Streptococcus

Introduction

      The streptococci are gram-positive spherical bacteria that characteristically form pairs or chains during growth. They are widely distributed in nature. Some are members of the normal human flora others are associated with important human diseases. Streptococci elaborate a variety of extracellular substances and enzymes. The streptococci are a large and heterogeneous group of bacteria and understanding the classification of it is a key to understanding their medical importance.
Classification of Streptococci

        The classification of streptococci into major categories has been based on a series of observations over many years: (1) colony morphology and hemolytic reactions on blood agar (2) serologic specificity of the cell wall group-specific substance and other cell wall or capsular antigens (3) biochemical reactions and resistance to physical and chemical factors and (4) ecologic features. Molecular genetics have also been used to study the streptococci. Combinations of the above methods have permitted the classification of streptococci for purposes of clinical and epidemiologic convenience.
	Table 1. Characteristics of Medically Important Streptococci.



	

	Name

Group-Specific Substance1
 

Hemolysis2
 

Habitat

Important Laboratory Criteria

Common and Important Diseases

Streptococcus pyogenes 
A
Beta
Throat, skin
Large colonies (> 0.5 mm), PYR3 test positive, inhibited by bacitracin
 
Pharyngitis, impetigo, rheumatic fever, glomerulonephritis
Streptococcus agalactiae 
B
Beta
Female genital tract
Hippurate hydrolysis, CAMP-positive4
 
Neonatal sepsis and meningitis
Streptococcus dysgalactiae subspecies equisimilis; others  
C, G
Beta (human) infections), alpha, none
Throat
Large (> 0.5 mm) colonies
Pharyngitis, pyogenic infections similar to group A streptococci
Enterococcus faecalis (and other enterococci) 
D
None, alpha
Colon
Growth in presence of bile, hydrolyze esculin, growth in 6.5% NaCl, PYR-positive
Abdominal abscess, urinary tract infection, endocarditis
Streptococcus bovis (non-enterococcus)  
D
None
Colon
Growth in presence of bile, hydrolyze esculin, no growth in 6.5% NaCl, degrades starch
Endocarditis, common blood isolate in colon cancer
Streptococcus anginosus group (S anginosus, S intermedius, S constellatus, S milleri group) 
F (A, C, G) and untypable
Alpha, beta, none
Throat, colon, female genital tract
Small (< 0.5 mm) colony variants of beta-hemolytic species. Group A are bacitracin-resistant and PYR-negative. Carbohydrate fermentation patterns
Pyogenic infections, including brain abscesses
Viridans streptococci (many species)
Usually not typed or untypable
Alpha, none
Mouth, throat, colon, female genital tract
Optochin-resistant. Colonies not soluble in bile. Carbohydrate fermentation patterns
Dental caries (S mutans), endocarditis, abscesses (with many other bacterial species) 
Streptococcus pneumoniae 
None
Alpha
Throat
Susceptible to optochin. Colonies soluble in bile, quellung reaction-positive
Pneumonia, meningitis, endocarditis
Peptostreptococcus (many species)
None
None, alpha
Mouth, colon, female genital tract
Obligate anaerobes
Abscesses (with multiple other bacterial species)


	       1Lancefield classification.

	2Hemolysis observed on 5% sheep blood agar after overnight incubation.

3Hydrolysis of L-pyrrolidonyl-2-naphthylamide ("PYR").

4Christie, Atkins, Munch-Peterson test.

Hemolysis

Many streptococci are able to hemolyze red blood cells in vitro in varying degrees. Complete disruption of erythrocytes with clearing of the blood around the bacterial growth is called beta hemolysis. Incomplete lysis of erythrocytes with reduction of hemoglobin and the formation of green pigment is called alpha hemolysis. Other streptococci are non-hemolytic (sometimes called gamma hemolysis).

Group-Specific Substance (Lancefield Classification)

    This carbohydrate is contained in the cell wall of many streptococci and forms the basis of serologic grouping into Lancefield groups A–H and K–U. The serologic specificity of the group-specific carbohydrate is determined by an amino sugar. For group A streptococci, this is rhamnose-N-acetylglucosamine; for group B, it is rhamnose-glucosamine polysaccharide; for group C, it is rhamnose-N-acetylgalactosamine; for group D, it is glycerol teichoic acid containing D-alanine and glucose; and for group F, it is glucopyranosyl-N-acetylgalactosamine.

Capsular Polysaccharides

     The antigenic specificity of the capsular polysaccharides is used to classify S pneumoniae into over 90 types and to type the group B streptococci (S agalactiae).

Biochemical Reactions

    Biochemical tests include sugar fermentation reactions, tests for the presence of enzymes, and tests for susceptibility or resistance to certain chemical agents. Biochemical tests are most often used to classify streptococci after the colony growth and hemolytic characteristics have been observed.


     It appears that M protein and perhaps other streptococcal cell wall antigens have an important role in the pathogenesis of rheumatic fever. 

T Substance

    This antigen has no relationship to virulence of streptococci. Unlike M protein, T substance is acid-labile and heat-labile. It is obtained from streptococci by proteolytic digestion, another surface antigen has been called R protein.
Nucleoproteins

      Extraction of streptococci with weak alkali yields mixtures of proteins and other substances of little serologic specificity, called P substances, which probab Streptococcus

Introduction

      The streptococci are gram-positive spherical bacteria that characteristically form pairs or chains during growth. They are widely distributed in nature. Some are members of the normal human flora others are associated with important human diseases. Streptococci elaborate a variety of extracellular substances and enzymes. The streptococci are a large and heterogeneous group of bacteria and understanding the classification of it is a key to understanding their medical importance.
Classification of Streptococci

        The classification of streptococci into major categories has been based on a series of observations over many years: (1) colony morphology and hemolytic reactions on blood agar (2) serologic specificity of the cell wall group-specific substance and other cell wall or capsular antigens (3) biochemical reactions and resistance to physical and chemical factors and (4) ecologic features. Molecular genetics have also been used to study the streptococci. Combinations of the above methods have permitted the classification of streptococci for purposes of clinical and epidemiologic convenience.
	Table 1. Characteristics of Medically Important Streptococci.



	

	Name

Group-Specific Substance1
 

Hemolysis2
 

Habitat

Important Laboratory Criteria

Common and Important Diseases

Streptococcus pyogenes 
A
Beta
Throat, skin
Large colonies (> 0.5 mm), PYR3 test positive, inhibited by bacitracin
 
Pharyngitis, impetigo, rheumatic fever, glomerulonephritis
Streptococcus agalactiae 
B
Beta
Female genital tract
Hippurate hydrolysis, CAMP-positive4
 
Neonatal sepsis and meningitis
Streptococcus dysgalactiae subspecies equisimilis; others  
C, G
Beta (human) infections), alpha, none
Throat
Large (> 0.5 mm) colonies
Pharyngitis, pyogenic infections similar to group A streptococci
Enterococcus faecalis (and other enterococci) 
D
None, alpha
Colon
Growth in presence of bile, hydrolyze esculin, growth in 6.5% NaCl, PYR-positive
Abdominal abscess, urinary tract infection, endocarditis
Streptococcus bovis (non-enterococcus)  
D
None
Colon
Growth in presence of bile, hydrolyze esculin, no growth in 6.5% NaCl, degrades starch
Endocarditis, common blood isolate in colon cancer
Streptococcus anginosus group (S anginosus, S intermedius, S constellatus, S milleri group) 
F (A, C, G) and untypable
Alpha, beta, none
Throat, colon, female genital tract
Small (< 0.5 mm) colony variants of beta-hemolytic species. Group A are bacitracin-resistant and PYR-negative. Carbohydrate fermentation patterns
Pyogenic infections, including brain abscesses
Viridans streptococci (many species)
Usually not typed or untypable
Alpha, none
Mouth, throat, colon, female genital tract
Optochin-resistant. Colonies not soluble in bile. Carbohydrate fermentation patterns
Dental caries (S mutans), endocarditis, abscesses (with many other bacterial species) 
Streptococcus pneumoniae 
None
Alpha
Throat
Susceptible to optochin. Colonies soluble in bile, quellung reaction-positive
Pneumonia, meningitis, endocarditis
Peptostreptococcus (many species)
None
None, alpha
Mouth, colon, female genital tract
Obligate anaerobes
Abscesses (with multiple other bacterial species)


	       1Lancefield classification.

	2Hemolysis observed on 5% sheep blood agar after overnight incubation.

3Hydrolysis of L-pyrrolidonyl-2-naphthylamide ("PYR").

4Christie, Atkins, Munch-Peterson test.

Hemolysis

Many streptococci are able to hemolyze red blood cells in vitro in varying degrees. Complete disruption of erythrocytes with clearing of the blood around the bacterial growth is called beta hemolysis. Incomplete lysis of erythrocytes with reduction of hemoglobin and the formation of green pigment is called alpha hemolysis. Other streptococci are non-hemolytic (sometimes called gamma hemolysis).

Group-Specific Substance (Lancefield Classification)

    This carbohydrate is contained in the cell wall of many streptococci and forms the basis of serologic grouping into Lancefield groups A–H and K–U. The serologic specificity of the group-specific carbohydrate is determined by an amino sugar. For group A streptococci, this is rhamnose-N-acetylglucosamine; for group B, it is rhamnose-glucosamine polysaccharide; for group C, it is rhamnose-N-acetylgalactosamine; for group D, it is glycerol teichoic acid containing D-alanine and glucose; and for group F, it is glucopyranosyl-N-acetylgalactosamine.

Capsular Polysaccharides

     The antigenic specificity of the capsular polysaccharides is used to classify S pneumoniae into over 90 types and to type the group B streptococci (S agalactiae).

Biochemical Reactions

    Biochemical tests include sugar fermentation reactions, tests for the presence of enzymes, and tests for susceptibility or resistance to certain chemical agents. Biochemical tests are most often used to classify streptococci after the colony growth and hemolytic characteristics have been observed.


