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	1. Staphylococci & Micrococci
College  Applied Medical Sciences
Department Medical Laboratory Sciences
 


	2. Objectives:
• Classify staphylococcus
•  Describe the morphology of staphylococcus
• Discuss the characteristics of staphylococcus
• Describe the laboratory diagnosis of staphylococcus
 



	4. General Characteristics:
• The  gram-positive cocci are a very heterogeneous group.
• Historically, the genus Staphylococcus was included with the genus
Micrococcus in the family Micrococcaceae
• All species catalase-positive, gram-positive cocci.
• Most of the organisms are aerobic or facultative anaerobic
• Staphylococcus are nonmotile and non– spore-forming organisms.
 


	5. Staphylococci
• Staphylococcus which  means, staphylo – bunches of grapes, kokkos means a
berry because of the grape-like clusters under a microscope
• More than one dozen species of staphylococci colonize humans; of these, three
are of major medical importance:
• Staphylococcus aureus
• Staphylococcus epidermidis
• Staphylococcus saprophyticus
The staphylococci associated with infections in humans are colonizers
(normal microbiota) of various skin and mucosal surfaces
 


	6. Staphylococcus aureus
Normal habitat:
•  Present as normal flora in Anterior nares, nasopharynx, perineal, skin,
and colonizer of the mucosa.
• There are nasal carrier states associated with colonization of S. aureus
 


	7. Mode of transmission:
1.  Direct contact: person-to-person, fomites
2. Indirect contact: aerosolized
3. Endogenous strain: sterile site by traumatic introduction (e.g., surgical
wound )
• Person-to-person spread of Staphylococci, particularly including
antimicrobial-resistant strains, occurs in hospitals. In addition, S. aureus
infections are implicated in community-acquired settings, including
outbreaks in prisons, and educational settings
 


	8. Pathogenicity and virulence  factors
Virulence factors: S. aureus is the most virulent species of
Staphylococci encountered
A wide spectrum of virulence factors contribute to this organism’s
ability to establish infections and cause several diseases.
 


	9. ❖ Cell components:
▪  Polysaccharide capsule: inhibit phagocytosis
▪ Protein A: bound to the cytoplasmic membrane, and has a high
affinity for the heavy chains (FC) on IgG molecules. This is a
mechanism for S. aureus to the bacteria disrupt opsonization and
phagocytosis.
▪ Peptidoglycan: Activate complement (interleukin 1 (IL-1), chemotactic
factor for the recruitment of polymorphonuclear cells (PMNs). This
cascade of events causes swelling and may lead to the exacerbation
of tissue damage(fever, vasodilation, hypotension)
 


	10. ❖Extracellular enzymes:
▪ Coagulase:  Coagulase is an enzyme that binds and activates
prothrombin, thereby converting fibrinogen to fibrin and promoting
clotting of plasma
▪ Staphylococcus aureus produces two forms of coagulase:
1. Bound coagulase: bound to the bacterial cell wall and reacts
directly with fibrinogen.
2. Free coagulase: involves the activation of plasma coagulase-
reacting factor (CRP), which is a modified or derived thrombin
molecule, to from a coagulase-CRP complex. This complex in turn
reacts with fibrinogen to produce the fibrin clot.
 


	11. ▪ Catalase: degrades  H2O2 into O2 and H2O. H2O2 microbicidal and it is
degradation limits is ability of phagocytic cells to kill bacteria
▪ Hyaluronidase: Facilitates spread in tissues by destroying
hyaluronic acid (a component of connective tissue).
▪ Lipase: help S. aureus infect the skin and subcutaneous tissues
 


	12. ❖Toxins:
▪ Cytotoxins alpha,  beta, delta, and gamma (lysis for cells)
▪ Exfoliative toxins: splits the intracellular bridges of the epidermis,
resulting in extensive sloughing of the epidermis to produce a burn-
like effect on the patient(neonate)
▪ Toxic shock syndrome toxin-1(pyrogenic exotoxin C) has several
systemic effects, including fever, desquamation, and hypotension
potentially leading to shock and death
▪ Enterotoxins a heat-stable enterotoxins. resistant to hydrolysis by the
gastric and intestinal enzymes. further tissue damage and systemic
pathology.
 


	13. Pathogenicity:
▪ Pyogenic infections(localized):  Abscess, folliculitis , boils and wound
infection.
▪ Hospital acquired infections (cross-infections): Infections of wounds
ulcers and burns
▪ Invasive condition: Osteomyelitis, arthritis, mastitis, septicemia,
meningitis
▪ Toxigenic staphylococcus diseases:
• Food-poisoning (from ingestion of enterotoxins in contaminated food
rapid onset(1-8 hours), no fever)
• Toxic shock syndrome and scalded skin syndrome.
 


	14. Diagnosis
▪ Specimens according  to side of infection
• Blood for blood culture (bacteriemia ,septicemia, endocarditis)
• Swab from lesion (pus)
• C.S.F(meningitis)
▪ Direct identification methods:
▪ Microscopy: Gram positive cocci in cluster(among pus cells)
 


	15. ▪ Cultivation:
Culture media:
•  They grow on ordinary media (nutrient agar),blood agar and
chocolate agars
• Several selective media containing (8–10% Na Cl) can be used to
isolate S. aureus, such as salt-milk agar, and mannitol salt agar.
Incubation condition temperature ranging from 10-42°C, with
optimum temperature 37°C. pH 7.4 – 7.6 and they are aerobic
bacteria or facultative anaerobic.
 


	16. Colonial appearance:
• On  nutrient agar, the colonies are medium to large in size,
circular, convex, smooth, and opaque. They produce yellow
pigment.
• On blood agar colonies are Medium to large (0.5-1.5 m); smooth,
entire, slightly raised, low convex, opaque; most colonies pigmented
creamy yellow; most colonies beta-hemolytic
• In mannitol salt agar: S.aureus ferment mannitol produce yellow
colonies
Indirect gram stain
 


	17. Biochemical reactions:
▪ Catalase  production: staphylococci are catalase positive, which
differentiate them from streptococci that are catalase negative.
▪ Coagulase production: slide test to detect bound coagulase, tube
test to detect free coagulase give positive reaction
▪ liquefy gelatin.
 


	18. Typing methods
• Phage  typing used for epidemiological tracing(e.g. out breaks of
wound infection in hospital)
• Antibiotics susceptibility pattern
• Molecular typing (by polymerase chain reaction PCR)
 


	19. Treatment and drug  resistance:
• Most Staphylococci are sensitive to penicillin, but some resist it.
• S.aureus shows an ability to develop resistance to antibiotics,
especially in hospitals.
• Some produce beta-lactamase-resistant antibiotics containing b
lactam rings like penicillin and ampicillin, they are treated by
methicillin and oxacillin.
• Some types of staphylococcus resist Methicillin called Methicillin
Resistant Staphylococcus Aureus (MRSA) correlated with mec A
gene that codes for a penicillin-binding protein (PBP 2a). Treated
with glycopeptide (e.g vancomycin)
• Other types of staphylococcus resist vancomycin (alteration cell wall
structure) treat with (daptomycin)
 


	20. Staphylococcus epidermidis
Normal habitat:
Normal  microbiota: Skin Mucous membranes
Mode of transmission:
Direct contact: person-to-person
Endogenous strain: sterile site, by implantation of medical devices (e.g
prosthetic devices)
 


	21. Pathogenicity and virulence  factors
• Pathogenicity It is mostly non-pathogenic bacteria, infection with this
type is less common and usually takes place with implantation of
medical devices
• Virulence factors: Surface protein (Adhesion) and exopolysaccharide
(glycocalyx and slime) lead to formation of biofilm on the surface of
the device.
 


	22. Diagnosis:
Morphology :
They are  like the morphology of S.aureus; Gram
positive cocci, spherical in shape and arranged in
grape like clusters, non-motile and non- sporing.
Cultivation:
• On nutrient agar, the colonies are small to
medium, circular, convex, translucent, white and
gray-white colonies(do not produce pigment) .
• On blood agar produce no hemolysis (gamma)
• In Mannitol salt agar:Do not ferment mannitol
 


	23. Biochemical reactions:
• Catalase:  positive
• coagulase (negative)
• Do not liquefy gelatin.
• Novobiocin sensitive
Treatment: vancomycin
 


	24. S.saprophyticus
• Opportunistic pathogen
•  Microscopically, S. saprophyticus and S. epidermidis resemble S.
aureus.
• Second to E.coli cause urinary tract infection in young women
• Culturally the colonies of S. epidermidis are white and usually
non-haemolytic.
• The colonies of S. saprophyticus may be white or yellow. They are
non-haemolytic
• Novobiocin resistant
 


	25. Questions
1. Staphylococci are  gram ……………..cocci
2. Differentiate between S. aureus and S. epidermidis
3. Staphylococci aureus is facultative …………………
4. Staphylococci isolated from pyogenic lesions produce
…………….color colonies
5. S. aureus resistant to methicillin are called
……………………………
6. S. aureus are coagulase …………………. and ………………
mannitol
7. S. epidermidis are coagulase ……………….and
……………….mannitol
 


	26. Questions
1.List the virulence  factors of staphylococci:
……………………………………
2.Give an example of a toxin produced by
staphylococci……………………….
3.…………………. medium is used for inoculation of staphylococci
infections.
4.………………….coagulase test detects free coagulase
5.………………….coagulase test detects bound coagulase
6.Describe morphological characteristics of staphylococcus
7.Discuss laboratory diagnosis of staphylococcus
 


	27. Micrococcus spp
Habitat:
• Normal  microbiota: Skin Mucosa Oropharynx
Mode of transmission:
• Rarely implicated in infections Immunocompromised hosts: brain
abscess, meningitis, pneumonia, endocarditis
• Usually considered contaminants of clinical specimens; rarely
implicated as a cause of infections in humans
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