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Oral Microbiology
Microbial basis of oral infectious diseases
General aspects   
· A microbial etiology for caries began to emerge (appear) in the
1840s when Erdl described microorganisms from carious lesions     (decayed)  that were proposed to cause decay. 
  	
· In 1676 Leeuwenhoek was the first recorded scientist to discover
microorganisms. He wrote about the white stuff  between his
teeth that, when examined under his extraordinary microscopes with hand-made lenses, contained “animalcules” or little animals (it did mean microbes).

· The oral microbiology was relatively slow to develop in comparison to other microbiology fields. This was partly because many of the oral microorganisms are anaerobic and require special cultivation methods that were not available at that time.

· A Streptococcus was purified from carious lesions of hamsters (also from rats) that was strongly acidogenic (producing acid) and non-proteolytic. When these bacteria were fed to Streptococcus and caries-free hamsters, dental caries then developed in those animals on a high sugar diet.

· These bacteria were shown to induce dental caries in hamsters, rats, gerbils (desert rats) and monkeys. The organism S. mutans is now subdivided into species including  S. cricetus (hamster), S. rattus (rat), S. ferus, S. macacae (monkey), S. sobrinus, and S. downeii. These are referred to as the mutans group streptococci.

· Further studies with animals led to a temporal relationship being established between colonization by mutans group streptococci and subsequent attack on the teeth to generate white spot (early caries) lesions. 


· Epidemiological studies in humans then began to seek correlations between numbers of S. mutans present on teeth and the development of dental caries. Numerous studies suggested positive correlations, and so led to the idea that S. mutans levels were a good indicator of active caries, and may indeed be predictive (telling of future events).

· Dental caries can be defined as the localized destruction of the tissues of the tooth by bacterial fermentation of dietary carbohydrates.

· Miller (1890) suggested that oral bacteria converted dietary carbohydrates into acid which solubilized the calcium phosphate of the enamel to produce a caries lesion.

· Cavities begin as small demineralized areas below the surface of the enamel. Once enamel has been affected, caries can progress
through the dentine and into the pulp. 

· Demineralization of the enamel is caused by acids, particularly lactic acid, produced from the microbial fermentation of dietary carbohydrates.

· Clarke (in 1924) isolated an organism (which he called Streptococcus mutans) from a human caries lesion, definitive proof for the causative role of bacteria came only in the 1950s and 1960s following experiments with germ-free animals.

· Porphyromonas  gingivalis is a Gram-negative anaerobic       bacterium that colonizes the human oral cavity.

· It is implicated in the development of periodontitis, a chronic periodontal disease affecting half of the adult population in the USA. 

· To survive in the oral cavity, these bacteria must colonize dental plaque biofilms in competition with other bacterial species.
 
· Long-term survival requires Porphyromonas gingivalis (P. gingivalis) to evade host immune responses, while simultaneously (at the same time)  adapting to the changing physiology of the host and to alterations in the plaque biofilm.

	· In reflection of this highly variable niche (suitable place), P. gingivalis is a genetically diverse species related to pathogenicity in P. gingivalis. 

· Analysis of  the genetic plasticity (flexibility) of P. gingivalis will provide a better framework (system) for understanding the host–microbe interactions associated with periodontal disease. 




· Host–microbe homeostasis (internal stability) by molecular manipulation of select host protective mechanisms . 

· A multitude of studies have shown that P. gingivalis modulates innate host defense functions by subversion (overthrow) of IL-8 secretion, complement activity and TLR4 (Toll-like receptor 4. It detects lipopolysaccharide from Gram-negative bacteria) activation. 

· This impairs (damage) the ability of the host to defend against the oral microbial community at large, resulting in an altered oral flora composition and subsequent inflammatory responses that contribute to the pathogenesis of periodontitis. 
· The collateral (insignificant) damage resulting from the battle between host and flora is loss of clinical attachment between tooth and bone, due to apical migration of the epithelial and connective tissue attachment together with alveolar bone flora composition and subsequent inflammatory responses that contribute to the pathogenesis of periodontitis. 

· The collateral damage resulting from the battle between host and flora is loss of clinical attachment between tooth and bone, due to apical migration of the epithelial and connective tissue attachment together with alveolar bone loss. 

· In most untreated periodontal patients, the clinical attachment loss and ongoing periodontal inflammation generates a periodontal pocket, manifested as a deepened space beneath the gum line that exceeds 3 mm in depth, as measured from the margin of the gingiva to the bottom of the gingival sulcus(furrow, groove). 

· This periodontal pocket can be very deep, reaching the apex of the root in some severe cases and provides a gradient of environmental conditions, with areas closest to the surface subjected to variable concentrations of oxygen, pH and temperature owing to local influence from the oral cavity. 

· Deeper regions of the periodontal pocket are protected from disturbance and are more likely to be anaerobic , rich in blood and serum protein, and have a stable, slightly alkaline pH. 

· Deep periodontal pockets evidently provide ideal conditions for P. gingivalis propagation, as cross-sectional surveys of periodontal pocket composition show the highest concentrations of  P. gingivalis to be located in the deepest regions of the pocket. 

·  The end-game strategy for this keystone pathogen is to manipulate host–flora interactions to create the ideal niche for survival.

·  In this sense, P. gingivalis is considered a host-adapted pathogen, as chronic periodontal disease produces a slow-progressing morbidity with low risk of mortality. 

· P. gingivalis  can be frequently detected in periodontal pockets, not all strains of P. gingivalis are equally pathogenic. Genetic heterogeneity within the species has been clearly linked to differences in outcomes related to host–pathogen interactions.

·  There appears to be genetic adaptation occurring in this species as they transition from colonizers of healthy plaque to a major species in deep periodontal pockets. 

· As species isolated from healthy sites have distinct genetic traits relative to those found in disease sites, consistent with a process of ‘in-host evolution’ or adaptive virulence. 

· The biological impact of genetic diversity on P. gingivalis pathogenicity and describe recent studies on gene transfer mechanisms underlying adaptive virulence. The production of a protective biofilm exopolysaccharide matrix. 

· P. gingivalis directly binds to and invades gingival epithelial cells, and is able to spread from cell to cell into periodontal tissues. 

· Attachment of P. gingivalis to host cell surfaces is primarily mediated by the major fimbriae, which are long filamentous appendages on the surface of the bacterial cell. 

· Interaction of the fimbriae with integrin host cell receptors mediates internalization (act or process of making internal) of the bacteria and alters host cell signaling pathways.

·  Production of both gingipains and major fimbriae are mechanistically important for deregulation of immune function, and expression of a capsule aids (help, assistance or accessory) in evasion of immune effectors. 

· Many strains produce prolific membrane blebs (bubbles), containing endotoxin from the outer membrane, which can stimulate innate immune responses. 
· P. gingivalis is also capable of disseminating (scatter, spread, disperse, distribute) beyond the oral cavity via bacteremia and may contribute to distant sites of infection and aggravation (making worse, exacerbation) of systemic diseases. 
· In vitro and clinical studies have shown P. gingivalis to invade and survive in nonoral human cells, such as coronary arterial endothelial and placental cells, where they could potentially contribute to localized inflammatory responses. 

· P. gingivalis can be detected in the gingival sulcus (groove) of healthy individuals and the periodontal pocket of periodontitis patients. 

· As the conditions found in a healthy sulcus  and a diseased pocket are quite different, these sites represent distinct environmental niches in the oral cavity. 

· Furthermore, P. gingivalis may reside in a dental plaque biofilm or take up residence in host tissue. This ability to permanently colonize distinct niches implies (indirectly suggest) that these bacteria have sophisticated  (complicated) to adapt to the local environment. 

· In vitro and animal model studies confirm the clinical observations: comparison of distinct P. gingivalis strains demonstrates extensive differences in behavior and pathogenic potential. 

· Underlying these behavioral differences, genetic variations exist for many of the major virulence factors of P. gingivalis, and numerous studies have attempted to associate specific virulence alleles with initiation of disease.

·  Most commonly, these studies have tracked (follow a path) a single genetic marker, the major fimbrial gene fimA. The fimA gene encodes the protein subunit that assembles to form the P. gingivalis surface fimbriae. 

· P. gingivalis pathogenesis is well studied and these bacteria possess multiple virulence factors including: 1.  gingipains (proteinases), 2. major and minor fimbriae, 3. hemagglutinins, 
4. hemolysin, 5. iron uptake transporters, 6. capsule and 7. toxic outer membrane blebs (bubbles). 

· These bacteria are also accomplished (complete)  biofilm-formers, coaggregate with many other species found in dental plaque and contribute to the production of a protective biofilm exopolysaccharide matrix .
Gram positive cocci

Streptococcus
· The majority are alpha-haemolytic (partial haemolysis) on blood called viridans streptococci and these ‘viridans’-group streptococci are now clustered into four groups:

1. Mutans-group (mutans streptococci)

· S. mutans was originally isolated from carious human teeth by Clarke in 1924 and, shortly afterwards, was recovered from a case of infective endocarditis (growth of bacteria on damaged heart valves).

· The name of S. mutans derives from the fact that cells can lose their coccal morphology and often appear as short rods or as
cocco-bacilli.

· Nine serotypes have been recognized (a–h, and k), based on the serological specificity of carbohydrate antigens located in the
cell wall.

· Mutans streptococci are recovered almost exclusively from hard, non-shedding surfaces in the mouth, such as teeth or dentures (artificial teeth), and  they can act as opportunistic pathogens, being isolated from cases of infective endocarditis.

· S. mutans, is now limited to human isolates previously belonging to serotypes c, e, f and k. This is the most commonly isolated species of mutans streptococci, and epidemiological studies have implicated S. mutans as the primary pathogen in the aetiology of enamel caries in children and young adults, root surface caries in the elderly, and nursing (or bottle) caries in infants.

· Mutans streptococci are regularly isolated from dental plaque at carious sites, but their prevalence is low on sound (whole, healthy) enamel.

· The next most commonly isolated species of the mutans streptococci group is S. sobrinus (serotypes d and g), which has also been associated with human dental caries.

· Antigen I/II may be involved in the initial adherence of S. mutans to the tooth surface by interacting with components of the salivary pellicle.

2. Anginosus-group

· Species of this group are readily isolated from dental plaque and from mucosal surfaces, and are an important cause of serious, purulent (full of pus or secreting a greenish-white fluid from an infection) disease in humans, including maxillo-facial (diseases, injuries and defects in the head, neck, face, jaws and the hard and soft tissues of the oral (mouth)) infections.

· Strains have also been recovered from cases of appendicitis, peritonitis, meningitis and endocarditis.

· These bacteria are now differentiated into S. constellatus, S. intermedius and S. anginosus,  S. constellatus, which  is subdivided further into subspecies constellatus and subspecies pharyngis.

· S. intermedius strains produce a protein toxin, intermedilysin, which may affect neutrophil function and enable the cell to evade the host defences in abscess formation.

· S. intermedius is isolated mainly from liver and brain abscesses, while S. anginosus and S. constellatus are derived from purulent infections from a wider range of sites.

· No strains from this group make extracellular polysaccharides from sucrose.

3. Salivarius-group

· This group comprises S. salivarius and S. vestibularis. Strains of 
S. salivarius are commonly isolated from most areas of the mouth although they preferentially colonize mucosal surfaces, especially the tongue.

· They produce large quantities of an unusual extracellular fructan (polymer of fructose but with a levan structure) from sucrose, as well as a levanase that can degrade this type of fructan.

· S. salivarius is isolated only rarely from diseased sites, and is not considered a significant opportunistic pathogen.

· S. vestibularis is isolated mainly from the vestibular mucosa of the human mouth.

· The above mentioned strains do not produce extracellular polysaccharides from sucrose, but do produce a urease (which can generate ammonia and hence raise the local pH) and hydrogen peroxide (which can contribute to the sialoperoxidase system, and inhibit the growth of competing bacteria). 

4. Mitis-group

· S. sanguinis (formerly S. sanguis) and S. gordonii are early colonizers of the tooth surface, and both produce extracellular soluble and insoluble glucans from sucrose that contribute to plaque formation.

· Both species can generate ammonia from arginine. S. sanguinis produces a protease that can cleave sIgA (IgA protease) while S. gordonii can bind salivary α-amylase enabling these organisms to
break down starch.

· Amylase-binding may also mask bacterial antigens and allow the organism to avoid recognition by the host defenses (host mimicry).

Other Gram-positive cocci
· Anaerobic Gram positive cocci are commonly recovered from teeth, especially from carious dentine, infected pulp chambers and root canals , advanced forms of periodontal disease , and from dental abscesses.

· They are also recovered from deep-seated abscesses elsewhere in the body, and are usually isolated in mixed culture (polymicrobial infections).

· Enterococci have been recovered in low numbers from several oral sites when appropriate selective media have been used, where the most frequently isolated species is Enterococcus faecalis..

· Enterococci can be isolated from the mouth of immuno- and medically compromised patients, and have been isolated from
periodontal pockets that fail to respond to therapy and from infected root canals.

· Lancefield group A streptococci (S. pyogenes) are not usually isolated from the mouth of healthy individuals, although they can
often be cultured from the saliva of people suffering from streptococcal sore throats (pain in the throat, redness of the throat), and may be associated with a particularly acute form of gingivitis.

· Staphylococci and micrococci are also not commonly isolated in large numbers from the oral cavity although the former are found in denture plaque, as well as in immunocompromised patients and individuals suffering from a variety of oral infections.

· These bacteria are not usually considered to be members of the resident oral microflora, they may be present transiently (temporarily), and they have been isolated from some sites with root surface caries and from some periodontal pockets that fail to respond to conventional (customary, routine, formal) therapy.

· Interestingly, this is in sharp contrast to other surfaces of the human body in close proximity to the mouth, such as the
skin surface and the mucous membranes of the nose, where                  they are among the predominant (main) components of the microflora. 

· This finding emphasizes (make more obviously defined, underscore) the major differences that must exist in the ecology of these particular habitats. Skin and nasal flora must passed consistently into the mouth and yet these  organisms are normally unable to colonize or compete against the resident oral microflora.


GRAM POSITIVE RODS AND FILAMENTS	

Actinomyces

· Actinomyces species form a major portion of the microflora of dental plaque, particularly at approximal sites and the gingival crevice, where they have been associated with root surface caries and their numbers increase during gingivitis.

· Cells of Actinomyces species appear as short rods, but are often pleomorphic in shape,  some cells show a true branching morphology, while those of Actinomyces israelii can be filamentous.

· Some species (particularly Actinomyces  naeslundii) are heavily fimbriated (cell surface structures involved in attachment), while others have relatively smooth surfaces.

· Actinomyces  species ferment glucose to a characteristic pattern of metabolic end products, namely succinic, acetic and lactic acids, and this property is exploited (taken advantage of) in the identification of this genus.

· The most common representative in plaque is Actinomyces naeslundii, which was subdivided into two genospecies
(A. naeslundii genospecies 1 and genospecies 2). Actinomyces naeslundii genospecies 2 is now classified as Actinomyces  oris.

· Two types of fimbriae can be found on the surface of cells of Actinomyces naeslundii. Each type serves a specific function, and is implicated either in cell-to-cell contact (coaggregation) or in cell-to-surface interaction.

· Actinomyces naeslundii strains also produce enzymes that can hydrolyse fructans with a variety of structures, including levans and inulins, whereas some strains produce an extracellular slime and a fructan from sucrose with a levan-like structure, the fructosyltransferase is produced constitutively(elementary, fundamental). 

· Actinomyces israelii can act as an opportunistic pathogen causing a chronic inflammatory condition called actinomycosis (inflammatory disease which affects animals and sometimes humans and is caused by microorganisms of the genus Actinomyces, lumpy jaw).

· Actinomyces gerencseriae, which is a common but minor component of the microflora of the healthy gingival crevice, although it has also been isolated from abscesses.

· Actinomyces georgiae is facultatively anaerobic and is also found occasionally in the healthy gingival crevice.

· Actinomyces georgiae is facultatively anaerobic and is also found occasionally in the healthy gingival crevice. Other species include Actinomyces odontolyticus, of which about 50% of strains form colonies with a characteristic red-brown pigment.

· This species, together with Actinomyces naeslundii, are early colonizers of the mouth of infants, although  A. odontolyticus has also been associated with the very earliest stages of enamel demineralization, and with the progression of small caries lesions.

· Actinomyces meyeri has been reported occasionally and in low numbers from the gingival crevice in health and disease, and from brain abscesses.


1. Eubacterium and related genera

· Eubacterium was a poorly defined genus that contained a variety of obligately anaerobic, filamentous bacteria that often appear Gram-variable when stained. Species can comprise over 50% of the anaerobic microflora of periodontal pockets and are common in dento-alveolar abscesses.

· The application of molecular taxonomic approaches has identified many new bacterial genera and oral eubacteria are now restricted to Eubacterium saburreum, E. yurii, E. infirmum, E. sulci, E saphenum, E. minutum, E. nodatum, and E. brachy.

2. Lactobacillus

· Lactobacilli are commonly isolated from the oral cavity, especially dental plaque and the tongue, although they usually comprise less than 1% of the total cultivable microflora. Their proportions and prevalence increase in advanced caries lesions both of the enamel and of the root surface.

· A number of homo- and hetero-fermentative species have been identified, producing either lactate or lactate and acetate, respectively, from glucose. The most common species are L. casei, L. rhamnosus, L. fermentum, L. acidophilus, L. salivarius, L. plantarum, L. paracasei, L. gasseri and L. oris.

· Little is known of the preferred habitat of these species in the normal mouth, and most studies still merely group them as ‘lactobacilli’ or Lactobacillus spp.

· They are highly acidogenic and acid-tolerant, and are associated with advanced caries lesions and carious dentine. Simple tests with selective media have been designed for estimating the numbers of
lactobacilli in patients’ saliva to give an indication of the cariogenic potential of a mouth.

· Some lactobacilli are being considered as possible oral probiotic strains (are microorganisms that provide health benefits when consumed).

· Anaerobic lactobacilli, as previously described, have been placed in new genera such as Olsenella, like Olsenella uli (formerly Lactobacillus uli), which has been isolated from periodontal pockets.


GRAM NEGATIVE COCCI
· Neisseria are aerobic or facultatively anaerobic Gram negative cocci that are isolated in low numbers from most sites in the oral cavity and are among the earliest colonizers of teeth, that make an important contribution to plaque formation by consuming oxygen and creating conditions that permit obligate anaerobes to grow.

· Some Neisseria species can produce extracellular polysaccharides and some streptococcal strains can metabolize these polymers, effectively using them as external carbohydrate reserves.

· Common species include Neisseria subflava, N. mucosa, N. flavescens and N. pharyngis. 

· Moraxella catharrhalis is a commensal of the upper respiratory tract, but it is also a well-established opportunistic pathogen, where  many strains produce a β-lactamase that can lead to complications during antibiotic treatment. 

· Veillonella are strictly anaerobic Gram negative cocci, several species are recognised: Veillonella parvula, V. dispar, V. atypica, V. denticariosi (more common in carious dentine) and V. rogosae (more common in caries-free individuals).

· Veillonella species (spp.) have been isolated from most surfaces of the oral cavity although they occur in highest numbers in dental plaque.

· Veillonella spp. lack glucokinase and fructokinase and, therefore, are unable to metabolize carbohydrates, therefore may be they utilize several intermediary metabolites, in particular lactate, as energy sources and, consequently, play an important role in the ecology of dental plaque and in the aetiology (study of the causes of disease) of dental caries.



· Veillonella can reduce the potentially harmful effect of lactic acid
by converting it to weaker acids (predominantly propionic acid).

· Megasphaera are also Gram negative anaerobic cocci that have been isolated occasionally from dental plaque.



GRAM NEGATIVE RODS

· The majority of facultatively anaerobic Gram negative rods in the mouth were originally assigned to the genus Haemophilus.

· These organisms were not detected in early studies until appropriate isolation media were used that contained essential growth factors required by members of this genus – haemin (X-factor) and nicotinamide adenine dinucleotide, NAD (V-factor).

· Haemophilus found commonly in the mouth is H. parainfluenzae (V-factor requiring); H. parahaemolyticus is isolated from soft tissue infections of the oral cavity, but is probably not a regular member of the oral microflora.

· Aggregatibacter  actinomycetemcomitans, previously Actinobacillus actinomycetemcomitans  implicated (implied) in a
particularly aggressive form of periodontal disease in adolescents (young person). Strains are capnophilic often requiring 5–10% CO2 for growth. Cells have surface layers containing molecules that stimulate bone resorption (process of absorbing again), as well as serotype-determining polysaccharides.

· factors including a powerful leukotoxin, collagenase,
immunosuppressive factors and proteases capable of cleaving IgG; in addition, strains can be invasive for epithelial cells.

· Aggregatibacter actinomycetemcomitans is also an opportunistic pathogen, being isolated from cases of endocarditis, brain and subcutaneous abscesses, osteomyelitis, and periodontal disease.

· Other facultatively anaerobic Gram negative rods include Eikenella corrodens. Strains of E. corrodens have been isolated from a range of oral infections including endocarditis and abscesses, and have been implicated in periodontal disease.

· Capnocytophaga are CO2-dependent Gram negative rods, with a gliding motility, and are found in subgingival plaque, and increase in proportions in gingivitis.

· Capnocytophaga are opportunistic pathogens and have been isolated from a number of infections in immunocompromised
patients; some strains produce an IgA1 protease.

· A number of species have been recognised (including
Capnocytophaga gingivalis, C. ochracea, C. sputigena, C. granulosa, C. haemolytica and C. leadbetteri).


Other genera

· Propionibacterium spp. (exp.  P. acnes, P. propionicus)
     	are obligately anaerobic bacteria that are found in dental plaque.

· Propionibacterium  propionicus has been isolated from cases of actinomycosis and lacrimal canaliculitis (infection of the tear duct). 

· Corynebacterium (formerly Bacterionema) matruchotii, Rothia dentocariosa, and Bifidobacterium dentium are also regularly isolated from dental plaque.

· Rothia dentocariosa, and Bifidobacterium dentium are also regularly isolated from dental plaque.

· Rothia is isolated on very rare occasions from cases of infective
endocarditis. Rothia  mucilaginosa (formerly Stomatococcus mucilaginosus) produces an extracellular slime, and is isolated almost exclusively from the tongue.

· Alloscardovia omnicolens  has been isolated from saliva.



Fungi
· The main ‘perfect fungi’ causing oral infection are Aspergillus, Geotrichium and Mucor spp.

· The perfect yeast species seen in healthy individuals may be transient rather than resident members of the oral microflora.

· The ‘imperfect yeasts’, exp. Candida spp. (which divide by asexual reproduction) are commonly found in the mouth.

· The largest proportion of the fungal microflora in the human mouth is made up of Candida spp. Candida albicans is by far the most common species.

· A large number of other yeasts have been isolated, including C. glabrata, C.tropicalis, C. krusei, C. parapsilosis, and C. guilliermondii, as well as Rhodotorula and Saccharomyces spp.

· Candida are distributed evenly throughout the mouth but the most common site of isolation is the dorsum (back) of the tongue.

· Plaque can also harbour Candida spp., but the exact proportion and significance of these yeasts in health and disease is unclear.

MYCOPLASMA

· Bacteria belonging to the genus Mycoplasma are primarily
characterized through the absence of a cell wall.

· This feature makes these bacteria appear Gram negative upon Gram staining, although due to their small size (<1 μm; they are the smallest of all free growing cells).

· Mycoplasmas are pleomorphic, and several cell shapes can occur depending on the environment. 

· Mycoplasma are notoriously slow growing bacteria and require specialized microbiological culture media enriched in proteins and with an elevated carbon dioxide atmosphere for growth.

· Oral carriage rates of between 6 and 32% have been reported in humans with a number of species recovered from saliva (M. salivarium, M. pneumoniae, M. hominis).

· The oral mucosa (M. buccale, M. orale, M. pneumoniae) and dental plaque (M. pneumoniae, M. buccale, M. orale).

· Mycoplasma orale  and M. salivarium have also been isolated from salivary glands where it has been postulated that they play a role in salivary gland hypofunction. 

· Periodontal disease has also been associated with the presence of members of this genus.

VIRUSES

· The virus most frequently encountered in saliva and the orofacial area is Herpes simplex type 1 (HSV-1) ( Oral herpes, the visible symptoms of which are colloquially called 'cold sores' or 'fever blisters', is an infection of the face or mouth. Oral herpes is the most common form of infection).

· Cytomegalovirus (CMV) ( A virus that may be carried in an inactive state for life by healthy individuals. It is a cause of severe pneumonia in people with a suppressed immune system, such as those undergoing bone marrow transplantation or those with leukemia or lymphoma) is present in most individuals. It has been detected in the saliva of symptomless adults, but its portal of entry into the oral cavity is not clear.

· Coxsackie virus A2, 4, 5, 6, 8, 9, 10, and 16 (it is a virus that belongs to a family of nonenveloped, linear, positive-sense ssRNA viruses, Picornaviridae and the genus Enterovirus, which also includes poliovirus and echovirus. Enteroviruses are among the most common and important human pathogens, and ordinarily its members are transmitted by the fecal-oral route) have all been detected in saliva and in the oral epithelium.

· There are more than 100 types of human papilloma virus (HPV) (papillomavirus, type of circular DNA- based virus that infects the skin or mucous membrane and causes papillomas in animals and genital warts in humans (some types of papilloma viruses are associated with cervical, anal and oral cancer)), a number of which have been isolated from the oral cavity, usually
within the tissue of localized hyperplastic warty like lesions (verruca vulgaris).

· One of the most important aspects of infection control relates to the presence of hepatitis B virus in the saliva of asymptomatic individuals who may carry the virus for many years.

· Bacteriophage (viruses for which bacteria are the natural hosts) have been observed in samples of saliva and dental plaque, but few have been isolated.

· Bacteriophage specific for S. mutans, Lactobacillus,
Actinomyces, Veillonella and Aggregatibacter spp. have
been described.

PROTOZOA 

· Two protozoan species are frequently recovered from the mouth, namely Trichomonas tenax (previously referred to a T. buccalis and T. elongate) and Entamoeba gingivalis.

· Their oral prevalence is variable but estimates report carriage rates of between 4 and 52% in the healthy population.
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· Both of the oral protozoan species are motile, and in the case of 
T. tenax, its characteristic ‘tumbling motility is mediated through the presence of four anterior flagella and a fifth recurrent flagellum, attached to an undulating membrane along the length of the cell.

· Trichomonas tenax does exhibit proteolytic activity through the production of cysteine proteinases and metalloproteinases and these enzymes could conceivably induce damage to host connective tissues.

Conclusions

1. Gram positive bacteria are commonly distributed on most surfaces of the mouth. The predominant genera are Streptococcus and Actinomyces; representative species are found at healthy sites, although many can also act as opportunistic pathogens. For example, mutans streptococci are implicated in dental caries while the intermedius- and the mitis-groups of streptococci are recovered commonly from abscesses and infective endocarditis, respectively; Actinomyces israelii is implicated in actinomycosis.

2. Oral Gram negative bacteria are diverse, and include species that are facultatively and obligately anaerobic, as well as species that are microaerophilic and capnophilic. 

Veillonella are anaerobic Gram negative cocci that play an important role in dental plaque by converting lactate to weaker acids. Most of the anaerobic Gram negative bacilli are found in dental plaque, and have an asaccharolytic metabolism, and depend on proteins and glycoproteins for their nutrition; some common genera include Prevotella and Fusobacterium.  

The diversity of species increases in periodontal disease, and many of these are ‘unculturable’ at present. The taxonomy of Gram negative bacteria has been transformed by molecular techniques such as 16S rRNA gene sequencing.
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