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Lesson  1.

The main principles, aim and tasks of microbiological diagnostics. 

Microbiology diagnosis of diseases, caused by Gram positive cocci 

(staphylococci, streptococci and enterococci) 

FACULTY: General Medicine

SUBJECT: Medical microbiology - 2



Discussed questions:
1. The main tasks of special medical microbiology.

2. Importance of selection of pathological material for clinical diagnosis. Collection of pathological material,

storage, sending to the laboratory. Disinfection of pathological material left after the examination.

3. Gram-positive cocci, the causative agents of purulent-inflammatory processes

4. Staphylococci, classification, morpho-biological characteristics, pathogenicity factors and antibiotic-resistant

forms (methicillin-resistant Staphylococcus aureus (MRSA), methicillin-resistant coagulase-negative

staphylococcus (MRCNS)).

5. Microbiological diagnosis of diseases caused by staphylococci

6. Specific treatment and prevention of staphylococcal infections.

7. Streptococci, their classification, morpho-biological properties, antigenic structure, pathogenicity factors and

diseases caused by them. The role of streptococci in the development of rheumatism and glomerulonephritis.

8. Microbiological diagnosis of diseases caused by streptococci.

9. Specific treatment and prevention of streptococcal infections

10. Pneumococci (Streptococcus pneumoniae), morpho-biological properties, antigenic structure, diseases

caused by them and signs that distinguish pneumococci from other streptococci.

11. Microbiological diagnosis of pneumococcal infections.

12. Specific treatment and prevention of pneumococcal infections.

13. Enterococci, their morpho-biological characteristics, pathogenicity factors, diseases they cause, antibiotic-

resistant forms (vancomycin-resistant enterococcus (VRE)), microbiological diagnosis, specific treatment and

prevention

14. Other medically important streptococci (S.agalactiae, S.mutans, S.mitis, etc.)



Purpose of the lesson: 

• Introduction to special microbiology for students, clinically important bacteria:

pathogenic and opportunistic Gram-positive cocci, especially antibiotic-resistant

forms (Staphylococcus (methicillin-resistant Staphylococcus aureus (MRSA),

methicillin-resistant coagulase-negative staphylococcus (MRCNS)), Streptococcus,

vancomycin- resistant enterococcus (VRE)), to provide information about their

morpho-biological characteristics, pathogenicity, diseases, microbiological

diagnostisis, specific treatment and prevention.



Medical microbiology - studies the characteristics of microorganisms that

cause disease in humans and the pathological processes that occur in the

organism during these diseases.

Development of laboratory diagnosis, specific prevention and treatment

methods of diseases caused by microorganisms are the main tasks of medical

microbiology.

➢Special medical microbiology



➢Special microbiology - studies the characteristics of various

microorganisms and is divided into the following departments depending

on this:

- bacteriology (science of bacteria)

- virology (science of viruses)

- - mycology (science of fungi)

- - protozoology (the science that studies protozoas)



Introduction to Bacteriology
Purulent-inflammatory processes

• Bacteriology is a branch of microbiology that studies the morphology,
ecology, genetics, biochemistry of bacteria, as well as the identification,
classification and characterization of bacterial species.

• Purulent-inflammatory processes - when the reactivity of the body is
weakened, as well as during various injuries and traumas, pyogenic
bacteria, mostly Streptococcus, Staphylococcus, Enterococcus, Neisseria
gonorrhoeae, Neisseria meningitidis, rarely Pseudomonas, Proteus spp.
and E.coli overcome the skin and mucous membrane barriers and cause
purulent-inflammatory processes.

• Purulent infection can develop in the form of a disease (furuncle,
carbuncle, measles, osteomyelitis, etc.) or as a complication of a wound.
Generalization of the purulent process can lead to the development of a
general purulent infection, that is, sepsis. Purulent infections are often
resistant to antibiotics.



Gram-positive cocci:

• Aerobic genus: Micrococcus, Planococcus və Deinococcus

• Facultative anaerobic genus: Staphylococcus, Stomatococcus,

Streptococcus, Leuconostoc, Pediococcus, Aerococcus and Gemella

• Anaerobic genus: 

Peptococcus, Peptostreptococcus, Ruminococcus, Coprococcus, Sarcina





Staphylococcaceae family (new taxonomy)

• Domain: Bacteria

• Kingdom: Bacillota

• Class: Bacilli

• Order: Bacillates

• Family: Staphylococcaceae

• Genus: Staphylococcus

• Genus: 
• Abyssicoccus
• Aliicoccus
• Auricoccus
• Corticicoccus
• Gemella
• Jeotgalicoccus
• Macrococcus
• Nosocomiicoccus
• Salinicoccus
• Staphylococcus

• Species: It consists of about 40 species (S.hominis,

S.albus, S.haemolyticus, S.simulans, S.sciuri, etc.).

But medically important species are S.aureus,

S.epidermidis, S.saprophyticus.
Schleifer and Bell 2010









GRAM  STAIN 









Staphylococcus aureus
Cultural characteristics:

In a liquid nutrient media, it forms a sedimentary

diffuse turbidity.

They develop better in sugary media.

Egg yolk-salt or milk-salt agars are selective nutrient

media for them.

Staphylococcus aureus

liquid nutrient media



Staphylococcus aureus
(lecithinase test in egg yolk-salt agar)

Lecithinase test - due to the action

of lecithinase enzyme, a crown-

shaped blurred border is formed

around S.aureus colonies.





















Biochemical characteristics of staphylococci 
(differential signs)

Properties S.aureus S.epidermidis S.saprophyticus

ß-hemolytic activity + - -

Nitrate reduction + + -

Degradation of mannitol 

under anaerobic

conditions

+ - -

Degradation of mannitol 

under aerobic conditions

+ - +

Coagulase + - -

Hyaluronidase + ± -

Fibrinolysis ± ± -

Alkaline phosphatase + + -

DNA-aza + - -



Staphylococcus aureus 











Resistance to external environmental factors

• Staphylococci are quite resistant to environmental factors. Direct sunlight destroys

them in just a few hours. They are resistant to drying and heating - 20-30 minutes

at 70-80ºC, during 10 minutes at 150ºC. they are destroyed. They are sensitive to

the effects of antiseptic and disinfectant preparations. During 15-20 min in 3%

phenol solution. they are destroyed.

• Staphylococci have a paradoxical sensitivity to aniline dyes - crystal violet

(1:500000) and brilliant green (1:1000000). Brilliant green is used in the treatment

of pyodermas.



































Laboratory diagnosis 







IDENTIFICATION ALGORITHM OF STAPHILOCOCCI



Microbiological diagnosis



Automated identification and antibiotic susceptibility 
systems:

• Rapidec Staph (Bio-Merieux-Vitek) is a kit used to differentiate S.aureus,
S.epidermidis and S.saprophyticus and gives results within 2 hours and consists of
4 domes.

• API STAPH-IDENT is a kit for the identification of 17 types and subspecies of
staphylococci with some additional tests that allow the study of 10 biochemical
tests.

• API STAPH (Biomeriuex-Vitek) is a strip that gives results within 18-24 hours
for the identification of micrococci and staphylococci.ID 32 STAPH (Bio
Merieux) – with this strip consisting of 32 domes, identification of micrococci is
carried out for 24 hours.

• MINITEK GRAM POSITIVE PANEL (BD Microbiology System) is a system
consisting of dry discs impregnated with various test substrates, used for the
identification of micrococci, staphylococci and streptococci.



•Vitek-2 Compact analyzer is an automatic system

• Microorganisms are being identified

•Sensitivity to antimicrobial drugs is determined (within 1 day)

• It consists of plastic cards with 64 depressions

•The time to get the result is 6-8 hours

Biomerieux VITEK-2 - bacteriological analyzer

Antimicrobial 

susceptibility test - AST 

(strips)

Species 

identification (ID) 

cards

Biomerieux VİTEK-2



Bacteriophage typing
• S.aureus shows specific sensitivity to a group of bacteriophages, using which it is possible to

type them.

• Typing of S.aureus with bacteriophages is important in terms of monitoring the epidemiology

of nosocomial infections.

Phage group Phages Phagotypes 

I 29, 52, 52A,79, 80
29, 52/52A, 

52/52A/80/81, 80

II 3A, 3B, 3C, 55, 71 3A/3B/3C, 3C/55

III
6, 7, 42E, 47, 53, 54, 75, 

77, 83A, 84, 85
6/7/47/53/75/77

IV 42D

Unclassified 81, 87, 93, 94, 96, 187

Standard staphylococcal phages and the most common S. aureus phagotypes and models



Treatment and prevention:

• In specific treatment and prevention,

staphylococcal anatoxin and

antistaphylococcal immunoglobulin are

used.



Methicillin-resistant Staphylococcus aureus (MRSA),



• MRSA stands for methicillin-resistant Staphylococcus aureus, a type of bacteria

resistant to several antibiotics.

• In hospitals, MRSA can cause serious problems (bloodstream infections (sepsis,

bacteremia), pneumonia, surgical infections).

• Methicillin resistance of S. aureus strains is associated with gene mutations in them,

which encode the synthesis of penicillin-binding proteins (PBPs) that cannot combine

with beta-lactam antibiotics. For this reason, methicillin-resistant S. aureus (MRSA)

strains are resistant to all beta-lactam antibiotics.

• This resistance is related to the Mec A gene.

MRSA - methicillin-resistant Staphylococcus aureus



Staphylococcus aureus – drug resistance



Drug resistance in staphylococci

• In methicillin-resistant staphylococcal infections (usually severe

infections), glycopeptide antibiotics (vancomycin, teicoplanin) are

mainly used.

• If sensitivity to quinolone, co-trimoxazole, gentamicin, etc. is

found in other infections, it may be preferred.



Methicilllin-resistant Staphylococcus aureus (MRSA) –
epidemiology (2018)



Methicilllin-resistant Staphylococcus aureus (MRSA) –
epidemiology (2022)



Wound infections caused by the MRSA strain



Other forms of resistance in Staphylococci

• In recent years, glycopeptide-resistant S.aureus strains have also

been reported.

• S.aureus can normally be found on the skin and in the nose.

• Nasal carriage of S.aureus can cause recurrent skin infections, and

the surgical site poses a risk for infections.





Streptococcaceae (taxonomy)

• (Domain): Bacteriae

• (Kingdom): Bacillota

• (Class): Bacilli

• (Order): Lactobacillales

• (Family): Streptococcaceae

• (Genus): Streptococcus

• (Genus): Streptococcus

• Floricoccus
• Lactococcus
• Lactovum
• Okadaella
• Streptococcus

• (Species): 

S.pygenes, 

S.pneumoniae, 

S.viridans,

S.agalactiae etc.









Classification of streptococci

• Classification based on antigen structure (Lensfield classification):

• according to polysaccharide C antigen in the cell wall of aerobic streptococci

is divided 20 serogroups - A, B, C, D, E, F, G, H, K, L, M, N, O, P, Q, R, S, T,

U,V.

• serogroup A beta-hemolytic streptococci - Streptococcus pyogenes are more

important in human pathology.



Classification of streptococci

• Alpha-hemolytic

• Pneumococci

• Viridans group: alpha-hemolytic

• Beta-hemolytic

• Group A

• Group B

• Group C

• Group D (enterococci)

• Group F streptococci

• Group G streptococci

• Group H streptococci

















Biochemical properties of streptococci:

Properties S.pyogenes

Hemolytic activity beta-hemolysis

Catalase -

Glucose +

Lactose +

Sucrose +

Maltose +

Mannitol +

Inulin 

Rotting of milk +

Gelatin hydrolysis -

Indol -



Streptococcus pyogenes - antigen structure

• Species antigen - located in the cytoplasm, contains a nucleoprotein.

• Group-specific antigen - a polysaccharide located in the cell wall.

• Type-specific antigen (M-, T-, R-) - located in the outer layer of the cell wall,

contains protein. M-antigen forms protrusions (fimbriae) on the surface of the cell

wall of S. pyogenes, so it is sometimes called fimbrial protein. Antibodies formed

against it provide long-term resistance against re-infection with streptococci.











Streptococcus pyogenes 
(localization of M-protein and other pathogenicity factors)



Resistance to external environmental factors

• Streptococci are quite resistant to environmental factors. During 30 min at 60ºC.

they are destroyed.They are stored in dried pus and sputum for months.

• The usual concentrations of disinfectant solutions kills them during 15-20 min.







Erysipelas is a phlegmon-like acute non-purulent inflammatory disease of the skin.

Signs of inflammation, such as redness and swelling on the skin, are very vivid and

differ sharply from healthy skin. Inflammation (redness) on the surface of the skin tends

to spread, its borders are indented-protruding, reminiscent of "flame".

Streptococci - non-purulent infections:



Scarlet fever - transmitted by airborne droplets, accompanied by three main symptoms -

angina, fever and rash. A unique feature of scarlet fever-causing streptococci is their

secretion of a pyrogenic (scarlatinous) toxin. The mechanism of action of this toxin is

related to its superantigen property.

Streptococci - non-purulent infections:



The first manifestation of Rheumatic fever (acute rheumatic fever) manifests itself as an
acute inflammation of the joints - aseptic polyarthritis, followed by pancarditis (inflammation of
all membranes of the heart - endocardium, myocardium and pericardium). Endocarditis, as a
chronic inflammatory process, deforms the heart valves and disrupts its functions, causing
stenosis and insufficiency of the mitral and aortic valves. Some antigens of streptococci (M-
protein) cross-react with cardiac tissue, causing the formation of autoantibodies and sensitized
T-lymphocytes against cardiac antigens.

Streptococci - non-purulent infections:

Normal heart valves Defective heart valvesNormal heart beats



Streptococci - non-purulent infections:

• Glomerulonephritis - mainly develops after pyodermas of streptococcal origin and

is caused by nephritogenic strains of different M-serotypes (M1, M12, M49, M59)

of S. pyogenes. Deposition of streptococci+antibody complex (immune complexes)

and activation of complement in the walls of the capillaries of kidney glomeruli

cause acute inflammation.









Hemolysis on blood agar

99



S. pyogenes blood agar culture (beta-hemolysis)

(Beta-hemolysis)
Complete hemolysis around 

the colonies





















• pneumococcal colonies are not confluent

• produces alpha hemolysis

• breaks down inulin to form acid

• is lysed by bile and bile acids

• has a high sensitivity to optoxin

Signs that distinguish pneumococci from other streptococci:

OPTOXİN testi 

S.mitis  - davamlı

S.pneumoniae  - həssas

































Vancomycin-resistant enterococcus (VRE) – epidemiology (2022)
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