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2. FAMILY:  STREPTOCOCCACEAE

Classification

Kingdom-------------------Plants kingdom or protista.

Phylum (Division) -------Protophyta or Thallophyta

Class------------------------Schizomycetes
Order-----------------------Eubacteriales

Family----------------------Streptococcaceae
Genus-----------------------Streptococci

                                       -Peptococci--------Strict aerobes.

                                       -Peptostreptococci------------Strict anaerobes

                                       -Aerococci

GENUS: STREPTOCOCCUS

Introduction

This organism causes a more widely spread of diseases and morbidity in human than any other group of bacteria with possible exception of the Family: Enterobacteriaceae and the Genus: Mycobacterium.

In 1836, Richard Bright recognized the relationship between Streptococci and Scarlet fever, Acute glomerulonephritis and chronic renal failure (Bright disease).

Louis Pasteur, Robert k Koch and Neissers working together to establish the germ theory recognized that Streptococci has been the cause of puerperal sepsis (infection of the pelvis).

Fredrick Felherisen later recognized Streptococci as the causative agent of Erysipelas disease and Mr.Alexander Ogston defined the role of Streptococci in post surgical wound infections.

Later in 1932, Coburn family established the relationship between Streptococci and Rheumatic fever.

        Towards the end of 19th.century Laboratory studies of Streptococci became possible with the establishment of laboratory media. In early 20th.century Hygo Schuttmuller had demonstrated the haemolytic reactions (activities) of Streptococci on Blood agar media

Some years later, J.H.Brown working at Rockfeller Institute first described the different haemolytic reactions of Streptococci which he termed as Alpha, Beta and Gamma haemolysis.

       In early 1930’s, Rebecca Lancefield (an American Bacteriologist) identified 5-distinct antigenic groups of Streptococci as A, B, C, D and E on the bases of their C-antigens (envelope) in their cell wall polysaccharides. Since then, continuous research and studies have expanded the number of recognized groups to 21 classified as A-H and K-W. In most clinical laboratories, only groups A, B, and D are routinely identified because they are the most responsible for majority of human infections in comparison to other Streptococci groups.

          Enterococci e.g. Streptococcus faecalis (Enterococcus faecalis) and non Streptococcal group “D” Streptococci belong to a different genera and therefore Streptococcus faecalis, Streptococcus faecium, Streptococcus dueran and Streptococcus casseliflavus are classified as members of Genus: Enterococcus.

	Grp
	Species
	Haemolysis on SBA
	Normal habitat
	Disease caused
	Lab. Diagnosis

	A
	Strept. pyogenes 
	-Beta haemolysis
	-Throat       -skin
	-Wound infections                                  -Acute pharyngitis                           -Impetigo (skin infection)               -Rheumatic fever                         -Glomerulonephritis                     -Septicemia
	-Lancefield grouping

-Beta haemolysis on SBA                                -Bacitracin test positive                             - Fluorescent antibody test positive

	B
	Strept. agalactiae
	-Beta haemolysis                     
	-Stool                 -Vagina                  -Skin of newborn
	-Puerperal sepsis                                 -Endocarditis                           -Pneumonitis                              -Pneumonia                         -Neonatal meningitis                     -Septicemia
	-Lancefield grouping

-Beta haemolysis on SBA                                -Hippurate hydrolysis test positive                                                - Aesculin test positive                           -C.A.M.P test positive

	C
	-Strept.equi                       -Strept. equisimilis               -Strept. dysegatiae
	-Beta haemolysis                     

Alpha haemolysis
	-Pharynx                -Vagina                  -Skin 
	-Wound infections                           -Puerperal sepsis                     -Endocarditis                                                                                           
	-Lancefield grouping

-Beta and Alpha haemolysis on SBA                                              -Hippurate hydrolysis test positive                                                

	D
	Enterococcus-faecalis          -faecium                    -dueran                      -bovis                        -equinus


	-Alpha                   -Beta                      -Alpha or Gamma -Alpha or Gamma  

-Alpha                   
	-Large bowels
	-Wound infections                           -Pelvic abscess                     -Endocarditis                        -UTI                                               -Peritonitis                                                                                        
	-Growth on6.6% Nacl.                                -Bile Aesculin test positive

	F,G,A
	Strept. anginosus
	-Beta haemolysis

Alpha haemolysis                    
	-Pharynx                -Mouth                 -Teeth 
	-Sinusitis(inflammation of sinus glands)                                   -Dentacarditis                         -Meningitis                              -Brain abscess                                         -Pneumonia
	-Lancefield grouping



	G
	Strept. canis
	-Beta haemolysis                    
	-Pharynx                -Vagina                  -Skin 
	-Wound infections                           -Puerperal sepsis                     -Endocarditis                                                                                           
	-Lancefield grouping



	H
	Strept. sanguinis
	Alpha haemolysis
	-Pharynx                -Mouth                 -Teeth 
	-Dentacarditis                               -Septicemia                        
	-Lancefield grouping



	K
	Strept. salivarius
	Gamma haemolysis
	-Upper respiratory tract
	-Endocarditis                                  -Septicemia                              - Otitis media                                                      -Meningitis                                                                                                                                            
	-Lancefield grouping



	Non-Group
	Strept. pneumoniae
	Alpha haemolysis
	-Pharynx                -Mouth                 -Trachea 
	-Lobar pneumonia                                -Septicemia                              -Endocarditis                                                                                           
	-Quellung reaction positive.                                -Bile solubility test positive               -Optochin test positive


 STREPTOCOCCI SPECIES
· Strept. pyogenes 
· Strept. agalactiae
· Strept. pneumoniae
· Strept. faecalis (Enterococcus faecalis)
· Strept. Viridans (Viridan group of Streptococci. Viridis means green)
· Strept. putridus (purification of meat to produce H2S)
General characteristics of Streptococci
(In Greek: Streptos means chain. Coccos means a grain or berry)
· They are gram positive cocci occurring in singles, pairs and in chains of varying lengths.

· They are non-motile.

· Some strains are capsulated e.g. Streptococcus pneumoniae.

· They are non-sporing.

· They are catalase test positive.

· They are coagulase test negative.

· They are aerobes and facultative anaerobes.

Habitat

The organisms are widely distributed in nature and are found regularly in water and dairy products. Enterococci form part of the normal flora of the gastro-intestinal tract of man while most of the other species are commensals in the upper respiratory tract. On Blood agar medium, they produce hemolysin which can be used in their classification. 

1. STREPTOCOCCUS  PYOGENES 
Introduction
Group ‘A’ Beta haemolytic Streptococci are responsible for over 90% of human infections. It causes a wide range of suppurative infections (pus producing infections) in the respiratory tract and skin, life threatening soft tissue infections and certain types of toxin-associated reactions. These infections may result into non-suppurative infections due to adverse immunological reactions induced by the infecting Streptococci. They are usually sensitive to Bacitracin drug and when cultured in Sheep blood agar medium, they produce a larger zone of haemolysis around the colony (Beta haemolysis of several mm).

They can be further divided based on Griffin type of classification according to their surface antigens i.e. M, T and R

Morphology and staining characteristics
· They are gram positive cocci occurring in singles, pairs and in short chains.

· They are small in size measuring 0.5-1.0 um in diameter.

· They are non-motile.

· Some strains are non-capsulated.

· They are non-sporing.

Cultural characteristics.

· They are aerobes and facultative anaerobes.

· They have a wide range of growth temperatures of 10-420C with an optimum of 35-370C.

· They grow best in ordinary laboratory culture media with an incubation period of 18-24hrs. The colonies will appear: circular, colourless, dry, shinny or mucoid surfaces, convex, compact, smooth edges and small measuring 0.5-1mm in diameter.

· In Sheep Blood Agar medium, they produce a clear zone of haemolysis (Beta haemolysis).

Never use Human blood because it may contain unwanted substances such as Citrates and antibiotics that may interfere with the growth or haemolytic activity of the organism.

· In CLED agar medium, colonies are small (0.1-0.5mm), yellow in color due to lactose fermentation.

· In Crystal violet (1:50,000) blood agar medium, the organism grows inhibiting growth of Staph. aureus in the medium.
Biochemical characteristics.
· Catalase test negative.

· Coagulase test negative.

· Bacitracin test positive                             

· A.S.O.T positive

· In TSI

          -Acid/Acid or Yellow/Yellow with acid production due to carbohydrates fermentation.

                -No gas production.

          -No Hydrogen sulphide (H2S) production.

This reaction is called Anaerogenic reaction (carbohydrates fermentation with acid production and no gas or H2S production.

PATHOGENICITY AND VIRULENCE
This is mainly contributed by production of toxins and enzymes.
Toxins and Enzymes produced.

The extracellular enzymes and toxins produced by the strains of Strept. pyogenes that contributes to its invasiveness and Pathogenicity include the following:

· Streptolysin ‘O’ toxins (Hemolysin).

-It haemolysis RBCs when it is in its reduced state or form (under anaerobic conditions). 

-It is highly antigenic (It stimulates production of Anti-streptolysin ‘O’ antibodies which appears in blood after Streptococcal infection).

-It is oxygen labile (sensitive).

-It is acid stable (resistant).

-t is heat stable (resistant).

· Streptolysin ‘S’ toxins (Leucocidin).

-It haemolysis RBCs when it is in its original state or form (under aerobic conditions). It is responsible for the Beta haemolysis on blood agar medium.

-It is non antigenic (does not stimulate production of Anti-streptolysin ‘O’ antibodies which appears in blood after Streptococcal infection.

-It is oxygen stable (resistant).

-It is acid labile (sensitive).

-t is heat stable (resistant).

-It is toxic to Leucocytes (WBC).

· Erythrogenic toxins
They are produced by 2% of some strains of Streptococcus pyogenes. If the patient does not have antigens against the toxin, a characteristic skin rash called Scarlet fever occurs. It is also associated with Streptococcal shock syndrome.
-It is antigenic (It stimulates production of Anti-streptolysin ‘O’ antibodies which appears in blood after Streptococcal infection).

-t is heat stable (resistant).

-It can be neutralized by its specific anti-toxins.

· Streptokinase enzyme (also known as Fibrinolysin):

It is protease that lyses fibrin.

It activates plasminogen to plasmins which breaks down fibrin.

· Lipotechoic acid:

rfIt facilitates adherence of the organism to the pharyngeal epithelial cells.

· DNase (Deoxyribonuclease) A, B, C, D enzyme that destroys DNA and stimulate an antibody response, particularly against DNase B.

· Hyaluronidase enzyme (spreading factor) that facilitates the spread of the organism into the tissues by destroying Hyaluronic acid (component of connective tissue). It is produced by Streptococcus pyogenes, Clostridium perfrigenes (welchii).
· Leucocidin toxin that kills leucocytes resulting into pus production and swelling.

Diseases due to S.pyogens
a. Suppurative infections
These are infections that produce pus cells. They are primary infections which include:

· Respiratory infections e.g. sore throat, tonsillitis and pharyngitis, abscesses in the lungs.
· Skin infections e.g.  Wounds, burns, cellulitis, impetigo, erysipelas.

· Genital tract infections e.g.  Urinary infections and puerperal sepsis. 

· Bone and join infections, acute endocarditis, and abscesses in other internal organs.
· Neonatal infections like meningitis and pneumonias.

Impetigo.
This is a superficial skin infection which is commonly encountered in children of (2-6) years of age. It is caused by Streptococcus pyogenes and Staphylococcus aureus. The disease is characterized by Horney scabs forms from dried serum on the skin especially the face, legs etc.

It is spread through direct conduct with the lesions or with nasal discharge. It has an incubation period of (1-3) days. It can be prevented by practicing good personal hygiene.

Treatment is by use of medicated ointments or antibiotics.

       Erysipelas disease (erythros=red: pella=skin)

It is causes more acute damage of the epidermis of the skin resulting in the inflammatory infections. It is common in infants, elderly and immune-compromised patients, diabetic and alcoholic patients. It is characterized by chills, fatigue, headache, vomiting within 48hrs.

b. Non-Suppurative infections
These are infections that do not produce pus cells. They involve complications following primary streptococcal infections and include:

.

· Rheumatic fever which is characterized by heart muscles and valves damage leading to the inflammation of the organ.

· Glomerulo-nephritis which is a post-Streptococcal infection that comes as a result of skin infections or throat infections.

· Erythema nodosum which is a skin disease appearing as small Red nodules on the surface of the skin.
· Subacute bacterial endocarditis.

Laboratory diagnosis
Specimens: Depends on the site of infection e.g. throat swab (avoiding saliva contamination)  in case of sore throat and Scarlet fever,  pus swabs and serous fluid swabs depending on the site of infection, Blood for culture and sensitivity, A.S.O.T test in case of Rheumatic fever, HVS in case puerperal sepsis. Culture media should be inoculated as soon as possible. Testing for ASOT antibody in serum is helpful in diagnosing rheumatic fever. 

Treatment
Treatment will depend on the sensitive drugs from the drug susceptibility test but the drugs of choice include: Penicillins are the drugs of choice, macrolides like Erythromycin can also be used.
2. STREPTOCOCCUS AGALACTIAE:
Introduction
This is a group ‘B’ Beta haemolytic Streptococci that was first recognized as a pathogen of cattle causing bovine mastitis. Since 1960s, it became a significant human pathogen causing septic abortion and puerperal or gynaecological sepsis and occasionally urinary tract infection, leading cause of neonatal septicemia and meningitis.

Habitat

The organism habitates the female genital tract, colon, throat and the skin of newborns.
Morphology and staining characteristics
· They are gram positive cocci occurring in singles, pairs and in short chains.

· They are small in size measuring 0.5-1.0 um in diameter.

· They are non-motile.

· Most strains are capsulated.

· They are non-sporing.

Cultural characteristics.

· They are aerobes and facultative anaerobes.

· They have a wide range of growth temperatures of 10-420C with an optimum of 35-370C.

· They grow best in ordinary laboratory culture media with an incubation period of 18-24hrs. The colonies will appear: small measuring 2mm in diameter, circular, grey, convex, compact and smooth edges.

· In Sheep Blood Agar medium, they produce a clear zone of haemolysis (Beta haemolysis). 

Some strains are non-haemolytic (gamma haemolysis)

· Kanamycin Streptococci blood agar medium is a selective medium for isolating Streptococcus agalactiae from urogenital specimen.

· It may grow in MacConkey agar medium.

Biochemical characteristics.
· Catalase test negative.

· Coagulase test negative.

· Hippurate hydrolysis test positive                                               

· Aesculin test positive                           

· C.A.M.P test positive (Christie, Atkins, Munch, Peterson) test.

· Schultz-Charlton test positive

Diseases
It is Lancefield Group B-beta hemolytic Streptococci which causes septic abortion and puerperal or gynaecological sepsis, and occasionally urinary tract infection. Occasionally it causes neonatal septicemia and meningitis, otitis media.
The mode of transmission is through exposure to the neonate by genital flora of the mother through ruptured membrane or through contaminated birth canal.

Laboratory diagnosis
Specimens: Includes cerebrospinal fluid (c.s.f), ear swabs, High vaginal swabs (HVS) is required from women with suspected sepsis and blood for culture. 

Treatment
They are sensitive to Penicillin, Erythromycin.

1. STREPTOCOCCUS PNEUMONIAE:
Introduction
This is a non-grouped Alpha haemolytic Streptococcus responsible for causing lobar pneumonia, bronchitis, meningitis bacteriemia, otitis media, sinusitis and conjunctivitis in human. 

It was formerly known as Diplococcus pneumoniae.

Habitat

It is a normal flora of URT in humans. 

Morphology and staining characteristics
· They are gram positive elongated, lancet shaped or spear shaped diplococcus occurring in pairs.

· They are non-motile.

· They are capsulated with carbohydrate capsule.

· They are non-sporing.

Cultural characteristics.

· They are aerobes and facultative anaerobes that require 5-10% carbon dioxide for their growth.

· They have a wide range of growth temperatures of 10-420C with an optimum of 35-370C.

· They are fastidious organisms (require extra nutrients for their growth).

· They grow best in ordinary laboratory culture media enhanced with 0.1% glucose or 5-10% serum in Blood agar medium with an incubation period of 18-24hrs. 

The colonies will appear.

· In Blood Agar medium, they produce translucent or mucoid colonies measuring 1-2mm in diameter,  raised but later becomes flattened with raised edges giving a characteristic ”Draughtsmen”, green pigmentation or partial haemolysis around the colonies  (Alpha haemolysis) due to reduced haemoglobin.

Never use Human blood because it may contain unwanted substances such as Citrates and antibiotics that may interfere with the growth or haemolytic activity of the organism.

· In Chocolate blood agar medium (CBA): This is the medium of choice of Streptococcus pneumoniae and colonies are small measuring 1-2mm, translucent and smooth. 

Biochemical characteristics.
· Catalase test negative.

· Coagulase test negative.

· Optochin test positive                             

· Bile solubility test positive

· Ferments inulin sugar.
Pathogenicity
Toxins and Enzymes produced.

The extracellular enzymes and toxins produced by the strains of Strept. pneumoniae that contributes to its invasiveness and Pathogenicity include the following:

· Leucocidin toxin that kills leucocytes resulting into pus production and swelling.

· Leucocidin toxin that kills leucocytes resulting into pus production and swelling.

· Haemolysin toxin that lyze RBCs. It produces 4-types of toxins i.e. Alpha, Beta, Gamma and Delta. These toxins are antigenically distinct and are well demonstrated on Sheep blood agar medium.

· Pneumolysin toxins.

Diseases
It causes lobar pneumonia in adults and broncho-pneumonia in children.  The organism may disseminate to the blood stream and lymph nodes causing septicemia. It also causes meningitis, bacteriemia, otitis media, sinusitis and conjunctivitis. Severe infection can occur in the elderly and those already immune-suppressed or in poor health. It is also a common cause of  serious infections in patients with sickle cell disease.

Mechanism of infection 
Streptococcus pneumoniae infects the respiratory tree of the lungs where they are trapped and proliferate in the broncheos and eventually infect the Alveoli. Inflammatory response of the host leads to the accumulation of Alveolar exudates consisting of leucocytes and RBCs. In this stage, the patient sputum appears bloody. When recovery does not take place immediately, the Alveolar exudates becomes fibrous and in-elastic because of the deposition of fibrin oblasts and this makes the breathing become difficulty in the patient. The complication of pneumococcal infection includes bronchitis, otitis media and meningitis.

Laboratory diagnosis
Specimens: Depending on the site of infection, specimen includes cerebrospinal fluid (c.s.f), ear swabs, sputum exudates and blood for culture. 

Treatment

They are sensitive to Penicillin, Erythromycin, co-trimoxazole, Augmentin, Chloramphenicol but one can also rely on culture and sensitivity results.
4. VIRIDAN GROUP OFSTREPTOCOCI:
Introduction
This is a group ‘D’ Alpha haemolytic or Gamma haemolytic Streptococci on blood agar medium that form part of the normal flora organisms of the upper respiratory tract (particularly oropharynx) and gastro-intestinal tract.  

The species includes:

· Streptococcus mutans

· Streptococcus mitior

· Streptococcus sanguis causes dental carditits, endocardititis.

· Streptococcus milleri causes deep abscesses or sepsis.

They all cause endocarditis, bacteriemia and dental caries.

2. ENTEROCOCCUS SPECIES

Introduction
This is a group ‘D’ Alpha haemolytic or Gamma haemolytic Streptococci on blood agar medium that form part of the normal flora organisms of the upper respiratory tract (particularly oropharynx) and gastro-intestinal tract.  

The species includes:

· Enterococcus faecalis          

· Enterococcus faecium                    

· Enterococcus equinus

· Enterococcus dueran                      

· Enterococcus bovis                        

· Enterococcus equinus

They all cause endocarditis, bacteriemia and dental caries.

ENTEROCOCCUS FAECALIS  
Morphology and staining characteristics
· They are gram positive cocci occurring in singles, pairs and in short chains.

· They are small in size.

· They are non-motile.

· They are non- capsulated.

· They are non-sporing.

Cultural characteristics.

· They are aerobic organisms capable of growing over a wide range of growth temperatures of 10-450C with an optimum of 35-370C.

· They grow best in ordinary laboratory culture media with an incubation period of 18-24hrs. The colonies :

· In Blood Agar medium, do not produce zone of haemolysis (gamma haemolysis) but some strains show alpha or beta haemolysis. 

· MacConkey agar medium and CLED agar medium, it ferments lactose producing small dark-red magenta colonies
· It can also grow in presence of 6.5% Nacl and 40% bile.

Biochemical characteristics.
· Ferments lactose (mannitol) and other sugars..

· Reduces litmus milk.

· Hippurate hydrolysis test positive                                               

· Hydrolysis Aesculin. 

· Voges proskeur test positive,    

Treatment
They are sensitive to Amphicillin, Amoxicillin. 

6. ANAEROBIC STREPTOCOCCI AND COCCI
The pathogenic Gram positive anaerobic Streptococci and cocci belong to the genera Peptococcus and Peptostreptococcus. 
They are commonly found as commensals of the skin and in the mouth, vagina and gastrointestinal tract.

They can cause septicemia, puerperal sepsis and bone and joint infections. They can be isolated with other Anaerobes such as Bacteriodes fragilis from abscesses and deep wounds and ulcers. Most strain produce gas and H2S with unpleasant smell.

They can be cultured in Thioglycollate broth and sub-cultured to blood agar medium. Colonies are very small, shiny and non haemolytic.

Treatment
They are sensitive to penicillin, metronidazole. 

Peptococci are resistant to Novobiocin whereas Peptostreptococci are sensitive to Novobiocin.
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