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THE STREPTOCOCCUS
The genus Streptococcus, a heterogeneous group of Gram-positive bacteria  spherical bacteria that characteristically form pairs or chains during growth .they are widely distributed in nature , has broad significance in medicine and industry. Various streptococci are important ecologically as part of the normal microbial flora of animals and humans; some can also cause diseases that range from subacute to acute or even chronic. Among the significant human diseases attributable to streptococci are scarlet fever, rheumatic heart disease, glomerulonephritis, and pneumococcal pneumonia.
Clinical Manifestations

In humans, diseases associated with the streptococci occur chiefly in the respiratory tract, bloodstream, or as skin infections. Human disease is most commonly associated with Group A streptococci. Acute group A streptococcal disease ( Streptococcus pyogenes) is most often a respiratory infection (pharyngitis or tonsillitis) or a skin infection (pyoderma). Also attributable to dissemination of bacteria, of group A infections (rheumatic fever following respiratory infection and glomerulonephritis following respiratory or skin infection) .                                                                                     S pneumoniae remains a primary cause of serious focal and systemic infections, the first most common cause of community acquired pneumonia and of fatal bacterial pneumonia in developing countries. Hemorrhagic shock in association with S pneumoniae sepsis in previously healthy children. 

In human oral cavity the Streptococci are the most numerous groups. They are the dominant isolated bacteria from pyogenic dental lesions. They have a critical role in dental caries and are probably of great importance in periodontitis infected root canal,  gingivitis and found in the lesions after tooth extraction. 

Structure

Both S pyogenes and S pneumoniae are Gram-positive cocci, nonmotile, and nonsporulating; they usually require complex culture media. S pyogenes characteristically is a round-to-ovoid coccus 0.6-1.0 µm in diameter They divide in one plane and thus occur in pairs, or (especially in liquid media or clinical material) in chains of varying lengths. S pneumoniae appears as a 0.5-1.25 µm diplococcus, typically described as lancet-shaped but sometimes difficult to distinguish morphologically from other streptococci. Streptococcal cultures older than the logarithmic phase, which is the most active growth period of a culture, may lose their Gram-positive staining characteristics.


Figure: Morphology of the streptococci in comparison with staphylococci. Streptococci divide in a single plane and tend not to separate, causing chain formation. Capsules are antiphagocytic.

Unlike Staphylococcus), all streptococci lack the enzyme catalase. Most are facultative anaerobes but some are obligate anaerobes. Streptococci often have a mucoid or smooth colonial morphology and S pneumoniae colonies exhibit a central depression caused by rapid partial autolysis. 
Classification, Antigenic Types 

The classification of Streptococci into major categories has been based on a series of observation .

1-Colony morphology and hemolysis reaction  on blood agar
. Hemolysis
The type of hemolytic reaction displayed on blood agar has long been used to classify the streptococci. beta-Hemolysis is associated with complete lyses of red cells surrounding the colony, whereas alpha-hemolysis is a partial or "greening" hemolysis associated with reduction of red cell hemoglobin. Nonhemolytic colonies have been termed D-hemolytic. Hemolysis is affected by the species and age of red cells as well as by other properties of the base medium. 
2- Serologic specifity of the cell wall group –specific substance ( Lanceified classification ) .This carbohydrate is contained in the cell wall of many streptococci and forms the basis of serological grouping into lancifield groups A-H and  K-U   
3- Biochemical reactions and resistant to physical and chemical factors .

4-Ecological features .
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Antigenic Types
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Figure  Cell surface structure of S pyogenes (group A) and extracellular substances.
The cell wall also consists of several structural proteins (Figure In group A streptococci, the R and T proteins may serve as epidemiologic markers, but the M proteins are clearly virulence factors associated with resistance to phagocytosis. M proteins have been identified on the basis of antigenic specificity. appears to mediate bacterial attachment to host epithelial cells..

The capsule of S pyogenes is composed of hyaluronic acid, which is chemically similar to that of host connective tissue and is therefore nonantigenic. In contrast, the antigenically reactive and chemically distinct capsular polysaccharide of S pneumoniae allows the single species to be separated into more than 80 serotypes. The antiphagocytic S pneumoniae capsule is the most clearly understood virulence factor of these organisms;. Unencapsulated S pneumoniae are avirulent. 

Finally, the cytoplasmic membrane of S pyogenes has antigens similar to those of human cardiac, skeletal, and smooth muscle, heart valve fibroblasts, and neuronal tissues, resulting in a molecular mimicry.

Pathogenesis

Streptococcus pyogenes and Streptococcus pneumoniae
Streptococci vary widely in pathogenic potential. Their numbers are usually limited by competition from the nasopharyngeal microbial ecosystem and by nonspecific host defense mechanisms, but failure of these mechanisms can result in disease. S pyogenes causes inflammatory purulent lesions at the portal of entry, often the upper respiratory tract or the skin. 

Invasion of other portions of the upper or lower respiratory tracts results in infections of the middle ear (otitis media), sinuses (sinusitis), or lungs (pneumonia). In addition, meningitis can occur by direct extension of infection from the middle ear or sinuses to the meninges or by way of bloodstream invasion from the pulmonary focus. Bacteremia can also result in infection of bones (osteomyelitis) or joints (arthritis).

S. pyogenes causes a number of infections; the most notable are:

• tonsillitis and pharyngitis

• peritonsillar abscess (now rare)

• scarlet fever

• mastoiditis and sinusitis

• otitis media (middle-ear infection)

• wound infections leading to cellulitis and lymphangitis

• impetigo (a skin infection).

Complications. After an episode of infection some

patients develop complications, such as rheumatic fever, glomerulonephritis and erythema nodosum, which may have

long-lasting effects. ote that:

• in cellulitis, hyaluronidase ('spreading factor') mediates the

subcutaneous spread of infection

• erythrogenic toxin causes the rash of scarlet fever

• post-streptococcal infection, manifesting as rheumatic

fever, is caused by immunological cross-reaction between

bacterial antigen and human heart tissue, and acute

glomerulonephritis is caused by immune complexes bound

to glomeruli.
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Figure Pathogenesis of S pyogenes infections.

Exotoxins and enzymes. Produces a large number of biologically active substances, such as:

• streptokinase: a proteolytic enzyme which lyses fibrin

• hyaluronidase: attacks the material that binds the connective

tissue, thereby causing increasing permeability (hence

called the 'spreading factor')

• DNAases (streptodornases): destroy cellular DNA

• haemolysins (streptolysins, leukocidins): phage-mediated

and are responsible for the characteristic erythematous

rash in scarlet fever                                                                                       
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Figure Pathogenesis of S pneumoniae infections.
Treatment and prevention

Penicillin is the drug of choice; erythromycin is suitable for patients hypersensitive to penicillin. No vaccine is available.

Streptococcus pneumoniae (pneumococcus)

This organism causes a number of common diseases, such as

pneumonia and meningitis in adults and otitis media and

sinusitis in children.

Habitat and transmission

A normal commensal in the human upper respiratory tract;

up to 4% of the population carry this bacteria in small

numbers. Transmission is via respiratory droplets.

Characteristics

Gram-positive 'lancet-shaped' cocci in pairs (diplococci) or

short chains; cells are often capsulate; a-haemolytic on blood

agar; catalase-negative; facultative anaerobe.

Pathogenicity

Although no exotoxins are known, this organism induces an inflammatory response. The substantive polysaccharide capsule  retards phagocytosis. Vaccination with antipolysaccharidevaccine helps provide type-specific immunity. Viral respiratory infection predisposes to pneumococcal pneumonia by damaging the mucociliary lining of the upper respiratory tract(the mucociliary escalator). Other common diseases caused by

pneumococci include lobar pneumonia, acute exacerbation of chronic bronchitis, otitis media, sinusitis, conjunctivitis ,meningitis and, in splenectomized patients, septicaemia.

Treatment and prevention

Penicillin or erythromycin is very effective. However, resistanceto penicillin is rapidly emerging as a global concern.
Other Streptococcal Species

Lancefield Group Streptococci

Streptococcal groups B, C, and G initially were recognized as animal pathogens (Table) and as part of the normal human flora. Recently, the pathogenic potential for humans of some of these non-group-A streptococci has been clarified. Group B streptococci, a major cause of bovine mastitis, are a leading cause of neonatal septicemia and meningitis, accounting for a significant changing clinical spectrum of diseases in both pregnant women and their infants.. Group B organisms also have been associated with pneumonia in elderly patients. They are part of the normal oral and vaginal flora and have also been isolated in adult urinary tract infection, chorioamnionitis and endometritis, skin and soft tissue infection, osteomyelitis, meningitis, bacteremia without focus, and endocarditis. Infection in patients with HIV can occur at any age. 

Streptococci of groups C and G are associated with mild, as well as severe human disease. None of these groups has been implicated in acute rheumatic fever or acute glomerulonephritis. Group D streptococci are important etiologic agents of urinary tract infections and infections associated with biliary tract procedures, as well as cases of disseminated infection, bacteremia, and endocarditis. Streptococcus bovis bacteremia has been recognized more often in cases of bowel disease. 

Group F streptococci are associated with abscess formation and purulent disease. Group R streptococci, well-documented causes of meningitis and septicemia in pigs .
Oral streptococci

Oral streptococci, which live principally in the oropharynx, are a mixed group of organisms with variable characteristics. Streptococci make up a large proportion of the residentoral flora. It is known that roughly one-quarter of the total cultivable flora from supragingival and gingival plaque and half of the isolates from the tongue and saliva are streptococci.

They are vertically transmitted from mother to child. Infective endocarditis caused by these organisms (loosely termed viridansstreptococci) is generally a result of their entry into the bloodstream during intraoral surgical procedures (e.g. tooth extraction),and sometimes even during tooth-brushing.

Culture and identification

Gram-positive cocci in chains; a-haemolytic; catalase-negative.

Growth not inhibited by bile or optochin (ethylhydrocupreine

hydrochloride), in contrast to pneumococci. 

Pathogenicity

The mutans group of streptococci are the major agents of dental caries (but in the absence of predisposing factors, suchas sucrose, they cannot cause caries). They have a characteristic ability to produce voluminous amounts of sticky, extracellular polysaccharides in the presence of dietary carbohydrates; these help tenacious binding of the

organisms to enamel and to each other.
They are also important agents of infective endocarditisand some 60% of cases are due to this organism. Usually

bacteria released during dental procedures settle on damagedheart valves, causing infective endocarditis .                                                               Treatment and prevention
In patients at risk of infective endocarditis (e.g. those withdamaged or prosthetic heart valves), prophylactic antibiotic covershould always be given before dental procedures.
Streptococcus mutans

The name 'mutans' results from its frequent transition from coccal phase to coccobacillary phase , the major species causing dental caries. 
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