The Gram positive cocci                      Lecture No. 3
Members of the Staphylococcus  are round, Gram positive cocci arranged in grape like clusters (from the Greek staphyle = Bunch of grapes).

Readily grown on common bacteriologic media.

Many species are indigenous to the normal flora of the skin.

Currently 31 species have been placed in the genus Staphylococcus. The most important human pathogens are: Staphylococcus aureus, Staphylococcus  epidermidis, Staphylococcus saprophyticus.
Like all medically important cocci, they are non flagellate , non motile, and non-spore forming, some are capsulated, grow best aerobically but are facultative anaerobic. They can oxidize or ferment various carbohydrates, produce catalase, produce pigments that vary from white to deep yellow, they are relatively resistant to heat(50º - 60º c for 30 minutes)and to 9 % Nacl .Readily inhibited by certain chemicals ex. Hexachlorophene 3 %.
The colonies are usually 2-4 mm in diameter after 24 hours of growth, circular, convex, compact, butyrous with an entire edge.
Classification into species depends mainly on aerobic acid production from 10 different carbohydrates, coagulase activity ,hemolysis, nitrate reduction and DNA – DNA hybridization.
Coagulase reaction separates Staphylococci into 2 major groups:

        Coagulase +ve                     S. aureus
                                                     S. intermedius  
                                                     S. hyicus 
       Coagulase  - ve                    S.  epidermidis
                                                    S.   saprophyticus
- they are variably sensitive to many antimicrobial drugs.

- resistance :

          1- Beta – lactamase production (plasmid control)

              Resistant to some penicillin and Cephalosporins

          2- "Methicillin" resistance independent of ß - lactamase                                    production   ( the genes probably reside in the chromosome).

          3- "Tolerance" Staphylococci are inhibited by a drug but not                           killed by it. 

          4-  Plasmids can also carry genes for resistance to tetracycline,    
erythromycin and aminoglycosides.
The main difference between:
	        Character
	S. aureus           
	  S. epidermidis
	  Micrococcus

	Colony color on blood
              plate
	yellow
	White 
	white or yellow

	Hemolysis
	ß type
	Sometimes + ve
	variable

	Growth
	Facultative 

anaerobic
	Facultative 

anaerobic
	Aerobic

	Glucose utilization
	Fermentative
	Fermentative
	Oxidative

	Oxidase
	- ve
	- ve
	+ ve

	Coagulase
	+ ve
	- ve
	variable

	Mannitol

fermentation
	+ve
	- ve
	variable


Antigenic structure of  Staphylococcus:

Fractional analysis shows:
1- Mucopeptide 

     Cell wall teichoic acid + polysaccharide – A

     Ribite type             ↔    aureus

     Glycerol type         ↔     epidermidis

2- protein antigen A :important for Agglutination
3- Capsular antigen  : presence in some strains
4- Glycerophosphate :  
      Intracellular glycerol
      Teichoic acid

      (agglutination with boiled suspensions)
5- Other antigens
Gel diffusion specific antigens     →  more than 30 type
                                                                   Capsule (some strains)

                                                                   Cell wall protein antigens

                                                                   Peptidoglycan – Teichonic acid

                                                                     (complex site of bacteriophage attachement)
                                                                                  Cell wall
                                                                  Cytoplasmic (Cell) membrane

                                                                  Cytoplasm

Antigenic structure of staphylococci
Staphylococcus aureus 
Toxins and Enzymes
1- Staphylolysins  (Exotoxins)

Hemolysins: alpha, beta, gamma and delta.

· Alpha hemolysins:

· protein with molecular weight
3 X 10 dalton

                 -   Dissolves rabbit erythrocytes

                 -   Damages platelets
                 -   Powerful action on vascular smooth muscle

                 -   Dermonecrotic

·  Beta hemolysin
            -    Dissolves sheep erythrocytes upon incubation for 1 hour                          at 37 º C and then 18 hours

                 at 10 º C (Hot and cold reaction)
· Antigenically distinct

·   Gamma hemolysin
                  Unkown

·   Delta hemolysin

· Dissolve human , sheep, rabbit, horse , mouse, rat, guinea pig erythrocytes

· Leuko toxic

· Dermo necrotic
2- Leukocidin                          Panton – Valentine Leukocidin 
                  -    Soluble material that kills white bllod cells of a variety                                                    of animal species. 
                  -    Antigenic

                  -    Uncertain role in pathogenesis

                  -    Many play a role in resistance to recurrent                                              ٍStaphylococcal infections 
Increases the permabitlity of leukocytes to cations and so leads to the swelling and rounding up of the cells. The membranes of cytoplasmic granules fuse with the cytoplasmic membrane of the cell, causing release of the cytoplasmic granules and cell disruption. 
3- Enterotoxins

A,B, C  , C  , D , E,G,H       chemically and immunologically related distinct                                                                                                        - antigens

Protein with M.W.    3.5 X 10

Resists boiling for 30 minutes and the action of gut enzymes

· An important – cause of food poisoning
· The gene for enterotoxin production may be on the chromosomes, but a plasmid may carry a regulatory protein for active toxin productions.

· 25 µg of enterotoxin ß  → vomiting and diarrhea in human.

4- Toxic shock syndrome toxin - 1 (TSST – 1)

              Found in almost all S. aureus  strains isolated from individuals                   suffering from toxic shock syndrome. 
             About  90 % of healthy individuals have antibodies against                       TSST – 1     whereas TSS patients either do not have antibodies                or have them at  very low level 
5- Exfoliation or Exfoliative toxin (ET)

Mostly phage group strains of S. aureus. Controlled by a plasmed or a chromosome or both that is involved in scalded skin syndrome.
6- Coagulase 

  A plasma – clotting protein occurs in 2 forms         bound(clumping factor)          

                                                                                     free
7- Other substances 

       Hyaluronidase  

       Proteinases

       Lipase

       ß – Lactamase

      Thermostable nucleases (DNase and RNase)

· - Exotoxin treated with formalin gives a non poisonous but antigenic toxoid that has been used to stimulate antitoxic immunity to staphylococci.

Pathogenicity:

Mode of entry – Cutaneaus
· Mucosal lesions

Staphylococcu aureaus infections

Infections and diseases associated with S. aureus 
1- infections of the skin and associated structures. 
Pyoderma (Purulent skin infection):

Aliscesses ,Furuncles , Carbuncles, Impetigo

2- Scalded skin syndrome (SSSS).

       Most often observed in infants and young                                          children.Syndrome begins as erythema around the mouth             and nose and spreads rapidly to affect the skin of the neck,          the trunk, and sometimes the extremities.

      The epidermal necrolysis , mediated by the toxin exfoliatin                                  results in extensive areas of denuted skin.
3- Gastrointestinal tract staphylococcal disease 

       Staphylococcal enteritis  : patients receiving                                        chemotherapeutic agents especially via the oral route                     (reduce the normal flora)

       Staphylococcal food poisoning : 

4- Deeper infections

        
May be primary infections or may stem from an infection that has metastasized from a cutaneous infection or from a carrier site.

They are not likely to occur in healthy individuals but rather in those who have a precondition such as extensive surgery, burns, diabetes, cystic fibrosis, lower respiratory tract viral infection or ulcers and in those who are immunosuppressed or immunodefective , especially in some aspect of their phagocytic system. 
S. aureus can cause infections in many tissues and organs, endocarditis ,meningitis, pneumonia, cystitis, septicemia , infection of postoperative wounds, osteomyelitis  and others.

           5-     Toxic shock syndrome                                متلازمة الصدمة السمية
          A multisystem, febrile illness with hypertension, vomiting,            diarrhea, rash with subsequent palmar and plantar                       desquamation.
Diagnostic laboratory tests:

1- Specimens / depending upon the localization of the process: surface swab , pus , blood, tracheal aspirate , spinal fluid.
Antibody determination in serum are rarely of value. 
2-  Stained smears

Typical staphylococci are seen in stained smears of pus and sputum.

3-  Culture 

       On blood agar  → typical colonies in 18 hr at 37° c 

       after several days  → hemolysis and pigment production
4-  Coagulase 

5-  Serologic tests

Have little practival value .Antibodies to teichoic acid can be detected in prolonged, deep infections(Endocarditis)and sometimes distinguish them being staphylococcal infection.             

6-  Phage typing (different lytic groups)
7-  Serotyping using agglutination test.

These are more than 30 specific antigens (agglutinogens).

8-  Antibiograms similar or identical patterns of resistance to antibiotics can also be used.

As presumptive evidence of the relatedness of strains in epidemiological tracing.
Treatment: 
     Penicillin was used till 1970 whereas 98%  of the strains become resistant to this antibiotic .other antibiotics like Cephalosporin. Nafcillin ,Methicilin, Oxacillin , Gentamycin, Kanamycin, Vancomycin and Lincomycin are also used. Refampin used in case of endocarditis.

Sources of infection:

1- patients with lesions discharging staphylococci into the environment. 
2- Healthy carriers

3- Animals.

Mode of infection :
Exogenous  →    source    →   Person
                                                       Animal
Endogenous  → Source   ↔  carriage site
                                                        Minor lesion
Control 
1- Interruption of transmission

2- Attempts to alter the carrier state
Prophylaxis:

No vaccine is available 
Coagulase- Negative Staphylococi (CONS)

          Catalase positive 
          Non hemolytic on 5 % sheep blood agar 

         Coagulase negative 

         Some produces slime layer

· Interest increases in CONS after the use of catheters, prosthetic devices, heart valves and vascular grafts. 
Staphylococcus epidermidis
Major skin inhabitant

Cause:

· Endocarditis

· Colonization of prostheses
· Bacteremia

· Wound infections

· Urinary tract infections in elderly hospitalized men.

Staphylococcus saprophyticus
Urinary tract infection especially in young women susceptible to Novobiocin.
                                                                   Thank you …..
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