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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 microbiota; others are associated with important human diseases 

attributable to the direct effects of infection by streptococci . 

A)) 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 β - hemolysis.  

• Incomplete lysis of erythrocytes with reduction of hemoglobin and the formation 

of green pigment is called α - hemolysis.  

• Other streptococci are nonhemolytic (sometimes called γ- [gamma-] hemolysis). 

 

B)) 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…….ect. 

 

C)) Capsular Polysaccharides  

The antigenic specificity of the capsular polysaccharides is used to classify 

Streptococcus pneumoniae into more than 90 types and to type the group B 

streptococci ( Streptococcus agalactiae ). 
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Streptococcus pyogenes 

A)) Typical Organisms Individual cocci are spherical or ovoid and are arranged in 

chains. The members of the chain often have a striking diplococcal appearance, and 

rod like forms are occasionally seen. 

 

 

Figure 1: Streptococci grown in blood culture showing gram-positive cocci in chains. 

 

• Streptococci are gram positive; however, as a culture ages and the bacteria die, 

they lose their gram positivity and can appear to be gram negative 

• Most group A strains produce capsules composed of hyaluronic acid. 

• They impede phagocytosis. 

•  The hyaluronic acid capsule likely plays a greater role in virulence than is 

generally appreciated and together with M protein is believed to be an important 

factor in the resurgence of rheumatic fever (RF). 

• Capsules of other streptococci (eg, S agalactiae and S pneumoniae) are 

different.  

• The S pyogenes  cell wall contains proteins (M, T, R antigens), carbohydrates 

(group specific), and peptidoglycans. 

• Hairlike pili project through the capsule of group A streptococci. The pili 

consist partly of M protein and are covered with lipoteichoic acid. The latter is 

important in the attachment of streptococci to epithelial cells. 
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B)) Culture 

     Most streptococci grow in solid media as discoid colonies, usually 1–2 mm in 

diameter. S pyogenes is β-hemolytic. 

 

 Figure 2: Group A  β-hemolytic streptococci (Streptococcus pyogenes) after growth overnight on a 10-cm plate with 5% 

sheep blood agar. 

C)) Growth Characteristics: 

    Growth of streptococci tends to be poor on solid media or in broth unless enriched 

with blood or tissue fluids. Growth and hemolysis are aided by incubation in 10% 

CO2. Most pathogenic hemolytic streptococci grow best at 37°C. Most streptococci 

are facultative anaerobes and grow under aerobic and anaerobic conditions. 

D)) Antigenic Structure 

     1- M Protein : This substance is a major virulence factor of S pyogenes. M protein 

appears as hairlike projections of the streptococcal cell wall. 

    2- T Substance : This antigen has no relationship to virulence of streptococci 

    3- Nucleoproteins Extraction of streptococci with weak alkali yields mixtures of 

proteins and other substances of little serologic specificity, called P substances, 

which probably make up most of the streptococcal cell body. 

 

E)) Toxins and Enzymes 

1) Streptokinase (Fibrinolysin) Streptokinase is produced by many strains of 

group A β-hemolytic streptococci. It transforms the plasminogen of human 

plasma into plasmin, an active proteolytic enzyme that digests fibrin and other 

proteins, allowing the bacteria to escape from blood clots. 
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2) Deoxyribonucleases 

Streptococcal deoxyribonucleases A, B, C, and D degrade DNA (DNases) and 

similar to streptokinase facilitate the spread of streptococci in tissue by 

liquefying pus. An antibody to DNAse develops after streptococcal infections, 

especially after skin infections. 

3) Hyaluronidase 

Hyaluronidase splits hyaluronic acid, an important component of the ground 

substance of connective tissue. Thus, hyaluronidase aids in spreading infecting 

microorganisms (spreading factor). 

4) Pyrogenic Exotoxins (Erythrogenic Toxin) 

Pyrogenic exotoxins are elaborated by S pyogenes. The streptococcal pyrogenic 

exotoxins have been associated with streptococcal toxic shock syndrome and 

scarlet fever. 

5) Hemolysins 

The β-hemolytic group A S pyogenes elaborates two hemolysins (streptolysins) 

that not only lyse the membranes of erythrocytes but also damage a variety of 

other cell types. 

antistreptolysin O (ASO), an antibody that appears in humans after infection with 

any streptococci that produce streptolysin O. 

A. Diseases Attributable to Invasion by S pyogenes, β-Hemolytic Group A 

Streptococci. 

1. Erysipelas—If the portal of entry is the skin, erysipelas results, with massive 

brawny edema and a rapidly advancing margin of infection. 

2. Cellulitis—Streptococcal cellulitis is an acute, rapidly spreading infection of the 

skin and subcutaneous tissues. It follows infection associated with mild trauma, burns, 

wounds, or surgical incisions. 
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3. Necrotizing fasciitis (streptococcal gangrene)— There is extensive and very 

rapidly spreading necrosis of the skin, tissues, and fascia.

 

4. Puerperal fever—If the streptococci enter the uterus after delivery, puerperal 

fever develops, which is essentially a septicemia originating in the infected wound 

(endometritis). 

5. Bacteremia or sepsis—Infection of traumatic or surgical wounds with 

streptococci results in bacteremia, which can rapidly be fatal. 

B. Diseases Attributable to Local Infection With S pyogenes and their byproducts 

1. Streptococcal sore throat—The most common infection caused by β-hemolytic S 

pyogenes is streptococcal sore throat or pharyngitis. 

2. Streptococcal pyoderma—Local infection of superficial  layers of skin, 

especially in children, is called impetigo. 

C. Invasive Group A Streptococcal Infections, Streptococcal Toxic Shock Syndrome, 

and Scarlet Fever 

     Fulminant, invasive S pyogenes infections with streptococcal toxic shock syndrome 

are characterized by shock, bacteremia, respiratory failure, and multi-organ failure. 

D. Post streptococcal Diseases (Rheumatic Fever, Glomerulonephritis) 

    After an acute S pyogenes infection, there is a latent period of 1–4 weeks, after 

which nephritis or rheumatic fever occasionally develops. 
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A. Specimens: 

Specimens to be obtained depend on the nature of the streptococcal infection. A 

throat swab, pus, or blood is obtained for culture. Serum is obtained for antibody 

determinations. 

B. Smears: 

Smears from pus often show single cocci or pairs rather than definite chains. Cocci 

are sometimes gram negative because the organisms are no longer viable and have 

lost their ability to retain the blue dye (crystal violet) and be gram positive.   

            
C. Culture: 

Specimens suspected of containing streptococci are cultured on blood agar plates. If 

anaerobes are suspected, suitable anaerobic media must also be inoculated. 

Incubation in 10% CO2 often speeds hemolysis. 

D. Antigen Detection Tests 

Several commercial kits are available for rapid detection of group A streptococcal 

antigen from throat swabs. These kits use enzymatic or chemical methods to 

extract the antigen from the swab . 

 

Streptococcus pneumoniae 

The pneumococci (S pneumoniae) are gram-positive diplococci, often lancet shaped or 

arranged in chains, possessing a capsule of polysaccharide that permits typing with 

specific antisera. Pneumococci are readily lysed by surface-active agents, which 

probably remove or inactivate the inhibitors of cell wall autolysins. Pneumococci are 

normal inhabitants of the upper respiratory tract of 5–40% of humans and can cause 

pneumonia, sinusitis, otitis, bronchitis, bacteremia, meningitis, and other infectious 

processes. 
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 Figure 3: Streptococcus pneumoniae in sputum are seen as lancet-shaped gram-positive diplococci 

 

Morphology and Identification 

    A. Typical Organisms The typical gram-positive, lancet-shaped diplococci. With 

age, the organisms rapidly become gram negative and tend to lyse spontaneously. 

    B. Culture 

    Pneumococci are α- hemolytic on blood agar. Growth is enhanced by 5–10% CO2. 

 

Antigenic Structure 

A. Component Structures 

The pneumococcal cell wall has peptidoglycan and teichoic acid, similar to other 

streptococci. The capsular polysaccharide is covalently bound to the peptidoglycan 

and to the cell wall polysaccharide. The capsular polysaccharide is immunologically 

distinct for each of the 91 types. 

 

B. Quellung Reaction 

When pneumococci of a certain type are mixed with specific antipolysaccharide serum 

of the same type or with polyvalent antiserum on a microscope slide, the capsule 

swells markedly, and the organisms agglutinate by cross-linking of the antibodies. 
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On solid media, the growth of pneumococci is inhibited around a disk of optochin; 

viridans streptococci are not inhibited by optochin. 

 

 


