.

With regard to host defences, the tooth sits in a unique position between
the secretory immune system and the systemic immune system (see Chapter
1). The majority of the tooth surface would seem to be accessible to saliva,
though the most caries-susceptible sites around the gingival margin and
between the teeth (approximally) are bathed in crevicular fluid which is
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derived from serum (Figure 3.1). Thus either serum or salivary antibodies
could play a role in protection against caries, and both these mechanisms
have been examined for natural immunity in man, and for the protective
effects in vaccination experiments in animal models. It is possible that, to
achieve 100% protection by immunological methods, effective induction of
antibodies in both serum and salivary systems would be necessary.

This chapter examines the microbiological basis of caries in man and in
animals, on which immunity is based. The evidence for any natural
immunity in man, and the possible role of serum or salivary antibodies, is
examined, as well as models of immunization against caries in animals.
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Figure 3.1 Relationship of secretory and systemic immune systems to the tooth surface. The
crevicular domain is the area of the tooth exposed predominantly to serum antibodies via the
gingivalcrevice, and the salivary domain the area exposed predominantly to salivary antibodies

The concept of dental caries as an infective disease

The concept of vaccination against caries depends on the disease being
shown to be a specific bacterial infection rather than a non-specific infection.
This evidence can be derived like any other infectious disease by applying
Koch’s postulates (Table 3.1) which essentially examine the association of
bacteria with caries in man and extends this to examining the cariogenic
potential of specific bacteria in animal models. Thus for an organism to be
realistically considered to be cariogenic, it must both be associated with
caries in man and be able to produce caries in animal models.
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Table 3.1 Koch’s postulates

The micro-organism must be present in every case of the disease

The micro-organism must be isolated from the diseased host and grown in pure culture
The specific disease must be reproduced when a pure culture of the organism is inoculated
into a healthy susceptible host

4. The micro-organism must be recovered from the experimentally infected host

5. Under normal circumstances the micro-organism induces a rise in specific antibodies

bl S

Note: The fifth postulate has been added some time after Koch, but is used in diagnosis of
disease

ESTABLISHMENT OF DENTAL CARIES AS AN INFECTIVE DISEASE
Association of bacteria with caries in humans

Identification of bacteria involved in the pathogenesis of dental caries has
proved difficult because of the complex flora of the oral cavity. Earlier this
century, lactobacilli and streptococci were identified as two of the organisms
associated with dental decay, and a streptococcus was isolated which
appeared rod-like in an acid environment and was called Streptococcus
mutans. However, firm evidence that bacteria caused caries came only in the
1950s and 1960s following the germ-free experiments, and the definitive
association of S. mutans and dental caries occurred even later.

The germ-free and gnotobiotic model enabled individual organisms to be
tested for their ability to produce caries, but the model has the disadvantage
that some pure cultures only cause caries in the absence of competition from
the rest of the oral flora and thus may not reflect its cariogenic potential in
the mouth of humans.

Transmissibility of caries in animals

In the 1960s, a number of closely related strains of streptococci were isolated
from carious lesions in hamsters. These were able to produce typical lesions
when inoculated in the mouth of caries-free animals. This clearly
demonstrated that caries could be transmitted. The infectious nature of the
disease was also demonstrated, since when animals with caries lesions were
caged with hamsters that were caries-free and thought to be resistant, these
latter animals also developed caries. However, strains of bacteria shown to
cause caries in one animal species are not always able to induce caries in
other species.

Transmissibility of caries in humans

It has not been possible ethically to determine whether caries can be
transmitted in humans, but there is strong circumstantial evidence to suggest
that this is the case, based on studies with transmissibility of strains of S.
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mutans. An interesting series of experiments by Rogers (1977), who studied
the biotypes of S. mutans in families, showed that the biotype of children
closely matched that of the maternal strains, suggesting that these organisms
had been derived from the mother. Since S. mutans is not found in
edentulous children and babies, but is present after teeth erupt, then this
organism must be derived from carriers. The evidence of Rogers suggests
that the mother is the most likely source.

Association of specific bacteria with caries: microbiological evidence

The specific bacteria which have been associated with caries in man are
outlined in Table 3.2 and given in detail in Chapter 2. It should be noted that
the term ‘dental caries’ encompasses different types of caries lesions —
notably those on smooth surfaces, those in pits and fissures and those on root
surfaces. The aetiologies of these different types of caries may all be
different, since the conditions pertaining in fissures and on smooth surfaces
are clearly different, and root surface caries is decay of ccementum and then
dentine rather than enamel. In addition, rampant caries, which is the
production of many new carious lesions over a short period of time, differs
clinically from the more common slower type of caries and may possibly be
more non-specific in aetiology.

Table 3.2 Micro-organisms associated with dental caries in humans

Species Type of caries

S. mutans Smooth surface, fissure, rampant root
L. casei Smooth surface, fissure, rampant

L. acidophilus Fissure

A. viscosus Root surface

A. naeslundii Root surface

The main genera which have been associated with dental caries in man are
the lactobacilli, streptococci and actinomyces. Representative strains of
each of these species have been shown to cause caries in animal models.
There are problems in interpretation of most microbiological studies since
these are cross-sectional, and do not distinguish between flora which has
arisen as a result of a lesion, and flora which has caused the lesion. In
addition the bulk of plaque may be irrelevant to the caries process and may
obfuscate real differences in cariogenic flora of the tooth surface.
Nevertheless, these studies have provided valuable data with regard to
differences between carious lesions and sound surfaces.

Lactobacilli

Although many species of lactobacilli are found in plaque (see Chapter 2),
L. acidophilus and L. casei are two strains which have shown to be
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cariogenic in animal models. It has been found that the numbers of
lactobacilli in saliva or on the tooth surface broadly correlate with caries
activity, but not always in individual subjects. Some authors have found that
the numbers of lactobacilli in the mouth increase prior to clinically
detectable carious lesions, though the majority view is that the number
increases in plaque subsequent to the initiation of caries. The number of
lactobacilli in saliva seem to be influenced by the quantity of dietary
carbohydrate ingested.

The collective data indicate that lactobacilli are not of major importance
in the initiation of human carious lesions. Their presence within the lesion
and their recognized acidogenic properties, along with the ability to cause
caries in animal models (see below), suggest that they may be important
secondary invaders which contribute to the progression of tooth decay and
may be important contributors to the overall acid production in rampant
caries. With regard to the species a number of authors have found that L.
casei rather than L. acidophilus is associated with caries both in children and
adults.

Actinomyces

Actinomyces appear to be the predominant species in plaque from sound
enamel surfaces, from carious lesions and from plaque samples from tooth
surfaces. Strains of both A. viscosus and A. naeslundii can cause root surface
caries in animals, and it is possible that actinomyces may contribute to root
surface caries in man (see below) and also in rampant caries, though it does
not seem to be a major contributor to smooth-surface caries.

Streptococci

Strains of S. mutans, S. sanguis, S. faecalis and S. salivarius can cause caries
in animals. It is highly unlikely that S. faecalis or S. salivarius play a role in
the aetiology of caries in man, since neither of these species are found in any
appreciable numbers in plaque and no numerical association with caries has
been found.

S. sanguis is cariogenic in some animal models (see below) and is
universally present in plaque. However, the prevalence of S. sanguis in
plaque is not greater in subjects with carious lesions, nor over carious lesions
in comparison in smooth surfaces. An inverse relationship has been found
between the number of S. sanguis and the presence of carious lesions both in
human and animal experiments. At the present time there is little evidence
to suggest that S. sanguis is a major contributor to caries in man, though
involvement in rampant caries, and perhaps also in caries of pits and
fissures, is possible.

Streptococcus mutans — There appears to be substantial evidence in
favour of a pathogenic role of S. mutans in caries in man. This organism can
produce copious amounts of extracellular polysaccharide from sucrose,
much of which is insoluble in water. It is also very acidogenic and can cause
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caries in all animal models so far, including studies in rats, hamsters,
monkeys and gerbils.

Many investigators around the world have attempted to relate the number
of S. mutans in plaque with the presence of carious lesions. There has been
an impressive degree of concordance in the results with a consistent finding
that the number of S. mutans in plaque over carious lesions is greatly
increased in comparison with that over sound surfaces, and in addition that
S. mutans is more commonly isolated from those subjects with carious
lesions. In our own studies (Figure 3.2) we have compared the numbers of S.
mutans in plaque in three groups of subjects: those with low caries
experiences, those with high past caries experience but no lesions, and those
who have one or more carious lesions.
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Figure 3.2 Numbers of Streptococcus mutans in plaque from three groups of subjects. Low =
low MF (no carious lesions), high = high MF (no carious lesions), active = carious lesions and
high DMF

In the absence of detectable caries, the numbers of S. mutans in plaque
were very low, but in those with carious lesions the numbers were
substantially raised in nearly all subjects. In addition, there is no correlation
between the numbers of caries-inducing streptococci and past caries
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experience. Such cross-sectional studies do not provide proof that S. mutans
causes the caries, since the numbers may increase once a carious lesion has
been initiated. The strong association of S. mutans and caries is, however,
confirmed by longitudinal surveys which have shown a strong relationship
between the numbers of S. mutans and the initiation of caries.

However, an important point from microbiological studies in man is that
although there is a very strong association between S. mutans and caries,
some lesions can develop in the absence of S. mutans, particularly in
fissures. In addition there are occasions on which there are large numbers of
S. mutans present in plaque which do not necessarily lead to the initiation of
caries.

Root surface caries

The strong association between S. mutans is with smooth surfaces, and
microbiological studies have not shown a convincing relationship with
regard to root surface caries. Indeed early cross-sectional studies suggested
that increased numbers of A. viscosus were found with root surface lesions,
but since this organism already contributed some 30% of the plaque flora on
sound root surface, the increase to 40% or so is not convincing. More recent
studies have not been able to confirm this association, and suggest that the
isolation of S. mutans and lactobacilli together was a strong indicator of root
surfaces and risk of decay. Interestingly, numbers of Veillonella are raised in
root surface caries, and this may reflect the lactic acid environment (see
Chapter 2).

Antigens of S. mutans

To date eight different serotypes of S. mutans have been recognized (a—h) on
the basis of cell wall carbohydrate antigens. Recent studies suggest that
serotypes ¢, € and f, where the cell wall serotype-specific carbohydrate is a
polymer of glucose and rhamnose, should alone be designated as S. mutans
(see Chapter 2). Serotype c is the most prevalent in human dental plaque
taken on a worldwide basis. In addition to the serotype carbohydrate, the
cell walls of S. mutans contain lipoteichoic acid and protein interspersed
throughout the peptidoglycan layer of the cell wall, and which also present at
the cell surface (Figure 3.3).

The S. miitans cell surface possesses a coat of filamentous structures
commonly termed fimbriae, mainly composed of protein. Several cell
surface proteins have recently been characterized and designated I/II and
II1. Antigen I/I1is a protein antigen with two antigenic determinants. It has a
molecular weight of 185 000, and has been used in several immunization
experiments (see below). Glucosyltransferase enzymes are present in the
cell wall, which also contains dextran binding proteins. Both these groups of
proteins seem to be important in adherence of S. mutans to hard surfaces,
and adherence and aggregation is enhanced in the presence of sucrose and
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dextrans. All the major components of S. mutans cell walls could be of
potential importance in caries immunity.

Protein
Polysaccharide c
Lipoteichoic acid

Glucosyl transferase

Glucan
Peptidoglycan

Cell wall

Cell membrane

5 Cell protoplasm

.
° N
Amylopectin granules

Figure 3.3 Diagrammatic representation of cell wall antigens of S. mutans (with permission
from Lehner, 1982)

Immunological evidence for association of specific bacteria with
caries

There have been few studies assaying antibodies to a range of oral bacteria
and relating these to caries experience. In one study antibodies against a
wide range of bacteria (Table 3.3) were assayed, and relationships with
caries were only found with antibodies reactive with S. mutans. This clearly
suggests some specificity for S. mutans with the process of dental caries.

Table 3.3 Immunological association of oral bacteria with caries in humans

Strain ? rise in antibodies in disease
S. mutans Yes
S. sanguis No
S. salivarius No
S. mitior No
L. casei No
L. acidophilus No
A. viscosus No
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CARIOGENIC POTENTIAL OF SPECIFIC BACTERIA IN ANIMAL
MODELS

It cannot be assumed that, because an organism causes caries in an animal
model, this has any relevance to decay in humans. Nevertheless, the
demonstration that an organism is capable of producing caries is important if
taken in association with data from man.

There have been three separate approaches to the study of cariogenic
potential of bacteria in animal models. The most productive has been the
gnotobiotic systems using rats and hamsters and, more recently, mice. The
gnotobiotic model has the disadvantage that some pure culture may only
cause caries in the absence of competition from the rest of the oral flora, and
this may not reflect its cariogenic potential in the mouth of man.

Two methods have been developed which overcome this problem. Strains
of bacteria can be made resistant to an antibiotic and superimposed on the
normal flora of conventional animals with the organisms being isolated on
media containing antibiotic, or animals may be exposed to antibiotic in their
drinking water to suppress the normal flora and then infected with a strain
which has been made resistant to the antibiotic.

Summary of cariogenic activity

A summary of cariogenic activity of different species of bacteria in a variety
of animal experiments is given in Table 3.4. This table has been constructed
to emphasize the different types of caries, and indicates the differing caries
potentials of various strains of bacteria examined. Thus lactobacilli in
general have been found capable of causing pit and fissure caries, and
Actinomyces viscosus capable of causing root surface caries. By far the most
cariogenic organism in a number of different animal models is S. mutans,
which has been shown to be capable of producing smooth surface caries, pit
and fissure caries, and root surface caries.

Table 3.4 Summary of cariogenic activity of different species of bacteria in animal
experiments

Type of caries Animals

Smooth surface Pit and fissure Root surface

S. mutans +++ +++ ++ Rat, hamster, mouse,
monkey, gerbil

S. sanguis + ++ Rat

S. salivarius + Hamster

S. faecalis + Rat

L. casei + Rat

L. acidophilus + Rat

A. viscosus + ++ Hamster, rat

A. naeslundii + Hamster
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However, as emphasized above, to fulfil Koch’s postulates, data from
animal experiments should be taken in conjunction with microbiological
studies in man. Thus §. salivarius and S. faecalis, though capable of causing
caries in animals, are unlikely to be major contributors to caries in man,
whereas S. mutans is found in carious lesions in man, can cause carious
lesions in animals, and can be reisolated from those lesions.

IMMUNITY TO CARIES IN HUMANS
Non-specific immunity

Defence mechanisms in the mouth can be either non-specific or specific (see
Chapter 1). The non-specific defence mechanisms include the mucosal
barrier and saliva in terms of its lubricating and buffering capacities and the
constituents of saliva such as lactoferrin, lactoperoxidase and lysozyme. The
general properties of these proteins have been discussed in Chapter 1. A
number of workers have tried to detect differences in the salivary
components between subjects with high and low caries experience.
However, a consistent and meaningful pattern has not been detected,
though the recent observation that secretory IgA antibodies may act
synergistically with lysozyme and lactoferrin has led to renewed interest in
the possibility that combinations of these may still be important in immunity
to caries in humans.
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Figure 3.4 Relationship between the volume of parotid saliva collected on two separate

occasions, 6 months apart. Saliva was collected under standard conditions of partial stimulation
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Total immunoglobulin levels have also been examined with regard to
caries, and can be regarded as non-specific. No consistent pattern has
emerged with regard to the concentration of salivary IgA. A number of
studies have claimed raised IgA concentrations in subjects of low caries
experience, but many studies have not been able to detect differences and
two studies have found higher IgA levels in subjects with increased caries
experience.

Many of these studies have not taken the secretion rate of saliva into
account. This is important, since in healthy subjects the secretion rates may
vary 8-fold. However the secretion rate of an individual may be quite
consistent. In one study, as seen in Figure 3.4, there was a good correlation
between the volume of saliva obtained on one occasion under standardized
conditions compared with that taken 6 months later under the same
conditions of partial stimulation with 2% citric acid.

The IgA secretion rate (micrograms of IgA per gland) in subjects of high
caries experience seems to be significantly lower than that of subjects with
low caries experience. However, it is likely that specific antibodies are much
more important than total IgA.

Specific immunity
Principles and objectives of investigations

In general, immunological investigations of bacterial diseases in man have
two main objectives: (a) to determine if there is a specific association of any
particular organism with the disease, and (b) to determine whether there is
any evidence of natural immunity and if so, whether this is humoral or
cellular, secretory or systemic, or related to specific isotype, etc.
Comparisons have usually been made between populations identified as
being resistant to a particular disease with populations being identified as
susceptible to the same disease.

Table 3.5 Principles of immunological investigations in caries epidemiology

Question Group Bacteria

Is there natural immunity?  Compare caries-resistant Those bacteria associated from
with caries-susceptible microbiological studies

Is there an immune response Compare subjects with Bacteria and antigens thoug!n

to caries? lesions with matched group  to be associated with the caries
without lesions process

It is recognized in most infective diseases that actual infection leads to a
stimulation of the immune system with an increase in specific antibodies or
cell-mediated immunity. In fact, this is a useful test in the diagnosis of many
infective diseases. If this important principle is applied to dental caries, this
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means that in order to detect any role of immunity in protection against
caries, then comparison must be made between subjects of low caries
experience and those who are identified as being caries-susceptible (by high
DMEF) but with no carious lesions. This comparison should, as with other
infectious diseases, allow the question of any role of immunity in resistance
to be determined (Table 3.5).

The second question of identifying specific organisms can be determined
by comparing a group of subjects who have lesions with subjects of similar
caries experience but without lesions. A rise in specific antibodies against a
particular organism will provide evidence that this organism might be
involved in the caries process.

These principles have been derived from studies of other infectious
diseases but there may be some difficulty in the application to dental caries
since the time of onset of decay is often not known. There are also difficulties
in controlling for other known associated factors such as diet, fluoride
intake, etc. Nevertheless, studies using these principles have provided
useful information. In contrast, comparisons between subjects of low DMF
and those with rampant caries are generally not helpful. Unfortunately, this
is an approach which has been used by several investigators on the basis that
subjects with rampant caries indicate a susceptible group, but the possibility
that the infecting organism may induce an antibody response has been
overlooked.

Types of immunity

As discussed in Chapter 1, it is clear that the secretory (mucosal) immune
system can be stimulated quite independently from the systemic immune
system. The induction of antibodies in saliva may be achieved by either local
or central stimulation (Table 3.6). For local production, antibodies may be
applied topically or injected around the salivary glands. For central
immunization, antigen is delivered to the gut and stimulates the release of
antibody precursor cells from the Peyers patches. These cells migrate not
only to salivary glands, but to all secretory tissues where they secrete dimeric
IgA. This attaches to secretory component receptor on the epithelial cells
(Figure 3.5), becomes intracellular, and is then secreted into the salivary
ducts.

Table 3.6 Method of induction of salivary antibodies

Local
Topical application of antigen
Instillation of antigen into salivary ducts
Injection of antigen in salivary gland vicinity

Central (by gut-associated lymphoid tissue)
Ingestion of antigen in diet
Intragastric or intraduodenal immunization
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Figure 3.5 Secretion and transport of dimeric IgA to salivary glands. Plasma cells in the
lamina propria secrete dimeric IgA. This binds to SC acting as receptors on the surface of
epithelial cells. The SIgA is internalized, transported across the cell and s;creted into t}}e d}xcts.
The precursor of the plasma cell may have originated in the gut-associated lymphoid tissue

It should be noted that for the most effective salivary antibody responses,
two signals may be required: a primary signal resulting in the localization of
antigen-sensitive cells in the mucosa and a secondary signal from the local
application of antigen.

Systemic serum antibodies in crevicular fluid

The tooth sits in a fluid collar of crevicular fluid (Figure 3.1). Antibodies in
crevicular fluid are largely derived from serum, though there is on average a
local contribution, particularly of IgG, up to about 20% of the total antibody
content. This may be considerably greater in individual sites. Passage of
IgG, IgA and IgM from serum to crevicular fluid can be shown by injecting
radiolabelled immunoglobulins intravenously. Such experiments in
primates have indicated that the passage of IgG and IgA is maximal Y>-1
hour after injection, whereas IgM is maximal at approximately 2 hours after
intravenous injection. The differences are probably related to the molecular
size. Interestingly, the migration of radiolabelled polymorphonuclear
leukocytes (PMN) is very rapid indeed, and these can be found in crevicular
fluid some 10 minutes after injection intravenously.

Effective protection against caries may require the combination of
specific and non-specific factors (see below). The immunoglobulin
concentration in crevicular fluid seems to be between one-half and three-
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quarters that of serum. The flow rate of crevicular fluid into the oral cavity is
difficult to estimate but has been calculated as between 1 and 2 ml per day or
0.3 ul per tooth per hour. Given that the total volume of saliva is
approximately 750 ml per day, this would indicate that serum antibodies
could play a role in the oral cavity at large if they were effective at a dilution
between 1 : 500 and 1 : 1000.

Relationship of serum antibody to caries

There have been few studies comparing subjects of low caries experience
with those of high caries experience in the absence of carious lesions. Several
studies have compared low caries with rampant caries, and these studies are
of dubious value in terms of answering the question of any natural immunity
in caries because they confuse the question of natural immunity with that of
an immune response to the caries process (Table 3.4).

In studies where the former approach has been adopted, and subjects
carefully selected to exclude the presence of incipient lesions, it has been
found that subjects of low caries experience have high serum IgG antibody
titres against S. mutans and the mean levels are significantly greater than
those in subjects of high caries experience (Figure 3.6). Serum IgG
antibodies showed the greatest differences, though serum IgM and IgA
antibodies were also highest in subjects of low caries experience. The finding
of raised IgG antibodies to whole cells of S. mutans in the subjects of low
caries experience has been confirmed using a variety of different
immunological tests including haemagglutination, complement fixation,
enzyme-linked immunosorbent assay (ELISA) and radioassay. This
relationship seems to be specific to S. mutans and has not been found with
strains of S. sanguis, S. salivarius, L. casei, L. acidophilus, or Actinomyces
viscosus (Table 3.3). A similar finding of raised antibody levels in subjects
with low caries experience has recently been reported with regard to the
surface protein antigen I/II. This protein has been used in immunization
experiments in animals, and inhibition studies indicate that this is a major
antigenic component of the S. mutans cell wall.

Recent studies which have examined IgG subclasses indicate that this
raised response in subjects of low caries experience is due to IgG1 and IgG2
antibodies directed against S. mutans and predominantly IgG1 antibodies
directed against streptococcal antigen I/II. These studies would be
consistent with the interpretation that serum IgG antibody contributes to
the protection against caries in these subjects.

Effect of dentinal carious lesions on serum antibody

A comparison of subjects of high caries experience with and without
dentinal lesions indicates a raised antibody titre in subjects with carious
lesions (Figure 3.6). This raised antibody titre seems to be specific to S.
mutans, and this implicates S. mutans in the pathogenesis of this disease.
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Figure 3.6 Serum IgG antibodies to S. mutans in relationship to the caries experience. Low =
low MF group, high = high MF group, active = high DMF group with one or more carious
lesions. Serum IgM antibodies followed a similar though less significant pattern. The
relationship was not found with various other oral bacteria examined, including S. sanguis

This raised antibody titre has been reported with serum IgG and IgM,
though not with serum IgA antibody.

Raised serum antibody titres in subjects with carious lesions (Figure 3.6)
is consistent with the view that infection with S. mutans and the development
of carious lesions is associated with a rise in specific antibodies to S. mutans.
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This type of observation is similar to that found in infective diseases where a
rise in antibodies following infection is commonly found.

Route of natural immunization

It is not clear if this response is to increased numbers of S. mutans in plaque
with consequent immunization through the gingiva, or if the presence of
lesions is necessary with immunization through the pulp or both (Figure
3.7). Experiments in monkeys, many years ago, demonstrated that it was
possible to immunize by placing antigen in cavities cut into dentine. One
study, which attempted to remove all plaque from the oral cavity, did report
a positive correlation between the numbers of S. mutans in plaque and the
IgG antibody titre in subjects with carious lesions. The fall in antibody titre,
seen after caries lesions are treated, suggests that access of antigens via the
pulp may be an important route of immunization.

Figure3.7 Routes of natural immunization. 1 = Antigen access to the systemic circulation via
the pulp; 2 = antigen access to the systemic circulation via the gingiva; 3 = stimulation of GALT
by swallowing antigen; 4 = topical stimulation of minor salivary glands; 5 = topical stimulation
of local gingival lymphocytes

Conversely there is no doubt that antigens in plaque can induce systemic
effects. In experiments where plaque was allowed to accumulate over a 4-
week period in student volunteers, an increase in cell-mediated responses to
S. mutans was found, which returned to baseline when oral hygiene was
reinstituted.

Relationship of salivary antibodies to caries

Many studies have attempted to examine the relationship of salivary
antibodies to dental caries on the same basis as studies of serum antibodies.
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Unfortunately, salivary antibody levels appear to be more variable than
serum antibodies, and the secretion rate of antibodies has been taken into
account in few studies, even though the great variation in salivary secretion
rates is well known. No consistent patterns have emerged and raised levels
of salivary IgA antibodies to S. mutans have not been found in subjects of
low carious experience. In fact it seems that the salivary IgA antibody levels
may increase with the degree of caries experience, and may reflect the
cumulative.carious experience.

An inverse relationship between serum IgG and salivary IgA antibodies
has been reported, and this raises interesting questions as to the relationship
between the secretory and systemic immune systems (Figure 3.8). It should
be noted that the presence of antibodies does not in itself indicate
protection, since in certain circumstances antibodies may be in fact
damaging.
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Figure 3.8 Change in serum and salivary antibodies to S. mutans following development or
treatment of dental caries, showing inverse relationship between serum IgG and salivary IgA
antibodies
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Induction of salivary antibodies in humans

It has been shown that salivary IgA antibodies in man may be induced by
ingestion of capsules filled with S. mutans organisms. No long-term studies
have been performed to see the effect of such antibody in caries. At present
it seems that longer-term immunization would be necessary, since the
salivary antibody response is short-lived. Salivary antibodies may prove to
be effective since a reduction in number of S. mutans has been reported in
such immunized subjects.
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Figure 3.9 Sequential changes in serum IgG antibody titre against S. mutans in relation to
treatment or development of dental caries. Development of caries was associated with a rise in
the antibody titre to S. mutans and treatment with a fall. Antibodies to other oral bacteria did
not show any relationship. NDC-NDC = No detectable caries on either visit; NDC-AC =
patients with caries lesions on second visit; AC-AC = patients with caries lesions on both visits;
AC-NDC = patients who have had their lesions treated
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Sequential studies

The objective of sequential studies is to determine whether any change in
caries status is accompanied by changes in antibody status in either serum or
saliva. These studies are of necessity long-term, and to date only one such
study has been reported. The results of this study are summarized in Figure
3.9, and indicate that the antibody levels against S. mutans in subjects whose
caries status is stable, remained consistent over the period of examination,
which was greater than 2 years. The development of carious lesions was
accompanied by a rise in serum IgG and IgM antibody levels and,
interestingly, treatment of carious lesions was accompanied by a fall in
serum antibody levels, particularly of the IgG class, over the next year or so.
Analysis of antibodies to a control organism — S. mitior — showed no such
association.

With regard to salivary antibodies, no obvious relationship with caries
emerged, but responses seemed to follow the opposite pattern to serum
antibody.

Interpretation of immunological studies in humans

The results of sequential studies are consistent with the interpretation that
immune responses to dental caries are similar to those in other infective
disease. Development of caries is associated with a rise in serum antibodies,
and treatment of caries is associated with a fall in caries. Subjects who do not
develop caries have a stable antibody level, whether this is high or low.

Taking the cross-sectional and sequential studies together, one
interpretation would be that on exposure to S. mutans antigens subjects
develop an antibody response which is individually high or low. If high, this
may contribute to protection against caries, but if low, the subjects are
susceptible. In this group, if caries develops they are capable of mounting an
immune response since high levels of antibodies are found in subjects with
lesions. It appears, however, that these subjects may not be capable of
maintaining a high response since treatment of caries is followed by a fall in
the serum antibody titre. Thus the essential immunological defect may be an
inability to maintain high antibody levels following antigenic challenge.

There is a paradox in that the highest levels of antibody are found in those
with least caries experience, and presumably those with least exposure to the
cariogenic organism S. mutans. This raises the question of whether the
ability to mount a high serum antibody response to low amounts of antigenic
challenge is genetically determined.

Genetic factors

An attempt has been made to examine the question of whether the ability to
mount and maintain a high serum antibody response to S. mutans is
genetically linked. Earlier investigations had shown that T lymphocytes

65



IMMUNOLOGICAL ASPECTS OF ORAL DISEASES

from caries-free subjects had a greater potential for proliferation on
stimulation with S. mutans antigen than caries-prone subjects. This was
consistent with the findings with serum antibodies.

When such lymphocytes are cultured in the presence of antigen derived
from S. mutans, factors are given off from the cells which can be assayed in a
variety of in vitro systems. T helper factor is such a lymphokine, which can
augment the immune responses of unrelated and unsensitized lymphocytes.

In one study of caries-prone and low caries subjects using streptococcal
antigen I/II, it was found that specific helper factor was released optimally
by a dosage of between 1 and 10 ng of SA I/II from lymphocytes from low
caries subjects but that the optimal for caries-prone subjects was 1000 ng
(see Figure 3.10). This indicated a marked difference in responses, and
certainly supported the suggestion that caries-resistant and caries-prone
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Figure 3.10 T helper function in subject of high and low caries experience. The subject’s
lymphocytes are incubated with streptococcal antigen and the production of T helper factors
assayed separately using mouse cells. The optimal antigen concentration in subjects of low
caries experience was considerably lower than in subjects of high caries experience
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subjects differed in their ability to mount and maintain serum antibody
responses to S. mutans. The response to antigenic stimulation using SA VII
was related to the histocompatibility antigens of the subjects, and in
particular to the HLA-DR locus. The helper activity, which was optimal as a
low dose, was found in HLA-DRW6-positive subjects, whereas subjects
who showed an optimal response at the high antigen dose were found to be
HLA-DRW6-negative.

These findings suggest that the ability to respond to very small amounts of
streptococcal antigens may be the reason for the high antibody levels to S.
mutans in low caries subjects. However, the immunoregulation of such
responses is complex and this is an area requiring further study.

IMMUNIZATION AGAINST CARIES IN ANIMAL MODELS
Animal models
Rodents

There have been two main models used in studies of caries immunity in
animals and these have been in rodents and in primates. Probably the most
widely used model has been the gnotobiotic rat, in which the animals have
been infected with S. mutans. Usually, in these studies, the animals are fed
on a diet containing sucrose, immunized and then challenged with the same
S. mutans from which the vaccine was derived. Any immunity to caries can
be assessed by comparing the salivary or serum antibody responses and
caries development in immunized animals with those of sham-immunized
controls.

Germ-free rats offer probably the simplest model for caries immunity
since non-infected animals remain caries-free but have the disadvantage that
the cariogenic organisms are acting without a normal flora. Thus it can not
be assumed that findings derived from this model will necessarily be
applicable to the situation when S. mutans is imposed on a normal flora. The
rodent model also has the disadvantage that the tooth structure and form is
not analogous to that in man, and although there are great similarities
between the immune systems, there are differences also. For example, the
rat saliva contains approximately 50% IgG, whereas human saliva contains
less than 1% IgG. The model has the advantage of being relatively cheap,
and variables such as diet and flora can be easily controlled.

Primate model

In recent years much attention has focused on the primate model of caries
immunity. Two main models have been used — rhesus monkeys and
fascicularis monkeys. The primate model has several advantages over the
rodent model (Table 3.7). In particular the teeth are very similar to humans;
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the systemic and secretory immune systems are virtually identical to those of
man, with known differences only in the half-lives of immunoglobulins; and
when they consume a diet based on that in humans the number of S. mutans
rises without the need to implant.

Table 3.7 Features of animal models of dental caries

Primates Rodents

Tooth form similar to humans

Systemic immune system analogous to humans
Secretory immune system analogous to humans
Oral flora analogous to humans

Increase in S. mutans without implantation
Ease of control of variables

Cheapness to maintain

Length of time per experiment (months)

S H+++++
N

It seems, therefore, that initiation and progression of caries in the monkey
model is very analogous indeed to that in humans. Caries develops over a
period of several months, which is thought to be similar to that in man. The
disadvantages of the model are that it is extremely expensive to maintain,
and that each experiment must, of necessity, last for many months. In most
circumstances this has meant that the experimental groups of animals are
smaller than would be ideal for most statistical analyses.

Passive immunization

Early attempts at passive immunization, when hamsters were treated with
rabbit hyperimmune antisera against cariogenic streptococcus gave no
protection. Passive immunization has not been generally accepted as a
viable method of protection against caries, and very few animal experiments
have been performed. Passive transfer of IgG antibodies to S. mutans has
been shown in rhesus monkeys to give protection against dental caries (see
below).

Very recently the use of monoclonal antibodies against streptococcal
antigen has allowed this concept to be re-examined. It has been shown that
the administration of monoclonal antibody directed against antigen I/II to
the gingival area of rhesus monkeys results in a reduced number of S. mutans
and a decreased incidence of caries. Since monoclonal antibodies can be
produced in large amounts, this raises the possibility that administration of
such specific antisera in a carrier such as toothpaste might be an effective
way of immunization.
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Active immunization
Experiments in rodents

The first convincing evidence that local injection of killed S. mutans into the
salivary gland region of rats could induce a local antibody response was by
Taubman and Smith in 1974. These workers showed a marked reduction in
the level of dental caries in immunized animals, and also showed significant
levels of serum and salivary antibodies to S. mutans. A number of studies
since then have shown that injection of antigens derived from S. mutans
suspended in complete Freund’s adjuvant and injected around the salivary
glands will indeed induce a salivary IgA response as well as serum, and can
result in protection against caries. However, injection of antigens in
adjuvant around salivary glands is not an ideal immunization regime for
humans.

Oral immunization in rodents

The concept of a common mucosal immune system (see Chapter 1) has
stimulated research into the possibility of central (GALT) immunization
and its role in the induction of salivary antibodies. The selective induction of
secretory IgA antibodies to S. mutans in saliva in the absence of serum
antibodies is also attractive because the possibility of side-effects from
serum antibodies is diminished.

Some 10 years ago, it was demonstrated that oral immunization led to IgA
antibodies in saliva and also in colostrum and milk with no serum response.
If these animals were challenged with S. mutans a reduced caries incidence
was found in immunized animals. Further work has shown that the
concentration of antigen is important, and that the secretory system may
become hyporesponsive if the antigen concentration is too great, and non-
responsive if the antigen concentration is too low. It should be noted that
these studies not only provide evidence of the role of secretory IgA in caries
immunity in the rodent model but also provide supportive evidence for the
concept for a common mucosal immune system.

The hamster has been a useful model in caries immunity and studies have
indicated that hamsters orally immunized with an impure glucosyl
transferase (GTF) produced salivary anti-GTF antibodies and reduced
carious lesions in comparison with controls. In contrast to the experiments
reported with oral immunization in rats, immunization in hamsters seems to
be accompanied by low titres of serum IgG and IgM antibodies.

It is clear that the nature of the antigen, particularly whether it is
particulate or soluble, may influence both the observed IgA response and
any serum immune response. As a general rule, administration of soluble
proteins by the intragastric route can result in the induction of antibodies in
secretions, but may give rise to.antibodies in serum also. Administration of
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particulate antigens such as whole bacteria seem to be more effective in
inducing antibodies in secretions, but less effective in inducing antibodies in
serum by this route.

Summary of caries immunity studies in rodents

The results of caries immunization studies in rodents clearly suggest that the
salivary IgA response can be effective in reducing caries in this model. There
is no doubt salivary IgA responses can be induced by oral administration of
particulate or soluble S. mutans antigens. It is assumed that the secretory
IgA may protect either from inhibition of GTF activity or reaction with cell
surface components, resulting in decreased adherence of bacteria.

Studies in other animal models suggest that the most effective secretory
responses are induced by a two signal system — a primary signal resulting in
the distribution of IgA-sensitive cells to mucosal tissues and a second signal
derived from the presence of antigen in a mucosal region. With respect to
caries, this would indicate that the presence of S. mutans on the tooth
surface in sensitized animals would allow for further local recruitment and
proliferation of IgA antibody-producing cells. The role of serum antibodies
in protection against caries in rodents is less clear. Many of these successful
immunization programmes have induced serum as well as salivary
antibodies. Whereas salivary antibodies alone may result in caries
protection, studies using serum antibodies alone have been equivocal. It
remains possible that, even in the rodent model, serum antibodies could
contribute to protection.

Immunization experiments in primates
The experimental model

Experimental caries experiments in the rodent model have been the basis for
establishing that caries was an infective disease (see above). The first
successful experimental caries model in monkeys was established by Bowen,
who demonstrated in the mid-1960s that, if fascicularis monkeys were kept
on a high sucrose diet, the bacterial flora was very similar to that found in
man. In addition, he showed that rampant dental caries could be induced
successfully and reproducibly in this model.

The rhesus monkey (Macaca mulatta) has also been established as a
suitable model for immunological studies using a human-type diet.

Implantation of S. mutans — Early experiments attempted to implant S.
mutans which had been made antibiotic-resistant onto the normal flora of
the animals. It was soon realized in experiments with the rhesus monkey,
and later with the fascicularis monkey, that implantation was not necessary.
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Soon after the animals had been put on a high-sucrose diet, natural S.
mutans began to increase in the plaque. The origins of this S. mutans are not
entirely clear, since they could either be part of the normal flora which is
usually undetectable but increases to detectable levels on a sucrose diet, or
they could be derived from the handlers of the animals. The majority of the
S. mutans strains have been serotype c, though some are of serotype e. In
addition, a strain of S. mutans has been described which is of serotype h and
appears to be restricted to monkeys.

Systemic immunization

Successful immunization against dental caries was first reported in the
primate model by Bowen in 1969. In a preliminary communication on
immunization of fascicularis monkeys he showed a reduction in caries in
deciduous teeth in the three animals which had been immunized
intravenously with whole live cells of a strain of S. mutans. High titres of
agglutinating antibody were induced in the test group and in addition
precipitating antibodies against glucosyltransferase (GTF) were found. The
implication was that serum antibodies may have been responsible for this
reduction in caries.

Lehner and his colleagues have described many experiments in the rhesus
monkey model, and have demonstrated unequivocally that caries can be
reduced by immunization (Table 3.8). In early experiments animals were
immunized either subcutaneously or submucosally with whole cells of S.
mutans in Freund’s incomplete adjuvant (FIA). Antibodies were detected in
both serum and saliva against whole cells or cell wall extracts of S. mutans.
Significant reductions in the caries in deciduous teeth were seen following
immunization by either route in the order of 75-80%.

Although salivary antibodies were detected, the reduction in caries
correlated with serum antibodies to S. mutans antigens. Results also
indicated that, for antibodies to be effective, they should be present before
S. mutans has reached appreciable proportions in dental plaque. Further
experiments extended these findings to permanent teeth where
subcutaneous injections of whole cells of S. mutans in FIA elicited high titres
of serum antibodies and protection against caries. These studies seem to
confirm the suggestion that serum antibodies were responsible for
protection. Such systemic immunization elicits not only serum antibodies
but also a cell-mediated response. Skin hypersensitivity and increased
lymphoproliferation against S. mutans can be detected after such systemic
immunization. The immunoregulation of immune responses has been the
subject of much further research and is discussed below.

Glucosyltransferase — The demonstration that S. mutans produced
glucosyltransferase which, in turn, produced insoluble polysaccharide which
was a mixture of alpha 1-3 and alpha 1-6 linkages, raised the questions (a)
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whether this enzyme was important to the cariogenic potential of the
organism and (b) whether immunization against GTF might be effective. It
seems that, in the rodent model, immunization with GTF may produce
protection against caries, and it was shown that purified GTF injected in
adjuvant around the salivary glands may induce effective protection.
However, in the primate medel immunization with GTF has been less
effective, and this has beem’examined in both the fascicularis and rhesus
monkey models (Table 3.8). Interestingly, immunization with S. mutans
would result in serum antibodies against GTF, but whereas the IgG
antibodiesswould inhibit the activity of GTF, IgM and IgA antibodies could
have an enhancing effect on GTF. Thus a large IgM or IgA response would
overcome any inhibitory effect of IgG, and could result in an increased
incidence of caries following immunization rather than a decrease.

Passive transfer experiments

The experiments described above clearly indicated that serum antibodies
were responsible for the protection against caries, and thus antibodies in
serum must reach the tooth surface. Experiments using radiolabelled IgG,
IgA and IgM showed that serum immunoglobulins can pass to the oral cavity
of monkeys when injected intravenously.

Convincing evidence that serum antibodies could reach the oral cavity,
and be effective, were provided by passive transfer experiments where
serum and purified immunoglobulin preparations from animals immunized
with S. mutans were injected intravenously into non-immunized animals.
The short half-life of immunoglobulins, which in the case of IgG in the
rhesus monkey is approximately 8 days, meant that serum or immuno-
globulin had to be injected every 3 weeks or so over a period of up to a year.
Animals given purified IgG containing antibody activity against S. mutans
showed a reduction in caries. Animals injected with IgA or IgM containing
antibodies to S. mutans did not show any significant reduction in comparison
with controls given non-immune serum, but IgA and IgM have shorter half-
lives than IgG and it is difficult to maintain high levels of serum antibodies by
passive immunization.

These studies clearly indicate that serum IgG can pass to the oral cavity
and protect unimmunized animals. Interestingly, transfer of whole immune
serum did not result in protection, and it is possible that this was due to the
inhibitory effect of IgA antibodies on the IgG activity. This observation
raises the important point that effective immunization may depend on a high
IgG to IgA ratio, since IgA antibodies have been found in a number of
systems to inhibit the actions of IgG.
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Oral immunization

The observation that serum antibodies can protect against dental caries does
not obviate the possibility that salivary IgA antibodies could also be
protective. Salivary antibody responses in rhesus monkeys immunized with
S. mutans by a variety of routes, including the oral submucosal or
subcutaneous routes, have been reported. Although salivary antibodies can
be detected after any of these routes of immunization the most effective way
seems to be by intragastric immunization. Thus intragastric immunization
with capsules filled with S. murans over 13 days led to a detectable
haemagglutinating and agglutinating antibody response in saliva. A second
series of immunizations over 11 days gave a similar type of response.

These findings were similar to those reported in man and raised the
important question of the duration of secretory responses. In both instances
the salivary antibody titre had fallen to baseline levels within a few weeks,
and the duration of the response after the second series of immunizations
was also only a few weeks. It should be noted that although intragastric
immunization has been reported to induce salivary antibodies in a number of
animal models and in man, two groups have reported failure to detect
antibody responses in saliva after intragastric immunization in primates.

An alternative method of inducing salivary IgA antibodies by central
(GALT) immunization is to apply the antigen in drinking water. This also
results in a detectable salivary antibody response, but when the antigen is
withdrawn from the diet the salivary antibody level returns to baseline
values. Nevertheless, this method seemed more appropriate for longer-term
immunization than did intragastric immunization with capsules. With
respect to caries in rhesus monkeys, the daily addition of 10'! cells of S.
mutans in drinking water for 18 weeks did not result in a reduction in caries
(Table 3.7) and in addition no decrease in the colonization of . mutans was
detected.

Thus to date there is no convincing evidence in the primate model that
oral immunization can lead to a reduction in caries, though this has not been
excluded. It is possible that application of antigen in adjuvant intra-
gastrically may provide a longer-lasting salivary antibody response which
may allow the question of protective salivary IgA antibody to be addressed.

It does seem that salivary IgA antibodies in the primate may interfere with
adherence of S. mutans. In a series of experiments in Macaca fascicularis, S.
mutans was first injected in the vicinity of the parotid gland, and this
injection was followed by intraductal instillation of antigen into the parotid
duct. Although no salivary antibodies were detected after the injection
around the salivary gland region, the subsequent intraductal immunization
resulted in both salivary and serum immune responses. When animals were
infected with S. mutans significantly lower numbers were noted in the
immunized animals, and if this were true in the longer term, this might allow
salivary IgA mediated protection from caries.
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Protein antigens of S. mutans

Clearly purified antigens would be more acceptable as a human vaccine than
whole bacterial cells. The observation that cell walls of S. mutans induced
antibodies protective against caries, but that this protection was lost if the
cell walls were treated with trypsin or pronase, suggested that the protective
antigens were protein. Several protein antigens have subsequently been
isolated from the cell walls of S. mutans. The characterization of protein
antigens of S. mutans has been followed by analysis of purified proteins as
protective antigens in caries immunization.

Three main protein antigens (I, II and IIT) have been identified in extracts
of culture supernatants from S. mutans. Streptococcal antigen I/II has two
antigenic determinants present in a single molecule with a molecular weight
of 185 000, whereas antigen I has a molecular weight of 150 000 and antigen
IT is 48 000.

Recently it has been shown that subcutaneous injection of one or two
doses of 1 mg of SA I/Il in FIA or in aluminium hydroxide would elicit
serum IgG, IgA and IgM antibodies and, in addition, skin delayed

Figure 3.11 Immunization against dental caries in rhesus monkeys. Immunization was
subcutaneously with whole cells of S. mutans or with purified protein antigen. A similar
reduction in dental caries was found with both antigen preparations examined (from Lehner et
al., 1982, with permission)
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hypersensitivity reactions to S. mutans. More importantly the reduction in
caries seen in the animals immunized with antigen I/II was equivalent to the
reduction seen in animals immunized with whole cells of S. mutans (Figure
3.11). This reduction in caries was accompanied by a reduction in numbers
of S. mutans detected in immunized animals in comparison with controls.

Interpretation of immunization studies

It seems that purified antigens from S. mutans can induce protection against
dental caries in the primate model. Effective immunization has been
induced by one subcutaneous injection of antigen in aluminium hydroxide,
which is an adjuvant acceptable and in common human use. Taking into
account the similarities of the primate model to man (Table 3.7), these
studies indicate that there is a real prospect for immunization in humans,
although a comprehensive series of safety tests is necessary before
immunization can be started in humans.

Cross-reactive antibodies to S. mutans and human tissues

The known association of S. pyogenes infection and rheumatic fever led to a
close analysis of any cross-reactive antibodies to antigens of S. mutans.
Some years ago it was reported that sera from rabbits immunized repeatedly
with S. mutans cross-reacted with human heart tissue. This has not been
demonstrated in other animal models. The interpretation of these studies is
not clear, since great care must be taken to exclude any animal proteins in
the culture fluids, which might be responsible for some of the binding. In
addition, it has recently been suggested that the binding seen may not be due
to cross-reacting antibodies but to anti-idiotypes induced by the
immunization with S. mutans. In addition rabbits immunized with S. mutans
or S. sanguis were less (not more) susceptible to induction of streptococcal
endocarditis. Nevertheless these studies indicate the importance of
examining very closely the safety of potential vaccines, and emphasize the
need for pure protein antigens which greatly diminished the risk of any
cross-reactivity.

Function of antibodies in the oral cavity

As discussed above, both serum and salivary antibodies could play a role in
protection, though it is likely that serum antibodies act predominantly
approximally, and in the area of the tooth adjacent to the sulcus and which
might be described as the crevicular domain (Figure 3.1) and salivary
antibodies which act predominantly on exposed surfaces of the tooth which
might be described as the salivary domain (Figure 3.1).

There seems no doubt, from studies on immunization against dental caries
in primates, that serum IgG antibodies can act on the tooth surface. It is
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known that there is rapid passage of serum antibodies to the oral cavity, and
that such antibodies in the gingival fluid retain biological activity. In
addition, it is estimated that between 1 and 2 ml of crevicular fluid come into
the oral cavity per day. It is thus theoretically possible that serum antibodies
could act through the oral cavity if they are shown to be effective in
inhibition of bacterial functions at a dilution of between 1 : 500 and
1 : 1000.

MECHANISMS OF ACTION OF ANTIBODIES IN CARIES IMMUNITY

Some of the possible ways in which antibodies could act upon cariogenic
bacteria are listed in Table 3.9. It should be noted that several different
mechanisms could be operative simultaneously, or that some mechanisms
are operative in one site, e.g. the fissure, whereas they are not important in
another site, e.g. the smooth surface.

Many workers have examined the number of S. mutans in plaque in
immunized compared with control animals. The results have been very
variable, even from the same laboratories. Many studies have found a
reduction in the numbers in immunized animals, including results from both
the rat and the primate model. In other experiments reductions in numbers
have not been found. There are technical difficulties in interpretation of
such data since the bulk of plaque may be irrelevant in the caries process and
only those organisms against the enamel surface itself might be important.
Theoretically, it is not necessary for there to be a reduction in numbers of
cariogenic bacteria for immunization to be effective. As outlined in Table
3.8, inhibition of various metabolic activities could result in the
neutralization of cariogenic bacteria without there being reduction in
numbers.

Table 3.9 Some possible mechanisms of action of antibodies in caries immunity

1. Inhibition of adherence 4. Complement-dependent lysis
2. Inhibition of enzyme activities 5. Agglutination
3. Opsonization 6. Interaction with non-specific mechanisms

Inhibition of adherence

It is generally accepted that adherence of an organism to the host is a
prerequisite for infection. The elegant studies of Williams and Gibbons in
1972 demonstrated that purified parotid IgA could inhibit the adherence of
Streptococcus salivarius to human buccal epithelial cells. Since then, several
workers have shown that secretory IgA could inhibit the adherence of
various other species of bacteria including Escherichia coli, Vibrio cholera
and Neisseria gonococcus. Inhibition of the adherence of S. mutans by
salivary IgA has been shown in monkeys and in rats. Serum antibodies,
particularly of the IgG class, have also been shown to be effective in the
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inhibition of adherence. There are three main possible mechanisms thought
to be responsible for the inhibition of adherence:

1. reducing the hydrophobicity of bacteria by binding with surface
antigens including lipoteichoic acid and thus reducing the negative
charge;

2. direct interference with glucosyl transferase (GTF) activity
preventing the formation of adhesive extracellulose polysaccharides;
and

3. blocking cell surface antigens which act as receptor sites for cell-
bound GTF.

These latter surface protein binding sites (adhesins) of S. mutans seem to
mediate the sucrose-independent binding of these organisms to salivary
pellicle which coats the tooth. Antibodies against the cell surface protein
antigens of S. mutans 1, I/II and III will bind to hydroxyapatite and have
been shown to inhibit the subsequent adherence of the organism. Treatment
of S. mutans cells with anti-I/Il antibody will reduce glucan-dependent cell
to surface adherence and also cell to cell adherence. The mechanism may be
by steric hindrance rather than by direct blocking of adhesin sites. It is
unlikely that this is the sole mechanism in protection against caries, since
anti-GTF antibody almost completely abolishes glucan-dependent
adherence of S. mutans cells to hard surfaces, but the same antigen has been
unable to protect monkeys against caries in immunization experiments
(Table 3.8) though it has been successful in rodent experiments. This raises
the possibility that glucan-dependent adherence may not have a major role
in caries.

Inhibition of enzyme activity

One of the best-studied mechanisms of action of salivary IgA is the
inhibition of GTF activity. It should be noted, however, that under certain
circumstances enhancement of enzyme activity can also occur, and this
raises the interesting possibility that in some conditions the induction of
antibodies may be harmful rather than helpful. Indeed experiments
discussed above have indicated that immunization with GTF occasionally
results in an increase in caries in animals, and that serum IgA antibodies may
enhance GTF activity. :
Elegant experiments over a number of years using radiolabelled sucrose
have demonstrated that serum IgG antibodies may inhibit this enzyme
activity. Inhibition of GTF leading to a lack of production of insoluble
extracellular polysaccharide was a most attractive hypothesis for the action
of antibody in caries immunity. Certainly immunization of rats or hamsters
with purified GTF is effective in reducing caries, and this indicates that
inhibition of GTF activity may be effective in this model. In these
experiments reduction in colonization of S. mutans has been shown, and the
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antibodies induced in serum are active in inhibition of GTF activity. The
failure to achieve successful immunization with GTF in the primate model
may indicate that any inhibitory effect of IgG is neutralized by an enhancing
effect of other serum or salivary antibodies.

GTF is not the only enzyme which might be inhibitable. Various authors
have examined the possibility that antibodies may result in a reduction in
acid production of S. rmutans, but this has not been established.
Nevertheless, inhibition of various metabolic activities of the S. mutans
organisms by antibodies remains an attractive possibility.

Opsonization

As discussed above, IgG is the major immunoglobulin in blood and gingival
crevice, and there is no doubt that serum IgG can be effective on the tooth
surface, as demonstrated in successful passive immunization studies in
monkeys. Crevicular fluid also contains a high concentration of
polymorphonuclear leukocytes (PMN), and over 65% of these crevicular
PMNs are functionally competent. However, since most of the PMNs in
saliva are non-functional in terms of their ability to phagocytose and kill S.
mutans it seems likely that effective opsonization is limited to the gingival
crevice. .

Opsonization enhancing phagocytosis by PMNs and macrophages may be
a powerful way in which antibody combats micro-organisms either directly
or in combination with complement activation. The binding of specific IgG
and IgM antibody in the crevice, as elsewhere in the systemic system, will
activate the classical pathway of the complement activation, resulting in
chemotactic C3a and C5a fragments, which may have the effect of attracting
more polymorphs and monocytes to the site, and amplify the effectiveness of
the antibody—PMN interactions.

Gingival crevice PMN are effective in phagocytosing S. mutans, and
crevicular fluid antibodies are effective as opsonins. Indeed crevicular fluid
is able to support an impressive increase in phagocytosis compared with
saline, and the active factors seem to be both complement- and antibody-
dependent. It should be noted that the release from PMN of lysosomal
enzymes extracellularly could be an effective way of damaging bacteria, as
has been shown for some periodontopathic bacteria, which then have an
effect extracellularly.

Complement-dependent lysis

All the components of complement are present in crevicular fluid, and
complement-dependent lysis has been shown to be effective against Gram-
negative bacteria and viruses. It is less likely that activation of the
complement pathway is directly involved in defence against Gram-positive
bacteria such as S. mutans. However, the abundance of PMN in the crevice,
which are maintained by the chemotactic properties of C3a and C5a, makes
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it likely that complement activation plays a role in opsonization and killing.
It remains possible, however, that a combination of the attack sequence of
complement (C6-C9) may act in synergistic fashion with other antibacterial
factors in the gingival crevice area to induce lysis.

Agglutination

Theoretically, agglutination of bacteria by salivary IgA, or indeed serum
IgG, could either enhance or inhibit bacterial plaque accumulation.
Enhancement could occur when agglutinins are already attached to the
tooth surface or to other bacteria, and thus the attachment of bacteria would
be facilitated (coadhesion). Inhibition could occur when the agglutinins are
free in saliva and when aggregates of bacteria are formed which lead to
enhanced removal of these bacteria from the oral cavity and inhibition of
attachment. These processes could occur equally well with specific
agglutinins such as IgA or non-specific agglutinins, including mucins and
glycoprotein.

Experimentally there is much evidence to support the view that salivary
IgA could, depending on the conditions, enhance or decrease bacterial
colonization, particularly with regard to S. sanguis or S. mutans. It has been
found that some 80% of samples of whole saliva will agglutinate S. sanguis.
Removal of IgA leads to a decrease in agglutination and decrease in
adherence by hydroxyapatite. Interestingly, if the hydroxyapatite were
coated with salivary IgA, then an increase in adherence was found.

There appear to be both specific and non-specific agglutinins present in
whole saliva, and up to three different agglutinin systems in saliva have been
reported, two of which were not immunoglobulin. It is difficult to see a role
for serum IgG in agglutination, and it is more likely that if agglutination is
effective at all then salivary IgA is the mechanism.

Interaction of salivary IgA with non-specific mechanism

Saliva contains mucin, lactoferrin, lysozyme and lactoperoxidase, all of
which may interact with salivary IgA.

Salivary IgA and mucin — Secretory IgA will bind to mucins through
cysteine residues. Salivary IgA can be found in complexes of very high
molecular weight, which have agglutinin activity and presumably reflect
IgA-mucin complexes in the oral cavity. Elsewhere in the secretory system
release of mucins by antibody-antigen complexes has been shown, and it
remains possible that a similar mechanism could be operative in the oral
cavity and lead to enhanced mucus release and mucin-IgA interactions.

Salivary IgA and lactoferrin — Lactoferrin is an iron binding protein which
has bacteriostatic activity and this can be enhanced, or under some
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circumstances reduced, by secretory IgA antibodies. There is preliminary
evidence in vivo to suggest that salivary IgA antibodies and lactoferrin may
be effective in reducing bacterial activity, and this is an area which merits
much more research.

Salivary IgA and lysozyme — Some years ago it was shown that purified
secretory IgA from colostrum could lyse E. coli in the presence of
complement and lysozyme, whereas neither component on its own was
effective. This has been confirmed in more recent studies, and these
observations suggest that similar mechanisms might be operative in the oral
cavity. The concentrations of complement in whole saliva would seem too
small for this to be a major defence mechanism except if inflammation is
present. It has also been shown that salivary mucins can inhibit lysozyme
activity, and thus the effectiveness of lysozyme as an antibacterial
mechanism in the oral cavity would be dependent on a number of
interactions.

Salivary IgA and lactoperoxidase — A recent study has reported that
salivary IgA can enhance the anti-microbial effect of lactoperoxidase. The
IgA may give bacterial specificity to an effective non-specific mechanism.
Interestingly, either IgA1 or IgA2 was effective, but serum IgG or serum
IgM had no effect. This suggests a specific relationship between IgA and
lactoperoxidase, which may be of great importance at mucosal surfaces.

Growth and survival

It is difficult to investigate the effect of antibodies upon growth and survival
of oral bacteria in vitro in any way which might be relevant to conditions
prevailing in vivo. More work is needed in this area to see whether antibody
will inflict subtle changes in metabolism which make the organism less able,
for instance, to survive low pH conditions, or whether acid production is
inhibited whilst numbers remain the same. It should also be noted that
certain strains of bacteria, including S. sanguis, can secrete a protease
capable of cleaving secretory IgA, and it is possible that inhibition of this
enzyme or similar enzymes may be important in the effectiveness of
antibodies at the tooth surface.

CONCLUSIONS

Dental caries has been established as an infective and transmissible disease.
There is a strong association between the numbers of S. mutans in plaque
and dental caries in humans, though some caries may occur in the absence of
S. mutans. S. mutans has been linked immunologically with dental caries.
Root surface caries, fissure caries and rampant caries may differ
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microbiologically from smooth surface caries. S. mutans is very cariogenic in
animal models, but L. casei, S. sanguis and A. viscosus can also cause
different types of caries in animal models.

In humans, low caries prevalence is associated with high serum IgG
antibodies to S. mutans and to the protein antigen I/II, but not to other oral
bacteria. Salivary IgA antibodies do not appear to be raised in subjects of
low caries experience. The presence of caries lesions is associated with
increased antibodies to S. mutans and the development of caries with a rise
in specific antibodies. There appear to be genetic differences, linked to the
HLA-DR, in the ability to respond to streptococcal antigen. Subjects of low
caries experience appear able to respond to very low amounts of antigen.

Caries in animal models can be inhibited by immunization against S.
mutans. In the rodent model the induction of salivary antibodies can lead to
protection against caries, whereas in the primate model the induction of
serum IgG antibodies is protective. Protection can also be demonstrated by
the passive transfer of IgG antibodies, showing that serum antibodies must
be able to act at the tooth surface. Protein antigens have been isolated from
S. mutans, and streptococcal antigen I/I is as effective as whole cells in
inhibiting caries. Local immunization with this antigen in the gingiva may
also be effective, and local passive immunization with monoclonal
antibodies to SA I/II can also protect against caries.
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4
Periodontal Diseases

L. IVANYI and H. N. NEWMAN

CHRONIC PERIODONTITIS
General considerations

Diseases of the periodontium are among the most frequently occurring
human afflictions. Based on the age of onset, distribution of lesions and rate
of progression, most patients can be classified as having mild or severe
periodontitis. In juveniles the distribution of the disease may be either
localized or generalized and may progress rapidly or slowly in either case.
Clearly the generalized rapidly progressive is the most severe form. The
forms of juvenile periodontitis are described later in this chapter.

Amongst young adults it is possible to recognize both mild and severe
forms of the disease, the former usually characterized by slowly progressing
horizontal bone loss and the latter by rapidly progressing vertical bone loss
which is invariably generalized but often irregular. In middle-aged and older
individuals the same forms of mild and severe periodontitis can be
recognized, the mild disease being more common.

There have been advances in the knowledge of the microflora associated
with chronic periodontitis and some of the specific bacterial species which
can destroy periodontal tissues have been identified. As a result of the
application of improved methods for isolation and classification of oral
micro-organisms, certain groups of bacteria have been associated with
various forms of the disease. These include Bacteroides intermedius,
Eikenella corrodens, Fusobacterium nucleatum and Actinomyces species in
mild periodontitis, while F. nucleatum, B. gingivalis, Wolinella recta and
Peptostreptococcus species are among those associated with the severe form
of the disease (see Chapter 2).

Bacterial plaque is firmly established as the major aetiological factor in
the initiation and development of the early stage of periodontitis, chronic
gingivitis. Epidemiological data suggest that untreated gingivitis generally
progresses to periodontitis. However, this assumption remains unproven
and it appears that in many cases a progression may not occur. In general,
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gingivitis is common in the primary and permanent dentition in children and
adults. Although loss of attachment is rarely found in children, the
prevalence of periodontal pockets and alveolar bone loss is increased in
teenagers. Since periodontal destruction progresses with increasing age
after the age of 20, chronic periodontitis is considered a major cause of tooth
loss in adults. Despite a variety of experimental approaches using
populations with divergent cultural and socioeconomic backgrounds, the
results of cross-sectional epidemiological surveys have shown remarkably
consistent positive correlations between periodontitis and both age and the
presence of microbial plaque; differences in disease prevalence are related
to levels of oral cleanliness, utilization of dental services and educational
status.

The pattern of periodontal destruction may reflect episodic bursts of
activity over short periods of time at individual sites. These bursts appear to
occur randomly throughout the mouth. Some sites demonstrate a brief
active destructive burst before going into a period of remission, whilst other
sites remain free of disease throughout the individual’s life. The sites which
demonstrate destructive activity may show no further activity or could be
subject to one or more bursts of activity at later time periods.

Chronic periodontitis involving long-term interaction between host and
bacteria is characterized by a spectral pattern possibly attributable to
temporal development in clinical manifestations and immunological
parameters. For more than a decade periodontal research has focused on the
nature of the interaction between bacterial substances and various host
defence mechanisms in order to understand the basis of the soft tissue
destruction and alveolar bone resorption that are characteristic of
periodontitis. Considerable attention has been given to the immunological
mechanisms which may play a part in these diseases. With the exception of
acute necrotizing ulcerative gingivitis and some cases of juvenile and severe
progressive periodontitis, bacteria do not normally invade the gingival
connective tissue. However, bacterial antigens activate the immune
responses of the host, resulting in various manifestations. The immuno-
logically competent cells, such as lymphocytes and plasma cells,
predominate in affected gingival tissues. Immunoglobulins with antibody
specificity for oral bacterial antigens are present in human sera, in gingival
crevicular fluid and in gingival tissues. Peripheral blood lymphocytes and
gingival lymphocytes are sensitized to oral bacterial antigens as detected by
in vitro tests. Hence the concept of hypersensitivity to oral micro-organisms
as a major factor in the pathogenesis of chronic periodontitis has gained
wide support. Both antibody-mediated and cellular hypersensitivity may
contribute to the inflammatory reactions in periodontal lesions. On the
other hand, evidence is accumulating that the immunological reactions
towards bacteria and their products primarily represent a manifestation of

the host defence to infection. These immune responses can be affected by
bacterial immunomodulatory substances resulting in a spectrum ot both 'l

cell and antibody-mediated reactions.
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Immunopathology

Plaque accumulation experiments have been used extensively to elucidate
the pathogenesis of chronic inflammatory periodontal disease both in
humans and animals. These studies showed that chronic periodontitis
develops in four stages. The initial lesion is an acute inflammatory response
occurring within 1-4 days following plaque accumulation. During this stage
the gingival vessels become engorged and dilated, and large numbers of
neutrophils migrate into the junctional epithelium and into the gingival
crevice. The early lesion, which occurs within 4-7 days, is characterized by
the formation of a soft tissue infiltrate containing small and medium-sized
lymphocytes and macrophages. The established lesion, consisting of
predominantly plasma cells, develops within 2-3 weeks. This lesion may
remain stable or convert to an aggressive state with the destruction of
alveolar bone. The aggressive phase, termed the advanced lesion, is
characterized by the presence of large numbers of infiltrating plasma cells
and lymphocytes. Subsequently it has been shown that gingivitis is a
lymphocyte-dominated lesion, while periodontitis is a plasma cell-
dominated lesion.

Based on immunphistochemical investigations of experimental gingivitis
and chronic gingivitis in children and adolescents, there is general
agreement that T lymphocytes predominate in the inflamed soft tissues with
a smaller number of B lymphocytes and macrophages. In chronic
periodontitis the nature of the infiltrate varies widely. Some authors
observed predominantly plasma cells, others found that the number of
lymphocytes was equivalent or even exceeded that of plasma cells. Studies
of Ig isotypes associated with these plasma cells and lymphocytes revealed
the presence of variable proportions of IgA, IgG as well as IgM-producing
cells. Macrophages and certain lymphocytes have cytophilic antibodies
attached via the Fc receptor which could mimic antibody-producing cells.
Thus, monospecific F(ab'), reagents specific for each immunoglobulin class
were used to prevent non-specific binding of antibody via the Fc receptor.
The results showed that the largest proportion of the cells in tissue sections
was positive for IgG with smaller proportions positive for IgA and IgM.
These findings are in agreement with in vitro studies which have shown that
the predominant immunoglobulin produced by gingival lymphocytes is IgG.
Around 20% of immunoglobulin present in the gingival tissue reacts with
oral microbial antigens but immune complexes were not detected. The
proportion of T cells in the infiltrate in progressive pegiodontitis is a matter
of controversy. Initial studies showed a prevalence of B cells with only a
small number of T cells being present. More recently, studies with
monoclonal antibodies demonstrated that T lymphocytes accounted for
30% of the infiltrating cells. Of the remaining cells, 50% were identified as B
cells and 13% as macrophages. T lymphocytes and macrophages were found
to be localized in the connective tissue subjacent to the pocket epithelium, in
an area which is most intensely exposed to bacterial antigens.

A number of workers examined suspensions of cells extracted from
diseased periodontal tissues. Using formation of spontaneous sheep red
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blood rosettes (E rosettes) or monoclonal antibodies as markers for T cells
and surface membrane immunoglobulin for B cells, 50-70% T cells and 30%
B cells were identified. Using monoclonal antibodies against T lymphocyte
subsets, aberrations in the T cell subset distribution were observed. Several
authors reported decreased T4/T8 lymphocyte ratios (T4 = helper/inducer
and T8 = suppressor/cytotoxic subsets) in young adults and middle-aged
patients with severe periodontitis.

Current evidence indicates that periodontitis is not a simple B cell lesion
as initially claimed. Instead, the infiltrated region contains numerous sets of
infiltrating cells organized in an unusual way, with a region rich in T
lymphocytes and macrophages immediately subjacent to the pocket
epithelium and a region in the central lamina propria, located further away
from the bacterial agents, which is rich in B cells and plasma cells and poor in
T lymphocytes.

Neutrophil functions

Neutrophils are, most likely, defensive cells providing continuous
protection for the periodontal tissues. These inflammatory cells migrate into
the junctional epithelium and gingival crevice in response to local
chemotactic substances elaborated by plaque bacteria. The majority of
crevicular neutrophils from healthy sites are viable and capable of
phagocytosis. Ultrastructural studies have shown that neutrophils come into
direct contact with dental plaque in the sulcus and actively phagocytose
plaque micro-organisms. The protective effects of neutrophils include
phagocytosis and killing of bacteria as well as inactivation of potentially
destructive bacterial products. Opsonizing antibody and complement play a
role in the interaction of neutrophils with certain micro-organisms. The
protective function of these cells is also demonstrated by the fact that
patients with neutrophil disorders often present unusually rapid severe
periodontitis (see Chapter 9). However, neutrophils may also participate in
the local tissue destruction as they contain lysosomal enzymes and
potentially toxic oxygen radicals which are capable of degrading tissue
components. Localized tissue damage by antigen—antibody complexes also
depends on the presence of neutrophils (see Chapter 12).

Recently it has been reported that gingival crevice neutrophils recovered
from lesions of severe periodontitis have reduced phagocytic capacity when
compared to cells recovered from lesions of mild periodontitis.
Furthermore, the viability of neutrophils has a tendency to decrease in deep
pockets when compared to control sites. Several oral pathogens have been
shown to have the potential to cause neutrophil dysfunction or even
destruction. In summary, the reduced defensive function of neutrophils
results in rapidly progressive periodontal tissue destruction.

Macrophage mediators

Macrophages are engaged in phagocytosis, antigen presentation to T
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lymphocytes and in immunoregulatory functions in both humoral and
cellular immunity. Cytokines derived from macrophages play an important
role in initiation and regulation of immune responsiveness. Some of these
inducer functions may be mediated by interleukin-1 (IL-1), whilst the
suppressor activities may be mediated by prostaglandin E, (PGE,).
Distinctive functions may be ascribed to various macrophage
subpopulations; there is some evidence that IL-1 and PGE, are produced by
separate macrophage subsets. The secretion of IL-1 can be induced by a
variety of stimuli, such as activated T cells, lymphokinin (colony-stimulating
factor), immune complexes, C5a complement component, lipo-
polysaccharide (LPS) and cell wall components from Gram-positive
bacteria. However, one has to bear in mind that several other cell types after
stimulation can also produce IL-1. The release of IL-1 from keratinocytes in
vitro is spontaneous with no apparent requirement for other stimuli,
although LPS increases its production and is also a stimulant of IL-1
production by B lymphocytes.

IL-1 appears to be responsible for many effects such as stimulation of T
helper and B lymphocyte responses, fibroblast proliferation, interferon
production and collagen type IV production by epidermal cells. The finding
of enhanced osteoblast proliferation, alkaline phosphatase production and
bone resorption by osteoclasts suggests that IL-1 may be a regulatory factor
in bone remodelling. Gingival fluid from subjects with clinically healthy
gingiva was shown to contain IL-1, but the IL-1 levels were found to be
greater in gingival fluid from inflamed gingiva. IL-1 might be produced by
macrophages, or gingival epithelial cells, or both. Within the gingival
environment IL-1 enhances the production of other lymphokines including
interleukin-2 by T lymphocytes or natural killer cells, and enhances the
activity of B cells, thus promoting both cellular and humoral immunity.

Certain products of Gram-negative bacteria, such as lipids or
lipopolysaccharides, stimulate a subpopulation of macrophages to secrete
prostaglandins (PGs) of the E series. PGs are also produced by other cells
and tissues, such as gingiva. The most obvious role of PGs is in
inflammation. PGE; and PGE, cause local vasodilation, increased vascular
permeability, potentiation of the action of histamine and bradykinin and
accumulation of oedema fluid. PGE, has also been shown to stimulate bone
resorption and to inhibit bone collagen synthesis. Another important role of
PGs lies in immunosuppression. PGE; and PGE, inhibit mitogen- and
antigen-induced lymphocyte stimulation, depress macrophage inhibitory
factor activity and direct cytolysis by activated lymphocytes and antibody
formation. In contrast, PGE, may stimulate some functions of
macrophages, such as collagenase production and Fc-mediated
phagocytosis. Moreover, PGE, may reduce chronic inflammation by
inhibiting the production of oxygen radicals. PG-mediated suppression of
mitogen/antigen-induced lymphocyte proliferation may operate through
activation of T suppressor cells, which possess PG receptors, or by
interference with IL-2 production and action, but the relationship between
PGE, and IL-1 functions is not yet fully understood.
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Prostaglandins have been detected in gingival fluid from patients with
chronic  gingivitis. 'Furthermore, an immunohistochemical study
demonstrated a number of macrophages containing PGE, in gingival
sections from patients with severe periodontitis. Thus PGE, produced at a
local site may contribute to the suppression of both T and B cell-mediated
functions in severe periodontitis.

It has been demonstrated that patients taking anti-inflammatory drugs
which inhibit PG synthesis (such as indomethacin) had less gingival
inflammation, reduced depth of periodontal pockets, loss of attachment and
less bone loss compared with a control group of subjects. Indomethacin also
diminished alveolar bone destruction in a canine model of rapidly
progressing periodontitis.

T lymphocyte responses

T (thymus-derived) lymphocytes are engaged in cell-mediated immunity.
When sensitized lymphocytes interact with an antigen they proliferate and
secrete a variety of lymphokines, such as IL-2, y-interferon, skin-reactive
factor, chemotactic factor, migration inhibition factor and cytotoxic factor.
However, some lymphokines have tissue-damaging potentials; for example,
osteoclast activating factor (bone resorbing factor). Distinctive functions
may be ascribed to helper/inducer (T4") and to suppressor/cytotoxic (T8")
subsets. T4" lymphocytes are engaged in proliferation and lymphokines
secretion, whilst T8  lymphocytes mediate cytotoxicity and immuno-
regulation of cellular and humoral immunity. T4" lymphocytes help B cells
to make antibodies to the majority of antigens (T cell-dependent antigens)
although some antigens (T cell-independent) may stimulate B cells directly
to secrete antibodies. IgG responses are generally more T cell-dependent
than IgM production. B cells can also be activated polyclonally by stimuli
such as lipopolysaccharide, teichoic acid, dextran, levan and peptidoglycan.
Activated B cells are capable of secreting osteolytic mediators as well as
other potentially destructive lymphokines. In vitro T cell reactions to oral
micro-organisms used as lymphocyte stimulants have been used to
investigate the immune status of individuals with chronic periodontitis. The
‘lymphocyte transformation’ test, which measures the blastogenic
(proliferative) response of peripheral blood lymphocytes to sensitizing
antigens, has been used most frequently. Although a direct correlation
between the magnitude of the response to putative periodontal Gram-
negative pathogens and severity of the periodontal disease has been
reported, this relationship has not been confirmed in other investigations.
Other studies demonstrated that lymphocytes from patients with chronic
gingivitis and mild periodontitis responded to bacterial antigenic extracts,
while the majority of patients with severe periodontitis failed to
demonstrate lymphocyte stimulation. Although essentially all studies have
shown responsiveness in patients with gingivitis and mild periodontitis,
conflicting results have been reported in the periodontally healthy groups.
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Selection of healthy subjects who received stringent tooth cleaning and
dental hygiene instruction to assure minimal plaque accumulation may
possibly explain the unresponsiveness reported in some studies. Hence the
‘super-healthy’ controls may not be representative of normal periodontally
healthy subjects. Their gingival tissue may contain an inflammatory cellular
infiltrate upon histological examination, suggesting antigen penetration and
systemic sensitization. Furthermore, differences in lymphocyte culture
conditions may also account for the discrepancies between the various
studies.

The finding of low in vitro lymphocyte proliferative responses to
periodontopathic bacteria in patients with severe periodontitis is of
particular interest. Depletion of cell cultures of T suppressor cells enhanced
lymphocyte responses in these patients. It has also been shown that after
periodontal therapy lymphocytes from the same subjects responded
significantly to bacterial antigens. Moreover, the spontaneously occurring
blastogenic activity and the incidence of Ia™ T cells in unstimulated cultures
were both lower in patients with severe periodontitis than in controls. The
results suggest an abnormal T cell regulation in these patients. It may be
argued that findings in the ‘blood are not necessarily representative of
immune reactions within the gingival environment. However, investigations
of T lymphocyte subsets in periodontal tissues showed decreased T4/T8
lymphocyte ratios in patients with severe periodontitis. Furthermore, the
lack of response to oral bacterial antigens was observed in cultures of
mononuclear cells extracted from periodontal tissues of patients with severe
periodontitis. All these results suggest increased functional activity of T
suppressor cells in inflamed periodontal tissues. The mechanisms which lead
to enhanced activity of T suppressors are complex and not fully understood.
However, high antigen concentration, antigen—antibody complexes and
prostaglandins may play a role. The suppressed host defence mechanism
may contribute to the progression of the disease to its severe form.
However, patients with immunodeficiences and patients on immuno-
suppressive drugs do not suffer from, nor are they more susceptible to,
severe periodontitis.

Although immunosuppressive agents prevent the immune system from
rejecting a grafted kidney, other aspects of the host defence mechanisms are
probably preserved to adequately control infection. Indeed, these patients
have a normal level of T cells in their blood and unimpaired responses to
mitogens and antigens from dental plaque.

Experiments on thymectomized hamsters and congenitally athymic rats
have both demonstrated increased alveolar bone loss. Cyclophosphamide
suppression of lymphocyte functions produces severe bone loss in ligature-
induced periodontitis in rats. Finally, in rats monoinfected with an oral
Gram-negative bacterium (Eikenella corrodens) the increase in severity of
bone loss corresponded to a marked decrease in cell-mediated immune
responses to this antigen. Taken together, these results indicate a protective
role of T cell-mediated immunity in periodontitis.
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B lymphocyte responses

B lymphocytes (bone marrow derived) are engaged in antibody formation.
After interaction with the antigen, B cells differentiate into blast cells and
plasma cells, secreting large amounts of antibodies.

The potential of antibodies to inhibit the adhesion of bacteria to mucosal
surfaces is well established. Antibodies to Actinomyces viscosus will inhibit
its coaggregation with Streptococcus sanguis; such bacterial interactions may
be of importance in the colonization of the subgingival area by
periodontopathic organisms. Antibodies of the IgA and IgG classes (local
and serum derived) can limit the entry through epithelial surfaces and
spread of bacterial antigens. In the periodontal area this function is
maintained by antibodies present both in the gingival crevice fluid and in the
gingival tissues. IgA particularly is conducive to health in this respect
because of its inability to initiate complement reactions and to cause a
release of lytic enzymes from inflammatory cells. It has also been shown that
the salivary immune response can be protective in experimental periodontal
disease in rats after local immunization with Streptococcus mutans,
Actinomyces naeslundii or A. viscosus. Bone loss was reduced in animals
that demonstrated high salivary antibody responses, while bone loss was
increased in animals demonstrating a weak salivary response. In another
experiment, immunization of dogs with dental plaque which was followed by
increased serum antibodies to plaque, antigens reduced the lesions of
gingival connective tissue caused by plaque accumulation. The reduced
connective tissue lesions were attributable to the formation of immune
complexes which inhibited antigen penetration through the junctional
epithelium. These results appear to be at variance with experiments in which
the application of ovalbumin to the gingival sulcus of squirrel monkeys
immunized to this protein promoted the development of gingival lesions.
This damage, however, could be initiated only when the junctional
epithelium was mechanically disrupted, thereby giving the antigen access to
the connective tissue. However, other workers failed to extract immune
complexes from tissues taken from either humans or dogs with chronic
periodontitis. These studies indicate that immune complexes may not
contribute significantly to periodontal pathology.

It would appear that an intact junctional epithelium provides an effective
barrier to antigen penetration. Such an hypothesis is further supported by
the findings of other investigators who applied the tracer protein,
horseradish peroxidase, to the gingiva of rabbits immunized to this antigen.
In non-immunized control animals peroxidase rapidly penetrated the
junctional epithelium and entered the connective tissue, but in immunized
rabbits only very small amounts of the antigen penetrated the epithelium. It
was suggested that the antiperoxidase antibodies present in the intercellular
spaces of the epithelium reacted with the penetrating antigen, to form
antigen—antibody complexes which activated complement. It was argued
that the release of chemotactic factors was responsible for the epithelial
infiltrate of neutrophils which engulfed the complexes, allowing only small
amounts of peroxidase to reach the connective tissue. Thus, a less
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pronounced inflammatory reaction was found in the gingival connective
tissue of immunized than that of the non-immunized experimental animals.
Furthermore, suppression of B cell functions by cyclophosphamide
produces severe bone loss in ligature-induced periodontitis in rats. All these
results indicate that humoral immunity to plaque antigens represents a
defence mechanism within the junctional epithelium and the underlying
connective tissue.

The level and distribution of crevicular fluid antibody was studied in
patients with chronic periodontitis. Elevated antibody levels were
demonstrated in approximately 9% of periodontal test sites. The elevated
responses were shown to be limited to particular bacterial specificity at any
one site, particularly to A. actinomycetemcomitans, B. gingivalis and B.
intermedius, rather than to clinical categorization. Those sites yielding
elevated antibody levels exhibited no obvious differences in clinical
parameters of probeable depth or attachment level as compared with sites in
which antibody levels were similar to serum levels. Thus, elevated antibody
levels in crevicular fluid may relate to change in disease activity that is not
detectable by normal clinical criteria. Other studies demonstrated
suppressed local antibody synthesis to B. gingivalis in patients with severe
periodontitis. It is possible that B. gingivalis colonizing the subgingival area
can induce degradation of immunoglobulins by powerful proteases.

The presence of antibodies to periodontopathic organisms in the sera of
periodontal patients has been well documented. Elevated levels of serum
IgG antibodies to anaerobic oral bacteria were observed in patients with
mild periodontitis. Antibody titres to Veillonella, Fusobacterium and
FEikenella significantly increased in serum after successful therapy, and a
relationship between the high antibody titres to Actinobacillus and reduced
disease activity has been reported recently. Sera from patients with mild
periodontitis frequently contain elevated levels of antibodies to putative
periodontal pathogens not found in their pocket floras. These observations
are suggestive of sequential infection and of induction of protective
immunity against reinfection by the same organism. In accord, patients with
high serum antibody titres have a simple bacterial flora compared to those
with low serum antibody titres. All these results are consistent with the
hypothesis that the antibodies have a protective effect.

In severe periodontitis of young and adult patients the serological findings
are variable. Some authors reported increased IgG antibody titres to
putative periodontal pathogens, others reported an absence of elevated
antibody titres, or even decreased antibody titres when compared with
normal subjects. Evidence is accumulating that these patients have indeed
low serum IgG antibody levels to Bacteroides intermedius, B. ochraceus,
Fusobacterium nucleatum, periodontitis-associated treponemas, Veillonella
parvula, Actinobacillus actinomycetemcomitans and Bacteroides gingivalis.
However, others reported increased serum antibody titres to B. gingivalis in
about 50% of patients with severe periodontitis and their decrease after
periodontal therapy. In all these studies whole bacterial cells or crude
extracts were used as the antigenic stimulants. Such preparations include a
variety of antigens, some of which may be associated with protective
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functions, while others merely reflect infection with the micro-organisms.
One study examined antibody levels to lipopolysaccharide extracted from
B. gingivalis and found an inverse relationship between pocket depth and
the level of IgG antibody in patients with severe periodontitis. Overall,
these results agree with a protective effect of humoral immunity in
periodontitis.

Protective and pathogenic interactions

Periodontal disease involving long-term interaction between host and
bacteria is characterized by a spectral pattern possibly attributable to
temporal development in clinical manifestations and immunological
parameters. In the mild form of the disease peripheral blood and gingival
lymphocytes extracted from periodontal tissues respond by in vitro cell-
mediated immunity to oral bacterial antigens. The interpretation of these
findings could be as follows.

Sensitization with oral bacterial antigens results in systemic immunity. T
lymphocytes become sensitized in the lymph nodes and probably also in the
spleen, which is followed by their recirculation, as detected by their
presence in peripheral blood. The finding of sensitized T cells within the
gingival tissues indicates that they return to the site of antigenic challenge
where they carry out functional activities which localize the bacterial
antigens and facilitate their phagocytosis by macrophages.

Serum-derived and locally secreted antibodies have the potential to
inhibit initial adhesion and bacterial interactions which may be of
importance in the colonization of the subgingival area by periodontopathic
organisms. They also restrict the penetration of antigens into the gingiva by
the formation of immune complexes. Other activities of antibodies include
opsonizing, neutralizing and/or killing the bacteria. Thus the ‘relative’
integrity of periodontal tissues is maintained by the interplay of cell- and
antibody-mediated immunity to oral bacteria and their products.

Dysfunction of immune responses of various degrees of specificity
frequently occurs in severe periodontitis. It is plausible that suppressed host
defences, particularly those induced by oral pathogens themselves, may
contribute to the disease process. Immunosuppressive factors of bacterial
origin could lead to colonization by the initiating organism or by other
opportunistic organisms and to subsequent bacterial invasion of gingival
connective tissue. Several micro-organisms have been shown to suppress
cellular and humoral immune responses. These include Veillonella parvula,
Actinobacillus actinomycetemcomitans, oral treponemas, Capnocytophaga
ochracea and Fusobacterium nucleatum. Previous studies proposed the role
of V. parvula and A. actinomycetemcomitans-induced suppressor T cells in
the mechanism of T cell anergy. Apart from activation of suppressor T cells,
some bacteria mediate their suppressive effects by other mechanisms
including suppressor macrophages (C. ochracea, oral treponemas) and by
altering T helper cell activity (F. nucleatum). Suppressor T cells may also be
responsible for low antibody levels in patients with severe periodontitis.
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As a result of defective cellular and humoral immunity bacteria and their
toxic products may gain entrance into the periodontal tissues. The presence
of bacteria in gingival connective tissue from patients with severe
periodontitis has been reported by several authors. Of particular
importance are Bacteroides species which have the potential to degrade
antibodies in the area, thereby facilitating the spread of toxic products of
bacterial origin. The virulence factors of periodontal pathogens and their
mode of action are described in Chapter 2. As the critical aspect of
inflammatory periodontal disease is a loss of alveolar bone, the bone-
resorbing capacity of bacterial products deserves particular attention.
Amongst these, surface capsules, slimes and lipopolysaccharides possess
significant bone-resorbing potentials. Although lipopolysaccharides (LPS)
from periodontopathic bacteria vary in chemical composition and biological
activities, most of them have been shown to cause bone resorption in vitro.
LPS and other bacterial products can also bring about bone resorption
indirectly by activating lymphocytes and macrophages to secrete mediators
of bone resorption, such as osteoclast-activating or bone-resorbing factor,
interleukin-1 and prostaglandins. Bone-resorbing activity has been found in
50% of culture supernatants of lymphocytes isolated from chronically
inflamed periodontal tissues, but the levels were not related to the severity
of periodontal disease.

JUVENILE PERIODONTITIS
General considerations

Juvenile periodontitis is a disorder of the supporting apparatus of the teeth
which occurs in adolescents. It can be distinguished from adult periodontitis
not only by its early onset, but also by the poor relationship between the
amount of plaque on one hand and the degree of tissue destruction on the
other. Initially, the disease appears to be confined to the periodontium
around the first molars and incisors (localized juvenile periodontitis) with
characteristic vertical or irregular bone loss. The localized lesions of juvenile
periodontitis may progress rapidly and may also spread to other parts of the
dentition causing generalized alveolar bone destruction (generalized
juvenile periodontitis). A few case reports have provided evidence for such
progression, whilst other investigators reported that 39% of patients with
juvenile periodontitis aged between 21 and 30 years still had only molar/
incisor involvement. There is increasing evidence for the hereditary nature
of juvenile periodontitis. X-linked inheritance has been suggested but both
sexes are affected. Therefore an autosomal recessive model of inheritance
seems more likely. Studies on the association of the disease with HLA have
so far produced equivocal results.

The importance of Actinobacillus actinomycetemcomitans in the aetiology
of localized juvenile periodontitis (LJP) is based on the following findings.
There is an increased prevalence of oral A. actinomycetemcomitans in LJP
patients as compared to control subjects. In LJP patients this organism is
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found in large numbers in periodontal pockets, but is either not present or is
found only in small numbers in healthy sites. There is an indication that A.
actinomycetemcomitans may enter the gingiva adjacent to periodontal
pockets, where it may produce potent toxic factors. There is a good
correlation between elimination of A. actinomycetemcomitans from
subgingival plaque and successful treatment of this disease.

Immunological findings

Patients with juvenile, in contrast to adult, periodontitis, frequently show
depressed neutrophil chemotaxis and phagocytosis. In most of these
patients monocyte chemotaxis appears normal, although occasionally
depressed monocyte as well as neutrophil chemotaxis was observed. Some
LJP patients have serum factors which may inhibit neutrophil chemotaxis.
A. actinomycetemcomitans also produces a polymorphonuclear leukocyte
chemotaxis-inhibiting agent. Furthermore, several strains of A. actino-
mycetemcomitans produce a leukotoxin which is capable of lysing human
neutrophils. These factors may function in the periodontal pocket to
exacerbate the systemic neutrophil chemotaxis defect seen in many patients
with LJP. However, sera from LJP patients contain antibodies which
neutralize the leukotoxin. Furthermore, both leukotoxin-producing and
non-producing strains were isolated from these patients. The observation
that non-leukotoxic strains could be recovered at one point in time as sole A.
actinomycetemcomitans organisms from LJP lesions suggests that leuko-
toxin is neither unique nor necessary for the development of LIJP.
Alternatively, the infecting A. actinomycetemcomitans strain may have
converted from a leukotoxin-producing to a non-leukotoxin-producing
strain. Results from several laboratories demonstrate a strong relationship
between serum IgG antibody titres to both leukotoxic and non-leukotoxic
strains of A. actinomycetemcomitans and LJP. Elevated serum IgM and IgA
responses and salivary IgA antibodies to this organism were also observed in
the LIP patients. However, Bacteroides gingivalis is rarely found in these
patients and the antibody titres to this organism are low. Conceivably, the
antibodies to A. actinomycetemcomitans develop after the disease is
initiated and some destruction has occurred, but then exert a protective
effect against further spread and destruction, leading to a ‘burn-out’ state of
the disease. Antibodies to A. actinomycetemcomitans are also found in
gingival fluid at levels comparable to those found in serum. In patients
demonstrating ongoing loss of probing attachment, antibody levels in
gingival fluid to A. actinomycetemcomitans may exceed those present in the
serum during the period of no bone loss. In one interesting experiment a
periodontal probe was inserted into deep periodontal pockets containing
large numbers of A. actinomycetemcomitans and then placed into a healthy
gingival sulcus in the same LJP patient. The results showed that the
organisms did not colonize the healthy sites and were eliminated within 3
weeks. It appears most likely that the antibodies (opsonizing and/or
preventing attachment) or activated macrophages eliminated the organisms
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from the recipient site. Taken together, antibodies specific for A.
actinomycetemcomitans probably act protectively against periodontal
destruction in LJP.

In contrast with LJP, patients with generalized juvenile periodontitis
(GJP) show high serum IgG antibody titres to B. gingivalis. These
antibodies have been shown to merely reflect infection with the micro-
organism without a protective function. Hence, spreading of the disease to
teeth other than the incisors and molars could be due to colonization with B.
gingivalis succeeding the initial A. actinomycetemcomitans infection.
Indeed, B. gingivalis has been shown to be more proteolytic than other
species and its virulence was demonstrated by an acute, rapidly spreading
infection and bone resorption after being injected into mice. However, even
in GJP the extent of bone resorption was found to be dependent on the
presence of precipitating antibody to A. actinomycetemcomitans. Within the
disease group there were significantly fewer involved teeth in subjects with
precipitating antibody (antibody positive) than amongst those in whose sera
precipitins were not seen (antibody negative).

In conclusion, high antibody levels specific for A. actinomycetemcomitans
may have a protective effect against further periodontal destruction.
Monitoring of these antibody levels may prove to be a useful test in the
prediction of the arrest or further progression of the disease in patients with
juvenile periodontitis.

NECROTIZING ULCERATIVE GINGIVITIS (NUG)

This condition generally presents as an acute gingivitis of rapid onset,
characterized by discrete ulceration and destruction of affected papillae,
painful residual gingivae and a characteristic halitosis. The lesions may
spread extensively orally and facially in malnourished patients to produce
‘cancrum oris’. If untreated, a chronic form of the disease may supervene,
which is thought to predispose to further acute episodes.

The clinical features are characteristic but are usually substantiated by
smears of the lesions which by phase-contrast or dark-ground microscopy
reveal large numbers of fusiform rods and spirochaetes.

For many years this condition has been considered as an infection
produced by oral bacteria, principally spirochaetes and fusiform rods.
Bacteroides and, to a lesser extent, protozoa were also implicated. Current
evidence indicates that an immune defect produces the rapid gingival tissue
breakdown that allows these commensal oral organisms to grow in excessive
numbers. Early work suggested that lowered tissue resistance was a factor.
Severe colds and stress were cited as examples. More recently, both humoral
and cellular factors have been implicated. Salivary IgM appears not to be
affected but decreases have been demonstrated in salivary IgG, IgA and
SIgA, which to some indicate a hypogammaglobulinaemia as an aetiologic
factor. Within 14 days of clinical onset, others have noted increases in
serum IgM and decreases or increases in serum IgG which may reflect the
presence of many plasma cells in tissues previously affected by chronic
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gingivitis. Higher IgG and IgM titres to intermediate-size spirochaetes have
been noted. Complement levels appear to be normal. Spirochaete
endotoxin activity has been proposed as a mechanism to explain the increase
in serum IgM. Stress may also be relevant in this context, as excessive
hydrocortisone activity may inhibit antibody production by directing amino
acids from protein production to carbohydrate metabolism.

The polymorphonuclear leukocytes in the NUG lesion tend to
concentrate in large numbers between epithelium and bacteria, which is
similar to the less marked PMN accumulation in the same location in chronic
gingival and periodontal inflammation. It has been suggested that the typical
surface ulceration of the lesion is due to the release of hydrolytic enzymes
from the large numbers of accumulated PMN. The presence of an intact
basal layer in the affected epithelium suggests, however, that tissue
destruction originates within the epithelium and not in the subjacent
connective tissue. It may be observed that extensive gingival ulcers
resembling those of NUG can occur in chronic neutropenia, infectious
mononucleosis and leukaemia, and there has been a suggestion of PMN
dysfunction in NUG in terms of both chemotaxis and phagocytosis.

No patterns of transformation of lymphocytes different from those of
chronic gingivitis occur in NUG, although there has been a suggestion of the
NUG lesion being attributable to a local Schwartzman reaction to Gram-
negative species, particularly fusiforms.

PERIAPICAL PERIODONTITIS

Acute periapical periodontitis is manifested by exquisite pain by light
contact with the affected tooth. The periodontal space is widened and the
tooth hypermobile. Chronic periapical periodontitis presents usually
without symptoms, but the affected tooth is non-vital and there may be a
(minimal) area of periapical rarefaction evident radiographically.

Inflammatory changes ranging from acute to chronic characterize the
periapical periodontitis lesion. Plasma cells are common with immuno-
globulins being produced in the order IgG>IgA>IgE>IgM. Many PMN,
lymphocytes and mast cells are also present. It has been found that capillary
endothelial pericytes of the lesion show increased lysosomal activity and
may form foreign body giant cells. Mast cells in the affected tissues may
contribute to connective tissue breakdown. No evidence has been found to
implicate immune complex formation in periapical periodontitis. Acute
periapical lesions contain a dense polymorphonuclear infiltrate with a few
lymphocytes and plasma cells.

DRUG-INDUCED GINGIVAL HYPERPLASIA

Drug-induced gingival hyperplasia generally presents with marked tissue
enlargement due basically to fibrous hypertrophy, with varying levels of
inflammation which may produce changes from increased redness and
oedema to gross granulomatous change.
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Oral contraceptives

Perhaps the commonest drug-induced gingival enlargement is that
attributable to oral contraceptives, although the increase in tissue volume is
almost entirely due to inflammation. Progesterone, progestin and oestrogen
have each been shown to be capable of increasing the adhesion of
granulocytes and platelets to small vessels resulting in microthrombus
formation. Mast cell disruption has been observed, as have vascular
proliferation and increased permeability and gingival exudate formation,
probably due more to oestrogen than to progesterone. The features
described appear to be most evident during the initial 6 months of taking the
contraceptive, although some have noted more inflammation in those taking
the pill for more than 5 years compared with those taking it for a lesser
period. The mechanism of increased inflammation has not been established,
but it is possible that the effects of progesterone are due to its effect of
increasing prostaglandin synthesis.

Anticonvulsants

The use of several anticonvulsant drugs is associated with marked fibrous
gingival enlargement. The principal drug implicated is phenytoin, although
primidone and phenobarbitone have been found to produce very similar
effects. So does the anti-angina drug nifedipine, a calcium channel blocker,
which is thought to have similar effects at the cellular level despite
differences in target tissue, which in its case is cardiac and smooth muscle.
The affected tissue is hypertrophic rather than hyperplastic, the
enlargement being due to increased amounts of both collagen and ground
substance. This may reflect a decreased rate of breakdown of extracellular
material within fibroblasts. Depression of cellular and humoral immune
responses has been described including IgA reduction, although epilepsy
itself may predispose to IgA deficiency, which would then be evident if and
when phenytoin or other anticonvulsants were taken. There have been
contradictory reports concerning similar changes with phenytoin in serum
IgG and IgM levels, some showing increased, some decreased, and some
unchanged, serum levels. Comparison of gingival levels of immunoglobulin
revealed higher IgG in phenytoin hyperplastic tissue but not in tissue
affected by idiopathic gingival hyperplasia. IgM also appears to be more
abundant in the phenytoin-affected tissue. The higher IgG level in the latter
has been attributed to the greater level of associated inflammation. There is
a report of increased lysozyme, lactoperoxidase and lactoferrin in
unstimulated whole saliva of affected patients.

Non-steroidal anti-inflammatory drugs

Diminished periodontal inflammation has been observed in patients
receiving immunosuppressive drugs. Steroids do not appear to have a
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predictable periodontal effect, although a suppressive effect has been
attributed to inhibition of prostaglandin synthesis. Indomethacin and
flurbiprofen are non-steroidal anti-inflammatory drugs which can delay the
onset and reduce the level of inflammatory reaction and bone resorption,
again due probably to their effects on prostaglandin synthesis, blocking
lymphocyte activation.

Cyclosporin

The immunosuppressive drug cyclosporin, now used so widely in patients
. who have received organ transplants, is associated with a generalized
gingival enlargement with both fibrous and oedematous components similar
to, or even indistinguishable from, that induced by phenytoin. The
inflammatory infiltrate in the affected gingiva contains mainly plasma cells,
although some tissue areas are relatively non-inflamed. Cyclosporin appears
to affect T-cells, mainly T-helper and to a lesser extent T-suppressor. In
patients with uncontrolled gingival hyperplasia and poor plaque control,
bone and then tooth loss may occur.
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5
Infectious Diseases with Oral
Manifestations

D. M. WALKER

HERPES SIMPLEX
General considerations

Herpes simplex hominis Type 1 (less frequently Type 2) is the commonest
viral infection of the oral cavity. Herpes zoster not infrequently affects the
face or mouth. Other vesicular eruptions such as hand, foot and mouth
disease and herpangina, due to the Coxsackie A group of viruses, occur as
occasional epidemics among children of nursery-school age.

Viral replication

Herpes simplex is a DNA virus. The double-stranded DNA encloses a
protein core. The virus has an outer shell of geometrically arranged subunits
or capsomers making up a capsid in the shape of an icosahedron. This is in
turn surrounded by a bilayered membrane. Viral DNA replication takes
place within the nucleus of the host cell and as the virus particles burst out of
the nucleus they acquire an outer envelope derived from the nuclear
membrane by budding (Figure 5.1). During infection the herpes virus
adsorbs, possibly by specific binding sites, to the surface of the oral epithelial
cell which it penetrates, shedding its envelope. The DNA genome of the
uncoated virus first transcribes messenger RNA which is translated in the
host cell ribosomes to form viral proteins. Certain early genes code for
proteins which shut down normal synthesis of the host cell’s DNA and
protein. Other early gene products include enzymes concerned in herpes
virus replication. The late proteins to be translated are of structural type
necessary for the complete viral particle (virion).
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Figure 5.1 Transmission electron micrograph of the herpes simplex-type 1 virus with a DNA
core (narrow white arrow), protein capsid (broad white arrow) and cell envelope (black arrow)
(x 80 000)

Immunological aspects of pathogenesis
Antigens in herpes infection
During infection, herpes virus antigens appear in the nucleus, cytoplasm and

cell membrane of the infected cells. Intriguingly there is also virus-
determined expression ot new host antigens on the cell surface.

Antibody formation

Seven to 10 days after the primary infection there is a diagnostic rise in the
titre of complement-fixing and neutralizing serum antibody to herpes
simplex which is initially of IgM class and then superseded by a sustained rise
in IgG antibody. Secretory IgA (SIgA) antibody appears in saliva.

Protective effect of antibody

IgG antibody helps to eliminate the virus by its opsonizing action, promoting
phagocytosis of the antibody-coated virus by polymorphs and macrophages
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via their membrane Fc-IgG receptors (Figure 5.2). The virus may strike
back. For example, virus-determined Fc receptors developing on the surface
of cells infected by herpes simplex and the varicella zoster virus can bind IgG
non-specifically and interfere with the recognition of adjacent viral antigens
(Figure 5.3). Fc receptors for IgG recently discovered on the surface of the
herpes virus itself could similarly hamper the action of neutralizing
antibody. Virus-coded C3 receptors appearing on herpes-infected cells
could deplete the local supply of complement. Virus antigen appearing on
infected cells could likewise mop up the available antibody.
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& C3b
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Figure5.2 Phagocytosis of virus by polymorphs (PMNL) and macrophages (MC) via their Fc-
IgG and C3b receptors

Figure 5.3 Effect of antibody on virus-infected cells. Virus determined Fc receptors (M) for
IgG appearing on the surface of infected epithelial cells (OEC) may block binding to adjacent
viral antigens (A) by opsonizing antibody promoting killing of viral-infected cells by
macrophages (MC) or K cells (K)
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Secretory IgA antibody in saliva may prevent infection by blocking viral
binding sites on host cells. SIgA clumping of virus effectively reduces the
number of infective units.

Complement

The major antiviral effect of complement occurs in combination with IgG
antibodies, causing lysis of herpes-infected cells which release the virus
which is subsequently inactivated (Figure 5.4). The alternative pathway can
be activated by herpes virus antigen in the absence of antibody, generating
opsonizing C3b fragments to enhance phagocytosis.

Figure 5.4 Complement-induced lysis of herpes-infected oral epithelial cells (OEC) by the
action of antibody and the complement membrane attack complex C5b6789

Cellular mechanisms in viral immunity

Cell-mediated immunity (CMI) seems to be of key importance for
protection against the herpes simplex virus. Patients with impaired CMI due
to immunosuppressive therapy for kidney or heart transplantation are prone
to severe viral infections by herpes simplex, varicella zoster and
cytomegalovirus. Patients prescribed cytotoxic drugs for leukaemia or
lymphoma are similarly at risk. Mice undergoing neonatal thymectomy
which impairs T cell immunity have a reduced resistance to herpes infection.
Cytotoxic T lymphocytes, natural killer cells and macrophages are all
involved in this cellular protection. Cytotoxic T lymphocytes lyse virally
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infected cells, releasing the virus into the extracellular environment for
disposal by antibody, complement and phagocytes (Figure 5.5). T cells
recognize the virus-coded antigens expressed on the cell surface. In addition
the cytotoxic T lymphocytes and the infected target cells need to have in
common the same major histocompatibility complex (MHC) Class 1
antigen. Presumably, therefore, the T cell has either two receptors for the
HSV and MHC antigens respectively, or a single combined receptor.
Cytotoxic T cells with restriction for MHC - Class 2 antigens have been
discovered but their clinical significance is as yet undetermined. Herpes
simplex viruses can replicate within T lymphocytes, which may make the
latter functionally defective.

APC

IL-1
Tc

Figure 5.5 MHC-restricted killing of virus-infected oral epithelial cells (OEC) by cytotoxic T
cells (Tc). The viral antigen (A) is presented on the surface of the antigen-presenting cell
(APC), e.g. a Langerhans cell. This activates the T cell, with the help of interleukin-1 (IL-1).
The cytotoxic T cell must also have the same MHC-1 (O) and MHC-2 (@) determinants as the
target cell and antigen-presenting cell respectively

Natural killer (NK) cells show spontaneous cytotoxicity towards virus-
infected cells. Their importance in natural immunity to viral infections stems
from the fact that their killing activity is not MHC-restricted and is efficient
in unimmunized subjects. Their activity can be boosted by interferon
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(IFN-1) produced by infected cells (Figure 5.6). IFN-1 induces the
expression of interleukin-2 receptors on inactive precursor NK cells. An IL-
2 signal from helper T cells induces NK cell proliferation, generating
cytolytic NK cells. Interferons, a group of glycoproteins produced in
infected host cells, also have the effect of making adjacent cells more
resistant to viral replication by inhibiting viral DNA and protein synthesis,
limiting the spread of infection. Interestingly, NK cells are also capable of
making interferon, which may make them resistant to infection by the
invading virus. Macrophages can produce prostaglandin (PGE;) which
tends to damp down NK cell activity.

Figure 5.6 Cytotoxicity of natural killer cells (NK) for oral epithelial cells (OEC) infected by
the herpes virus. Interferon (IFN) released by the infected cells induces the expression of
receptors for interleukin-2 (IL-2) on the NK cells. IL-2 released from helper T lymphocytes
(Ty) then causes proliferation of these activated NK cells

Macrophages can digest virions intracellularly and also selectively destroy
virus-infected cells, particularly when antibody is present. In vitro,
macrophages can prevent cell-to-cell spread of the herpes simplex virus
without destroying the cells. Interleukin-1 is a soluble product (monokine)
of macrophages which initiates and amplifies all T cell-dependent immune
responses. The secretion of another useful monokine, interferon, has
already been mentioned. Macrophages, the Langerhans cells in the oral
mucosa and dendritic cells in the regional lymph nodes, are concerned in
antigen presentation to T helper cells and B cells, an MHC-Class 2 restricted
function. Antibody-dependent cellular cytotoxicity mediated by K cells may
also occur (Figure 5.7).
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OEC

Figure5.7 Antibody-dependent cell-mediated cytotoxicity by killer (K) cells. The K cells bind
to the infected target oral epithelial cells (OEC) by an Fc receptor for the antiviral IgG antibody

Systemic manifestations

These are rare. A herpes meningoencephalitis may complicate a primary
infection or possibly originate from the dormant virus in the trigeminal
ganglion. Eczema herpeticum is a severe, sometimes fatal, generalized skin
eruption in children with chronic eczema. In visceral herpes simplex, which
is often fatal, newborn infants contract the virus from the genital tract of
their mothers. Necrotizing lesions are found in the liver, spleen, kidneys,
adrenal glands and brain.

Oral manifestations

The primary oral herpes simplex infection usually affects young children
although it may be delayed until adult life, as a vesicular eruption of the oral
mucosa, with swelling of the gingivae and enlargement of the submandibular
lymph nodes. In about half the population the virus is not subsequently
completely eradicated but persists in a latent state in the trigeminal
ganglion. Despite its apparent dormancy, the herpes simplex virus may be
constantly reactivated, travelling down the peripheral branches of the
trigeminal nerve to the skin and oral mucosa where the organisms are
promptly killed by the immune system.

It is proposed that recurrent herpes labialis (‘cold sores’) results when the
local host defences are temporarily deficient. For example, the
recrudescence of herpes simplex lesions is associated with reduced MIF
production by T lymphocytes. A fall in NK-like activity occurs before each
attack, later to rebound to above normal levels.

Immunological diagnosis

A rise in the serum-neutralizing, or complement-fixing, antibody as
demonstrated in paired serum samples, one taken at the onset of symptoms
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and the other obtained 10 days later, is a specific test but useful only for
confirming the diagnosis retrospectively.

Key laboratory tests

The diagnosis of orofacial herpes simplex can be made on the clinical
appearances in most cases. A smear fixed with ‘Sprayfix’ on a glass slide is
stained with haematoxylin and eosin. Characteristically there are
multinucleated epithelial cells, some with the intranuclear eosinophilic
inclusion bodies of Cowdry Type A. Similar appearances occur in herpes
zoster and in chickenpox. Tissue culture of swabs from the lesions conveyed
in viral transport medium detects the virus rather more sensitively but this
test takes 48 hours. The addition of serum-containing antibody to HSV-1
inhibits the cytopathogenic effect of the virus, giving the test its specificity.
Transmission electron microscopy of unfixed samples of vesicle fluid
(transported between two glass slides) takes only a few hours but this facility
is only available in specialized centres.

Vaccination against herpes simplex

The association between carcinoma of the uterine cervix and chronic
cervicitis with HSV-Type 2 has prompted the preparation of a vaccine using
formaldehyde-treated viral glycoprotein combined with an adjuvant.
Similar work is in progress to develop a vaccine against HSV-1 which might
protect children against encephalitis, or immunocompromised individuals
against severe recurrent infection.

HERPES ZOSTER

The DNA varicella zoster virus (VZV) causes the generalized vesicular skin
rash chickenpox, usually in childhood. The VZV virus subsequently persists
in a latent state in the dorsal root ganglia. Although almost all adults
harbour the virus, it only becomes reactivated to cause shingles in a small
proportion of subjects, usually in middle age or later. An acquired
immunodeficiency may be responsible, as shingles is relatively common in
immunocompromised individuals, for example patients with Hodgkin’s
disease or other lymphomas. One or more branches of the trigeminal nerve
may be affected, involving the corresponding dermatome, and its intra-oral
mucosal counterpart. The usually unilateral segmental distribution of the
grouped skin vesicles or oral erosions and the severe pain usually make the
clinical diagnosis straightforward. If there is any doubt, the confirmatory
laboratory tests are essentially similar to those described for herpes simplex.
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CANDIDOSIS

General considerations

Candida albicans is the most important species of this genus of unicellular
fungi or yeasts. It can be isolated in small numbers from the healthy mouth,
particularly from the tongue, in almost 50% of the normal dentate
population. Approximately 55% of denture-wearers harbour the yeast,
particularly if the prostheses are worn continuously day and night. The
blastospore form of the dimorphic fungus predominates in the healthy
carrier state, whereas hyphae and blastospores are usually found in smears
of the lesions in infections (candidosis).

Immunological aspects of oral candidosis

In healthy immunocompetent dentate adults the local defensive
mechanisms are sufficient to prevent infection by the feebly pathogenic
Candida albicans. This protection takes a number of forms:

Non-specific immunity

Candida species cannot usually be isolated from healthy skin but can be
cultured from the skin of patients with various dermatoses. The normal oral
mucosa presents a similar barrier to infection and when the mouths of
healthy volunteers are inoculated with C. albicans the organisms are
speedily eliminated. The continuous shedding of surface epithelial cells
helps to limit the surface flora.

Salivary flow

By its flushing effect, salivary flow dislodges bacteria and yeasts from the
surfaces of teeth and the oral mucosa, and thus limits oral microbial
populations. Patients with a frank xerostomia, such as in Sjogren’s
syndrome, are susceptible to dental caries and candidal infections. Saliva
contains specific candidal antibodies of predominantly secretory immuno-
globulin A class (SIgA) and other inhibitory factors such as lactoferrin, a
chelating agent which competes with oral micro-organisms for the free iron
essential for their multiplication. Salivary lysozyme and lactoperoxidase
also have useful antimicrobial actions.

Competition from oral commensal bacteria

The normal resident bacterial flora of the oral cavity checks the proliferation
of Candida albicans by competition for essential nutrients or by lowering pH
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due to acids produced by lactobacilli or streptococci. Alternatively, bacteria
may block receptor sites for candidal colonization on the surface of oral
epithelial cells. Suppression of oral bacteria by broad-spectrum antibiotics
disturbs the balance of this ecosystem in favour of candidal proliferation,
resulting in ‘antibiotic sore mouth’ (acute atrophic candidosis).

Phagocytosis

Polymorphonuclear leukocytes (PMNL) and monocytes (MC) can
phagocytose and kill fungi such as Candida even in the absence of the
specific opsonizing antibodies available in blood and saliva (see below).
Candidal hyphae may be more difficult to ingest than spores. In secondary
immunodeficiency states, for example the agranulocytosis due to cytotoxic
drugs used in the treatment of malignancy, the small number of circulating
PMNL renders patients liable to thrush involving the mouth, pharynx and
oesophagus. These patients with advanced malignancy, including
leukaemia, are also at risk from disseminated candidosis.

In some primary immunodeficiencies (see Chapter 11) qualitative rather
than quantitative defects in polymorphs or macrophages predispose to
candidosis of skin or mucous membrane. Defective PMNL phagocytosis
partly explains the susceptibility of diabetics to thrush. Impaired PMNL and
monocyte migration is a factor in chronic mucocutaneous candidosis.
Alternatively, the leukocytes may phagocytose Candida quite normally but
intracellular killing is faulty due to NADPH oxidase deficiency or
myeloperoxidase deficiency. A shortage of either enzyme results in
defective generation of free oxygen metabolites necessary for killing within
the cell’s lysosomes. Intractable candidosis in the mouth can be the result.

Virulence factors

Can any strain of C. albicans infect the mouth given a susceptible host, or are
the chances of infection determined by variations in the virulence of the
yeast? C. albicans mutants which are unable to produce extracellular
proteinase which seems to be important for tissue invasion show reduced
virulence of mice when injected intravenously. There is also some
relationship between the ability of C. albicans and other Candida species to
adhere to the mucosal epithelial cells and their pathogenicity. Conditions
favouring germ tube formation promote adherence to buccal cells.
Mannose-containing binding sites on the surface of the organisms and
receptor sites on the epithelial cells are involved in this attachment.
Blocking of these sites by lectins might prevent oral colonization and
infection.

Specific immunity

Serum antibody — Although specific antibodies to C. albicans of all the
major isotypes are present in serum, most antibody is of IgG class. These
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antibodies have been detected by a variety of techniques such as
agglutination, precipitation, complement fixation, indirect immuno-
fluorescence and, latterly, enzyme-linked immunoassay. The antibodies are
predominantly directed against mannan carbohydrate antigens in the yeast
cell wall. Acting alone, antibody and complement cannot kill Candida. They
act by speeding up phagocytosis by PMNL and macrophages, which are
attracted by the chemotactic C3a and CS5a generated by complement
activation by IgG antibody. PMNL and MCs are equipped with membrane
receptors for the Fc end of IgG and complement C3b serving to attach the
bacteria to the cell surface (immune adherence) (Figure 5.8).

Figure 5.8 Opsonization of Candida (C) by IgG antibody and complement for phagocytosis
by polymorphs (PMNL) and macrophages (MC) via their Fc-IgG and C3b receptors

Non-immunological factors have been found in normal serum capable of
killing (candidacidal factor) or clumping Candida. Tron deficiency induces a
cell-mediated immune defect to Candida. Endocrine disorders, such as
diabetes mellitus, hypoadrenocorticism, hypoparathyroidism or hypo-
thyroidism, have also been associated with chronic candidal infection.

Salivary antibodies —Salivary antibody is of predominantly secretory [gA
class. By agglutinating the organisms, and by blocking their receptor sites
for oral epithelium, secretory IgA plays a part in restricting candidal
adherence and colonization of the mouth (Figure 5.9). IgA can also
opsonize the yeast for phagocytosis. IgA deficiency has been observed in
patients with chronic mucocutaneous candidosis. Some subjects with an
isolated IgA deficiency enjoy good health, however, and they may be
protected by a compensatory production of secretory IgM.
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Figure 5.9 Inhibition of adherence of Candida (C) for oral epithelium (OE) by blocking of
surface binding sites of the yeast by secretory IgA antibody. SIgA also agglutinates the Candida

Complement

In the form of immune complexes with antibody, Candida antigen can
activate complement by the classical pathway, but whole cells trigger
complement activation by the alternative pathway resulting in the release of
chemotactic C3a. The immune adherence mediated by C3b has already been
mentioned. In addition, some fungal products are chemotactic in their own
right.

People with isolated C3 deficiency do not seem to be unduly prone to
candidosis, and other defence mechanisms therefore appear to be more
important.

Cell-mediated immunity

Although antibody and complement obviously serve useful functions, the
normal or elevated levels of serum and salivary antibody in some patients
with intractable infections suggests that humoral immunity is insufficient on
its own. An impaired T cell-mediated delayed hypersensitivity response to
Candida seems to be the basic defect in many patients with chronic
mucocutaneous candidosis. The skin delayed hypersensitivity response to
intradermal infection of Candida antigens may be negative (cutaneous
anergy). The in vitro lymphocyte transformation test in response to Candida
antigen, or other antigens or mitogens, may be subnormal due to a serum
inhibitory factor, possibly a mannan cell constituent of the yeast cell wall.
There may be reduced production of lymphokines, such as leukocyte or
macrophage migration inhibitory factor (LMIF or MMIF) when the
patient’s lymphocytes are stimulated.

Faced with an unexplained or atypical form of chronic oral candidosis, the
dental surgeon should remember that occasionally this is an oral
manifestation of the acquired immunodeficiency syndrome (AIDS) (see
Chapter 11). Cell-mediated immunity is deficient in AIDS due to a selective
reuction in the number of T helper cells which are specifically infected and
eradicated by the HTLV-3 virus.

112



INFECTIOUS DISEASES WITH ORAL MANIFESTATIONS
Systemic manifestation

Most forms of candidosis are superficial infections of the mucous
membranes or the skin. In immunocompromised patients, such as those
with advanced malignancy, particularly when receiving cytotoxic or
immunosuppressive therapy, a disseminated, sometimes fatal, form of
candidosis can occur in which the fungus is carried in the blood stream to
sites such as the heart valves, lungs, kidney or brain. An indwelling venous
catheter is often the portal of entry for this deep-seated infection (see
Immunological diagnosis).

Oral manifestations

Candidal infections of the mouth may be classified as follows (see also
Tables 5.1-5.3):

Acute pseudomembranous candidosis (thrush)

This is a common infection in babies or elderly or debilitated people. The
white plaques resembling milk curds contain candidal hyphae and spores,
epithelial cells and polymorphs, and are easily detached from the oral
mucosa.

Acute atrophic candidosis

This is also known as ‘antibiotic sore mouth’ because it frequently
complicates antibiotic therapy. There is a stomatitis with a widespread
generalized depapillation of the tongue (see the section on Oral candidosis).

Chronic atrophic candidosis (‘denture sore mouth’)

This asymptomatic confluent inflammation of the entire denture-bearing
mucosa of the palate results from candidal colonization of the fitting surface
of the maxillary denture, usually in patients wearing their prosthesis
continuously day and night. Only these local factors are usually involved.

Chronic hyperplastic candidosis (candidal leukoplakia)

This speckled or nodular leukoplakia found in middle-aged or elderly
patients carries a significant risk of malignant transformation. Tobacco
smoking and continuous denture wearing are important local factors
promoting this type of candidosis, although one report found limited
immune defects in this group of patients.
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Median rhomboid glossitis

This is an elliptical area of papillary atrophy in the midline of the posterior
third of the tongue. The lesion is now thought to represent an acquired form
of oral candidosis, rather than a developmental anomaly as was originally
maintained. Smoking and denture wearing are common local predisposing
factors. The location of median rhomboid glossitis may be due to the fact
that the posterior third of the tongue is the most frequently and most densely
colonized intra-oral site for C. albicans.

Chronic mucocutaneous candidosis

Soon after birth, or in early childhood, the oral lesions invariably form the
presenting feature, followed in most cases by skin involvement. The
disorder is usually genetically determined and chronic mucocutaneous
candidoses have been classified on the basis of their different modes of
inheritance and the clinical features. In the endocrine candidosis syndrome
there may be associated hypoparathyroidism or hypothyroidism. Immune
unresponsiveness either specific for Candida antigens or sometimes other
antigens or mitogens has been demonstrated by skin tests or by lymphocyte
transformation in chronic mucocutaneous candidosis (see Chapter 11).

Immunological diagnosis

There is only an approximate correlation between the levels of serum or
salivary antibody to C. albicans and the clinical status. Thus there is no
significant difference in the levels of candidal antibody in the serum and
saliva of healthy oral carriers and non-carriers of the yeast. High antibody
levels are usually found in chronic oral candidoses such as denture
stomatitis. The overlapping between antibody levels in oral candidosis and
in health invalidates their estimation for diagnostic purposes and smears,
biopsies or imprint cultures (see below) are more convenient. Serological
tests are invaluable, however, in disseminated candidosis. Matthews and
colleagues have recently identified a Candida antigen of molecular weight 47
kilodaltons in the peripheral blood of patients with deep-seated candidosis
such as candidal endocarditis. Patients subsequently developing antibody to
this antigen tended to survive their disease. The test may prove to be of value
both in diagnosis and for assessing the prognosis. The same antigen might
possibly be used to vaccinate patients at risk.

Key laboratory tests

The diagnosis of thrush can usually be made on clinical grounds. It can be
confirmed by a PAS-stained smear showing candidal hyphae, spores apd
polymorphs. Imprint cultures provide a sensitive means for isolating
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Candida from the mouth and quantitating the density of organisms, which
helps to distinguish oral infection from the carrier state. In candidal
leukoplakia a biopsy is mandatory to assess the presence of epithelial
dysplasia or carcinomatous change. A routine blood examination, including
haemoglobin level, red cell values and film, is a suitable initial screening test
for an underlying predisposing anaemia. A urine test for glucose is used to
exclude diabetes mellitus.

SYPHILIS
General considerations

This sexually transmitted bacterial infection due to the spirochaete
Treponema pallidum passes through primary, secondary and tertiary stages
or may be acquired in utero (congenital or prenatal syphilis).

Immunological aspects of pathogenesis

In tertiary syphilis, small arteries become narrowed by a fibrous thickening
of their walls (endarteritis obliterans). They are usually surrounded by a cuff
of lymphocytes and plasma cells. The gumma is an area of coagulative
necrosis, surrounded by a dense zone of fibrous tissue, and probably
represents a delayed hypersensitivity reaction. The tissue necrosis could be a
product of non-specific destruction caused by cytotoxic factor released by
sensitized lymphocytes encountering tissue-bound treponemal antigens or
mediated by specific cytotoxic lymphocytes.

Oral and systemic manifestations

The primary chancre develops as a painless, red papule after an incubation
period varying between 2 and 6 weeks after the venereal infection. This
papule soon develops a well-demarcated ulcer which lacks significant
secondary bacterial infection. Chancres are usually located on the penis or
vulva, but occasionally may be situated at extragenital sites such as the lip or
tongue. There is a marked regional lymphadenopathy. Untreated, the
chancre heals uneventfully, but 1-4 months later the signs and symptoms of
secondary syphilis appear. The patient may feel generally unwell with a
variety of maculopapular skin rashes and a generalized lymphadenopathy
and mild pyrexia. The oral features include snail-track ulcers or grey mucous
patches.

The tertiary stages of syphilis follow 3 or more years later. Leukoplakia of
the tongue or a gumma, presenting as a painless, indolent, round or oval
punched-out ulcer with a ‘wash-leather’ base are the characteristic oral
manifestations. On the palate a gumma may cause perforation. Bones, liver
and testes are the other sites of election. Other tertiary lesions include
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syphilitic aortitis, with sometimes an aortic aneurysm, and aortic valvular
incompetence. In the nervous system, gummas may form in the brain or
meninges and there may be cerebral ischaemia as a result of syphilitic
arteritis. General paralysis of the insane and tabes dorsalis are other major
forms of other neurosyphilis. A painless disorganization of joints,
particularly of the knees, is known as Charcot’s joint.

In congenital syphilis the fetus acquires infection from the mother via the
placenta. The permanent maxillary incisors, and less often the mandibular
incisors, are notched at their incisal edges and are barrel-shaped. The first
permanent molars may have a rough, pitted occlusal surface with nodules
replacing cusps (mulberry molars) or may be dome-shaped (Moon’s
molars).

The classic triad of congenital syphilis comprises an interstitial keratitis
resulting in corneal opacity and blindness, mental retardation and nerve
deafness. There may be ulcerated fissure (rhagades) radiating from the
angles of the mouth. Gummas of the palate or nasal septum may be
complicated by perforation.

Immunological diagnosis
The antibodies appearing in the blood, and in some circumstances in the
cerebrospinal fluid (CSF), of patients contracting syphilis are of three types:

non-specific, group anti-treponemal and specific anti-treponemal (Table
5.4).

Table 5.4 Diagnosis of syphilis before treatment

Serology

Dark-field VDRL TPHA FTA-ABS
microscopy
of ulcerated lesions IgG IgM
Primary + + or — + or — + +
(rising titre)

Secondary + + + + +
Tertiary — gumma - + + + +

neurosyphilis $ _ _ _
cardiovascular +or +or + +
Congenital + + + + +

Adapted from Csonka, 1983, with permission
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Non-specific

The Wassermann reaction (WR) is a complement fixation test which detects
a non-specific antibody that recognizes a phospholipid called cardiolipin
present in normal tissues. A standardized antigen mixture of cardiolipin,
cholesterol and lecithin are employed in the WR. The same antigen is used
in the Venereal Disease Reference Laboratory (VDRL) test and Kahn tests,
which are flocculation reactions monitoring a change from opalescence to
flocculation (clumping). Biological false-positive (BFP) reactions due to this
anti-lipoidal antibody occur in conditions unrelated to syphilis. Short-lived
‘acute’ BFP reactions occur occasionally in infections such as glandular fever
or rubella. A positive reaction also occurs in the tropical infection yaws due
to a related spirochaete T. pertenue.

Group anti-treponemal

Antigens are obtained from the commercial Reiter treponeme for the Reiter
complement fixation test. Positive results will be obtained in other
treponemal infections such as yaws or pinta.

Specific anti-treponemal antibodies

In a positive treponemal immobilization test, syphilitic serum immobilizes
and then lyses T. pallidum in the presence of complement. It is also positive
in yaws and pinta. For the modified fluorescent treponemal antibody test
(FTA-ABS) organisms are incubated with the patient’s serum, washed, and
a fluorescent anti-human immunoglobulin is used to detect bound anti-
treponemal antibody. The specificity of this indirect inmunofluorescent test
is increased by absorbing out group-specific antibodies from the patient’s
serum with the Reiter organism.

The highly specific T. pallidum haemagglutination test (TPHA) depends
on the agglutination of tanned erythrocytes pretreated with a T. pallidum
extract by absorbed patient’s serum.

Key laboratory tests

In addition to the serological tests detailed above dark-field microscopy of
unfixed fresh scrapings from the lesions in primary, secondary or congenital
syphilis may detect the spirochaete with its characteristic ‘spiral spring’
movements.

The VDRL and the TPHA tests are usually sufficient for screening. If the
results of these are equivocal, the FTA-ABS is a useful further investigation.
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TUBERCULOSIS

General considerations

Tuberculosis of the oral cavity is uncommon. It is usually secondary to active
pulmonary infection due to the human strain of the bacillus Mycobacterium
tuberculosis. The incidence of tuberculosis is approximately twenty times
higher in immigrants to Britain from those Asian countries where the
disease remains endemic. Tuberculous cervical lymphadenitis due to the
bovine strain is now encountered only in elderly people due to reactivation
of bacilli, acquired by drinking contaminated milk many years previously. In
children in Western industrialized countries, atypical or opportunist
mycobacteria, such as M. intracellulare or M. avium cause a steady incidence
of mycobacterial infection of cervical lymph nodes compared with that due
to M. tuberculosis which is steadily declining. This is because the opportunist
mycobacteria are not transmitted from other infected patients, as in a
classical type of human tuberculosis, but are acquired from the
environment, such as the soil in the case of M. intracellulare, or from
animals, as in the case of M. avium from birds in poultry farms.

THF /*\
RCIC

MIF

MCF
CF

APC

MFF

Figure5.10 The tuberculous granuloma. Mycobacterial antigens recognized on the surface of
antigen-presenting epithelioid histiocytes (APC), activate helper T lymphocytes (Ty) to
secrete interleukin-2 and helper factor, THF inducing proliferation and activation respectively
of cytotoxic T cells (Tc). Other lymphocytes (T,) are stimulated to secrete macrophage
migration inhibitory factor (MIF), macrophage chemotactic factor (MCF), macrophage
activation factor (MAF) and cytotoxic factor (CF). Macrophage fusion factor (MFF) promotes
giant cell formation (Langerhans cells, LC)
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Immunological aspects of pathogenesis (Figure 5.10)

Tuberculosis is a granulomatous disorder, i.e. it causes a chronic
inflammatory reaction in which macrophages predominate. A tuberculous
focus characteristically has a central area of caseation necrosis surrounded
by epithelioid macrophages. Some macrophages fuse, forming multi-
nucleated giant cells with peripherally placed nuclei, often arranged in a
horseshoe formation (Langerhans giant cells). Lymphocytes also form part
of the infiltrate. The tubercle bacillus owes its virulence to its waxy outer
envelope of mycolic acids and arabinogalactan, making it resistant to
intracellular killing when ingested by polymorphs or macrophages. After
phagocytosis the resulting phagosomes, containing the bacilli, do not fuse as
usual with the lysosomes. The immune system has evolved ways of
potentiating macrophages to overcome the mycobacteria. Mycobacterial
antigens presented on the surface of antigen-presenting cells probably the
epithelioid histiocytes, which are not themselves phagocytic, are recognized
by helper T lymphocytes situated centrally in the lesion. These activated
helper T cells in turn secrete helper factor and interleukin-2, which induce
activation and proliferation respectively of cytotoxic T cells. These, in turn,
also secrete lymphokines such as macrophage migration inhibitory factor
(MIF) and a macrophage chemotactic factor, which intensify the cellular
infiltrate. Another lymphokine, macrophage activating factor (MAF),
possibly identical to gamma-interferon (IFN-y) potentiates intracellular
killing of the tubercle bacilli. Cytotoxic factor released from sensitized
lymphocytes causes non-specific tissue destruction which could neatly
account for the caseation necrosis. Macrophage fusion factor is released,
promoting giant cell formation.

Systemic manifestations

Mycobacterium tuberculosis of human type most commonly causes
pulmonary tuberculosis. Dissemination of bacilli by the blood stream may
cause a widely dispersed form of the disease in which small tuberculous
lesions develop on the pleura, pericardium, peritoneum, lungs, liver, spleen
and other organs (acute miliary tuberculosis). This form of tuberculosis is
less common in the Western world where extrapulmonary forms of
tuberculosis tend to occur as chronic lesions in bone, joints and kidneys.
Tuberculous meningitis also results from blood-stream spread.

Oral manifestations

Undermined painful ulcers, lined by pale granulation tissue, situated on the
tongue or the mucosa of the lips and cheeks, are the typical oral
manifestations. Periapical granulomas on non-vital teeth with the
characteristic microscopic features of tuberculosis are an occasional
incidental histological finding in patients with open pulmonary tuberculosis.
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Immunological diagnosis

In the Mantoux skin test, immunity to tuberculin is tested by the intradermal
injection of purified nrotein derivative (PPD) an extract from M.
tuberculosis cultures. In « positive test an indurated swelling appears after 48
hours, representing a delayed hypersensitivity (DTH) reaction due to local
infiltration by Tdth lymphocytes and macrophages. Positive reactions
signify active or healed tuberculosis, or follow successful vaccination. A
negative result is useful diagnostically for excluding tuberculous infection. It
now seems that a positive skin test with PPD combines two different
immunological reactions. One is caused by macrophage activation,
conferring protection (the Listerin-type reaction) and the second, necrotic
Kochreaction, is an index of hypersensitivity possibly to a protein denatured
in the manufacture of PPD, and is not related to protective immunity. New
tuberculins, richer in species-specific antigens, are currently being
evaluated.

A differential tuberculin skin test employs extracts of M. tuberculosis and
M. intracellulare. 1t is useful diagnostically in children presenting with
cervical lymphadenitis, in distinguishing infections due to the human type of
M. tuberculosis and those due to opportunist mycobacteria.

Vaccination against tuberculosis

Intracutaneous injection of the attenuated organisms of Bacillus Calmette-
Guérin protects 77% of recipients. Macrophage activation by T cells seems
to be the likely mechanism of protection.

Key laboratory tests and other investigations

A biopsy of the oral lesions is mandatory and will reveal the cardinal
histological changes (see the section on Pathogenesis).

The confirmatory tests include a tuberculin skin test (see the section on
Immunological diagnosis) and a chest X-ray to exclude primary pulmonary
disease is essential in all cases of oral tuberculosis. A swab from the oral
lesions, the sputum (or in children, gastric washings) and early morning
urine, are examined by microscopy of a Ziehl-Nielsen stained preparation
for acid- and alcohol-fast bacilli. These specimens are also cultured on
Lowenstein-Jensen selective medium, both to confirm the diagnosis and to
subsequently establish the sensitivity of the bacilli to the standard
antituberculous drugs.
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Autoimmune Mucocutaneous
Diseases and Diseases of Uncertain
Aetiology

D. M. WILLIAMS and D. WRAY

INTRODUCTION

Although the immune system functions principally to protect an individual
against an essentially hostile environment, there are circumstances when the
effect of the system on the host is damaging. In addition there are a range of
diseases in which the immune system is directed against the host. This
concept of autoimmune disease was introduced to explain the mechanism of
tissue damage in patients with thyroiditis, in whom destruction of the
thyroid gland was associated with the production of autoantibodies against
thyroglobulin. It is now known that normal individuals also produce
‘autoantibodies’ and that it is not merely their presence but their titre which
determines whether organic disease occurs. Thus autoimmune diseases are
characterized by significant levels of autoantibodies, which are primarily
responsible for the clinical disease and result from a variety of stimuli and
immunoregulatory events. Such diseases may be classified into organ-
specific autoimmune disorders, such as thyroiditis in which a single organ is
affected, or non-organ-specific disorders — diseases, for example
rheumatoid arthritis and systemic lupus erythematosus, in which a number
of organs and tissues are affected.

The diseases to be discussed in this chapter all have a strong
immunological component to their aetiology, although the extent to which
they are truly autoimmune is open to question. They are all well
characterized clinically and pathologically and much is known of their
aetiology. However, in most instances the precise nature of the antigen
against which the immune system is directed is not fully established, nor is it
always clear whether this antigenicity is the result of alteration or
modification of a native structure, cross-reactivity with an exogenous
antigen or the consequence of a primary change within the immune system.
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IMMUNOLOGICAL ASPECTS OF ORAL DISEASES

Earlier autoimmune hypotheses proposed to explain the aetiology of
recurrent aphthous stomatitis (RAS) and Behget’s syndrome have now
largely been discarded. Nevertheless it is convenient to consider the
immunology of the vesicular and bullous diseases and RAS in the same
chapter. The collagen diseases will be considered elsewhere.

VESICULAR AND BULLOUS DISEASES

The diseases within this group present clinically as vesicles or larger bullae,
which rupture more or less rapidly, producing ulcers. In addition to the oral
mucosal lesions, there is skin involvement to a variable extent and ocular
and genital lesions may also develop. The initial site within the mucosa at
which the lesion develops characterizes the presentation of the disease and
has an important bearing on the subsequent clinical course: pemphigus is
characterized by degeneration within the prickle cell layer — acantholysis —
leading to the formation of non-healing bullae and erosions; the other
diseases in this group are associated with separation within the basement
membrane zone. The common site of bulla formation in the latter group
givesrise to similarities in clinical presentation and behaviour, and raises the
possibility of a common approach to treatment.

Intraepithelial bullous disease — pemphigus vulgaris
General considerations

Pemphigus presents on the skin in essentially two forms: pemphigus vulgaris
and pemphigus foliaceus, which can be separated on clinical grounds.
Pemphigus foliaceus is characterized by high-level acantholysis, and
pemphigus vulgaris by low-level separation, involving both skin and mucous
membranes. It is with the latter form of the disease that this section is
concerned.

Typically pemphigus vulgaris presents with superficial bullae affecting
mucous membranes and skin. Over 50% of lesions begin within the mouth
and may remain localized there for several months. This localization can
lead to difficulties and delay in clinical diagnosis, but lesions eventually
become generalized with extensive bulla formation, subsequent ulceration
and little tendency towards healing.

Pathological features

By routine light microscopy, the characterizing feature of pemphigus is
acantholysis with separation occurring immediately suprabasally. However,
this is a late stage in the pathogenesis of the disease and ultrastructural
examination at an earlier stage reveals dissolution of the intercellular
cementing substance (ICS), or glycocalyx, followed by widening of
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intercellular spaces. Subsequently there is condensation of the
tonofilaments which insert into attachment plaques and, as separation
progresses, desmosomes disappear In contrast to the sub-epithelial bullous
diseases, these processes occur in the absence of inflammatory cells,
although accumulations of eosinophils may rarely be present within the
epithelium. Once acantholysis has become extensive, however, neutrophil
accumulation occurs and, with subsequent ulceration, the inflammatory cell
influx overwhelms the specific changes associated with the disease.

Immunological aspects of pathogenesis

Immunogenetic considerations — Studies have shown an increased
prevalence of several HLA types, of which the most striking is HLA-DR4.
Such HLA associations account for the earlier reports of unexpectedly high
incidences of pemphigus in certain ethnic groups, most notably Arabs and
Jews, in which there is a higher frequency of these HLA types.

Autoantibody studies — Pemphigus was the first skin disea<= in which both
bound and circulating autoantibodies were identified. Bound auto-
antibodies to ICS are detectable by direct immunofluorescence (IF) in
perilesional skin and mucosa, and circulating autoantibodies are present in

Figure 6.1 Pemphigus vulgaris — direct immunofluorescence. This photomicrograph shows a
frozen section of mucosa, from a patient with pemphigus vulgaris, which has been reacted with
anti-human IgG conjugated with fluorescein isothiocyanate and photographed in ultraviolet
light. The diagnostic pattern of intercellular IgG binding in the prickle cell layer is evident
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all patients with active disease. Titres usually, but not always, reflect the
severity of the disease and may be used to monitor the response to
treatment. The pattern of immunoglobulin (Ig) deposition revealed by
direct IF in pemphigus vulgaris is striking, comprising cell membrane
binding in the stratum spinosum (Figure 6.1). Binding in mucosa occurs
most strongly in the immediately suprabasal layers, correlating well with the
site of initial acantholysis. In more advanced lesions occasional cytoplasmic
staining may be seen, probably reflecting non-specific absorption of
reactants by lysed cells. IgG binding is consistently found; other Ig classes
being present less frequently. The presence of complement binding appears
to vary and is probably not of central pathogenic significance (see below).

Ultrastructural studies using the immunoperoxidase technique have
confirmed the pattern of Ig localization observed by light microscopy. At the
earliest stages of Ig binding to ICS there is no evidence of cell damage,
indicating that Ig binding is the primary event in lesion development. The
areas of strong binding observed on direct IF may represent areas of
incipient acantholysis and result from binding of Ig to the convoluted
cytoplasmic processes of keratinocytes which are still in contact with each
other. The site to which Ig binds has been shown to correspond to the
glycocalyx of the cell, even in advanced acantholysis. There is thus strong
morphological evidence for the conclusion that the antigen in pemphigus
vulgaris resides either within the ICS or on the surface of keratinocytes.

The observation that pemphigus serum binds strongly to normal mucosa
strongly supports the view that the antigen is a normal component of skin
and mucosa. The most recent studies have detected an immunoglobulin in
the serum of patients with pemphigus which is specific for the desmosomes
of stratified squamous epithelia. The pathogenic significance of these
autoantibodies remains to be established, because desmosomal breakdown
appears to be a late event in the acantholytic process. Nevertheless,
autoantibody binding to desmosomes is likely to be a key event in lesion
formation and further developments of this work are awaited with keen
interest.

Experimental acantholysis and the nature of the pemphigus antigen —
When injected into neonatal mice IgG fractions purified from serum of
patients with pemphigus vulgaris can induce lesions which are clinically,
histopathologically and immunologically similar to those of the disease in
humans. Antibody binding can be induced in nude mice by passive transfer
of IgG from patients with the disease, but detectable lesions occurred in only
a small number of cases.

Itis now clearly established that Ig production directed against an antigen,
either in or closely related to the ICS, is important in the induction of
acantholysis in pemphigus, .but the nature of the antigen, or antigens,
remains to be established. Dose-dependent acantholysis occurs when IgG
from the serum of patients with pemphigus vulgaris is added to sections of
normal skin. The phenomenon can be induced even when Fab fragments of
IgG are used, thus indicating that complement activation is not necessary for
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acantholysis to occur. Complement may, however, have a role in the
subsequent amplification of damage and the attraction of neutrophils and
eosinophils to the area. It is necessary, therefore, to construct a mechanism
for acantholysis which is independent of inflammatory cells and their
products.

In vitro studies using primary keratinocyte culture have shown that
pemphigus serum causes detachment of keratinocytes from their culture
dishes, and that this can be blocked with proteinase inhibitors, although
binding of pemphigus vulgaris serum is not affected. There is thus evidence
that binding of pemphigus vulgaris serum to keratinocytes leads to the
production or activation of proteinases which may act on the cell surface and
result in acantholysis. Furthermore, this process is a reaction of intact,
metabolically active cells and is not the result of cell damage. It has also been
suggested that plasminogen activator (PA) may be the proteinase implicated
in acantholysis; PA production results in the activation of plasminogen to
plasmin which may be responsible for the loss of cell adhesion. Antibodies
against a desmosomal protein may also be important in acantholysis, but the
process by which binding leads to acantholysis is not yet established.

There has been a considerable amount of research into the precise
location and nature of the antigen in pemphigus. However, further work is
required to characterize the antigen fully and to determine whether it is part
of the ICS, a receptor-like component of the plasma membrane or a
component of desmosomes. The problems of identifying the antigen are
compounded by the fact that it appears to be present only in low levels on
epidermal keratinocytes, thus making it difficult to obtain in significant
amounts for analysis.

Given the autoimmune nature of pemphigus and its known association
with other autoimmune conditions (see below), it is possible that
autoantibodies against a number of antigens are produced in pemphigus. It
is thus possible that the clinical manifestations of the disease result from the
sequential emergence of a range of different autoantibo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>