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Relevance and background of the theme. 

Актуальність теми обгрунтовується широким розповсюдженням і тягарем стафілококових і стрептококових інфекцій, важливістю вивчення принципів діагностики, терапії і профілактики цих кокових інфекцій.

2. Цілі лекції:

а) учбові (1 -Ш) 

дати основні знання з питань мікробіології кокових інфекцій


б)  - виховні: 
ознайомити студентів з досягненнями кафедри мікробіології, вірусології і імунології Одеського державного медичного університету по проблемі кокових інфекцій.

Relevance of the theme is based on importance of knowledge about pyogenic cocci, which are widely spread, cause severe pyogenic processes, play role in any clinical speciality, necessity of study   

2. Aim of the lecture:

- Educational (І-Ш) 

To give students information about pyogenic cocci and their role in development of pyogenic processes.  


Pedagogic: 
To pay student’s attention on necessity of systemic studying of material for good understanding of pathogenesis of infectious diseases and ability to treat patient
3. Plan and organization structure of lecture
	№№
	Main stages of lecture and their content
	Aims in levels of abstraction
	Type of lecture, equipment of lecture
	Distribution of time

	1
	2
	3
	4
	5

	
	Preparation stage
	
	
	5 %

	1.
	Determination of educational aims.
	
	
	2 %

	2.
	Formation of positive motivation.
	
	
	3 %

	
	Main stage
	
	Presentation
	85 %

	3.
	Plan of lecture
	
	Desk, pointer, projector
	

	4.
	Common characteristics of pyogenic cocci
	І
	
	10 %

	5.
	Coagulase-positive and negative staphylococci
	ІІ
	
	20 %

	6.
	Characteristics of  Strepococci
	ІІ
	
	15 %

	7.
	General characteristics of Neisseria
	І
	
	15 %

	8.
	Meningococcal infection
	ІІ
	
	15%

	9.
	Gonococcal infection
	ІІІ
	
	10%

	
	Final stage
	
	
	 10 %

	10.
	Resume of lecture, general conclusions.
	
	
	5 %

	11.
	Answer of lecturer on possible questions.
	
	
	5 %

	
	Tasks for self preparation of students
	
	List of literature, questions, tasks
	


4. CONTENT OF LECTURE:
1. Common characteristics of pyogenic cocci
2. Staphylococci
3. Coagulase-negative staphylococci
4. Strepococci
5.Role of streptococcus in the etiology of scarlet fever and 
   rheumatic fever
6. Infectious allergy in staphylococcal and streptococcal diseases

7. General characteristics of Neisseria
8. Meningococcal infection
9. Gonococcal infection
1. Common characteristics of pyogenic cocci

Pathogenic cocci form the group of micro-organisms combined by a line of common properties, which includes the causative agents of many infectious diseases. The cocci include staphylococci, streptococci and neisseria (meningococci and gonococci). They cause inflammatory processes in human beings, with the formation of pus. For this reason they are known as suppurative (pyogenic) cocci. All cocci are spherical in shape (about 1 mcm in diameter), facultative anaerobes, have common antigens and biochemical properties (produce enzymes caused the lysis of sugars without gas formation). In this line (staphylococci, streptococci, meningococci, and gonococci) increase level of pathogenicity and need nutrient media (for example, staphylococci grow well on ordinary nutrient media, strepococci need minimum sugar agar, meningococci and gonococci - blood, serum or ascitic agar), decrease fermentative properties of cocci (for example, staphylococci and streptococci ferment many carbohydrates, meningococci ferment glucose and maltose, gonococci ferment glucose only). 

Pathogenic cocci includes Gram-positive (staphylococci and streptococci) and Gram-negative (meningococci and gonococci) bacteria.

There are several types of symbiosis between cocci and the human body. Saprophytic and conditionally pathogenic types of staphylococci and streptococci live on the skin, mucous membranes, and in the respi​ratory tract. Meningococci may be harboured for long periods in the nasopharynx, and faecal streptococci (enterococci) in the intestine. When body resistance is lowered or the skin and mucous membranes are injured, these bacteria penetrate the body tissues and cause infection.

The various cocci possess different organotropic ability. This is dis​tinctly manifest in meningococci, and gonococci but less so in staphy​lococci and streptococci.

Cocci belong to the familiae Micrococcaceae, Streptococcaceae Peptococcaceae, Neisseriaceae.

2. Staphylococci


Staphylococci belong to the familia Micrococcaceae. 

Morphology. Staphylococci are spherical in shape, 0.8 -1 mcm in dia​meter and form irregular clusters resembling bunches of grapes. In smears from cultures and pus the organisms occur in short chains, in pairs, or as single cocci. Large spherical (L-forms) or very small (G-forms) and even filterable forms may be seen in cultures which have been subjected to various physical, chemical, and biological (anti​biotics) factors. Staphylococci are Gram-positive organisms, which possess no flagella and do not form spores. Staphylococci are usually non-capsulate. A macrocapsule can be seen on ultrathin sections of staphylococci iso​lated from infected mice. The separate cells are stained in old cultures Gram-negative.

Cultivation. Staphylococci are facultative anaerobes. They grow well on ordinary nutrient media (on meat-peptone agar) with a pH of 7.2-7.4. At room temperature with adequate aeration and subdued light the organisms produce golden, white, lemon yellow, and other pigments known as lipochromes. These pigments do not dissolve in water but are soluble in ether, benzene, acetone, chloroform, and alcohol. They are most readily formed on milk agar and potatoes at a temperature of 20-25 °C.

On meat-peptone agar staphylococci produce well defined colonies with smooth edges, measuring from 1-2 to 2.5 mm in diameter. Under the microscope the course granular nature of the colo​nies can be seen, the latter are opaque and have a dense centre. Their co​lour depends on the pigment produced by the organisms. Besides the typi​cal colony types, staphylococci produce R-, G-, and L-forms. Growth of staphylococci in meat-peptone broth produces diffuse opacity through​out the medium and, subsequently, a precipitate. In some cases when there is sufficient aeration, the organisms form a pellicle on the surface of the broth. Staphylococci grow well on potatoes and coagulated serum. After 24-48 hours of incubation there is usually abundant growth along the inoculation stab and liquefaction of gelatin media. On the fourth or fifth day the gelatin medium resembles a funnel filled with fluid.

On blood agar pathogenic staphylococci cause haemolysis of the erythrocytes. Rabbit and sheep erythrocytes are the most sensitive to the staphylococcal haemotoxin.

Fermentative properties. Staphylococci produce enzymes which cause the lysis of proteins and sugars. There is no indole production in young cultures. The organisms liquefy gelatin, coagulate milk and occasionally serum, reduce nitrates to nitrites, produce urease, catalase, phosphatase, ammonia, and hydrogen sulfide. They fer​ment glucose, levulose, maltose, lactose, saccharose, mannitol, and glycerin, with acid formation. A connection has been revealed be​tween arginase activity and the level of a-toxin formation.

Factors of pathogenicity. Staphylococci produce a-, b-, d- and g -haemolysins which are characterized by lethal, haemolytic, and necrotic activity. Fil​trates of staphylococcal broth cultures contain an enterotoxin, which causes food poisoning on entry into the gastro-intestinal tract. Staphy​lococci excrete exofoliatines (epidermolytic toxins) which cause staphylococcal impetigo and pemphigus neonatorum in children.

Leucocidin, a substance that destroys leucocytes, haematoblasts of the bone marrow and nerve cells, is also produced by the staphylococci. The microorganisms also coagulate blood plasma. Their ability to produce plasmocoagulase is a stable property and is used for differentiating various strains. Coagulase is thermoresistant. It can be isolated from staphylo​coccal broth cultures.

Staphylococci produce fibrinolysin which when added to a blood clot dissolves the latter within 24-48 hours. The staphylococci produce hyaluronidase which breaks down hyaluronic acid, a component of connective tissue.

Coagulase, fibrinolysin, lecithinase, hyaluronidase desoxyribonuclease, proteases and phosphatase all belong to the group of enzymes of pathogenicity. Lecithinase destroys the lecithin protective membranes of the colloidal particles of a substance found in human, sheep, and rabbit erythrocytes. An anticoagulant, which inhibits blood coagulation, has also been de​rived from the staphylococcal cultures. This staphylococcal anticoagu​lant is produced in exudates of inflamed tissues, occurring during sta​phylococcal infections. Haemagglutinins, which cause the agglutination of rabbit erythrocytes, have also been found in staphylococcal culture filtrates. Virulent staphylococci produce leukotoxins which inhibit the phagocytic activity of leukocytes.

Enterotoxins.  Five types of enterotoxin (types A-E) are commonly produced by up  to 65%  of strains of Staph. aureus, sometimes singly and  sometimes   in combination.  These toxic proteins are heatstable, withstanding exposure to 100 °C for several minutes. When ingested as preformed toxins in contaminated food, micro​gram amounts   of  toxin can  induce  nausea, vomiting  and diarrhoea (i.e. the symptoms  of staphylococcal food  poisoning) within  a few hours. The serotypes A-E can be detected by a variety of sensitive serological tests (e.g. latex agglutination). Enterotoxins are also potent mitogens, which induce the release of mediators such as interleukin-I from lymphocytes and trigger systemic effects. 

Epidermolytic toxins. Two kinds of epidermolytic toxin (types A  and B)  are commonly produced  by strains, mainly belonging to phage group II, that cause blistering diseases. Blistering results from splitting within the plane of the epidermis induced by the toxin. Such blisters range in severity from the trivial to the distended blisters of pemphigus neonatorum or the flattened blisters of impetigo. Outbreaks of blistering disease are not uncommon in busy nursing units  where  careful observation  of  hygiene practice is essential if skin sepsis is to be avoided. The most dramatic manifestation of epidermolytic toxin is the scalded skin syndrome in which toxin spreads systemically in individuals that lack neutralizing antitoxin; extensive areas of skin are affected, which, after the development of a painful rash, slough off; the  skin surface resembles scald​ing. Such blistering lesions are seen mainly, but not exclusively, in small children.   

Toxic shock syndrome toxin (TSST-1). This was discovered in the early 1980s as a result of epidemiological and microbiological investiga​tions in the USA of an apparently new disease named toxic shock syndrome. This multisystem and occasionally fatal condition can occur in any non-immune individual infected with a TSST-1-producing strain. However, the disease reached public notice when large numbers of cases were reported in healthy young menstruating women; an  association with highly absorbent tampons was established. Vaginal colonization with toxigenic Staph. aureus in the  presence of the  tampon created conditions favourable to multiplication of the organism and toxin production. The absence of circulating antibodies to TSST-1 was indica​tive of high risk in such cases.

Many strains of staphylococci produce penicillinase (beta-lactamase) which destroys penicillin.

Staphylococcal exotoxin, inactivated by treatment with 0.3-0.5 per cent formalin at 37 °C for 7-28 days (staphylococcal anatoxin, or toxoid), and injected parenterally to humans and animals, stimulates the production of the specific antibodies - antitoxins capable of neutralizing  the staphylococcal toxin. 

Pathogenic staphylococci have a protein A which containing in cell wall. The protein A reacts nonspecific with a Fc-fragment IgG and protects staphylococci from antibodies and phagocytes action.

Antigenic structure. Polysaccharides A, B and C have been obtained from a staphylococcal suspension by treating the latter alternately with acid and alkali and removing the proteins with trichloracetic acid. Staphylococcal polysaccharides demonstrate a marked type specificity. Even in a I : 1000000 dilution they give a distinct precipitin reaction. The protein antigen is common to all species and types of staphylococci.

However, quite a number of cultures are unsuitable for serological typing, and the protein antigen is common to all species and types of staphylococci, therefore antigenic structure of staphylococci don’t has  practical importance.

Resistance. Staphylococci are characterized by a relatively strong resistance to desiccation, freezing, sunlight, and chemical substances. After desiccation they can survive for more than 6 months. Repeated freezing and thawing do not kill the organisms. They survive for many hours under direct sunlight. Staphylococci maintain their viability for more than I hour at 70° C. At a temperature of 80° C they are destroyed within 10-60 minutes and at boiling point, they instantly perish. A 5 per cent phenol solution kills the organisms in 15-30 minutes. Staphylococci are very sensitive to certain aniline dyes, particularly to brilliant green which is used for treating pyogenic skin diseases caused by these organisms. Staphylococci possess high resistance to antibacterial agents, in 70-80 per cent of cases they are resistant simultaneously to 4-5 agents. Cross-resistance to antibiotics of the macrolide group (erythro-mycin, oleandomycin, etc.) is encountered.

Classification. Currently there are some 27 different species of staphylococci. These fall into two main groups on the basis of their ability to clot blood plasma by action of the enzyme coagulase: coagulase-positive (Staphylococcus aureus) and coagulase-negative (Staph. epidermidis, and Staph. saprophyticus) staphylococci (table 1). 

T able 1. Differentiation of Staphylococci
	Main  characteristics
	Species

	
	S. aureus
	S. epidermidis
	S.saprophyticus

	Presence of: 
	
	
	

	plasma coagulase
	+
	-
	-

	phosphatase
	+
	+
	-

	arginine dihydrolase
	+
	+
	-

	nitrate reductase
	+
	+
	-

	protein A in superficial an​tigen 
	+
	-
	-

	Oxidation: 
	
	
	

	mannitol

 trehalose 

galactose 

ribose 
	+

+

+

+
	-

-

+

-
	+

+

-

-

	Production of a-toxin 
	+
	-
	-

	Resistance to novobiocin
	S
	S
	R


Note : S -sensitive, R – resistant

The strains of Staph. aureus may be differentiated into several tens different ‘phage-types’ by observation of their pattern of susceptibility to lysis by a set of different anti-Staph. aureus bacteriophages.

Pathogenicity. Horses, cattle, sheep, goats, pigs, and, among laboratory animals, rabbits, white mice, and kittens are suscep​tible to pathogenic staphylococci.

The main pathogen within the genus, Staphylococcus aureus, is the cause of a wide range of major and minor infections in man  and animals  (Table 2).

Table 2. Infections caused by staphylococci

	Coagulase-positive staphylococci (Staph. aureus)

	Coagulase-negative 

staphylococci

	PYOGENIC INFECTIONS
	TOXIN-MEDIATED infections
	

	Boils, carbuncles
	Scalded skin syndrome (Layel syndrome)
	Infected prostheses

	Wound infection
	
	Infected implants

	Abscesses
	Pemphigus
	Ventriculitis *



	Impetigo
	neonatorum
	Peritonitis CAPD)**

	Mastitis
	Toxic shock
	Septicaemia

	Septicaemia
	syndrome
	Endocarditis

	Osteomyelitis
	Food poisoning
	

	Pneumonia
	
	


* Shunt-associated; ** CAPD, continuous ambulatory peritoneal dialysis

The coagulase-negative staphylococci are skin commensals, which are now recognized  as important opportunistic pathogens that can cause infections associated with prostheses, catheters and  implants (Staph. epidermidis), and urinary tract infections (Staph. saprophyticus). It has not been common practice for medical microbiologists to identify coagulase-negative staphylococci to the species level. However, methods are now avail​able that facilitates identification and the import​ance of other recently recognized coagulase-negative species is being assessed.

Staphylococci, being resistant to dry conditions and  high salt concentrations, are well suited to their ecological niche, which is the skin surface of man  and animals. Approximately 30% of healthy people are «carriers» of Staph. aureus, an even higher number  carry coagulase-negative staphylococci.   Staphylococci are also commonly present on other animals, including farm animals used for milk production, viz., cattle, sheep and goats, mastitis caused by Staph. aureus is a common and costlycomplication of milking. Contamination of food can occur from either human or animal sources; such contamination can result in staphylococcal food poisoning Staphylococci enter the body through the skin and mucous membranes. When they overcome the lymphatic barrier and penetrate the blood, staphylococcal septicaemia sets in. Both the exotoxins and the bacterial cells play an important role in pathogenesis of diseases caused by these organisms. Consequently, staphylococcal diseases should be regarded as toxinfections.

The development of staphylococcal diseases is also influenced by the resulting allergy, which in many cases is the cause of severe clinical forms of staphylococcal infections, which do not succumb to treatment. Staphylococci are responsible for a number of local lesions in humans: hidradenitis, abscess, paronychia, blepharitis, furuncle, carbuncle, periostitis, osteomyelitis, folliculitis, sycosis, dermatitis eczema, chronic pyodermia, peritonitis, meningitis, appendicitis, and cholecystitis.

Diabetes mellitus, avitaminosis, alimentary dys'trophy, excess perspi​ration, minor occupational skin abrasions, as well as skin irritation caused by chemical substances, are some examples of the conditions conducive to the formation of pyogenic lesions of the skin and furunculosis.

In some cases staphylococci may give rise to secondary infection in individuals suffering from smallpox, influenza, and wounds, as well as postoperative suppurations. Staphylococcal sepsis and staphylococcal pneumonia in children are particularly severe diseases. Ingestion of foodstuffs (cheese, curds, milk, rich cakes and pastry, ice cream, etc.) contaminated with pathogenic staphylococci may result in food poisoning.

Staphylococci play an essential part in mixed infections, and are found together with streptococci in cases of wound infections, diph​theria, tuberculosis, actinomycosis, and angina.

The wide use of antibacterial agents, antibiotics in particular, led to considerable changes in the severity and degree of the spread of slaphy-lococcal lesions. Growth in the incidence of diseases and intrahospital infections in obstetrical, surgical and children's in-patient institutions, intensive spread of the causative agent, and increase in the number of carriers among the medical staff and population have been noted in all countries of the world. Intrauterine and extrauterine contamination of children with staphylococci has been registered, with the development of vesiculopustular staphyloderma, pemphigus, infiltrates, abscesses, conjunctivitis, nasopharyngitis, otitis, pneumonia, and other diseases.

It has been established that staphylococci become adapted rapidly to chemical agents and antibiotics due to the spread of R-plasmids among these bacteria. The high concentration of drugs in the body of humans and in the biosphere has resulted in essential disturbance in the micro​flora and the extensive spread of resistant strains possessing more mani​fest virulence. The L-forms of staphylococci are especially marked by increased degree of resistance to antibiotics.Healthy carriers. Staph. aureus grows harmlessly on the moist skin of the nostrils in up to 30-40% of healthy persons; the perineum is also commonly colonized. Orga​nisms are spread from these sites into the envi​ronment by the hands, handkerchiefs, clothing, and dust consisting of skin squames and cloth fibres. Some carriers, disseminate excep​tionally large numbers of cocci, comparable to the numbers disseminated by patients with large super​ficial lesions or respiratory tract infections.   During the first day or two of life most babies become colonized by staphylococci acquired from their mother, nurse or environment. In babies born in hospital, the nose, umbilical stump and moist areas of skin are commonly colonized by Staph. aureus. Nasal carriage in babies, as in older persons, is usually long-lasting. When a particular strain of Staph. aureus has colonized a carrier site in an individual, it can persist in that site for many months  or several years. Trans​mission from  babies to nursing  mothers,  who then develop mastitis, is fairly common.

Immunity. Immunity acquired after staphylococcal diseases is due to phagocytosis and the presence of antibodies (antitoxins, precipitins, opsonins, and agglutinins).

The inflammation restricts the staphylococci to the site of penetration and obstructs their spreading throughout the body. At the centre of in​flammation the organisms undergo phagocytosis. Neutralization of the staphylococcal toxin by the antitoxin is an important stage of the im​munity complex. As a result of capillary permeability, the antitoxin penetrates from the blood into the inflammation zone and renders harmless the toxin produced by staphylococci. Thus, the phagocytic and humoral factors act together and supplement eacll other.

The tendency to run a chronic flaccid course or relapse is regarded as a characteristic symptom of staphylococcal infections. This peculiarity gives a basis for concluding that postinfectional immunity following staphylococcal diseases is of low grade and short duration.

The presence in the human organs and tissues of antigens, which are also common in the staphylococci (mimicry antigens), is among the causes of low immunity. This causes a state of immunological tolerance to staphylococci and their toxins, which provides favourable conditions for uninhibited reproduction of the causative agent in the patient's body. The wide use of antibacterial agents promotes intensive selection of staphylococcal strains resistant to the natural inhibitors of the microorganism.

Treatment. Staphylococcal diseases are treated with antibiotics, sulphonamides, and antistaphylococcal immunoglobulin or antistaphylococcal plasma.

When treating patients suffering from staphylococcal infections one should bear in mind that it is necessary to relieve intoxication and im​prove the immunological defence forces of the body (infusion of glu​cose, plasma, blood transfusion, injection of cardiac stimulants).

In cases of chronic staphylococcal lesions specific therapy is recom​mended: staphylococcal vaccine, staphylococcal antiphagine, staphylococcal anatoxin, autovaccine,  and diphage containing staphylococcal and streptococcal phages. 

Prophylaxis. The general precautionary measures include: hygiene in working and everyday-life conditions, treatment of vitamin deficiency, prevention of traumatism and excess perspiration, observance of rules of hygiene in maternity hospitals, surgical departments, children's insti​tutions, industrial plants and enterprises, particularly canneries, obser​vance of personal hygiene and frequent washing of hands in warm water with soap.

Routine disinfection of hospital premises (surgical departments, maternity wards) and bacteriological examination of the personnel for carriers of pathogenic staphylococci resistant to antibiotics are also necessary.

To prevent pyoderma protective ointments and pastes are used at in​dustrial enterprises. For the treatment of microtraumas, besides iodine tincture and alcohol solutions of aniline dyes, solutions are widely applied which dry in one or two minutes and form an elastic film pro​tecting the wound surface from dirt and infection. Patients with burns are kept in soft (plastic) isolating compartments, which protect them, against the entry of microflora from the external environment. 

In some cases specific prophylaxis by means of immunization with the staphylococcal anatoxin may be recommended for individuals sub​ject to injury or infection with antibiotic-resistant staphylococci, for example, immunization of the women before childbirth. 

3. Coagulase-negative staphylococci

Coagulase-negative staphylococci comprise a large group of species, which are commonly found, on the surface of healthy persons in whom they are rarely the cause of infection, except in immunocompromised patients.   More than 20 species of coagulase-negative staphylococci are recognized, but only a few are commonly incriminated in human infection. Staph. epidermidis accounts for about 75% of all clinical isolates, probably reflecting its prepon​derance  in the normal skin flora; most of the remainder are identified as Staph. hominis, Staph.simulans and  Staph. haemolyticus. One species,  Staph. saprophyticus, is a common cause of acute cystitis in young women, but is seldom implicated in infections elsewhere.

Coagulase-negative staphylococci are morpholo-gically similar to Staph. aureus and the methods for isolation are the same. Colonies are usually non-pigmented and they can be distinguish​ed from Staph. aureus not only by their failure to coagulate plasma, but on other properties. Various test systems have been devised for the identification of coagulase-negative species of staphylococci but this is seldom worthwhile. 

Because the organisms commonly contaminate clinical specimens and laboratory cultures, care has to be exercised in assessing their significance when isolated (especially from superficial sites that they may be merely colonizing), or from nor​mally sterile specimens such as blood or cerebro-spinal fluid.   

Coagulase-negative staphylococci are oppor​tunistic pathogens that cause infection in persons with defective resistance, often by colonizing plastic devices. The organisms cause particular problems after cardiac surgery; in patients fitted with ventriculovenous cerebrospinal fluid shunts; in continuous ambulatory peritoneal dialysis (CAPD); and in immunocompromised patients.   The emergence of coagulase-negative staphylo​cocci as major pathogens reflects the increased use of implants such as cerebrospinal fluid shunts, intravascular lines and cannulae, cardiac valves, pacemakers, artificial joints, vascular grafts, and urinary catheters.

4. Streptococci

Streptococci belong to the family Streptococcaceae.

Morphology. Streptococci are spherical in shape, 0.6 to 1 mcm in diam​eter, and form chains. They are non-motile, do not form spores and are Gram-posi​tive. Some strains are capsulated. In smears from cultures grown on solid media the streptococci are usually present in pairs or in short chains, while in smears from broth cultures they form long chains or clusters.

Cultivation. Streptococci are facultatively aerobic, and there are also anaerobic species. 

The organisms show poor growth on ordinary meat-peptone agar, and grow well on sugar, blood, serum and ascitic agar and broth, when the pH of the media is 7.2-7.6. On solid media they produce small (0.5-1.0 mm in diameter), translucent, grey or greyish-white, and granu​lar colonies with poorly defined margins. Some streptococcal strains cause transparent zone (b-haemolysis) on blood agar, other produce a green col​oration surrounding the colony (a-haemolysis),  as a result of con​version of haemoglobin into methaemoglobm, while others do not cause any change in the erythrocytes. On sugar broth medium growth is in the form of Fine-granular precipitates on the walls and at the bottom of the tube and only rarely does the broth become turbid.

Fermentative properties. Streptococci are non-proteolytic, do not liquefy gelatin, and do not reduce nitrates to nitrites. They coagulate milk, dissolve fibrin, ferment glucose, maltose, lactose, saccharose, mannitol (not always constantly) with acid formation.

Antigenic structure. The study of the antigenic structure of strepto​cocci is based on serologic examinations. F. Griffith used the agglutina​tion test, while R. Lancefleld employed the precipitin reaction with an extract of a broth culture precipitate.

Four antigenic fractions were recovered from streptococci: the type-specific protein (M- and T-substances); group-specific polysaccharide C, and nucleoprotein (P-substance). The M-substance is a protein, which confers type specificity, virulence, and immunogenicity. The T-substance contains 0-, K-, and L-antigens. The C-substance is a polysaccharide common to the whole group of haemolytic strepto​cocci. The P-substance belongs to the nucleoprotein fraction, being non-specific for haemolytic streptococci; it contains nucleoproteins common to other groups of streptococci, as well as staphylococci.

Group A and, partly, group C and G streptococci possess extracellu​lar antigens: streptolysin O, a protein which causes erythrocyte haemolysis, and streptolysin S, a lipoprotein complex possessing erythrocytolytic activity.

Classification. By means of the precipitation reaction founded on the detection of group-specific carbohydrates, streptococci are subdivided by Lancefield into groups which are designated by capital letters from A to H and from K to V.

Streptococcus pyogenes (b-haemolytic) belongs to Lancefield group A. These strains may be further subdivided by specific sera into Griffith types according to their surface protein antigens. The M protein is the antigen of most importance and it exists in approximately 60 different antigenic forms, each of which is present in a different serotype of Str. pyogenes (type I, type 2, etc.). The determination of the serotype of strains of Str. pyogenes isolated from patients and carriers plays a valuable part in the epidemiological investi​gation of outbreaks of infection in a way comparable to the use of phage typing in the study of Staphylococcus aureus infection.  

The group A has the greatest importance in a human infectious pathology. Streptococci of this group are isolating by angina, scarlet fever, erysipelas, and other inflammation processes. 

 Streptococci that do not possess soluble haemolysins are divided into two categories:

1 - those that cause a narrow zone of partial clearing and green coloration and are called a-haemolytic streptococci, or viridans streptococci - Str. viridans; 

2 - those that produce no obvious changes around colonies on blood agar and are called non-haemolytic. These are sometimes called (-haemolytic but this term may  be misleading in terms of classification and should not be used. 

Some oral streptococci such as Str. mutans and Str. salivarius are usually non-haemolytic, sometimes - (-haemolytic.

According to modern classification of bacteria in familia Streptococcaceae are included Str. faecalis and Str. pneumoniae, which characteristic is given separately.

Toxin production. Streptococci produce exotoxins with various activities:

1) haemolysin (haemotoxin, O- and S-streptolysin) which loses its activity after 30 minutes at a temperature of 55° C; disintegrates erythrocytes; produces haemoglobinaemia and haematuria in rabbits follow​ing intravenous injection;

2) leucocidin which is destructive to leucocytes; occurs in highly vi​rulent strains and is rendered harmless by a temperature of 70° C;

3) lethal (dialysable) toxin which produces necrosis in rabbits when injected intracutaneously; it also causes necrosis in other tissues, parti​cularly in the hepatic cells;

4) erythrogenic toxin produces inflammation in humans who have no antitoxins in their blood;

(5) Streptococcus pneumoniae produces alpha-haemolysin secreted into the culture fluid and beta-haemolysin which is released after lysis of the streptococci.

Some virulence strains of group A streptococci produce cardiohepatic toxin and nephrotoxin that cause acute glomerulonephritis.  

Other substances produced by streptococci are enzymes of pathogenicity. They include hyaluronidase (which facilitates the spread of the organisms throughout the tissues and organs of the affected animal), fibrinolysin, desoxyribonuclease, ribqnucJease, proteinase, amylase, lipase, and diphosphopyridine nucleotidase. 

Endotoxins, characterized by their thermoresistance and specific ac​tivity, are responsible for the pathogenic properties of streptococci together with the exotoxins and aggressive enzymes.

Streptococcus faecalis (enterococci) are pleomorphic oval cells which occur in pairs or in short chains. Some are oval or spear-shaped in form. The organisms are from 0.5 to 1 mcm in diameter. 

On solid media enterococcal growths form a thin pellicle with smooth edges. On sugar broth they produce turbidity and precipitate. Certain enterococci are highly motile. Some of the strains produce a yellow pigment, and the patho​genic enterococci produce fibrinolysin. They are resistant to high temperatur (e. g. withstand exposure to 60° C for half an hour). Enterococci can be grown in broth containing 6.5 per cent common salt at pH 9.6 and on blood agar containing 40 per cent bile or an equivalent amount of bile salts. 

Enterococci inhabit the small and large intestine of man and warm blooded animals. The organisms possess properties antagonistic to dysentery, enteric fever, and paratyphoid bacteria, and to the col bacillus. In the child’s intestine the enterococci are more numerous than the E.coli. In lesions of the duodenum, gall bladder, and urinary tract enterococci are found as a result of dysbacteriosis. Isolation of enterococci serves as a criterion of contamination of water, sewage, and food stuffs with faeces.

Streptococcus pneumoniae (Diplococcus pneumoniae) belongs to the familia Streptococcaceae. For many years it was called pneumococcus. These are lanceolate or slightly elongated cocci measuring up to 0.5-1.25 mem in diameter and occurring in pairs, sometimes as single organisms or arranged in chains. In the body of humans and animals they have a capsule, they are Gram-positive, but young and old cultures are Gram-negative. The organisms are non-motile and do not form spores. 

S. pneumoniae is a facultative anaerobe, The organisms are poorly cultivated on ordinary media but develop readily on serum or ascitic agar at pH 7.2-7.6 as small colonies 1.0 mm in diameter. On blood agar they form small, rounded succulent colonies on a green medium. On sugar broth they produce turbidity and a precipitate. The organisms grow readily on broth to which 0.2 per cent of glucose is added. They usually do not form capsules on artificial media, but the addition of animal protein to fluid medium promotes the formation of a capsule.

There are 84 variants which are agglutinated only by the correspond​ing type sera.

Among farm animals the young ones (calves, piglets, and lambs) and in vivariums guinea pigs may contract pneumonia. Among experimen​tal animals albino mice and rabbits are most susceptible to the disease. Serovares I, II, and III S. pneumoniae cause lobar pneumonia in man, which is characterized by an acute course occurring in cycles. The organisms may also cause septicaemia, meningitis, affection of the joints, ulcerative endocarditis, otitis, peritonitis, rhinitis, highmoritis, creeping comeal ulcer (ulcus serpens), tonsillitis, and acute catarrhs of the upper respiratory tract.

Anaerobic streptococci (Peptostreptococcus putridus, Peptostreptococcus anaerobius, and other) are the cause of severe puerperal septic infections (puerperal sepsis). They are isolated from pyogenic and gan​grenous lesions which have a putrefactive odour.

Resistance. Streptococci live for a long time at low temperatures, are resistant to desiccation, and survive for many months in pus and spu​tum. When exposed to a temperature of 70° C, they are destroyed within one hour. A 3-5 per cent phenol solution kills the organisms within 15 minutes.

Pathogenicity. Cattle, horses, and, among laboratory ani​mals, rabbits and white mice are susceptible to the pathogenic streptococci.

The pathogenesis of streptococcal infections is brought about by the effect of the exotoxin and the bacter​ial cells. The reactivity of the infected body and its previous sensitization play an important part in the origin and development of streptococcal diseases. Such diseases as endocarditis, polyarthritis, highmoritis, chronic tonsillitis, and erysipelas are associated with abnormal body reactivity, hyperergia. This condition may persist for a long period of time and serve as the main factor for the development of chronic strep​tococcal diseases.

With an exogenous mode of infection streptococci invade the human body from without (from sick people and animals, various conta​minated objects and foodstuffs). They gain access through injured skin and mucous membranes or enter the intestine with the food. Strepto​cocci are mainly spread by the air droplet route. 

When the natural body resistance is weakened, conditionally pathogenic streptococci normally present in the human body become pathogenic. Penetrating deep into the tissues they produce local pyogenic inflammations, such as streptodermia, abscesses, phlegmons, lymphadenitis, lymphangitis, cystitis, pyelitis, cholecystitis, and peritonitis. Erysipelas (inflammation of the superficial lymphatic vessels) and tonsillitis (inflammation of the pharyngeal and tonsillar mucosa) are among the diseases caused by streptococci. Invading the blood, streptococci produce a serous septic condition. They are more commonly the cause of puerperal sepsis than other bacteria.

Streptococci may cause secondary infections in patients with diph​theria, smallpox, whooping cough, measles, and other diseases. Chronic tonsillitis is attributed to the viridans streptococci and adenoviruses.

Contamination of wounds with streptococci during war results in wound .suppurations, abscess formation, phlegmons, and traumatic sepsis.

Immunity. Immunity acquired after streptococcal infections is of a low grade and short duration. Relapses of erysipelas, frequent tonsil​litis, dermatitis, periostitis, and osteomyelitis occur as a result of sensitization of the body. This is attributed to low immunogenic activity and high allergen content of the streptococci, as well as to the presence of numerous types of the organisms against which no cross immunity is produced.

Immunity following streptococcal infections is of an anti-infectious nature. It is associated with antitoxic and antibacterial factors. The antitoxins neutralize the streptococcal toxin and together with the opsonins facilitate phagocytosis.

Treatment Usually penicillin is used. For penicillin-resistant strains, and when penicillin is contraindicated, streptomycin, and erythromycin are required. Vaccine therapy (autovaccines and polyvalent vaccines) and phage therapy are recommended in chronic conditions.

Befor the widespread availability of effective antimicrobial drugs the treatment of pneumococcal infections was based on the use of typespecific antiserum. This reduced mortality in bacteraemic pneumococcal pneumonia, but not to the same extent that penicillin was subsequently shown to achieve. However, it indicated that type-specific antibody had a role in the control of pneumococcal disease and reinforced earlier attempts to produce a vaccine.

Prophylaxis. Streptococcal infections are prevented by the practice of general hygienic measures at factories, children’s institutions, maternity hospitals, and surgical departments, in food production, agricultural work, and everyday life.

Maintaining appropriate sanitary levels of living and working condi​tions, raising the cultural level of the population, and checking personal hygiene are of great importance.

Since streptococci and the macro-organism share antigenic structures in common and because streptococci are marked by weak immunogenic ability and there are a great number of types among them which do not possess the property of producing cross immunity, specific prophylaxis of streptococcal diseases has not been elaborated. 

Polyvalent pneumococcal vaccine are used in England and USA for prophylaxis of streptococcal pneumoniae. The vaccine that is currently licensed for use contains a mixture of 23 polysaccharide serotypes chosen according to the prevalence of serotypes responsible for bacteraemic pneumococcal infection. It offers protection againts 90 % of isolates.  

Unfortunately, the immunogenicity of this vaccine is inadequate in those below 2 years of age and in those  immunosuppressed   as  a result of malig​nancy, steroid therapy or other chronic disease. In the USA, where  the vaccine has been used most widely, it is also recommended   for those over 65 years of age, with or without previous ill health, although there have been difficulties in establishing scientifically the efficacy in this group.   Immunization  is particularly recommended for those with either functional or anatomical asplenia in whom   pneumococcal   infection can be fulmi​nant. Such patients include those with congenital or surgical asplenia and those with  hereditary haemoglobinopathies such as  sickle cell disease. Vaccine   efficacy is not complete and many clinicians also prescribe oral  phenoxymethyl-penicillin as long-term chemoprophylaxis in this high-risk group.

5. Role of Streptococcus in the Aetiology of Scarlet Fever
Scarlet fever has long been known as a widespread disease but at the present time its aetiology has not yet been ascertained. Four different theories were proposed: streptococcal, allergic, viral, and combined (viral-streptococcal). Most scientists and medical practitioners favoured the streptococcal theory.

The streptococcal aetiology of scarlet fever is supported by the fol​lowing arguments: (1) all people suffering from scarlet fever are found to harbour in their throats haemolytic streptococci which are agglu​tinated by the sera of convalescents; (2) a subcutaneous injection of the scarlet fever toxin into susceptible people (volunteers) in some cases is followed by the appearance of a characteristic skin rash, vomiting, fever, tonsillitis, and other scarlatinal symptoms; (3) an intracutaneous injection of the toxin into susceptible children produces a local erythematous and oedematous reaction (Dick test); the toxin produces no reaction in children who had previously suffered from scarlet fever and were im​mune to the disease; (4) if 0.1 ml of antitoxic antistreptococcal serum or convalescent serum is introduced into the skin of a scarlet fever patient in the area of the rash, the latter turns pale (is 'extinguished'); (5) hyperim​munization of animals with the scarlet fever toxin leads to the produc​tion of antitoxins, and a neutralization reaction takes place between the toxin and antitoxins; (6) therapy with antitoxic sera and prophylaxis with combined vaccines consisting of the toxin and haemolytic streptococcal cells result in the appearance of less severe cases and decrease in morbidity and mortality.

At present many investigators accept the streptococcal theory in scar​let fever aetiology. It is assumed that scarlet fever is caused by group A beta-haemolytic streptococci which possess M-antigen and produce erythrogenic exotoxin. 

People become infected by the air droplet route. Sick people, convalescents, and carriers of the causative agent of scarlet fever are all sources of infection. The causative agent sometimes enters the body through wounds on the skin and mucous membranes of the genitalia. This form of scarlet fever is known as extrabuccal or extrapharyngeal (traumatic, combus​tion, surgical, and puerperal). Certain objects (e.g. utensils, toys, books, etc.) as well as foodstuffs (e. g. milk), contaminated by adult car​riers, may also be sources of infection. Of great importance in the epide​miology of scarlet fever are the patients with atypical, unrecognisable forms of the disease. The disease is most commonly encountered in children from 1 to 8 years of age.

In its initial stage scarlet fever is chiefly charac​terized by intoxication, while in the second stage it is accompanied by septic and allergic conditions.

Scarlet fever produces a relatively stable immunity. Reinfections are very rare. They have increased in number in the last years as a result of wide use of antibiotics which reduce the immunogenic activity of the pathogen and its toxin.

Data concerning the correlation between a positive Dick test and sus​ceptibility to scarlet fever provide evidence of the antitoxic nature of im​munity acquired after scarlet fever. 

Children from 1 to 5 years are most susceptibly.

Scarlet fever is recognized mainly by its clinical course and on epidemiological grounds. Laboratory diagnosis for the detection of haemolytic streptococci and their typing is employed only in certain cases. This method is of no practical value since haemolytic streptococci are often isolated from people with various diseases and frequently from healthy individuals.

Scarlet fever patients are treated with penicillin, tetracycline, sulphonamides, and normal human immunoglobulin. The wide use of antibiotics has led to a significant decrease in the morbidity and mortality rate of scarlet fever and to a milder course of the disease. This fact also confirms the definite role played by haemolyt​ic streptococci in the aetiology and pathogenesis of scarlet fever, since it Is known that these organisms are extremely sensitive to penicillin and other antibiotics. In the recent years, however, an increase in the inci​dence of scarlet fever and a more severe course of the disease are noted.

Prophylaxis consists of early diagnosis, isolation of patients and hos-pitalization in the presence of epidemiological and clinical indications. Extremely hygienic cleaning and ventilation and observance of correct hospital regimen are also necessary. If cases of scarlet fever occur in children's institutions, the children concerned must be isolated. Debili​tated children who have been in contact with scarlet fever patients must be injected with 1.5-3.0 ml of normal human immunoglobulin.

6. Role of streptococcus in the aetiology of 
rheumatic fever

An attack of rheumatic fever (RF) is related to antecedent streptococcal throat infection occurring 1-5 weeks earlier. Support for this association is based on clinical, bacteriological, epidemiological serological and chemoprophylactic evidence.

RF may be difficult to diagnose clinically and, since throat swabs may or may not yield growth of Str. pyogenes, the most important investigations are serological. Two samples of serum must be assayed to check for a rising titre of antibody to Str. pyogenes. Titres become detectable in the 2nd week after the onset of infection, are maximal by the 6th week and thereafter decrease. Many serotypes of Str. pyogenes can cause RF, but it does not occur in the absence of immunological evidence of streptococcal infection. It confirms meaning of streptococci in aetiology of rheumatic fever.

Penicillin prophylaxis after a primary attack of RF will reduce substantially the risk of a second attack by preventing further streptococcal infection of the throat. However, prevention of primary attacks is virtually impossible and penicillin treat​ment of streptococcal sore throat plays little or no part. Moreover, only a few persons with strep​tococcal throat infection are treated, either because infection is subclinical or because those with a sore throat do not consult their doctor.

There is conclusive evidence of the association between RF and an antecedent streptococcal throat infection, but not with primary streptococcal infections of other tissues. The streptococci are not present in the lesions in the heart and joints. No particular streptococcal serotypes are incrimi​nated, as happens with glomerulonephritis, and it is for this reason that throat infections with different serotypes can cause relapses of RF.  

Two main theories have been proposed to explain the occurrence of RF: (1) that the initiation of the chronic lesions in the heart is due to the effect of some of the diffusible products of Str. pyogenes, such as streptolysins O and S and proteinase; (2) that immunological phenomena, such as immune complex disease, cross-reactive immunity or delayed hypersensitivity that develop in certain persons who become sensitized to one or more streptococcal products, are responsible for disease in man.  An immunological relation​ship exists between a streptococcal antigen and human myocardial tissue. The antigen responsible for the cross-reactivity is localized in the cell wall and is associated with the M protein. It is probable that several cross-reactive antigen-antibody systems occur between the streptococcus, heart valves and heart muscle.  Group-specific polysaccharide antigen of Str. pyogenes cross-reacts with the structural glycoprotein of both human and bovine valves.   

Specific host factors have not been excluded in the pathogenesis of this disease. Some individuals seem prone to develop the rheumatic syndrome and such individuals are particularly liable to recurrent attacks after further streptococcal sore throats. However, the significance of hereditary predisposition is very difficult to disentangle from predisposing environmental factors, such as over​crowding in families or in communities.  Over​crowding is the main reason for the high prevalence of rheumatic heart disease in the cities of many developing countries.
7. INFECTIOUS ALLERGY IN STAPHYLOCOCCAL AND STREPTOCOCCAL DISEASES

   Research workers of department of microbiology, virology and immunology of Odessa State Medical University had been making researches of infectious allergy on staphylococcal and streptococcal diseases for many years. On the whole these researches were directed to finding out the role of allergic component on these diseases, study of pathogenesis of allergy and properties of allergenic components of microbes cell. These researches were made with research workers of clinical departments of University and Odessa Scientific Research Institute of virology and epidemiology by E.E.Metchnicoff.


The basic of researches of infectious allergy on coccal infections is scientific ideas and views of professor S.M.Minervin, who was performer and scientific leader of the many works of research workers of department and other establishments. 

           Infectious allergy in streptococcal diseases.  Infectious-allergic component of streptococcal infections had been established by many researchers at the beginning of study as factor of pathogenesis, which complicates course of disease. Professor S.M.Minervin had proposed scientific hypothesis about main role of streptococcal allergen at the development not only sensitization of the organism to streptococcus, but at the change of immunobiological reactivity with unspecific character, causing decreasing of resistance of the organism to the microbe-causative agent and encouraging development of infectious process. This line in the study of infectious allergy on streptococcal diseases was very productive and helped to decipher many sides of pathogenesis of some streptococcal diseases.

Role of streptococcal allergen at the pathogenesis of septic manifestations on scarlet fever had been studied by О.А.Кirilenko (1953), who had made doctor’s PhD thesis under leadership of professor S.M.Minervin. О.А.Кirilenko confirmed data of S.M.Minervin with co-authors: streptococcus, allocated from patients with scarlet fever with septic manifestations, unlike streptococcus, allocated from patients with toxic manifestations, produced substances, which made the organism sensitive to next infecting with streptococcus. These substances are thermostable. Purified streptococcal allergens had much more expressed sensitizing properties, but purified thermostable fraction hadn’t sensitizing properties. О.А. Kirilenko also observed, that injection of streptococcal allergen to the mousses, having unlethal staphylococcal infection, caused quick development of septic process and death of the animals.

Works of I.V.Tchistjakova (1955), N.G.Borovkova (1962), L.A.Pogidayeva-Sinitcina (1958), made under leadership of prof.S.M.Minervin, confirmed observations about increasing of sensitivity of white mousses to streptococcus under influence of streptococcal allergen from streptococcus with scarlatinal origin.

L.E.Yaroshik (1964) confirmed presence of _sensitizing_ properties of allergens, allocated from streptococcal culture with _rheumatic_ origin. Streptococcus allocated from blood of rheumatic patient, had much more expressed properpy to form allergen, than streptococcus, allocated from fauces. So, differences in biological properties of streptococci from different strain we can establish on property to produce allergen.

O.A.Kirilenko observed, that injection of purified streptococcal allergen to rabbits twenty-four hours before injection of streptococcus culture caused quick increasing of sensitivity of rabbits to streptococcal infection.

These observations testified to action of streptococcal allergen on the organism, connected with change of immunobiological reactivity. But time between _sensitizing_ and _resolving_ injections was very short, so we cannot explain influence of streptococcal allergen with development of real sensibilization. So, allergen affected fectors of unspecific protection of organism.

O.A.Kirilenko had proved, that streptococcal allergen had ability to suppress phagocytes activity of leukocytes both on addition of it to the rabbit’s blood in the test tube and on injection of it subcutaneously. The same data had been got by L.E.Yaroshik (1952), N.G.Borovkova (1962) about allergen of streptococcus with scarlatinal origin, and by L.E.Yaroshik (1962) – about allergen of streptococcus with «rheumatic» origin.

Streptococcal allergen had ability to suppress phagocytic activity of the cells of exudate of abdominal cavity in the experiments in vitro and in vivo (N.G.Borovkova, 1962). Besides, it was shown that streptococcal allergen suppressed N.G.Borovkova., by L.E.Yaroshik 1959; 1962). N.G.Borovkova had shown that besides influence of streptococcal allergen on phagocytes activity, it could suppress production of antibodies for typhoid vaccine and diphtherial anatoxin. So, allergen not only decreases natural resistance of the organism for infections due to suppression of phagocytoses, but suppresses immunologic reactivity of the organism.

Influence of allergen on immunologic reactivity of the organism had been confirmed later with establishment of the fact of suppression of formation of antistreptolysin-O under allergen’s influence (L.E.Yaroshik, P.Z.Protchenko, 1963), suppression of production of antibodies for horse’s serum and delay of beginning of lethal anaphylactic shock (S.M.Minervin, P.Z.Protchenko, 1967).

It was shown, that influence of streptococcal allergen on immunogenesis is leaded by suppression of development of plasmocytic reaction and accumulation of DNA in lymphonodi on antigenic action with injection of allergen (P.Z.Protchenko, 1968), S.M.Minervin and L.E. (1963) had found suppression of development of Shwartzman phenomenon under action of streptococcal allergen.

So, role of streptococcal allergen in pathogenesis of streptococcal infections was explained from position of its influence on resistance of the organism for infection. This influence realizes with suppression of unspecific factors of protection and immunologic reactivity.

It had been confirmed with model experiments of L.E.Yaroshik (1960), which had shown, that injection with streptococcus culture with streptococcal locus of infection of rabbit instead of infecting with culture without allergen. Rabbits had very expressed toxic manifestations after injection with streptolysin-O on injection of streptococcal allergen. Histologic changes were the most in the myocardium (L.E.Yaroshik, 1964, P.Z.Protchenko, 1968).

Changes of the reactivity of the organism on streptococcal infection can be leaded not only by action of streptococcal allergen, but other streptococcal products. Besides difficult interrelation «host-parasite» isn’t limited by one-way effect of the microorganism, we have to take into account answer reaction of the macroorganism. E.E.Stefan with co-authors had shown, that quick suppression of absorbing function of reticuloendothelial cells, decreasing of trypanic index on Kavetsky, titers of complement, properdin were observed on experimental streptococcal infection, but quick and lengthy decreasing of phagocytic activity of leukocytes was observed for unspecific object of phagocytosis (strain of staphylococcus-209, strain of streptococcus-T-12). E.E.Stefanhad also found that streptococcal infection caused suppression of immunologic reactivity of the organism – decreasing of formation of agglutinins on immunization of animals with typhoid vaccine, suppression of development of plasmocytic reaction in lymphonodi and spleen for injection of dissoluble (proteins of horse’s serum) and corpuscular (sheep’s erythrocytes) antigens, suppression of accumulation of antigen-forming cells. Effect of inactivated culture of streptococcus caused lightly expressed changes of reactivity of the organism, unlike on development of experimental streptococcal infection.

The next stage of study of the role of streptococcal allergen in pathogenesis of streptococcal infections was research of physical and chemical properties of streptococcal allergen. P.Z. Protchenko (1967) divided preparation of streptococcal allergen into 6 separate components (fractions) with method of колоночная ion-exchange chromatography on DEAE-sefadex A-25. All fractions were ribonucleoproteins, but allergenic properties of preparations were connected with protein component.

Study of allergenic activity of these fractions showed, that only one of them (fraction 0,2M) had high specific activity in skin allergic reactions of infected with streptococcus rabbits. This fraction had ability to suppress phagocytic activity of leukocytes of rabbit’s blood, and to cells of reticuloendothelial system of liver on injection of морская свинка. Other fractions had low activity in these experiments. So, high-active fraction was allocated from streptococcal allergen. The main allergenic propeoties of streptococcal allergen are connected with it.

Intracutaneous tests with active fraction and primary allergenic preparation were made on the patients with rheumatism with different degree of the process activity. These tests showed that of streptococcal allergy on rheumatism more specificly, than primary allergen. Simultaneous production of skin tests with these two allergens helps to establish degree of the process activity: predomination of intensive allergy for active fraction testifies to presence of the active process; predomination of reactions for primary allergen – to deminishing of disease manifestation (P.Z.Protchenko, 1967, 1974; P.Z.Protchenko, M.M.Bazarchenko, 1967, 1974).

This data was confirmed by G.G.Guben with co-authors (1972, 1973, 1976) during study of streptococcal sensibilization of the children with rheumatism. It was found, that active fraction of streptococcal allergen was more specific than primary and commercial. It showed sensibilization on different degree of activity of rheumatic process of children. Moreover, active fraction didn’t cause positive skin allergic reactions of healthy children, unlike commercial allergen.

G.G. Guben also found, that children with rheumatism had suppressed factors of natural protection (phagocytic activity of leukocytes, titers of complement and lysozyme), general immunologic reactivity on V.I.Ioffe. Degree of decreasing of indexes was in direct depending on activity of the rheumatic process and in reverse depending on titers of Asl-O. Degree of expression of reactivity changes (including specific sensibilization for streptococcus) was decreasing during  antirheumatic treatment. Predomination of intensity of allergic reaction for active fraction was observed on high degree of rheumatism’s activity, like on rheumatism of abults. But it was observed predomination of intensity of reaction for primary preparation of streptococcus allergen on diminishing of manifestation.

Established conformity has practical importance for allergodiagnosis of rheumatism and brings in substantial contribution into theoretical aspects of bacterial allergy.

Infectious allergy in staphylococcal diseases. Infectious allergy on staphylococcal diseases began to attract attention during last decades. It was thought earlier, that allergy for staphylococcus expressed in lower degree, than for streptococcus. But now the most of researchers say about frequency and important role of staphylococcal allergy in pathology of the man. Increasing of diseases with staphylococcal etiology, frequent development of chronic, chrono-septic, infectious-allergic processes lead to actuality of the problem of study of infectious allergy on staphylococcal diseases.


The main direction of the researches was study of nature and properties of staphylococcal allergenic substances, development of the ways of obtaining of pure, specific and active preparations of staphylococcal allergen for allergodiagnosis of staphylococcosis, and also development of the ways of test-tube immunodiagnosis of diseases with staphylococcal etiology.


It is necessary to pay attention that usually used allergenic preparations contain high-molecular substances, which can have independent sensitizing effect for organism. But the first works of department’s research workers (about problem of staphylococcal allergy) were devoted to allocation of low-molecular allergenic substances of staphylococcus. It was found, that allocation of low molecular substances (less than 4000) from dried with acetone staphylococcus was possible with method of acidic extraction 0,1 N HCl. These low-molecular substances had allergenic activity on skin test of infected with staphylococcus морские свинки.


Improved method of assessment of staphylococcal allergy in vitro was developed at the process of study of acidic extracts. It was reaction of destroying of neutrophils, and it got identification card for rationalizing suggestion (P.Z.Protchenko and A.L.Golovatjuk). Check of this method in the experiment showed ability of its use for assessment of level of sensitization for staphylococcus of infected animals and study of activity of different preparations of staphylococcal allergen.


Advantage of the reaction of destroying of neutrophils is in ability to assess summary effect (consists of lytic and damaging action) of influence of allergen on leukocytes of blood of sensitized organism.


It also was found ability of preparations of staphylococcal allergen to suppress phagocytic activity of leukocytes of blood of infected with staphylococcus animals much more effectively than uninfected animals. It made possibility to recommend reaction of specific braking of phagocytosis for revealing of staphylococcal allergy, which was founded on this effect.


Latterly method of sparing alkaline extraction was used for allocation of allergenic substances of staphylococcus. Preparation was got with processing with 0,1 n KOH with following precipitation on pH 4.0. this preparation was subjected to fractionating with standard to 4 components, one of which turned out to be active in skin allergic reactions. But all preparations were low-active in reaction of destoying of neutrophils and reaction of braking of leukocytes migration.


New way of obtaining of staphylococcal allergen, improving quantitative results, simplifying technology and improving industrial health and safely was elaborated. This method can be used for industrial obtaining of allergen.


Preparation was divided into 4 fractions with method of ion-exchange chromatography. Specific allergenic activity of the one of them was 1,5 times higher, than primary undivided allergen, other fractions were low-active. The same fraction had the most antigenic activity in indirect hemagglutination test. Study of development’s dynamics of sensitization to fractions and primary allergen in reaction of destoying of neutrophils and skin allergic test on infecting and reinfecting of animals with staphylococcus showed high specifity and activity of purified fraction. Study of tube tests with blood of patients with staphylococcus and healthy people confirmed high diagnostic effect of purified fraction compared with other fractions, primary allergen and commercial preparation of staphylococcal allergen.


Modification of HCT-test was elaborated with research workers of biology department Yu.I.Bagora and V.N.Timoshevsky. Reaction of activation of reduction of nitroblue tetrazolium with preparation of staphylococcal allergen was elaborated on the basis of this method. Last reaction now is used for study of staphylococcal allergy both in clinic and in experiment.

8. COMMON CHARACTERISTICS OF NEISSERIAE

Neisseriae are Gram-negative diplococci of which the pathogenic members, the meningococcus and the gonococcus, are characteristically found inside the polymorphonuclear pus cells of the inflamma​tory exudate. Although difficult to differentiate on morphological and cultural characters, these two pathogens are associated with entirely different diseases.


The two pathogenic neisseriae, N. meningitidis and N. gonorrhoeae, are so similar in their mor​phological, tinctorial and cultural characters that they may be described together. 

Morphology. Neisseriae are Gram-negative, oval cocci occurring in pairs with the apposed surfaces flat or even slightly concave (bean shaped) and with the axis of the pair parallel and not in line as in the pneumococcus. In pus from inflam​matory exudates, such as cerebrospinal fluid or urethral dis​charge, many diplococci are found in the polymorphonuclear cells. This is more marked with the gonococcus than with the meningococcus. Extracellular cocci also occur and there may be considerable variation in their size and intensity of staining. In cultures the diplococcal arrangement is less obvious and more coccoid forms may be seen in stained films. Faintly staining involution forms are frequent in older cultures.
      Pleomorphism of the gonococci is a characteristic property. They readily change their form under the effect of medicines, losing their typical shape, and growing larger, sometimes turning Gram-positive, and are found outside the cells.

In chronic forms of the disease autolysis of the gonococci takes place with formation of variant types (Asch types). Usually gonococcal cells varying in size and shape are formed. The tendency toward morphologi​cal variability among the gonococci should be taken into account in laboratory diagnosis. L-forms occur under the effect of penicillin.
Both meningococci and gonococci may bear pili. The relationship between these and disease due to the meningococcus is uncertain but gonococcal pili appear to be associated with attachment of the organism to mucosal surfaces and resistance to killing by phagocytic cells.

Cultivation. Pathogenic neisseriae are exacting in their growth requirements due, in part, to a susceptibility to inhibitory substances in the culture medium. The addition of  blood or ascitic fluid to nutrient agar will ensure a good growth of colonies from infected material, provided incub​ation is carried out, preferably at 35 - 36°C, in a moist atmosphere containing 5-10 % carbon dioxide. Growth is rather slow (more so with the gonococcus) but, on a good medium, grey, glistening, slightly convex colonies of 0.5-1.0 mm in diameter appear in 8-24 h. Incubation should, however, be continued for another 24 h, when the colonies will be seen to be much larger (2-3 mm) with the gonococcus in particular having a slightly roughened surface and a tendency to crenation of the margins. 

Both meningococci and gonococci may bear pili. The relationship between these and disease due to the meningococcus is uncertain but gonococcal pili appear to be associated with attachment of the organism to mucosal surfaces and resistance to killing by phagocytic cells.

Fermentative properties. The gonococcus possesses low biochemical activity and no proteolytic activity.
The species identification depends on carbo​hydrate utilization reactions: the meningococcus produces acid from glucose and maltose, although strains may be encountered which ferment only one of these sugars; the reactions may be slow and sometimes occur only after several subcultures. The gonococcus produces acid from glucose only. This can easily be remembered by G (glucose) for gono​coccus and M+G  (maltose + glucose) for meningococcus.

Antigenic structure and classification. Meningococci are divisible into main serogroups: A, B and C. Group A is, in most coun​tries, the serogroup associated with epidemic cerebrospinal meningitis. The ability to cause epidemics seems to be associated with certain strains of microorganisms. Group C strains have been associated with epidemics but more commonly give rise to local outbreaks, while group B meningococci are seen in both epidemic and outbreak situations. Of other sero-groups associated with disease (X, Y, Z, 29E and W-135), W-135 is isolated most frequently in the UK. A few cases due to serogroups X and Y also occur, but disease due to meningococci of serogroups Z and 29E, which are killed by normal human serum, is rare, and then only in patients with underlying disease. Capsulate meningococci of serogroups H, I, J, K and L have been described but do not appear to cause disease. 

The serogroup of a meningococcus is determined by its polysaccharide capsular antigen and the serogroup of a isolated culture can be recognized by a slide agglutination test with absorbed group-specific antisera. Meningococci can be typed with antisera directed against outer-membrane proteins. This is useful in epidemiological studies but some serotypes are also found to be associated with more severe disease and, in the case of group B meningococci, with outbreaks. These are so-called epidemic strains of group B meningococci which appear to be of a single genotype. 

Gonococci are antigenically more heterogenous than meningo​cocci so that serogrouping is not practicable.

Toxin production. Meningococci produce toxic substances which pos​sess properties ofexo- and endotoxins. Disintegration of bacterial cells leads to the release of a highly toxic endotoxin. Meningococci readily undergo autolysis which is accompanied by accumulation of toxins in the medium. The meningococcal toxin is obtained by treating the bac​terial cells with distilled water, or 10 N solution of soda, by heat auto​lysis, by exposure to ultraviolet rays.

The gonococci do not produce soluble toxin (exo-toxin). An endotoxin is released as a result of disintegration of the bac​terial cells. This endotoxin is also toxic for experimental animals.
Resistance. The meningococcus is a microbe of low stability, and is destroyed by drying in a few hours. By heating to a temperature of 60 (C it is killed in 10 minutes, and to 80 (C, in 2 minutes. When treated with 1 per cent phenol, the culture dies in 1 minute. The organism is very sensitive to low temperatures. Bearing this in mind, test material should be transported under conditions which protect the meningococcus against cooling.

Gonococci are very sensitive to cooling also. They do not sur​vive drying, although they may live as long as 24 hours in a thick layer of pus or on moist objects. They are killed in 5 minutes at a temperature of 56°C, and in several minutes after treatment with a 1 : 1000 silver nitrate solution or 1 per cent phenol.
9. Meningococcal infection
 Neissena meningitidis is the cause of a range of diseases (table 1), of which acute purulent meningitis (variously called epidemic cerebrospinal meningitis, cerebrospinal fever or, because of a purpuric rash which is sometimes present, spotted fever) and an acute septicaemic illness with a petechial rash but without meningitis are the commonest. About one-third of cases of meningococcal disease present as septicaemia (meningococcaemia), most others being of meningitis. The term meningococcal infec​tion embraces these and other syndromes asso​ciated with the organism.

Table 1  Clinical manifestations of meningococcal infection

	Site of infection *
	Common manifestation
	Outcome

	Blood
	Fulminant septicaemia (Waterhouse-Friderichsen syndrome)
	Fatal

	Blood
	Septicaemia, purpuric rash 
	Mortality 14-50%

	Blood and CSF
	Septicaemia, rash and meningitis 
	Mortality 14-50%

	Blood and CSF
	Meningitis with no rash
	Mortality 2-6%

	Blood
	Chronic meningococcal septicaemia (rash, arthralgia, metastatic sepsis)
	Recover with treatment

	Blood and site of sepsis
	Arthritis, pericarditis, metastatic sepsis
	Recover with treatment

	Eye
	Conjunctivitis


	Recover with treatment

	Genital tract


	Asymptomatic carriage; rarely vulvovaginitis (children), urethritis, proctitis
	Recover with treatment

	Chest
	Pneumonia


	Recover with treatment


* In most cases of clinical disease the organism is also carried   in the nasopharynx.

The non-pathogenic or potentially pathogenic members of the genus are common commensals of the upper respiratory tract, which is also the reservoir of the meningococcus. 

N. lactamica and N. polysacchareae, two species of uncertain taxonomic status, have been isolated frequently from the nasopharynx during mening-ococcal surveys. These organisms have a cultural resemblance to the meningococcus and will grow on selective media, unlike the classical naso-pharyngeal commensals. Although similar to the meningococcus in culture, these two neisseriae are of low pathogenicity; N. lactamica is occasion​ally isolated from blood or cerebrospinal fluid (CSF). Nasopharyngeal commensal species include N. subflava, N. flava and N. perflava.

Branhamella catarrhalis (formerly N. catarrhalis and now sometimes called Moraxella catarrhalis) is another common commensal of the upper respiratory tract, which may give rise to disease, usually as an opportunist pathogen.

Pathogenesis. The natural habitat of the meningococcus is the human nasopharynx. Surveys of normal populations show that around 5-10% are carriers of meningococci, over half of which are non-capsulate strains. In communities in which outbreaks of cerebrospinal meningitis are occurring, the carrier rate of the epidemic strain (capsulate, as are all pathogenic meningococci) may range from 20 % to as high as 90% and some studies have shown that a sharp increase in the carrier rate of group A or other pathogenic groups of meningococci precedes the occurrence of clinical cases. However, this carrier:case ratio is variable in different out​breaks. Smokers to carry meningococci more often than non-smokers.

The route of spread of the meningococcus from the nasopharynx to the meninges is controversial: the organism may either spread directly through the cribriform plate to the subarachnoid space by the perineural sheaths of the olfactory nerve, or, much more probably, it passes through the naso-pharyngeal mucosa to enter the bloodstream. In favour of the latter route are the frequent positive blood cultures in the early stages of infection, the purpuric rash in many cases with the isolation of meningococci from the skin lesions, and the occurrence, particularly during epidemics, of meningococcal septicaemia with rash but no clinical meningitis. 

The problem of main concern in pathogenesis is the occurrence of cerebrospinal meningitis among only a limited proportion of the popula​tion at risk. Recent studies have confirmed some early observations that the absence of bactericidal antibody in the blood is the factor most closely related to susceptibility to clinical infection. Evi​dence in support of this relationship is:

1. The age distribution of meningococcal disease, which has its highest incidence in infants and young children from 3 months to 3 years of age), amongst whom humoral meningococcicidal antibodies are rarely found.

2. The reciprocal relationship in the appear​ance of these bactericidal antibodies in older children and adults with the decreasing incidence of cerebrospinal meningitis, except when it occurs in outbreaks among adults brought together for special reasons, e.g. in service training centres and, in earlier days, in ships and gaols.

3. Prospective studies among military recruits which showed that whereas only 1% of the total population at risk became clinically affected, 38.5 % of those lacking specific bactericidal antibody to the meningococcus.

4. Patients convalescent from meningococcal infection develop typical immunoglobulins and bactericidal antibodies  to the infecting strains.

It is clear, nevertheless, from the relatively low incidence of meningococcal infections in young children and their absence in the large proportion of adults lacking specific antibody that in most persons the first infection of the nasopharynx with a meningococcus leads to antibody production

without development of clinical disease. 

It is pos​sible that colonization with N. lactamica may contribute to such antibody production. Group-specific antibody is protective and this is the basis of the success of vaccination against meningococcal disease. Anti​bodies to outer-membrane proteins may also protect but the range of antigens involved in this particular effect and the part non-specific defence mechanisms play in preventing clinical disease is ill-understood. However, the complement system is important as shown by the recurrent attacks of meningococcal infections in complement-deficient subjects.

Apart from serious clinical disease, meningococci are found in purulent conjunctivitis and occa​sionally in monarticular purulent arthritis without any preceding evidence of septicaemic infection. Pneumonia, pericarditis and endocarditis are also unusual clinical manifestations.

Immunity.  There is a well-developed natural immunity in humans. Acquired  immunity is obtained not only as a result of the disease but also as the result of natural immunity developed during the meningococcal carrier state. In the course of the disease agglutinins, precipitins, opsonins, and complement-fixing antibodies are produced. Recurring infections are rare.

Prophylaxis is ensured by general sanitary procedures and epidemic control measures (early diagnosis, transference of patients to hospital) appropriate  sanitary measures in relation to carriers, quarantine children's institutions. Observance of hygiene in factories, institutions public premises, and lodgings, and prevention of crowded conditions are also obligatory. The  incidence of meningitis has grown recently. The disease follows a severe course and  sometimes  terminates in death.

Vaccination. Resistance to meningococcal infection is closely associated with the possession of bactericidal anti​bodies that may be maternal in origin or actively produced in response to carriage. The possibility of producing immunity by vaccination has been explored and has become a reality in that vaccines containing the pure group-specific capsular polysaccharide of meningococci of groups A, C, Y and W-135 are available and are good immunogens. For civilian purposes, a vaccine containing group A and C polysaccharides alone is adequate and is licensed in most countries in the world. Vaccines containing all four poly​saccharides are used in some countries for immu​nization of military recruits. The protection provided by the vaccine is group-specific and lasts for at least 3 years but does not prevent meningococcal carriage. Immunization is recom​mended for travel to parts of the world where epidemics due to group A or C meningococci are in progress or are to be expected. 

There is presently no vaccine available against group B meningococci, but this problem is undergoing urgent investigation.
6. GONOCOCCAL INFECTION
Gonococcus, Neisseria gonorrhoeae, is the causative agent of gonococcal infection, first of all – gonorrhoea.
       The name gonorrhoea derives from the Greek words gonos (seed) and rhoia (flow) and described a condition in which semen flowed from the male organ without erection. It became apparent that gonorrhoea was associated with sexual promis​cuity, one of the diseases celebrated by being named after the Roman goddess of love, Venus. Indeed, gonorrhoea is a classical venereal disease, being almost exclusively spread by sexual con​tact, having a short incubation period.

Pathogenesis.   N. gonorrhoeae is exclusively a human pathogen although chimpanzees have been infected artifi​cially. It is never found as a normal commensal although a proportion of those infected, partic​ularly women, may remain asymptomatic. These individuals may develop systemic or ascending infection at a later stage.
Patients with gonorrhoea are sources of the infection. The disease is transmitted via the genital organs and by articles of domestic use (diapers, sponges, towels, etc). The caus​ative agent enters the body via the urethral mucous membranes and, in women, via the urethra and cervix uteri. Gonorrhoea is accompanied by acute pyogenic inflammation of the urethra, cervix uteri, and glands in the lower genital tract. Often, however, the upper genito-urinary organs are also involved. Inflammations of the uterus, uterine tubes, and ovaries occur in women, vulvovaginitis occurs in girls, and inflammation of the seminal vesicles and prostata in men. The disease may assume a chronic course. From the cervix uteri the gonococci can pene​trate into the rectum. Gonococcus is responsible for gonorrhoeal conjunctivitis and blennorrhoea in adults and newborn infants.

The commonest clinical presentation of the disease is acute urethritis in the male a few days after unprotected vaginal or anal sexual intercourse. Dysuria and a purulent penile discharge make most sufferers seek treatment rapidly. A few men have relatively minor symptoms which may disappear rapidly. Truly asymptomatic infection is rare in the active male. Rectal and pharyngeal infection is less often symptomatic and may be discovered only after tracing contacts.

In women with vaginal infection, only half may have symptoms of discharge and dysuria. Most seek attention because of their partner's symp​toms, as part of contact tracing or screening of high-risk individuals. Asymptomatic carriage in women is common, especially in the endocervical canal. At menstruation or after instrumentation, particularly termination of pregnancy, gonococci ascend to the fallopian tubes to give rise to acute salpingitis, which may be followed by pelvic inflammatory disease and a high probability of sterility if inadequately treated. Peritoneal spread occasionally occurs and may produce a perihepatic inflammation. 
Some strains of N. gonorrhoeae spread more widely and give rise to disseminated gonococcal infection. Disseminated infection is seen more commonly in women who may present with painful joints, fever and a few septic skin lesions on their extre​mities. Rarely, disseminated gonococcal infection may present as gonococcal endocarditis or meningitis.
Gonococci and Trichomonas vaginalis are often found at the same time in sick females. The trichomonads contain (in the phagosomes) gonococci protected by mem​branes against the effect of therapeutic agents.

Babies born to infected women may suffer blennorrhoea (ophthalmia neonatoru), in which the eyes are coated with gonococci as the baby passes down the birth canal. A severe purulent eye discharge with peri-orbital oedema occurs within a few days of birth. If untreated, blennorrhoea will lead rapidly to blindness. This condition may be prevented in areas of high prevalence by the instillation of 1 % aqueous silver nitrate in the eyes of new-born babies.

In prepubertal girls, vulvovaginitis may be caused by gonococci. This occurs either in conditions of poor hygiene or by sexual abuse.
Endocarditis, meningitis, arthritis stomatitis, conjunctivitis, septicaemia are the extragenital gonococcal infections.  
Urethritis, similar on a clinical picture with gonococcal, can be caused staphylococci, E.coli and other microorganisms. Streptococci, Е. coli, chlamidia and other microorganisms can be the causative agents of blennorrhoea in 30 % of cases.

Immunity. The disease does not produce insusceptibility and there is no congenital immunity. Antibodies (agglutinins, precipitins, opsonins, and complement-fixing bodies) are present in patients' sera, but they do not protect the body from reinfection and recurrence of symptoms. Phagocytosis in gonorrhoea is incomplete. The phagocytic and humoral immunity produced in gonorrhoea is incapable of providing complete protection, so, in view of this fact, treatment includes measures which increase body reactivity. This is achieved by raising the patient's tem​perature artificially.

Treatment. Patients with gonorrhoea are prescribed antibiotics and sulphonamides of a pro​longed action. Injections of polyvalent vaccine and autovaccine as well as pyrotherapy (injection of prodigiozan and heterologous proteins) are applied in complicated cases.

Improper treatment renders the gonococci drug-resistant, and this may lead to the development of complications and to a chronic course of the disease.

Prophylaxis includes systematic precautions for establishing normal conditions of everyday and family life, health education and improve​ment of the general cultural and hygienic standards of the population. Gram-negative cocci

in the control of gonorrhoea great importance is assigned to early expo​sure of sources of infection and contacts and to successful treatment of patients.

The prevention of blennorrhoea is effected by introducing one or two drops ofa 2 per cent silver nitrate solution into the conjunctival sac of all newborn infants. In certain cases (in prematurely born infants) silver nitrate gives no positive result. Good results are obtained by introduc​ing two drops of a 3 per cent penicillin solution in oil into the conjuncti​val sac. The gonococci are killed in 15-30 minutes.

In spite of the use of effective antibiotics the incidence of gonorrhoea tends to be on the increase in all countries (Africa, America, South-Eas​tern Asia, Europe, etc.). The number of complications has also in​creased: gonococcal ophthalmia of newborn infants (blennorrhoea), vulvovaginitis in children, and inflammation of the pelvic organs (salpingitis) and sterility in women. The rise in the incidence of gonorrhoea is caused by social habits (prostitution, homosexualism, etc.), inefficient registration of individuals harboring the disease, deficient treatment, and the appearance of gonococci  resistant to the drugs used.

The WHO expert committee has recommended listing the gonococcal infection among infectious diseases with compulsory registration and making a profound study of the cause of the epidemic character of gonococcal diseases in certain African countries. Stricter blennorrhoea control measures, and elaboration of uniform criteria of clinical and laboratory diagnosis, and treatment of gonococcal infection and more efficient methods for determining the sensitivity of circulating gonococci to various drugs are also recommended by the com​mittee.

5. MATERIALS FOR ACTIVATION OF STUDENTS DURING LECTURE (QUESTIONS, TASKS, PROBLEM SITUATIONS ETC.).
QUESTIONS:

1. What study special microbiology?

2. Which factors of pathogenecity of microorganisms?

3. Methods of laboratory diagnostics of infections?
4. Types of treatment of infections?
5. Criteria of serological diagnosis?
Demonstration of the tables, questions during lecture for paying attention on the most important problems of lecture materials.
6. GENERAL AND METHODICAL SUPPORT OF LECTURE:  
                                          - Small and big anatomical auditoria;



                      - desk, pointer, projector;
                     - presentation;



                      - Illustration - tables.
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