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1. Pathogenic CLOSTRIDIA 
The pathogenic anaerobes belong to the family Bacillaceae, and genus Clostridium. This group includes the causative agents of tetanus, anaerobic infections, and botulism, and the members have a number of features in common. These organisms are large Grampositive bacilli which produce roundor oval-shaped terminal (the pathogen of tetanus), or subterminal (pathogens of anaerobic infection) spores in the external environment. The spores are often considerably wider than the bacillus cell. The majority of strains grows under anaerobic conditions and produce exotoxins. They are always present in the intestine of man and animals and are excreted in the faeces. The spores remain viable in soil, fresh and salt-water for long periods of time (for several years).

The causative agents of tetanus and anaerobic infections are present in the intestine of man and ruminants as commensals, but when they penetrate damaged tissues they produce severe and, not infrequently, fatal conditions.

2. Tetanus Clostridia

Morphology. The causative agent of tetanus (Clostridium tetani) is a thin motile rod, 2.4-5 mсm in length and 0.5-1.1 mcm in breadth. It has peritrichous flagellation. The organism produces round terminal spores which give it the appearance of a drumstick . Cl. tetani is nonsporeforming and Gram-positive.

Cultivation. The organisms are obligate anaerobes. They grow on sugar and blood agar at pH 7.0-7.9 and at a temperature of 37° and produce a pellicle with a compact center and thread-like outgrowths at the periphery. Sometimes a zone of haemolysis is produced around the colonies. Brain medium and bismuth-sulphite agar are blackened by Cl. tetani. Agar stab cultures resemble a fir-tree or a small brush and produce fragile colonies which have the appearance of tufts of cotton wool or clouds. A uniform turbidity is produced on Kitt-Tarozzi medium with liberation of gas and a peculiar odour as a result of proteolysis.

Toxin production. C. tetani produces an oxygen-labile haemolysin (tetanolysin), but the organism's neurotoxin (tetanospasmin) is the essential pathogenic product. Strains vary in their toxigenicity; some are fiercely toxigenic. Most strains produce demonstrable toxin after culture in broth for a few days.

Tetanospasmin has been separated as a pure crystalline protein with an estimated lethal dose for the mouse of 0.0001 mcg.. It is composed of a heavy chain and a light chain linked by a disulphide bond. It is toxic to man and various animals when injected parenterally, but it is not toxic by the oral route. When tetanus occurs naturally the tetanus bacilli stay at the site of the initial infection and are not generally invasive, but the toxin diffuses to affect the relevant level of the spinal cord (local tetanus) and then to affect the entire system (generalized tetanus). These stages, including the intermediate one of ‘tetanus ascendens, ascending tetanus’, are demonstrable in experimental animals, but the stages tend to merge in their clinical presentation in man.

 The toxin is absorbed from the site of its production in an infective focus and is transmitted to the central nervous system via motor nerves and apparently specifically by a motor fibres. However, some toxin may be delivered from an infectious focus via the blood to all nerves in the body and the subsequent transmission to the central nervous system depends upon uptake through neuromuscular nerve endings and intra-axonal transport. 

Thus, the tendency for the first signs of human tetanus to be in the head and neck is attributed to the shorter length of the cranial nerves. In fact, descending involvement of the nervous system is seen in man as the tetanus toxin takes longer to traverse the longer motor nerves and the toxin also diffuses in the spinal cord.

The toxin appears to act by interfering with the normal inhibition of motor impulses exercised by the upper motor neurone over the lower, producing an increase in tonus and tonic spasms. There is a presynaptic block of inhibitory transmission in the cord, with spastic paralysis of the affected muscles as a result of activation of both agonist and antagonist groups. 

The mode of action of the tetanus toxin is similar to that of enzymes which catalyse chemical reactions in the bodies of affected animals.

Antigenk structure. Cl. tetani is not serologically homogeneous and 10 serological variants have been recognized. All 10 variants produce the same exotoxin. The I, III, VI, and VII types exhibit a manifest specificity. The motile strains contain the H-antigen, and the non-motile strains contain only the 0-antigen. Variant specificity is associated with the H-antigen and group specificity with the 0-antigen.

Resistance. Vegetative cells of the tetanus organism withstand a temperature of 60-70 °C for 30 minutes and are destroyed quite rapidly by all commonly used disinfectants. The spores are very resistant, and survive in soil and on various objects over a long period of time and withstand boiling for 10-90 minutes or even, as with spores of certain strains, for 1-3 hours. The spores are killed by exposure to a 5 per cent phenol solution for 8-10 hours, and by a 1 per cent formalin solution, for 6 hours. Direct sunlight destroys them in 3-5 days.

Pathogenicity for animals. Horses and small cattle acquire the disease naturally, and many animals may act as carriers of Cl. tetani.
Among experimental animals, white mice, guinea pigs, rats, rabbits, and hamsters are susceptible to tetanus.

The disease in animals is manifested by tonic contractions of the striated muscles and lesions in the pyramid cells of the anterior cornua of the spinal cord. The extremities are the first to be involved in the process, the trunk being affected later (ascending tetanus).

Pathogenesis and disease in man. Healthy people and animals, who discharge the organisms in their faeces into the soil, are sources of the infection. Spores of Cl. tetani can be demonstrated in 50-80 per cent of examined soil specimens, and some soils contain the spores in all test samples (manured soil is particularly rich in spores). The spores may be spread in dust, carried into houses, and fall on clothes, underwear, footwear, and other objects.

The majority of tetanus cases in adults occur among farm workers, and more than 33 per cent of the total incidence of the disease is associated with children from 1 to 15 years old. In more than 50 per cent of cases tetanus is acquired as the result of wounds of the lower extremities inflicted by spades, nails, and stubbles during work in the orchard or in the field.

Cl. tetani may gain entrance into the body of a newborn infant through the umbilical cord and into a woman during childbirth, through the injured uterine mucosa.

The spores of clostridium transmitted in the vegetative forms at the site of  entry and produce exotoxin. In some cases tetanus is accompanied by bacteraemia.

Microbes and spores, washed-off from the toxin, normally produce no disease and are rapidly destroyed by phagocytes.

The toxin enters the blood and is thus distributed throughout the whole body, causing subsequent excitation of the peripheral nerve branches and the cells of the anterior cornua of the spinal cord.

Receptors situated in the neuromuscular apparatus play a significant role in the development of tetanus. Impulses sent out from these receptors give rise to a dominant excitation focus in the central nervous system. The effect of the toxin produces an increased reflex excitation of the motor centres, and this, in its turn, leads to the development of attacks of reflex tonic muscular spasms which may occur often in response to any stimuli coming from the external environment (light, sound, etc.).

The onset of the disease is characterized by persistent tonic muscular spasms at the site of penetration of the causative agent. This is followed by tonic spasms of the jaw muscles (trismus), face muscles (risus sardonicus), and occipital muscles. After this the muscles of the back (opisthotonus) and extremities are affected. Such is the development of the clinical picture of descending tetanus. The patient lies in bed, resting on his head and hips with his body bent forward like an arc. The death comes from an asphyxia and defeat of the vital centers.

The clinic of a tetanus is described by V.V.Veresayev in very impressive way in his famous “The doctor’s notes”.

“…Soon after the beginning of the clinical lessons in clinic of the senior courses was placed truck-farmer, falling ill a tetanus. We went to look him. There was a silence in a ward. The patient was the guy of giant height, dense and brawny, with sunburned face; all dripped with sweat, with lips distorted from a mad pain, he laid on the back, turning eyes; after the slightest noise, the bell of a tram in the street or a tap of the door below the patient began to curve slowly, his nape was taken back, the jaws convulsively dug into one another and teeth cracked from this and the terrible, long cramp of spinal muscles raised his body from bed; from the head wet stain of sweet diverged in all sides on a pillow. Two weeks ago the patient worked barefoot on a market-garden and got a splinter in the big toe of the leg; this trifling splinter had caused that I now saw.

Not only the fact that such torments exist was awful, even more awful was the fact that it is very easy to get them and how poorly the most healthy man is guaranteed against them. Two weeks ago everyone would envy the Herculean health of this truck-farmer…”

The death rate varies from 35 to 70 per cent, being 40 per cent. More than 50000 people die every year from tetanus in the world.

Immunity following tetanus is mainly antitoxic in character, and of low grade. Reinfections may occur.

Treatment. Intramuscular injections of large doses of antitoxic antitetanus serum are employed. The best result is produced by gamma-globulin obtained from the blood of humans immunized against tetanus. Antibacterial drugs (penicillin and metronidazole) are given for as long as considered necessary to ensure that bacterial growth and toxin production are stopped. The antitoxin and the antibiotics are given immediately, and preferably before surgical excision.

 Anticonvulsant therapy includes intramuscular injections of 25 per cent solutions of magnesium sulphate, administration of diplacine, condelphine, aminazine, pipolphen or andaxine and chloral hydrate introduced in enemas. 

Prophylaxis is ensured by prevention of occupational injuries and traumas in everyday life.

Active immunization is achieved with tetanus toxoid.

The pertussis-diphtheria-tetanus (APDT) vaccine and associated diphtheria-tetanus toxoid (ADT) are employed for specific tetanus prophylaxis in children. Immunization is carried out among all children from 3 months to 12 years of age, individuals living in certain rural regions (in the presence of epidemiological indications), construction workers, persons working at timber, water supply, cleansing and sanitation, and peat enterprises, and railway transport workers. Revaccinations are made everyone 8 - 10 years.
Immunization with tetanus toxoid stimulates the production of sufficient amounts of antitoxin. Immunity lasts for a period of 2 or 3 years.

The complex of prophylactic measures after traumas includes adequate surgical treatment of wounds and active (preimmunized persons, 2.0 ml of toxoid) or active and passive (unimmunized, 0.5 ml of toxoid + 3000 international units of antitetanic antitoxic serum) immunization.

Injection of the total dose of antitoxin is preceded by an intracutaneous test for body sensitivity to horse protein. This is carried out by introducing 0.1 ml of horse serum, previously diluted 1 :100, into the front part of the forearm. If the intracutaneous test proves negative, 0.1 ml of whole antitoxin is injected subcutaneously and if no reaction is produced in 30 minutes, the total immunization dose is introduced.

Laboratory diagnosis is usually not carried out because clinical symptoms of the disease are self-evident. Objects of epidemiological significance (soil, dust, dressings, preparations used for parenteral injections) are examined systematically.

3. Clostridia Responsible for gas gangrene

Anaerobic infections (gas gangrene) are polybacterial. They are caused by several species of clostridia in association with various aerobic and anaerobic microorganisms.

The organisms responsible for anaerobic infections are: (1) Cl. perfringens, (2) Cl. novyi (Cl. oedematiens), (3) Cl. septicum, (4) Cl. histolyticum, and (5) Cl. sordelli.
Cl. fallax and Cl. sporogenes are pathogenic for animals.

Cl. aerofoetidum and Cl. tertium are non-pathogenic organisms which have significance in the pathogenesis of anaerobic infections only in association with pathogenic bacteria.

Diseases may be caused by any one of the first four species mentioned above pathogens of anaerobic infection but usually several members of a parasitocoenosis acting in a particular combination are responsible for them. The less pathogenic and non-pathogenic species cannot be responsible for anaerobic infections by themselves, but they cause tissue destruction, lower the oxidation-reduction potential, and thus create favourable conditions for the growth of pathogenic species.

Clostridium perfringens. 

This organism occurs as a commensal in the intestine of man and animals. Outside of the host's body it survives for years in the form of spores. It is almost always found in the soil. The organism was isolated from 70-80 per cent of anaerobic infection cases during World War I, and from 91-100 per cent of cases during World War II.

Morphology. Cl. perfringens is a thick pleomorphous non-motile rod with rounded ends 3-9 mcm in length and 0.9-1.3 mcm in breadth. In the body of man and animals it is capsulated, and in nature it produces an oval, central or subterminal spore which is wider than the vegetative cell. Cl. perfringens stains readily with all aniline dyes and is Gram-positive but in old cultures it is usually Gram-negative.

Cultivation. Cl. perfringens is less anaerobic than the other causative agents of anaerobic infections. It grows on all nutrient media which are used for cultivation of anaerobes. A uniform turbidity and large volumes of gas are produced in cultures grown on Kitt-Tarozzi medium. The colonies resemble discs or lentils deep in agar stab cultures. On blood agar containing glucose smooth disclike grey colonies are formed, with smooth edges and a raised centre.

Toxin production. The organism produces a toxin which has a complex chemical structure (lethal toxin, haemotoxin, neurotoxin, and necrotic toxin). It also produces lecithinase C which possesses enzymatic properties and splits lecithin into phosphorylcholine and diglyceride. Lecithinase is identified with alpha-toxin. In addition Cl. perjringens produces proteinase, fibrinolysin, collagenase, hyaluronidase, gelatinase, and desoxyribonuclease. Lecithinase C acts as digestant enzyme in human intestine.

Due to such a complex of toxic substances and enzymes Cl. perfringens is capable of causing rapid and complete necrosis of muscular tissue. This process is the result of a combined effect of lecithinase, collagenase, and hyaluronidase on the muscles. Collagenase and hyaluronidase destroy the connective tissue of the muscles, and lecithinase C splits lecithin, a component in the muscle fibre membranes. Haemolysis in anaerobic infection is due to the effect of lecithinase on lecithin of the erythrocyte stroma. The death comes from rapidly developing asphyxia which is the result of intensive erythrocyte destruction and disturbance of the nerve centres.

Antigenic structure and classification. Six variants of Cl. perfringens
are distinguished: A, B, C, D, E, and F. These variants are differentiated by their serological properties and specific toxins.

Variant A is commonly found as a commensal in the human intestine, but it produces anaerobic infections when it penetrates into the body by the parenteral route. Variant B is responsible for dysentery in lambs and other animals. Variant C causes haemorrhagic enterotoxaemia in sheep, goats, sucking pigs, and calves. Variant D is the cause of infectious enterotoxaemia in man and animals, and variant E causes enterotoxaemia in lambs and calves. Variant F is responsible for human necrotic enteritis.

Resistance. The spores withstand boiling for period of 8 to 90 minutes. The vegetative forms are most susceptible to hydrogen peroxide, silver ammonia, and phenol in concentrations commonly employed for disinfection.

Pathogenicity for animals. Among laboratory animals, guinea pigs, rabbits, pigeons, and mice are most susceptible to infection. Postmortem examination of infected animals reveals oedema and tissue necrosis with gas accumulation at the site of penetration of the organism. Most frequently clostridia are found in the blood.

Clostridium novyi (Cl. oedematiens)  ranks second among the causative agents of anaerobic infections. Soil examination reveals the presence of the organism in 64 per cent of the cases.

Morphology. Cl. novyi is a large pleomorphous rod with rounded ends, 4.7-22.5 mcm in length and 1.4-2.5 mcm in width, and occurs often m short chains. The organism is motile, peritrichous, and may possess as many as 20 flagella. It forms oval, normally subtermmal spores in the external environment. In the body of man and animals it is non-capsulated. The organism is Gram-positive. 

Cultivation. Cl. noyvi is the strictest of the anaerobes. Growth on Kitt-Tarozzi medium is accompanied by gas accumulation, precipitation, and clearance of the medium. On sugar-blood agar the colonies are rough, raised in the centre, and have fringed edges surrounded by zones of haemolysis. In agar stab cultures the organisms produce ftocculent colonies with a dense centre from which thin filaments grow outwards.

Classification and toxin production. Cl. novyi is differentiated into four serovars A. B, C and D. Variant A is responsible for anaerobic infections in man, and type B causes infectious hepatitis, known as the black disease of sheep. Variant C produces bacillary osteomyelitis in buffaloes, and variant D is responsible for haemoglobinuria in calves.

Type A produces an a-toxin, which is lethal and necrotizing and causes gelatinous oedema at the site of inoculation, a lecithinase which is necrotizing and haemolytic, a haemolysin and a lipase. Types B, C and D cause diseases in animals. Type D is one of the strictest of all anaerobes.

Resistance. Spores survive in nature for a period of 20-25 years without losing their virulence. Direct sunlight kills them in 24 hours, boiling destroys them in 10-15 minutes. Spores withstand exposure to a 3 per cent formalin solution for 10 minutes. 

Pathogenfcity for animals. Cl. novyi causes necrotic hepatitis (black disease) in sheep. In association with non-pathogenic clostridia it produces bradsot (malignant oedema of sheep) - acute haemorrhagic inflammation of the mucous membranes of the true stomach and duodenum, attended with formation of gases in the alimentary canal and necrotic lesions in the liver) and haemoglobinuria in calves.

A subcutaneous injection of the culture into rabbits, white mice, guinea pigs, and pigeons results in a jelly-like oedema usually without the formation of gas bubbles. Postmortem examination displays slight changes in the muscles; the oedematous tissues are pallid or slightly hyperaemic.

Clostridium septicum is found in 8 per cent of examined soil specimens

In 1881 R. Koch proved the organism to be responsible for malignant oedema..

Morphology. The clostridia are pleomorphous and may be from 3 -14 mcm long and from 1.1-1.6 mcm thick; filamentous forms, measuring up to 50 mcm in length, also occur. The organisms are motile, peritrichous, and produce no capsules in the animal body. The spores are central or subterminal. The clostridia are Gram-positive but Gram-negative organisms occur in old cultures.

Cultivation. Cl. septicum are strict anaerobes. The organisms grow readily in meat-peptone broth and meat-peptone agar to which 0,5 per cent glucose has been added. On glucose-blood agar they produce a continuous thin film of intricately interwoven filaments lying against a background of haemolysed medium. In agar stab cultures the colonies resemble balls of wool. In broth a uniform turbidity is produced, and an abundant loose, whitish, and mucilaginous precipitate later develops.

Toxin production. Cl. septicum produces a lethal exotoxin, necrotic toxin, haemotoxin, hyaluronidase, desoxyribonuclease, and collagenase. The organism haemolyses human, horse, sheep, rabbit, and guinea pig erythrocytes.

Antigenic structure. On the basis of the agglutination reaction, serovars of Cl. septicum can be distinguished, which produce identical toxins, the differential properties being associated with the structure of the H-antigen. 

Resistance is similar to that of Cl. novyi.
Pathogenicity for animals. Among domestic animals horses, sheep, pigs, and cattle may contract the disease. Infected guinea pigs die in 18-48 hours. Postmortem examination reveals crepitant haemorrhagic oedema and congested internal organs. Long curved filaments which consist of clostridia are found in impression smears of microscopical sections of the liver.

Clostridium histolyticum  poduces collagenase, fibrinolysin, a proteolytic enzyme, which causes lysis of the tissues in the infected body. An intravenous injection of the exotoxin into an animal is followed shortly by death. The fact that the organisms are pathogenic for man has not met with general acceptance in the recent years. The organism's responsibility for anaerobic infections during World War II was insignificant.

Pathogenesis and diseases in man. Anaerobic infections are characterized by a varied clinical picture, depending on a number of factors. These include the number of pathogenic anaerobic species and their concomitant microflora, i. e. non-pathogenic or conditionally pathogenic anaerobes and aerobes which occur in particular association reflecting the complex process of parasitocoenosis. The type of wound and the immunobiological condition of the body are also among the factors.

The causative agents of anaerobic infections require certain conditions for their development after they have gained entrance into the body, i. e. favourable medium (the presence of dead or injured tissues) and a low oxidation-reduction potential (state of anaerobiosis) which arises due to the presence of necrotized cells of the affected tissues and aerobic microflora. Later the pathogenic anaerobes cause the necrosis of the healthy tissues themselves.

This process develops particularly intensively in the muscles owing to the fact that they contain large amounts of glycogen which serves as a favourable medium for pathogenic anaerobes responsible for anaerobic infections. Oedema is produced during the first phase of the infection, and gangrene of the muscles and connective tissue, during the second phase.

The exotoxins which are produced by clostridia anaerobic infections exert not only a local effect, causing destruction of muscular and connective tissues, but affect the entire body. This results in severe toxaemia. The body is attacked also by toxic substances produced by the decaying tissues.

As a result of the vasoconstrictive effect of the toxins, development of oedema, and gas formation, the skin becomes pale and glistening at first and bronze-coloured later. The temperature of the affected tissues is always lower than that of the healthy areas. Deep changes occur in the subcutaneous cellular, muscle, and connective tissues, and degenerative changes take place in the internal organs.

 Investigations have shown that exotoxins produced by the causative agents of anaerobic infections possess potentiation activity.

The organisms themselves play an essential part in the pathogenesis of anaerobic infections owing to their high invasive activity. An extremely important role in the development of the disease is attributed to the reactivity state of the macro-organism (trauma, concomitant diseases, etc.).

Ingestion of food (sheep's milk cheese, milk, curds, sausages, cod, etc.) contaminated abundantly with Cl. perfringens results in toxinfections and intoxications. These conditions are characterized by a short incubation period (from 2 to 6 hours), vomiting, diarrhoea, headache, chills, heart failure, and cramps in the gastrocnemius muscle; the body temperature may either be normal or elevated to 38° C.

Immunity. The immunity produced by anaerobic infections is associated mainly with the presence of antitoxins which act against the most commonly occurring causative agents of the wound infection. For example, Cl. perfringens loses its lecithinase activity completely in the presence of a sufficient amount of antitoxin against its alpha-toxin.

The toxin-antitoxin reaction depends to a great extent on the presence of lecithin which acts as substratum for toxin activity. The antitoxin cannot neutralize lecithinase if the former is added at certain periods of time after the toxin had been in the presence of lecithin, the reaction being simply somewhat delayed in such cases. A definite role is played by the antibacterial factor, since the existence of bacteraemia in the pathogenesis of anaerobic infections has been shown.

Laboratory diagnosis. Material selected for examination includes pieces of affected and necrotic tissues, oedematous fluid, dressings, surgical silk, catgut, clothes, soil, etc. The specimens are examined in stages:

(1) microscopic examination of the wound discharge for the presence of C/. perfringens,
(2) isolation of the pure culture and its identification according to the morphological characteristics of clostridia, capsule production, motility, milk coagulation, growth on iron-sulphite agar, gelatin liquefaction, and fermentation of carbohydrates;

(3) inoculation of white mice with broth culture filtrates or patient's blood for toxin detection;

(4) performance of the antitoxin-toxin neutralization reaction on white mice (a rapid diagnostic method).

Treatment and prophylaxis comprise the following procedures:

(1) surgical treatment of wounds; (2) early prophylactic injection of a polyvalent purified and concentrated antitoxin 'Diaferm 3' in a dose of 10000 units against Cl. perfringens, Cl. novyi, Cl. septicum. For treatment the doses of antitoxin are increased five-fold; (3) use of antibiotics (streptomycin, penicillin, chlortetracycline, and gramicidin), sulphonamides, anaerobic bacteriophages, diphage, antistaphylococcal plasma and antistaphylococcal gamma globulin. In a number of cases treatment with antitoxin alone does not give the desired effect, while the combined use of antitoxin and antibiotics significantly lowers the mortality rate.

Transfusion of blood, oxygen therapy, administration of inhibitors of proteolytic enzymes and biologically active preparations which normalize metabolism are auxiliary therapeutic measures.

Problems concerning specific active prophylaxis are being studied.

4. Сlostridia responsible for botulism

The causative agent of botulism (L. botulus sausage, botulism poisoning by sausage toxin), Clostridium botulinum, was discovered in Holland in 1896 by E. van Ermengem. The organism was isolated from ham which had been the source of infection of 34 people and from the intestine and spleen on postmortem examination. In Western Europe botulism was due to ingestion of sausages, while in America it was caused by canned vegetables, and in Russia, by ingestion of red fish and mushrooms of home preservation.
Morphology. Cl. botulinum is a large pleomorphous rod with rounded ends, 4.4-8.6 mcm in length and 0.3-1.3 mcm in breadth. The organism sometimes occurs in short forms or long threads. Cl. botulinum is slightly motile and produces from 4 to 30 flagella per cell. In the external environment Cl. botulinum produces oval terminal or subterminal spores which give them the appearance of tennis rackets. The organisms are Gram-positive.

Cultivation. Cl. botulinum are strict anaerobes. The optimal growth temperature for serovars A, B, C, and D is 30-40 °C, for serovar E 25-37 °C, for serovar G 30-37 °C. They grow on all ordinary media at pH 7.3-7.6. Cultivation is best on minced meat or brain which the organisms turn darker. The cultures have an odour of rancid butter.

On Zeissler's sugar-blood agar irregular colonies are produced which possess filaments or thin thread-like outgrowths. The colonies are surrounded by a zone of haemolysis.

In agar stab cultures the colonies resemble balls of cotton wool or compact clusters with thread-like filaments.

On gelatin the organisms form round translucent colonies surrounded by small areas of liquefaction. Later the colonies turn turbid, brownish, and produce thorn-like filaments.

In liver broth (Kitt-Tarozzi medium) turbidity is produced at first, but a compact precipitate forms later, and the fluid clears.

Fermentative properties. Cl. botulinum (serovars A and B) are proteolytic organisms, and decompose pieces of tissues and egg albumin in fluid medium. The organisms liquefy gelatin, produce hydrogen sulphide. Milk is peptonized with gas formation. Glucose, levulose, maltose, and glycerin are fermented, with acid and gas formation.

Toxin production. Cl. botulinum produces an extremely potent exotoxin. The toxin is produced in cultures and foodstuffs (meat, fish, and vegetables) under favourable conditions in the body of man and animals.

Multiplication of the organism and toxin accumulation are inhibited in the presence of a 6-8 per cent concentration of common salt or in media with an acid reaction. Heating at 90° C for 40 minutes or boiling for 10 minutes destroys the toxin.

The toxin produced by Cl. botulinum, as distinct from the tetanus and diphtheria toxins, withstands exposure to gastric juice and is absorbed intact. The exotoxin of serovar E  is activated by trypsin, therefore its biological activity grows many times over in an intestine. 
 1 mg of purified toxin produced by serovar A Cl. botulinum contains 10-100 000 000 Dlm for white mice. The toxin has been obtained in crystalline form and is the most potent of all toxins known to date. The botulinum toxin is a globulin and does not change on recrystallization. 

Antigenic structure and classification. Seven serovars of Cl. botulinum are known: A, B, C, D, E, F, and G, serovars A, B, and F being the most toxic. Each of the serovars is characterized by specific immunogenicity and is neutralized by the corresponding antitoxin. The O-antigen is common to all variants.

Resistance. The vegetative forms of the organisms are killed in 30 minutes at 80° C, while the spores withstand boiling for periods from 90 minutes to 6 hours and survive 115°C for 5-40 minutes and 120°C, for 3-22 minutes. Spores remain viable in large pieces of meat and in large cans even after autoclaving for 15 minutes at 120°C. In 5 per cent phenol solutions they survive for up to 24 hours and in cultures they may live for a year.

Pathogenicity for animals. Horses, cattle, minks, birds, and among the laboratory animals, guinea pigs, white mice, cats, rabbits, and dogs are susceptible to the botulinum toxin.

Pathogenesis and disease in man. Botulism is contracted by ingesting meat products, canned vegetables, sausages, ham, salted and smoked fish (red fish more frequently), canned fish, chicken and duck flesh, and other products contaminated with Cl. botulinum. The organisms enter the soil in the faeces of animals (horses, cattle, minks, and domestic and wild birds) and fish and survive there as spores.

Natural diseases of botulism among ducks and other wild birds has been ascertained. Extremely widespread epizootics occur in the western regions of Canada, in Uruguay, and in the USA.  

Natural foci develop in territories where there are stagnant reservoirs rich in vegetable debris which provides favourable conditions for anaerobrosis in warm weather. Intensive processes of decay are accompanied with oxygen uptake which contributes to the growth of serovar C botulism clostridia and production of high concentrations of the exotoxin in the water and alkaline mud in swamps. Besides birds, muskrats and frogs may also contract botulism. Migrating birds spread the causative agent of botulism from the natural foci during their flights.

Cl. bolulinum spores occur both in cultivated and virgin soil. They were isolated from 70 per cent of examined soil samples in California, and from 40 per cent of samples in the Northern Caucasus. Spores have been isolated from littoral soil at the Sea of Azov, sea water, and silt They have also been found on the surface of vegetables and fruit, in the intestine of healthy animals, in 5.4 per cent of cases in the guts of fresh red fish (sturgeon, beluga, etc.), and in 15-20 per cent of cases in the guts and in 20 per cent of cases in the tissues of dead fish.

The infectious condition is caused by the exotoxin which is absorbed in the intestine, from where it invades the blood, and affects the medulla oblongata nuclei, cardiovascular system, and muscles. It has been ascertained that Cl. botulinum may enter the body through wounds. In the past botulism was considered to be only of a toxic nature. Recent investigations have proved the Cl. botulinum to be present in various organs of individuals who have died from botulism. Therefore, this disease is a toxinfection. The incubation period in botulism varies from 2 hours to 10 days, its usual duration is 18 to 24 hours.

Botulism symptoms include dizziness, headache, and, sometimes, vomiting. Paralysis of the eye muscles, accommodation disturbances, dilatation of the pupils, and double vision occur. Difficulty in swallowing, aphonia, and deafness also arise. The death rate is very high (40-60 per cent).

Immunity. The disease does not leave a stable anti-infectious immunity (antitoxic and antibacterial).

Laboratory diagnosis. Remains of food which caused poisoning, blood, urine, vomit, faeces, and lavage waters are examined. Postmortem examination of stomach contents, portions of the small and large intestine, lymph nodes, and the brain and spinal cord is carried out.

The test specimens are inoculated into Kitt-Tarozzi medium which has previously been held at 100'C for 10-20 minutes. To free the cultures from foreign non-sporeforming microflora, 50 per cent of the test tubes containing the inoculated medium is heated at 80" C for 20 minutes and then incubated in anaerobic conditions. The isolated pure culture is identified by its cultural, biochemical, and toxigenic properties.

For toxin detection a broth culture filtrate, patient's blood or urine, or extracts of food remains, are injected subcutaneously or mtraperitoneally into guinea pigs, white mice, or cats. One of the control animals is infected with unheated material, while the other animal is injected with the heated specimen. In addition, 3 laboratory animals are given injections of the filtrate together with serovar A antitoxin, with serovar B antitoxin, and with serovar E antitoxin.

The indirect haemagglutination reaction and determination of toxin by the Minervin’s method of the phagocytic index are also performed. 

A rapid method of detection of serovar A, B, C, D, and E toxins in water has been developed in which the toxin is absorbed by talc and a suspension of the talc and toxin is injected into the animals.

Treatment The stomach is lavaged with potassium permanganate or soda solutions. Polyvalent botulinum antitoxin is injected intramuscularly (intravenously or into the spinal canal) in doses of 10 000 IU (serovars A, C, and E) and 5000 IU (serovar B). If there is no improvement, the injection is repeated at the same dosage within 5-10 hours. All individuals who had used food which caused even a single case of food poisoning are given 1000-2000 IU of antitoxin as a preventive measure. Simultaneously with the antitoxin, 0.5 ml of each serovar of botulinum toxoid is injected three times at intervals of 3-5 days, for production of active immunity. Penicillin and tetracycline are recommended.

General measures include subcutaneous injections of saline and glucose solutions. Camphor, caffeine, vitamin C, and thiamine are prescribed if necessary. Strychnine is given 2-3 times a day as a stimulant.

Prophylaxis. Proper organization of food processing technology at food factories, meat, fish, and vegetable canning in particular, and preparation of smoked and salted fish and sausages is essential for the prevention of botulism. Home-preserved fish products (smoked and salted) as well as canned mushrooms and canned vegetables of a low acid content (cucumbers, peppers, eggplant), stewed apricots, etc. are very dangerous since they are usually prepared without observance of sanitary rules.

Fish should be gutted after being caught, and placed in the refrigerator. The established temperature regimen must be observed during transportation, and the fish must be protected from pollution with soil and bowel contents. Vegetables must be washed thoroughly. The cooking of meat and fish in small pieces is recommended. Foodstuffs (ham, fish) should not be stored in large hunks and in many layers. The -weight of a canned product should not exceed 0.5 kg. Cl. botulinum which have withstood sterilization cause swelling of the can lids. The contents of such cans have an odour of rancid butter. Such canned goods must not be put on the market and must be withdrawn and thoroughly examined. Fish must be salted in strong salt solutions (brine) with a minimal concentration of 10 per cent. Canned goods must be stored in a cool place.

Active immunization of man, horses, and cows with the toxoid is recommended by many authors in view of Cl. botulinum being widespread in nature.

Botulism occurrence in the Ukraine is extremely rare as a result of continuous improvement of the standard of living of the population, and of technological methods in food processing and canning industries, observance of the rules of hygiene and strict state and sanitary control of the production, storage, and sale of foodstuffs.

5. Works of the fellow workers of departament of microbiology, virology and immunology of the Odessa state medical university on a problem of   clostridiOSES pathogenesis
At study of clostridioses, which etiology quite often is polymicrobial, it is necessary to specify the essential contribution of the fellow workers of our departament under the prof. S. Minervin’s direction in development of many questions of a pathogenesis of a tetanus, gaseous anaerobic infection and botulism.
Tetanus.

It’s known, that tetanus bacillus often associates with different microorganisms because infection occurs on different injuries. But meaning of associated microbs in pathogenesis of tetanus toxoinfection is not studied enough. It’s known, that presence of the microbs’ associations in the wound causes bigger percentage of lethality, than on tetanus infection. Problems of hard development of tetanus intoxication on association of tetanus bacillus and other microorganisms were studied by O.A.Kirilenko under leadership of S.M.Minervin.


It had been shown in experiments with animals, that tetanus toxin with staphylococcal toxin, toxins of  E.coli and Proteus cause death of the animals. This effect was much more stronger, than presupposed effect. Increasing of tetanus intoxication isn’t caused by activation of tetanotoxin, but if the result of potentiating of lethal action.


Authors established, that injection of tetanus toxin with sublethal dose of staphylococcal toxin causes increasing of permeability of histohematic barriers and cellular membranes for tetanospasmin under influence of staphylococcal intoxication. Increased quantity of marked tetanospasmin was found in muscles of thigh and calf of experimental animals, in cardiac muscle and brain.


Authors established, that local and general staphylococcal intoxication causes quick penetrating of tetanotoxin in muscles and brain and fixation of tetanus toxin in these tissues. Possibly, the same mechanism of potentiated action takes place on combined injection of tetanotoxin with toxins of colon bacillus and proteus bacillus.


Taking this data into account, O.A.Kirilenko thinks, that specific therapy, antibiotic therapy and chemotherapy of pyogenic wound infection are very importent for integrated therapy of tetanus.


This data helped to know some mechanisms of potentiated action of studied mixtures of toxins. It helped to make important recomendations for therapy of associated tetanus infection.

Gaseous anaerobic infection.

Minervin S.M. (1956) suggest that perhaps more severe course of diseases of toxicoinfectious nature caused by obligate agents in association with attendant microbes is connected with combined action of the toxins and the products of metabolism of microbes-associates.

Death of white mice in case of simultaneous injection of 1/2 DLM of the culture of Cl. perfingens and the filtrate of the culture of E. coli and also the fact of the strengthening of production of lecitinase and hyaluronidase in case of  cultivation of Cl. perfingens together with E. coli, proteus and staphylococc was demonstrated by Minervin S.M. and Tchervyakova K.I. (1951). Levenshtam M.A. demonstrated (1956-1960) that joint action of toxins of Cl. perfingens and staphylococc is displayed in the strengthening of hemolytic, lecitinase and lethal qualities. Hemolytic properties of Cl. perfingens’ toxin were strengthened by the toxin of Cl. sordelii (Jac S.P., 1956; Tselukh A.V., 1959). Dumkina N.V. (1960) and Donets Y.I. (1962) observed the strengthening of hemolytic and lethal action of the mixture of Cl. perfingens’ toxin and the centrifugate of the broth culture of proteus. It is very interesting that specific antitoxic serum against the toxin of Cl. perfingens did not have the preventive effect in case of the action of the mixture (Dumkina N.V., Donets Y.I., 1962). 

Hemolytic, lethal and lecitinase properties of Cl. perfingens were strengthened under the effect of O-streptolysin (Tselukh A.V., Viron S.M.,1963; Ovchinnikov V.I., Tselukh A.V., 1968). The fact of the strengthening of hemolytic activity of Cl. perfingens’ toxin by the products of metabolism of Cl. sporogenes was described (Jac S.P., 1956, 1960; Jac S.P., Dacenko M.F., 1968).  Jac S.P. demonstrated (1956-1960) that joint action of toxins of Cl. perfingens, Cl. oedematiens and Cl. septicum was displayed in the strengthening of hemolytic properties. The lethal effect, lecitinase and hyaluronidase activity were also strengthened (Jac S.P., 1967; Jac S.P., Dacenko M.F., 1967).

In the centers of defeat in case of experimental gas gangrene caused by Cl. perfingens together with Cl. oedematiens or Cl. septicum, the fibrinolytic activity of the extracts from defeated organs and tissues was more than in case of monoinfection (Jac S.P., Mickevich A.I., Stefan E.E., 1969).

The indicated data testify that pathogenetic (lethal, lecitinase, hemolytic and other)  properties  of  the  toxin of  the  main  pathogen  of  gas  anaerobic infection Cl. perfingens amplified under the influence of toxins of other pathgens of this disease, and also the products of metabolism of microorganisms, which are the participants of microbe associations in case of anaerobic infection. 

Thus, burdening of the clinical course of gas anaerobic infection in case of presence in wounds microbe associations can be explained by strengthening of toxic properties of the main activator under the influence of toxins and products of metabolism of microbes-associantes.

The experimental researches on the clarification of possible mechanisms of joint action of toxins of activators of gas anaerobic infection with the products of metabolism of nonpathogenic clostridia which, on the data of the literature, are the participants of associations in case of gas anaerobic infection.

During the experiments on the experimental animals for the first time was shown that the products of metabolism of Cl. butyricum, Cl. aerofoetidum, Cl. putrificum, Cl. paraputrificum, Cl. sphenoides which do not have independent toxicity strengthen the lethal effect of Cl. perfingens’ toxin. Hemolytic action of Cl. perfingens’ toxin was also strengthened by the products of metabolism of indicated nonpathogenic clostridia (Tselukh A.V., 1967-76; Tselukh A.V., Minervin S.M., Taranenko A.P., 1968). The data that strengthening of hemolytic effect of Cl. perfingens’ toxins is caused by the influence of thermostable lowmolecular fraction of the filtrate of broth culture of Cl. butyricum and one of the mechanism of strengthening of hemolytic properties of toxin is the action of the products of metabolism on the membrane of erythrocytes which is displayed in the lowing of their osmotic resistance is important (Celukh A.V., Protchenko P.Z., Sinicina L.A., Meleshko M.G., 1976).

In the development of infectious process and other pathologic conditions, according to the literature’s data, big importance is spared to participation in it lysosome’s enzymes, which are the specialized system, which carry out define processes in the cell’s metabolism. The increase of the ability of different substances to penetrate through the lysosome’s membrane is the result of the action of different exogenic factors, including the toxins of microbe origin. During the experiments in vitro and in vivo is shown that the filtrate of broth culture of Cl. butyricum strengthen the action of Cl. perfingens’ toxin on the membrane of lysosomes which was displayed by the increasing of the activity of marking enzyme which is the acid phosphatase (Tselukh A.V., Levicky A.P., 1979; Tselukh A.V., Levitcky A.P., Stefan E.E., 1980).

During the experiments on the animals was determined that in case of intoxication caused by Cl. perfingens’ toxin and the mixture of toxin with the products of metabolism of Cl. butyricum phase changes of microcirculation take place. Firm disturbances of microcirculation under the influence of the mixture of toxin with the products of metabolism of Cl. butyricum arose earlier than under the influence of one toxin (Tselukh A.V., Donskih E.A., Stefan E.E., Stikhno Y.M., 1977).

The clinical and experimental data of many scientists testify that in case of gas anaerobic infection various structures and dIvisions of central nervous system are defeated. The clinical observations testify that the highest vegetative departments of CNS are involved in the process. The researches with the aim to study the changes of functional condition of the cortex of the brain of experimental animals in case of intoxication caused by Cl. perfringens’ toxins and the mixture of toxin together with the products of metabolism of Cl. butyricum and the clarification of the mechanism of the toxin’s action on the CNS. This researches were carrying out on the chair of pathological physiology (the head of the chair professor Makulkin R.F.) with the consultation of academician Kryzanovsky G.N. Electrophysiological researches have shown that in case of intoxication caused by Cl. perfingens’ toxin phase changes of electrical activity of the cortex of the brain of experimental animals: the phase of desinchronization and the phase of depression (Tselukh A.V., Makulkin R.F., Kryzanovsky G.N., 1976).

In case of joint action of toxin and the filtrate of broth culture of Cl. butyricum desynchronization of the electrical activity of the brain’s cortex and the following its depression begin earlier than in case of isolated injection of one toxin (Tselukh A.V., Makulkin R.F., Kryzanovsky G.N., 1976). The desynchronization of the electrical activity of the brain’s cortex in case of intoxication caused by Cl. perfingens’ toxin begin as the result of involving into the pathologic process the reticular formation of the brain’s trunk. It can be proved by the fact of the absence of desynchronization in case of the midbrain’s cutting and on the background of aminazine’s action (Tselukh A.V., Makulkin R.F., Shandra A.A., 1977). The determined pathogenic effects of Cl. perfingens’ toxin and the strengthening of this effects by the products of metabolism of nonpathogenic clostridia on the lethal test, on the effect on erythrocytes, lysosome apparatus, microcirculation and on the data of changes in the functional condition of the activity of cerebral cortex of experimental animals testify that the targets of toxin can be many very important organs and tissues. This fact allowed to make important in the practical sense conclusion that gas anaerobic infection has polysystem nature. (Tselukh A.V., 1976).

The idea about polysystem character of gas anaerobic infection serves as the basis for the development of complex pathogenetic therapy of this disease. This approach was necessary because in spite of the effectiveness of using gangrenous toxoids and antitoxic sera with the preventive aim and also in the combination with oxygen under the pressure for the treratment the therapy of gas anaerobic infection by antitoxic sera does not achieve the aim. Basing on the modern data about the pathogenesis of gas anaerobic infection and polysystem character of this disease methodical recommendations (1981) on complex therapy of the patients with anaerobic infection were elaborated by Celukh A.V., Karaman N.V., Kryzanovsky G.N. and Docenko A.P. Complex pathogenetic therapy: surgical treatment, antibacterial, transfuse and infuse therapy,  the treatment by antigangrenous sera and other medicaments, which correct the functioning of various organs and systems, which are involved in the pathologic process is foreseen in the methodical recommendations.

It is known that toxins of main causative agents of gas anaerobic infection on their structure are very complicated and contain different components many of which are enzymes and have corresponding specific action.

The comparing study of leucotoxic, hemolytic and lecitinase activity of toxins of the main activators of gas anaerobic infection was carried out by Sitnik I.A. (1957-1969). The author demonstrated that 4-days filtrates of broth cultures of the activators of gas anaerobic infection have maximal leucotoxic action. As a rule hemotoxins and licitinase in the studied filtrates do not determined to this time. Basing on this data Sitnik I.A. supposed that leucotoxins and hemotoxins are the independent substances. In the experiments with using the ionexchanging chromatography 3 fractions of Cl. perfingens’ toxin which have leucotoxic activity and 2 of which do not have lethal and lecitinase activity were found (Golovatiuk A.L., 1974; Tselukh A.V., Protchenko P.Z., Golovatiuk A.L., 1976).

Botulism.


Prof. S.M.Minervin had shown, that botulism was toxicoinfection, but nobody knew cause, which caused reproduction of Cl. botulinum in organism. S.P.Yak and K.I.Chervyakova (1956) studied phagocytosis on botulism. They established that toxin of botulism “in vitro” and “in vivo” suppressed phagocytic function of leukocytes. Antitoxic serum can restore phagocytic function of leukocytes, even if toxin acts “in vivo”.


Use of method of phagocytic index’ determination helps to determinate little quantity of botulism toxin.


Yu.I.Donetс established, that botulism toxin suppresses phagocytic function of cellular elements of inflammatory exudate “in vivo” and “in vitro”. It has been shown, that botulism toxin suppresses absorptive function of cells of reticoloendothelial system. So, mechanism of pathogenic action of botulism toxin lies in suppression of the main protective function of the organism, which is carried out by appropriate cellular elements. In this way causative agent of botulism gets the opportunity to reproduce in the organism and to produce new portions of toxin. In this way we can explain cases of long (near 14 days) incubative period. So, botulism is toxicoinfection, because both toxin and causative agent get the organism on poisoning. If product contains many toxins, it can cause hard intoxication and death of the patient, and additional production of toxin isn’t importent. If food contains not much toxin, intoxication is light and sometimes (long incubative period) is absent. But toxin makes its action on phagocyting cells, and microbes get the opportunity to reproduce and produce toxin in the organism. This toxin, formed in the organism, causes disease, sometimes death.


S.M.Minervin proposed rational therapy of botulism: to take in serum not only parenterally, but also in intestine through probe.


It was interesting to know character of connection between specific toxic (lethal) action of botulism toxin and its leukotoxic activity. Study of this connection has shown, that fraction with the most lethal activity contained proteins with molecular mass over 200 000. The same fraction had the most leukotoxic activity. Other fractions of the toxin had lethal and leukotoxic activities. Hence, lethal and leukotoxic activity have appeared accompanying each other (A.V.Tselukh, P.Z.Protchenko, 1973).

In 1937 S.M.Minervin discovered interesting phenomenon of botulinic toxin action – “paradoxical phenomenon”. This phenomenon for diphtheric toxin was discovered earlier by Behring. Essence of this phenomenon is: small doses of toxin on everyday injection cause death of animals with typical symptoms of botulism even when sum dose of toxin is smaller than 1 DLM. Our department has preliminary data about mechanism of paradoxical sensitivity (Yu.I.Donetс and N.B.Rasskazova), which testify to hard damage of some links of immunological system of experimental animals.
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4. Pathogenic borrelia
1. common characteristics of spirochaetes

Spirochaetes (L. spira curve, Gk. chaite cock, mane) differ from bacteria and fungi in structure with a corkscrew spiral shape. Their size varies considerably (from 0.3 to 1.5 mcm in width and from 7 to 500 mcm in length). 

Spirochaetes are slender unicellular helical or spiral rods with a number of distinctive ultra-structural features used in the differentiation of the genera. The cytoplasm is surrounded by a cytoplasmic membrane and a peptidoglycan layer contributes to cell rigidity and shape.

No special membrane separates the nucleoid from the cytoplasm. As demonstrated by electron microscopy, they possess a fine cytoplasmic membrane enclosing the cytoplasm. The Spirochaetes do not possess the cell wall characteristic of bacteria, but electron microscopy has revealed that they have a thin cell wall (periplast) which encloses the cytoplasm. Spirochaetes do not produce spores, capsules.

Some species stain blue, others blue-violet, and still others - pink with the Romanowsky-Giemsa stain. A good method of staining Spirochaetes is by impregnation with silver. Staining properties (reaction to stains) are used to differentiate between saprophytic and pathogenic representatives of Spirochaetes.

The order Spirochaetales, family Spirochaetaceae includes the sprophytes (Spirochaeta, Cristispira) representing large cells, 200-500 mcm long, some of which have crypts (undulating crests); the ends are sharp or blunt. They live on dead substrates, in foul waters, and in the guts of cold-blooded animals. They stain blue with the Romanowsky-Giemsa stain.

Three pathogenic genera belong to the family Spirochaetaceae: Borrelia, Treponema, Leptospira.

In Treponema species, fine cytoplasmic filaments are visible in the bacterial cytoplasm; but these are absent in Borrelia species. Members of both genera are actively motile and several flagella are attached at each pole of the cell and wrap around the bacterial cell body. In contrast to other motile bacteria, these flagella do not protrude into the surrounding medium but are enclosed within the bacterial outer membrane. Treponemal flagella are complex, comprising a sheath and core, whereas those of Borrelia species are simpler and similar to those of other bacteria. The spirochaetal outer membrane is unusually lipid-rich and at least in some treponemes appears to be protein-deficient and to lack lipopolysaccharide. This may account for the susceptibility of these organisms to killing by detergents and desiccation.

Although the treponemes are distantly related to Gram-negative bacteria they do not stain by Gram's method and modified staining procedures are used in their examination. Moreover, the pathogenic treponemes cannot be cultivated in laboratory media and are maintained by subculture in susceptible animals. In contrast borreliae stain Gram-negative and many pathogenic species can be cultured m vitro m enriched, serum-containing media.

The organisms of genus Borrelia differ from other spirochaetes  in that their cells have large, obtuse-angled, irregular spirals, the number of which varies from 3 to 10. Pathogenic for man are the causative agents of relapsing fever transmitted by lice (Borrelia reccurentis), and by ticks (Borrelia persica, etc.). These stain blue-violet with the RomanowskyGiemsa stain.

The genus Treponema (Gk. trepein turn, nema thread) exhibits thin, flexible cells with 6-14 twists. The ends of treponemas are either tapered or rounded, some species have thin elongated threads on the poles. Besides the typical form, there may be treponemas seen as granules, cysts, L-forms, and other structures. The organisms stain pale-pink with the Romanowsky-Giemsa stain. A typical representative is the causative agent of syphilis Treponema pallidum.
Organisms of the genus Leptospira (Gk. leptos thin, speira coil) are characterized by very thin cell structure. The leptospirae form 12 to 18 small coils close to each other, shaping primary spirals. The organisms have two paired axial filaments attached at opposite ends (basal bodies) of the cell and directed toward each other. The middle part of the leptospirae have no axial filament. Due to the presence of the two pairs of axial filaments the leptospirae are capable of quite complex and active movement. During movement the ends of the organisms rotate rapidly at a right angle to the main part of their body. At rest the ends are hooked while during rapid rotary motion they resemble buttonholes. Secondary spirals give the leptospirae the appearance of brackets or the letter S. The cytoplasm is weakly refractive. They stain pinkish with the Romanowsky-Giemsa stain. Some serotypes which are pathogenic for animals and man cause leptospirosis. 

Spirochaetes possess no fermentative properties which provide information for laboratory diagnosis and produce no soluble toxins.

2. TREPONEMA

Treponema species pathogenic for man include the causative agents of venereal syphilis, and the non-venereal treponematoses yaws, bejel and pinta. The spirochaetes causing these different infections are morphologically identical - tightly coiled helical rods, 5-15 mcm long and 0.1-0.5 am in diameter—and show only subtle antigenic differences. Differentiation of these organisms is based primarily on the clinical syndromes they cause and minor differences in the pathology induced in experimental animals.

The classification of Treponema organisms is shown in table 1.

Table 1. Classification of treponema organisms pathogenic for humans

	Species
	Diseases in humans 
	Ptimary mode of transmission

	T. pallidum
	Venereal and congenital syphilis in all countries of the world
	Sexual-congenital

	T. pallidum 

ssp. endemicum
	Bejel (non-venereal syphilis) in the southeast of the Mediterranean zone
	Mouth-to-mouth via utensils 


	T. pertenue
	Frambesia, or yaws, in the tropical countries of Africa, South-Eastern Asia, the western islands in the Pacific Ocean, the tropical countries of America
	Skin-to-skin contact

	T. carateum
	Pinta, or carate, in Mexico, Central America, subtropical countries of South America, West Indies, on Cuba
	Skin-to-skin contact


Causative agents of syphilis.

Treponema pallidum, the causative agent of syphilis, was discovered in 1905 by F. Schaudmn and E. Hoffmann.

Morphology. Treponema pallidum is spiral threads with 8-14 small and uniform convolutions. The treponemas are 10-13 mcm in length and 0.13-0.15 mcm in breadth. Cyst-like structures are detected in old treponema cultures. The organisms reproduce by longitudinal fission.

They are motile (capable of rotating, translational, bending, and undulating movement) and stain poorly with dyes. They are stained light-pink by the Romanowsky-Giemsa method as a result of the low nucleoprotein content in the cell.

Under the effect of factors of the external environment and therapeutic preparations, Treponema organisms sometimes roll themselves up into balls covered by an impermeable mucin-like membrane and form cysts which may remain in a latent state in the patient’s body for a lengthy period of time. Under favourable conditions the cysts turn into granules and then into typical spiral-shaped treponemas. The formation of cysts is one of the forms of treponema defence by means of which they can withstand the effect of drugs used for treating patients with syphilis, particularly when the drugs are administered in small concentrations and for a short period of time.

Cultivation. T. pallidum is an extremely fastidious organism. It does not grow on ordinary media, but grows at 35 (C under anaerobic conditions on media which contain ascitic fluid and brain tissue. Growth temperatures range between 34 and 40 (C. The organisms are grown on medium consisting of two parts of a 2 per cent agar, one part of ascitic fluid, and pieces of sterile rabbit kidney. The cultures are covered with paraffin or vaseline oil. T. pallidum grows readily on the chonoallantoic tissues of chick embryos and on rabbit serum to which pieces of brain tissue are added under a layer of vaseline oil.

Pure-culture isolation of the Treponema organisms is extremely difficult. On prolonged cultivation, the organisms lose their virulence. Cul-tures adapted to nutrient medium are known as cultural as distinguished from “tissue cultures” which are pathogenic and are preserved in the laboratory by passage on rabbits. Cultural and tissue treponemas differ in their antigenic properties.

Antigenic structure. The existence of serological types has not been ascertained. Some authors maintain that there are two varieties of the causative agent of syphilis: dermatotropic and neurotropic. However, it is doubtful whether such a differentiation is valid.  T. pallidum displays no marked tropism. It affects various organs and tissues, including the nervous system. 

There is no doubt that different strains of T pallidum exist, some of which are used in laboratory diagnosis as antigens in the Wassermann reaction.

Resistance. T. pallidum can survive for long periods at low temperatures in diseased tissues. It is destroyed in one hour at 45-48°C, and in 15 minutes by a temperature of 55 °C. It is sensitive to heavy metals (mercury, bismuth, arsenic), acids and other disinfectant substances, and also to desiccation.

Pathogenicity for animals. The organism is only slightly pathogenic for animals with the exception of monkeys. A number of authors obtained successful results by infecting rabbits through the cornea or testis. Laboratory infection of animals with syphilis has provided knowledge on problems of immunity, specific chemotherapy, and cultivation of the causative agent of the disease.

Pathogenesis and disease in man (table 1.). Persons affected with the disease are sources of infection. The disease is transmitted via the genital organs and by contaminated dishes and other objects. The causative agent localizes at first in the mucous membranes of the genital organs and mouth and in the skin. At the site of penetration it multiplies and produces proliferative and destructive changes. Syphilis may also be transmitted through the placenta (congenital syphilis).

Three periods of syphilis are distinguished.

Primary syphilis develops after a variable incubation period of 2 weeks to 3 months (average 21-24 days). It is characterized by the formation of a primary syphiloma, a hard infiltrate with an erosion or ulceration on its surface, at the point where the treponema enters the body. The floor and edges of the ulcer are of a cartilaginous consistency (for this reason the lesion is known as ulcus durum, primary sclerosis, or hard chancre). Primary syphiloma is accompanied by the development of regional adenitis manifested by enlarged and hard lymph nodes. The first stage of the disease lasts for about 6 weeks. Primary syphilis is subdivided on seronegative, seropositive and latent (lues latens).
Secondary syphilis is manifested by eruptions on the skin and mucous mcmbranes and the development of specific lesions in the internal organs, bones, and peripheral and central nervous systems. This period may vary from 2-3 to several years. Secondary syphilis can be fresh, relapse and latent.
Tertiary syphilis is characterized by the production of papules, tubercles, gummas, or gummatous infiltrates in the skin, subcutaneous cellular tissue, internal organs, etc. The lesions have a tendency to produce necrosis. This period persists for several years. Tertiary syphilis also can proceed in active and latent forms.
In some cases, progressive paralysis or tabes dorsales develops after 9-10 years. A large number of treponemas are present in the brain tissue during this period and cause deep organic changes in the central nervous system. This period name sometimes quaternary syphilis.

Endemic Arabian syphilis known as bejel which is caused by T. pallidum is similar to syphilis. It differs from syphilis in that it involves the skin, mucosa, and bones but does not affect the cardiovascular and nervous systems. The disease is widespread in the rural districts of Arabian countries, prevailingly among children.

Frambesia (yaws) which is caused by T. pertenue is also a variety of syphilis. In frambesia the skin covers are damaged; it is transferred by extrasexual pathway/ внеполовым by a way. 
It occurs in tropical countries (Africa, Ceylon, South America, Central America, India, Indo-China, South China, Indonesia, and North Australia). The disease mainly affects the local population which lives under difficult conditions. Frambesia is a typical social endemic disease. Syphilis and frambesia are capable of producing cross immunity.

Pinta is a disease caused by T. carateum and occurs in South America, Columbia, Central America, the West Indies, and, sometimes, in Cuba.

Treatment is accomplished with antisyphilitic preparations (penicillin with a prolonged effect, oxytetracycline, and chlorampheniool).
Immunity in syphilis differs considerably in character from that in other infections. The disease produces no insusceptibility. Individuals who have recovered from the disease may be re-infected. 

Immunity in syphilis is infectious, and characterized by cellular defence reactions (the sensitized lymphocytes produce lipolytic enzymes which cause lysis of treponemas). The presence of antibodies is no indication of body resistance.

The disease is accompanied by producing of two kinds of antibodies: nonspecific (reagins) and specific (antitreponemic). Reagins are produced by all patients, but have no protective action, they react in vitro with cardiolipin antigen extracted from muscles of the bull heart. Specific antibodies (IgG and IgM) are developed under influence of the protein antigens of T. pallidum. 
A state of infectious allergy, a peculiar manifestation of body reactivity, is a characteristic feature of syphilis. During primary syphilis (hard chancre), the reactivity is lower. An increase in reactivity occurs most frequently during the later periods and is accompanied by deep changes in the tissues and organs.

The state of allergy may be revealed by the intracutaneous luetin reaction. Luetin is prepared from T. pallidum cultures or diseased tissues.

Laboratory diagnosis. 

The inability to grow most pathogenic treponemes in vitro, coupled with the transitory nature of many of the lesions, makes diagnosis of treponemal infection impossible by routine bacteriological methods. Although spirochaetes are detectable by microscopy in primary and secondary lesions, diagnosis is based primarily on clinical observations and is confirmed by serological tests. For practical  purposes, the serological responses to all these pathogens are identical and only their use in the serodiagnosis of syphilis will be considered here.

Direct microscopy. Treponemes can be visualized directly in freshly collected exudate from primary or secondary syphiloms by dark-ground or phase-contrast microscopy. Microscopic examination of ulcer, erosion, or papula discharge or material obtained by puncture of the regional lymph nodes is performed during all periods of the disease. Although this method allows a rapid definitive diagnosis to be made it may be rather insensitive because primary lesions may contain relatively few bacteria. In addition, care must be taken to differentiate between pathogenic and commensal spirochaetes that may occasionally contaminate such material. T. pallidum must be differentiated from the non-pathogenic organisms of the same species which occur in the external genital organs (T. refringens, T. phagodenis) and mouth (T. macrodentium, T. denticola, T. orale). These organisms are not as delicate in structure as the T. pallidum and differ in their mode of motility and number of spirals. More sensitive and specific results may be obtained using fixed material in an immunofluorescence assay with an anti-treponemal antibody.

Serological tests. Infection with T. pallidum results in the rapid production of two types of antibodies:

1. Specific antibodies directed primarily at polypeptide antigens of the treponem.

2. Non-specific antibodies that react with a non-treponemal antigen called cardiolipin.
The mechanism of induction of non-specific anti-bodies remains unclear. Cardiolipin is a phospho-lipid extracted from beef heart and it is possible that a similar substance, present in the treponemal cell or released from host cells damaged by the bacterium, may stimulate antibody production.

Assays for non-specific antibody, because of their low cost and technical simplicity, are routinely used as screening tests for evidence of syphilis infection. Since these tests have relatively low specificity, positive results are confirmed by detection of specific anti-T. pallidum antibody.

Non-specific serological tests for syphilis. 

The Wassermann complement-fixation test introduced in 1906 was the first serological test for the diagnosis of syphilis. 

The Wassermann reaction is of great importance in the diagnosis of seropositive syphilis till now in Ukraine. The Wassermann reaction is similar to complement-fixation test of Bordett-Gengou.
Fifty per cent of cases with primary syphilis give a positive Wassermann reaction, but not earlier than 2-3 weeks after the appearance of the chancre or 5-6 weeks following infection. The reaction is positive in 90 per cent of cases with secondary syphilis and in 75 per cent of cases with tertiary syphilis, mainly among those patients who had no treatment or in whom it was inadequate. From 95 to 98 per cent of patients with progressive paralysis and from 50 to 70 per cent of those with tabes dorsalis give a positive Wassermann reaction. Newborn and breast-fed children who have contracted syphilis yield a negative Wassermann reaction. In children with congenital syphilis the reaction becomes positive 2-3 months after birth.

The Wassermann reaction (together with clinical manifestations and precipitin reactions) is a method of control over the efficiency of treatment. It becomes negative 1.5-2 months after specific treatment of primary and secondary seropositive syphilis has been enacted. The reaction may remain positive over a long period of time (1.0-1.5 years and longer) during tertiary syphilis. It should be borne in mind that a negative Wassermann reaction is not the sole criterion of recovery from syphilis.

The Wassermann reaction may be positive beginning from the eighth month of pregnancy, after delivery, during malaria, tuberculosis, some protozoal and viral diseases, leprosy, pemphigus, leptospirosis, and tumours. A positive reaction may also be produced during the menstrual period, following injection of heterologous sera, if alcohol, rich food, drugs, or anaesthetics were taken on the day before the blood had been collected, etc.

These non-specific positive Wassermann reactions become negative when they are repeated once or twice with an interval of 10-15 days. The pseudopositive and positive Wassermann reactions may be differentiated by the sera titration method (a high titre is produced during fresh secondary syphilis; syphilis patients who yield a pseudopositive reaction produce a low titre).

Precipitin reactions are used in syphilis diagnosis, i. e. the Sachs-Witebsky test (the citochol reaction) and the Kahn test. The serum is mixed with a special lipid antigen (an alcohol extract of various animal organs + cholesterol). A positive reaction is demonstrated by the formation of small granules or flakes and a negative one by the appearance of a uniform turbidity.
Although of enormous value in the past the Wassermann reaction is now mainly of historical interest. The World Health Organization (1982) recommended that its use should be discontinued. 

Because it is easy to standardize simply and reproducibly, the Venereal Diseases Research Laboratory (VDRL) test, or one of its modifications, is the preferred method of detecting antibodies against cardiolipin. All other tests, including complement fixation give less reliable results and have been discontinued in most laboratories.

Venereal Diseases Reference Laboratory (VDRL) test and its modifications. In its original form the VDRL test is performed as a slide test in which patient's serum (3 volumes), previously heated to inactivate complement, is mixed with a freshly prepared suspension of cardiolipinlecithin-cholesterol antigen (1 volume) on a glass slide. The mixture is rotated, usually mechanically, for 4 min after which time flocculation (aggregation of antigenantibody complexes in suspension) is detected microscopically with a low-power objective. Quantitative tests with serial dilutions of patients’ serum are easily performed; the highest dilution that can be classified as reactive is reported as the titre. 

The major disadvantages of the VDRL slide test are the need to prepare fresh antigen each day and to use a microscope to read the results. Heat inactivation of sera is necessary to destroy a heat-labile inhibitory factor of IgM class which may be present in both normal and syphilitic serum. Although this was once considered a disadvantage, heat treatment is now favoured by many laboratories as it inactivates the HIV.

This is used as a screening test and is positive in approximately 70% of primary and 99 % of secondary syphilitics, but is negative in individuals with late syphilis. The increasing titre  of quantitative VDRL test with time may be used to confirm a diagnosis of congenital syphilis.
 
Since a positive result in the VDRL test usually indicates active infection, it can also be used to monitor the efficacy of antibacterial therapy.


Tests for specific anti-treponemal antibody. 

The fluorescent treponemal antibody adsorption  (FTA-Ads) test. The FTA-Abs test is an indirect immunofluorescence assay in which T. pallidum is used as antigen. Acetone-fixed treponemes obtained from the testicular tissue of infected rabbbit are incubated with heat-treated sera and bound antibody is detected with a fluorescein-labelled conjugate (fluorescent antibody to human immunoglobulin) and luminescent microscopy. The serum is first absorbed with a suspension of a non-pathogenic treponeme, which removes non-specific cross-reactive antibodies that may be directed against commensal spirochaetes. The FTA-Abs is positive in approximately 80, 100 and 95 % of primary, secondary and late syphilitics respectively, and, unlike the VDRL test, remains positive following successful therapy.

T. pallidum haemagglutination assay (TPHA). In this test, T. pallidum antigen is coated onto the surface of red blood cells and specific antibody in test sera causes haemagglutination. As in the FTA-Abs assay, sera are preabsorbed with a non-pathogenic treponeme to remove antibody against commensal spirochaetes. The TPHA is less sensitive than the FTA-Abs in primary syphilis (positive in 65 %) but both give similar results for secondary and late syphilis; the TPHA also remains positive for life following infection. This assay can also be used to detect localized production of anti-treponemal antibodies in cerebrospinal fluid, a marker of neurosyphilis.

Before the T. pallidum immobilization test was of great value. It is based on the ability of the antibodies, present in patient's serum, to immobilize the treponema. A suspension of the treponemas, obtained from testis tissue of an infected rabbit, is mixed with a complement and the patient's serum under test. The mixture is placed into an incubation chamber for 30 minutes at 35 (C in an atmosphere of 5 per cent carbon dioxide and 95 per cent nitrogen. In 18 hrs, make wet-mount preparations from the contents of each test tube, count 25 treponemas, and determine the ratio of mobile and immobile ones. The immobilization test is extremely specific and, as a rule, yields no falsely positive reactions.

Other antibody tests. Production of monoclonal anti-T.pallidum antibodies has permitted development of assay systems based on the detection of antibody responses to particular treponemal antigens. Such assays use enzyme-linked immuno-sorbent assay (ELISA) technology, allowing rapid screening of large numbers of samples with potentially enhanced specificity.

Problems in the serological diagnosis of syphilis.

Occasionally, both the non-specific and specific tests produce false-positive results. The VDRL assay may give a transient positive result following any strong immunological stimulus such as acute bacterial or viral infection or following immunization. More persistent false-positive results occur in individuals with auto-immune or connective tissue disease, in drug abusers and in individuals with hypergammaglobulinaemia. False-positive results usually become apparent when negative results are found in specific serological tests but in some cases FTA-Abs results may also be positive or borderline.

Rarely, the FTA-Abs test may be positive and the non-specific VDRL test negative. Other spirochaetal diseases such as relapsing fever, yaws, pinta and leptospirosis may give positive results in both specific and non-specific tests. Of particular difficulty is the differential diagnosis of syphilis and yaws in immigrants from areas in which yaws is endemic.

 Direct detection of spirochaetal DNA in clinical material by molecular methods, such as the polymerase chain reaction, may have a future role in confirming a diagnosis of syphilis in difficult or atypical cases.

Treatment.

All the pathogenic treponemes are sensitive to benzylpenicillin, and prolonged high-dose therapy with procaine penicillin has been the traditional method of treatment for primary and secondary syphilis. So far there have been no reports of penicillin resistance. If penicillin allergy is a problem, erythromycin, tetracycline or chloramphenicol may be used. There are reports of treatment failure with erythromycin and an erythromycin-resistant variant of T. pallidum has been isolated. In late syphilis, aqueous benzylpenicillin is used, as this penetrates better into the central nervous system.

Antibiotic therapy of syphilitics, particularly with penicillin, characteristically induces a systemic response called the Jarisch-Herxheimer reaction. This is characterized by the rapid onset (within 2 h) of fever, chills, myalgia, tachycardia, hyperventilation, vasodilation and hypotension. This response is thought to be due to release of an endogenous pyrogen from the spirochaetes.

Epidemiology and control. 

Syphilis. The incidence of all venereal diseases, including syphilis, increased dramatically during the Second World War. The widespread introduction of anti-biotic therapy shortly afterwards produced an equally dramatic decrease in the incidence of these diseases, but syphilis remained endemic within the general population. Until the mid-1980s most cases of syphilis in developed countries occurred in male homosexuals. The advent of HIV and acquired immune deficiency syndrome (AIDS) in the 1980s reduced the incidence among this group due to changes in sexual practices. More recently, there has been a resurgence of syphilis among the heterosexual population in the USA, resulting in an increase in the incidence among women and in the number of cases of congenital syphilis. Several possibilities may have accounted for this increase, including:

1. Changes in health care policies and abolition of screening of pregnant women in some states.

2. Increased promiscuity associated with drug abuse.

3. Changes in antibiotic prescribing for other sexually transmitted diseases which resolved many inapparent infections with T.pallidum.
Although the incidence of all forms of syphilis in the UK is currently very low (fewer than 500 cases reported in 1988), this disease still has major implications in relation to public health. In particular, the possibility of congenital infection and the acquisition of syphilis by blood transfusion necessitate large and costly screening programmes of all pregnant women and blood donations.

  
The problem of syphilis is enough relevant for the modern Ukraine. Odessa and Odessa oblast concerns to  the regions with the highest rate of syphilis. 

Control of syphilis is achieved by treating index cases and any known contacts. Treatment of contacts is important as some may be incubating the infection even if they have no overt signs of disease.
Other treponematoses. The incidence of the other treponematoses is primarily influenced by socio-economic factors. Prevention and control of these diseases therefore involves treatment of cases, individuals with latent disease and contacts, and improvement of living conditions and personal hygiene.
2. Pathogenic Leptospirae

Spirochaetes of the genus Leptospira are characterized by their slender appearance, numerous coils, hooked ends and active motility. Many different types exist; some are harmless to man and animals, while others are potential pathogens. The parasitic leptospires are normally carried in the kidneys of rodents and other small mammals and are excreted in the urine. In some parts of the world, wading birds, snakes, frogs and tortoises are infected, although they probably play only a minor role as carrier hosts. The organisms appear to cause no harm to their normal hosts but if they are transmitted accidentally to other animal species or to humans, they may give rise to clinical infections. The disease may be relatively mild or extremely severe. In man the most virulent types may cause spirochaetal jaundice, known as Vasilyev- Weil's disease. In cattle, pigs, sheep, goats and horses, infection may give rise to abortions, or stillbirth in pregnant animals and mastitis in lactating cattle. Dogs suffer two forms of leptospirosis, one characterized by an acute and often fatal jaundice, the other a subacute or chronic nephritis, depending on the type of leptospire responsible.

Classification. The genus Leptospira consists of two species, Leptospira interrogans and L. biflexa. The former includes the parasitic strains while the latter comprises the free-living saprophytic strains found in fresh water and occasionally in salt or brackish water.

The two species are indistinguishable morphologically but L. biflexa strains can grow in simple media without the addition of animal protein, which is normally essential for the growth of parasitic leptospires. Saprophytic strains can also grow at a temperature of 13 °C and in the presence of  8-azaguanine, both of which are inhibitory to strains of L. interrogans. The two species may also be differentiated by their DNA composition.

Within the two species serological tests have revealed many antigenic variations, some of which are genus-specific, whereas others are restricted to certain strains. On the basis of these more specific antigens, many different serovars (sero-types) may be distinguished. Because of common antigens, certain serovars are collected into serogroups. Within L. interrogans 23 serogroups are now recognized, comprising over 170 serovars that have been isolated from man and animals. The antigenic properties of the organisms are determined by agglutination and lysis reactions.

Morphology. The leptospirae are made up of small closely coiled spirals (from 12 to 18 per organism), and resemble a tightly wound spring with thick hooked ends. They have secondary spirals which give them an S- or C-like appearance. Leptospirae are 7-14 mcm in length (sometimes even 20-30 mcm) and 0.06-0.15 mcm in breadth. They are motile and capable of rotation, gliding, and swinging motions. 

Pathogenic and saprophytic leptospirae are identical morphologically. The organisms stain poorly with aniline dyes and are stained light-pink by the Romanowsky-Giemsa method. They may also be demonstrated by Burri's method and by Morozov's silver impregnation method. Leptospirae reflect light poorly. 

Cultivation. Leptospirae are the obligate aerobes, grow in liquid and semisolid nutrient media which contain 5-10 % of rabbit blood serum. On solid nutrient media leptospirae form colonies on the fourth to eighth days.

The optimum temperature for growth is 28-30 (C (growth temperatures ranging from 22 to 37 (C). 

Toxin production. No soluble toxin is produced. Toxic substances are present only in living leptospirae which are parasitic within a human or animal body.

Resistance. The organisms withstand low temperatures and survive in water over a period of many months. They are very sensitive to desiccation and acids. Exposure to 56 °C kills the organisms in 30 minutes. Leptospirae are rapidly lysed in bile and bile acids.

Pathogenicity for animals. Leptospira interrogans is pathogenic for rats in natural conditions. More than 80 species of wild and domestic animals may acquire leptospirosis. Among laboratory animals, guinea pigs are susceptible to the causative agent of leptospirosis. An intraperitoneal inoculation into these animals is followed by the development of cachexia, numerous haemorrhages. The animals die 5-6 days after the onset of the disease. A great number of leptospirae are revealed in the organs of the guinea pigs, particularly in the kidneys and liver. The causative agents of leptospirosis are pathogenic for white mice and produce haemorrhagic skin lesions. Rubbing the organisms into the skin of guinea pigs or bathing in water reservoirs contaminated with leptospirae produces a clinical picture typical for the diseases.

Pathogenesis and diseases in man. Rats are the source of leptospirosis, which discharge leptospirae into the surrounding environment (water, soil, objects, and foodstuff's) with the urine. Contaminated water and foodstuff's are transmission factors. Small rodents (the field mouse, meadow mouse, wild rats, etc.), cattle, swine, and dogs are sources and reservoirs of leptospirosis and discharge the organisms with the urine. Human beings acquire the disease after swimming in contaminated water, drinking contaminated water or milk from infected cows, and during hay-mowing and the tending of sick cattle.

In some countries which have a vast network of canals leptospirosis is an occupational disease as a result of people being in constant contact with water contaminated by rats. The same hazards occur during work in rice fields. Sick people are not infective and cannot be sources of infection for other human beings.

Leptospira interrogans enters the host body by the gastro-intestinal tract and by injured skin and mucous membranes. The disease is characterized by a sudden onset, high pyrexia, headaches, and pain in the muscles. Jaundice develops and the liver becomes enlarged and painful. Haemorrhagic eruptions, nose bleeding, and gastric and intestinal haemorrhages occur, and the spleen becomes enlarged. Nephritis and anuria are also observed. Relapses occur in many patients.

Bacteraemia which develops in the first days of the disease plays an important role in the pathogenesis of leptospiroses. At the end of the first week, the organisms accumulate in the liver, spleen, lymph nodes, and bone marrow. Then they penetrate the Kidneys and are discharged with the urine.

The causative agents of leptospirosis gain entrance into the body through injured mucous mcmbranes and skin, with foodstuff's, with water during swimming in contaminated water, and on contact with infective material. Small rodents (field mice) and cattle in whom a carrier state of long duration has been shown are reservoirs for the organisms. The disease usually comes to an end by recovery, 
The disease occurs during the spring-summer season.

Immunity. The disease produces a stable immunity the mechanism of which is associated with the presence of antibodies. Agglutinins and lysins in 1:10 000-1:100 000 titres are found in patients' serum 8 or 10 days after the onset of the disease. The antibodies persist for many years.

Laboratory diagnosis comprises the followig methods:

(1) direct dark-field microscopy of thick films and smears prepared from citrated blood, spinal fluid, urine, and organs obtained at post-mortem examination;

(2) isolation of a haemoculture and urine culture. Blood is collected from the patient on the third or fourth day of the disease and 0,5-1,0 ml are inoculated into several test tubes with liquid medium, covered with vaseline oil, and cultivated at 28 °C. The isolation of hemoculture is a reliable method of laboratory diagnostics of leptospirosis.  The urine culture is isolated by inoculating urine on the second or third week of the disease;

(3) microagglutination and lysis reactions with convalescent sera and all leptospirae species performed from the moment the temperature falls and up to 2 months after recovery. Positive reactions with sera in dilutions not less than 1:400 are of diagnostic value;

(4) complement-fixation reaction;

(5) laboratory inoculation of guinea pigs with patient’s blood (during the first days of the disease, before the appearance of jaundice). The animals are given an intraperitoneal injection with 2-3 ml of patient’s blood. Two or three days later the exudate and blood are examined for the presence of leptospirae. Bioprobe is the earliest method of laboratory diagnostics of leptospirosis.
Treatment. Penicillin, oxytetracycline, and leptospirosis globulin are used.

Prophylaxis. Leptospirosis prophylaxis depends on the character of the disease focus. In a natural focus of leptospirosis, where the morbidity among people is connected with work in contaminated water reservoirs or with the use of contaminated water for drinking and household needs, it is necessary to prevent contact with the infected water (bathing should be forbidden, only boiled water should be used for drinking and household needs, etc.). Drainage of swamps and other melioration measures are recommended for liquidating natural foci of leptospirosis. In rural foci health measures are conducted among animals (detection, isolation and treatment of sick animals, vaccination, quarantine, etc). Health education is conducted among the population. The distribution and supply of water are organized properly, places where people go bathing and animals are washed are kept in order, etc. Extermination of rats and protection of foodstuffs from contamination by rats are recommended in urban foci of leptospirosis.

Individuals working in a focus are vaccinated. The leptospirosis vaccine is a suspension of Leptospira organisms of several serogroups which are killed by heating
3. PATHOGENIC BORRELIA

Causative Agents of Relapsing Fever.

According to its vectors, relapsing fever is subdivided into two types:

epidemic, transmitted by lice, and endemic, transmitted by ticks.

The causative agent of epidemic relapsing fever was discovered in 1868 by O. Obermeier. 

Morphology.  The organisms responsible for relapsing fever (Borrelia recurrentis) are thin spiral threads 8-18 mcm long and 0.3 – 0.6 mcm thick.  They posses from four to twelve spirals, and their ends are pointed. The organisms are motile, Gram-negative, and readily stain blue-violet by the Romanowsky- Giemsa method. In old cultures Borrelia organisms form cyst-like structures which contain within them a coagulated cytoplasmyc cylinder.

Cultivation. B recurrentis is cultivated under anaerobic conditions on nutrient media of pH 7.2-7.4 which contains ascitic fluid, serum, and pieces of tissues or organs, or chick embryos. One or two drops of the patients' blood are inoculated into nutrient media, covered with oil, and incubated at 37°C. Cultures remain virulent for a long period of time (for several years).

B. recurrentis are non-fermentative organisms. They have no serological variants. Some strains have been described.

Resistance. The organism survives in fluid media (in sealed glass tubes) at room temperature for as long as 14 days. It withstands deep freezing for 8 days and 0°C for 3 days. Exposure to 45-48°C kills the organism in 30 minutes.

Pathogenicity for animals. Animals do not naturally contract relapsing fever. Experimental infection of rats, white mice, and monkeys is a matter of great difficulty. Guinea pigs, rabbits, and white mice are insusceptible to the causative agent of European relapsing fever

Pathogenesis and disease in man. In 1874 G. Minkh, and in 1881 E Metchnikoff performed experiments on themselves and showed that the blood of relapsing fever patients is infectious. This fact was corroborated by experiments which were carried out in 1912-14 by Ch. Nicolle, E. Conseyet al. The patient is the source of infection, and the body and head lice (Pediculis humanus} are the vectors. The louse is infected by sucking the patient's blood and, 5-12 days later, it becomes capable of infecting human beings. The organisms gain entrance into the body when haemolymph of crushed lice is rubbed into the skin. Lice remain capable of conveying infection throughout their life (25-40 days). Transovarial transmission of the organisms does not occur in lice. Relapsing fever is prevalent in winter.

Borrelia recurrentis multiplies in the tissues of the reticuloendothelial system. At the end of the incubation period, a great number of the organisms invade the blood where some of them are destroyed by bactericidal substances. The elaborated endotoxin affects the central nervous system and causes toxicosis, fever, functional disturbances, and dystrophy in organs and tissues. The endotoxin affects the blood-vascular system with resulting spleen mfarction and necroses in the spleen and liver.

Under the influence of antibodies, complex aggregations are formed as the result of the organisms being clumped with thrombocytes which are retained in the capillaries of the internal organs. The causative agents are destroyed by lysins and phagocytes. Those organisms which are located in deep tissues and in the central nervous system become resistant to their new environment. Their antigenic properties alter with the result that the antibodies produced after the first attack are no longer effective against the organisms. Multiplication of new varieties of B. recurrentis brings about new attacks of the disease. These attacks vary from 3 to 5 in number and last until the host body renders harmless all the new varieties present.

The disease is characterized by high temperature (39-40°C), nausea, vomiting, and spleen enlargement. Fever lasts for 6-7 days during the first attack, then the temperature falls and apyrexia or remission of 5-7 days duration follows. Each new attack is of less duration than the previous one, while the period of apyrexia becomes longer.

Complications of a septic character occurred during epidemics of relapsing fever and were caused by Salmonella hirschfeldii. Abortion, encephalitis, parotitis, iritis, and iridocyclitis are among the complications.

Immunity in relapsing fever is characterized by the presence of antibodies (agglutinins, lysins, and thrombocytobarins which are responsible for the Rieckenberg-Brusin adhesion phenomenon).

Laboratory diagnosis comprises the following procedures:

1. Examination of thick films and smears of blood obtained during the febrile period. Specimens are stained by the Romanowsky-Giemsa or Burri's stains, by fuchsin or by silver impregnation; the organisms are examined for motility in the thick films by use of dark-field illumination; the concentration method is employed for detecting the organisms during the period of apyrexia (8-10 ml of patient's blood is coagulated and the serum is drawn off and centrifuged for 45-60 minutes at 3000 revolutions per minute; after removing the supernatant, a thick film is made from the precipitate formed at the bottom of the tube and a drop of serum, the preparation is left to dry, fixed by Nikiforov's mixture, stained with Romanowsky-Giemsa stain, and examined under the microscope

2. A serologic test may be carried out during the period of apyrexia. A drop of serum taken from a patient who has recovered from an attack of relapsing fever is mixed on a slide with a drop of patient's blood containing the causative agent. The slide is covered with a coverslip and placed in an incubation room. The Borrelia organisms lose their motility and are destroyed in 30-60 minutes.

3. The Rieckenberg-Brusin test is performed as follows. The patient's serum is mixed with an equal volume of citrated plasma of a healthy guinea pig. One volume of the Borrelia organisms culture is added to three volumes of this mixture, thoroughly stirred in a test tube, and placed in an incubation room at 37°C for 15 minutes. Then a drop is taken from the bottom of the test tube with a pipette, transferred to a slide, covered with a coverslip, and examined using dark-field microscopy and an immersion objective. In the presence of specific antibodies, the guinea pig thrombocytes are adsorbed on the surface of cells of Borrelia organisms and hinder their movement (the micro-organisms are clumped with thrombocytes).

4. The biological method is employed for differentiating epidemic and endemic relapsing fever. A guinea pig is inoculated with 3-5 ml of patients' blood and in the presence of endemic (tick) relapsing fever the animal becomes ill and Borrelia organisms are easily revealed in the blood.

The presence of Borrelia organisms in thick films or smears is a decisive factor in diagnosis.

Treatment is accomplished with penicillin, chlortetracycline, chloramphenicol.

Prophylaxis. Such disasters as wars, famine, and devastation may give rise to epidemics of relapsing fever. More than four million patients with relapsing fever and a death rate of 10-26 per cent were registered in Russia during the World War I. The disease incidence also increased during World War II, but the death rate did not exceed 1 per cent.

Improvement of living and cultural standards, the practice of antiepidemic precautions, timely recognition of the disease, hospitalization of patients, and medical control of sources of disease have led to complete elimination of relapsing fever in many countries.

The organism responsible for tick-borne relapsing fever was discovered in the blood of patients in 1904 by P. Ross. Later, Borrelia persica (E. Dzhunkowsky, 1913), Borrelia caucasica, Borrelia latyschewii, and other species of Borrelia were described. They all produce zoonotic infections.

Morphology. Borrelia organisms responsible for tick-borne relapsing fever morphologically resemble the causative agents of epidemic relapsing fever.

Cultivation. The organisms are grown on Geltser's medium which contains rabbit serum previously heated at 56-58°C, an equal volume of isotonic common salt solution, and pieces of coagulated albumin of the hen's egg.

Antigenic structure and classification. Several species of Borrelia organisms pathogenic for human beings and animals are known. It has not been possible to differentiate them by their serological and morphological properties, the biological method yielding the best results.

Resistance. The resistance of the causative agents of tick-borne fever is similar to that of the Borrelia organisms of louse-borne relapsing fever. 

Pathogenicity for animals. In nature, the causative agents of tickbome relapsing fever are parasitic within the body of wild rodents and insectivores from which they gain entrance into the body of Ornithodorus ticks. Among laboratory animals, the guinea pig is susceptible to Borrelia organisms of tick-borne relapsing fever and insusceptible to those of louse-borne relapsing fever. White mice and rats are susceptible to both species of the organisms.

Pathogenesis and disease in man. Pathogenesis and clinical picture are similar to those of epidemic relapsing fever. Human tick-borne fever is endemic in character, prevailing in the warm months, mainly in the spring.

Burrows, cracks, caves, grottos, and dust of mudhouses and sheds serve as community habitats for ticks. It is here that the circulation of the causative agent from the wild mammals to the ticks and vice versa takes place.

Ticks are parasitic on rodents, which become the reservoir of infection. 

The penetration of Borrelia organisms into the tick's oviduct and eggs provides the means for transovarial transmission of the causative agent. The tick remains infected for life, which may be for over 10 years. Human beings acquire the infection through tick bites, when a papula forms at the site of the bite (primary affect).

The disease is characterized by relapses of 1-2 days duration. The relapses may be 5-7-9 and more in number. The duration of remissions varies from several hours to 6-8 days.

Immunity. The Borrelia organisms of tick-borne and louse-borne relapsing fever differ in their antigenic properties. 

Among the populations of endemic regions immunity is acquired from early childhood - a fact demonstrated by the detection of antibodies in the blood plasma of inhabitants. The disease occurs mainly among newcomers to such regions.

Laboratory diagnosis. The following methods are employed: (1) microscopic examination of the blood — in thick films and smears; (2) laboratory inoculation of guinea pigs (0.5-1 ml of blood is injected subcutaneously, or 1-2 drops are introduced into the conjunctiva of the eye). The disease commences within 5-7 days when a great number of Borrelia organisms are found in the blood.

Treatment. Patients are treated with antibiotics.

Prophylaxis is ensured by measures aimed at extermination of ticks and rodents, early recognition of the disease, hospitalization of patients, and observance of individual prophylaxis (prevention of ticks attacking people).

There are about 20 independent nosologic forms of tick-borne relapsing fever (Spanish, Balkan, Iranian, Indian, African, North American, etc.) described, besides the Middle Asian form. They are produced by different serotypes.Relapsing fever cases of various aetiology occur in many countries. 

Causative agent of diphhtheria

2. Non-diphtheria coryneforms
The genus Corynebacterium consists of organisms which have terminal club-shaped swellings: pathogenic for human and animals corynebacteria, and diphtheroids (non-pathogenic or conditionally pathogenic  corynebacteria).

1. Causative Agent of Diphtheria

Extensive clinical, pathoanatomical, epidemiological, and experimen​tal investigations preceded the discovery of the agent responsible for diphtheria. They paved the way for the discovery of the organism (E. Klebs, 1883), its isolation in pure culture (F. Loeffler, 1884), separation ot the toxin (E. Roux and A. Yersm, 1888), antitoxin (E Behrmg and S. Kitasato, 1890) and diphtheria toxoid (G. Ramon, 1923).

Morphology. Corynehacterium diphtheriae (L. coryna  - club) is a straight or slightly curved rod, 1-8 mcm in length and 0.3-0.8 mem in breadth. The organism is pleomorphous and stains more intensely at its ends which contain metachromatic volutin granules (Babes-Ernst granules, polymetaphosphates). C. diphtheriae frequently display ter​minal club-shaped swellings which contains volutin granules. Branched forms as well as short, almost coccal, forms sometimes occur. In smears the organisms are arranged are arranged in V forms (at an angle) and resemble spread-out fingers. They are Gram-positive and produce no spores, capsules, or flagella.

Cultivation. The causative agent of diphtheria is an aerobe or a facul​tative aerobe. The organism grows readily on media which contain protein (coagulated serum, blood agar, and serum agar) and on sugar broth. On Roux's (coagulated horse serum) and Loeffler's (three parts of ox serum and one part of sugar broth) media the organisms produce growth in 16-18 hours. The growth resembles shagreen leather, and the colonies do not merge together.

According to cultural and biological properties, three varieties of C. diphtheriae can be distinguished, gravis, mitis, and intermedius, which differ in a number of properties.

Corynebacteria of the gravis biovar produce large, rough (R-forms), rosette-like black or grey colonies on tellurite agar which contains defibrinated blood and potassium tellurite. The organisms fer​ment dextrin, starch, and glycogen and produce a pellicle and a granu​lar deposit in meat broth. They are usually highly toxic with very marked invasive properties.

The colonies produced by corynebacteria of the mitis biovar on tel​lurite agar are dark, smooth (S-forms), and shining. Starch and glycogen are not fermented, and dextrin fermentation is not a con​stant property. The organisms cause haemolysis of all animal erythrocytes and produce diffuse turbidity in meat broth. Cultures of this bio​var are usually less toxic and invasive than those of the gravis biovar.

Organisms of the intermedius biovar are intermediate strains. They produce small (RS-forms) black colonies on tellurite agar. Starch and glycogen are not fermented. Growth in meat broth produces turbidity and a granular deposit.

Fermentative properties. All three biovars of C. diphtheriae do not coagulate milk, produce no indole, and slowly produce hydrogen sulphide. 

They reduce nitrates to nitrites. Potassium tellurite is also reduced, and for this reason C. diphtheriae colonies grown on tellurite agar turn black or grey. 

Glucose and levulose are fer​mented whereas galactose, maltose, starch, dextrin, and glycerin fer​mentation is variable. 

C. diphtheriae ferments cystein with producing H2S, but do not break down urea, while diptheroids break down urea and do not ferment cystein.

C. diphtheriae also contain bacteriocines (corynecines) which provide these organisms with certain selective advantages.

Toxin production. In broth cultures C. diphtheriae produce potent exo-toxins (histotoxin, dermonecrotoxin, haemolysin). The toxigenicity of these organisms is linked with lysogeny (the presence of moderate phages-prophages in the toxigenic strains). The classical International stand​ard strain, Park-Williams 8 exotoxin-oroducing strain, is also lysogenic and has retained the property of toxin production for over 85 years. The genetic determinants of toxigenicity (tox+ genes) are located in the genome of the prophage, which is integrated with the C. diph​theriae nucleoid.

As result of lysogenization the non-toxigenic C.diphtheriae strains (biovar mitis)  are converted to toxigenic (toxigenic conversion). 

Diptheria toxin is a heat-stable polypeptide which is composed of two fragments, denoted A and B.  Fragment B is required for transport of fragment A into the cell where it inhibits polypeptyde chain elongation at the ribosome. Inhibition of protein synthesisis probably responsible for both the necrotic and neurotoxix effects of the toxin.

The diphtheria toxin is unstable, and is destroyed easily by exposure [o heat, light, and oxygen of the air, but is relatively resistant to super​sonic vibrations. The toxin is transformed into the diphtheric toxoid by mixture with 0.3-0.4 per cent formalin and maintenance at 38-40 C for a period of 3 or 4 weeks. The toxoid is more resistant to physical and chemical factors than the toxin.

The toxigenic strains of C. diphtheriae are characterized by marked dehydrogenase and neuraminidase activity, while the non-toxigenic strains do not possess such activity.

Antigenic structure. Eleven serovars of C. diphtheriae have been deter​mined on the basis of the agglutination reaction. They all produce toxins which do not differ from each other and are neutralized complete​ly by the standard diphtheria antitoxin. A number of authors have confirmed the presence of type-specific thermolabile surface protein antigens (K-antigens) and group-specific thermostable somatic polysaccharide antigens (0-antigens) in the diphtheria corynebacteria.

There are 19 phage types among C. diphtheriae, by means of which the source of the infection is identified The phage types are also taken into account in identification of isolated cultures.

Resistance. C. diphtheriae are relatively resistant to harmful environ​mental factors They survive for one year on coagulated serum, for two months at room temperature, and for several days on children's toys. Corynebacteria remain viable in the membranes of diphtheria patients for long periods, particularly when the membranes are not exposed to light The organisms are killed by a temperature of 60 (C and by a 1 per cent phenol solution in 10 minutes.

Pathogenicity for animals. Animals do not naturally acquire diph​theria. Although virulent diphtheria organisms were found to be pre​sent in horses, cows, and dogs, the epidemiological significance of animals in diphtheria is negligible.

Among the laboratory animals, guinea pigs and rabbits are most sus​ceptible to the disease. Inoculation of these animals with a culture or toxin gives rise to typical manifestations of a toxinfection and the appearance of inflammation, oedema, and necrosis at the site of inocu​lation. The internal organs become congested, particularly the adrenals in which haemorrhages occur. The dose of 0,06 mkg of toxins kills the guinea pig with weight of 250 g.  
Pathogenesis and disease in man. Patients suffering from the disease and carriers are the sources of infection in diphtheria. The disease is transmitted by an air-droplet route, and sometimes with dust particles. Transmission by various objects (toys, dishes, books, towels, handker​chiefs, etc.) and foodstuffs (milk, cold dishes, etc.) contaminated with C diphtheriae is also possible.

Carriers play an essential part in the epidemiology of diphtheria. The carrier state averages from 3 to 5 per cent among convalescents and healthy individuals.

Diphtheria is most prevalent in autumn. This is due to the fact that children are more crowded in the autumn months and that body resistance is reduced by a drop in temperature

C. diphtheriae penetrate into the blood and tissues of sick humans and infected animals. The diffusion factor is enzyme hyaluronidase which have the capability to split hyaluronic acid. The invasiveness factors  include also, necrotic factor and. The necrotic factor, fibrinolysin and neuraminidase are considered to be factors of invasiveness.

Histotoxin plays the principal role in the pathogenesis of diphtheria. It blocks protein synthesis in the cells of mammals and inactivates transferase, the enzyme responsible for the formation of the polypeptide chain.

Clinical studies and experiments on animals have provided evidence of the influence of pathogenic staphylococci and streptococci on the development of diphtheria, the infection becoming more severe in the presence of these organisms. Hypersensitivity to           C. diphtheriae and to the products of their metabolism is of definite significance in the pathogenesis of diphtheria.

In man, membranes containing a large number of C. diphtheriae and other bacteria are formed at the site of entry of the causative agent (pharynx, nose, trachea, eye conjunctiva, skin, vulva, vagina, and wounds). The toxin produces diphtheria inflammation and necrosis in the mucous membranes or skin. On being absorbed, the toxin affects the nerve cells, cardiac muscle, and parenchymatous organs and causes severe toxaemia.

Deep changes take place in the cardiac muscle, vessels, adrenals, and in the central and peripheral nervous systems. 

Therefore there are three points of action of the diphtheric toxin in the organism: myocardium (development of toxic diphtheric myocarditis), adrenals (decrease of vessels tonus and arterial pressure, ortostatic haemodinamic disturbance due to the decreasing of adrenaline formation), nervous systems (development of the paralyses and pareses). 

According to the site of the lesion, faucial diphtheria and diphtheritic croup (laryngeal diphtheria) occur most frequently, and nasal diphtheria somewhat less fre​quently. The incidence of diphtheria of the eyes, ears, genital organs, skin, and wound is relatively rare. Faucial diphtheria constitutes more than 90 per cent of all the diphtherial cases, and nasal diphtheria takes the second place.

Death from laryngeal diphtheria may be due to asphyxia because, in the confined space within the larynx, even a small patch of membrane can cause a fatal obstruction. In faucial diphtheria most deaths are related to toxin-mediated cardiac damage.

Immunity following diphtheria depends mainly on the antitoxin con​tent in the blood. However, a definite role of the antibacterial com​ponent, associated with phagocytosis and the presence of opsonins, agglutinins, precipitins, and complement-fixing substances cannot be ruled out. Therefore, immunity produced by diphtheria is anti-infectious (anti​toxic and antibacterial) in character.

    Schick test. This test is used for detecting the presence of antitoxin in children's blood. The toxin is injected intracutaneously into the forearm in a 0.2 ml volume which is equivalent to 1/40 M.L.D. for guinea pigs. A positive reaction, which indicates susceptibility to the disease, is manifested by an erythematous swelling measuring 2 cm in diameter which appears at the site of injection in 24-48 hours. The Schick test is positive when the blood contains either no antitoxin or not more than 0.005 units per millilitre of blood serum. A negative Schick reaction indi​cates, to a certain degree, insusceptibility to diphtheria.

In view of the fact that the diphtheria exotoxin produces a state of sensitization and causes the development of severe reaction in many children, it is advisable to restrict the application of the Schick test and conduct it with great care.

The indirect haemagglutination test with erythrocytes sensibilized of diphtheric toxoid is recommended for definition of antitoxin quantity in the blood.  
Children from 1 to 4 years old are most susceptible to diphtheria. A rehtive increase of the incidence of the disease among individuals 15 years of age and older has been noted in recent years.

Diphtheria leaves a less stable immunity than do other children's dis​eases (measles, whooping cough). Diphtheria reinfection occurs in 6-7 per cent of the cases.

Treatment. Therapy of diphtheria involves isolation of the patient, strongly bed rest, early administration of antitoxin, appropriate antibiotic therapy, and cardiac drugs.  Supportive therapy may be required such as intubation and ventilationfor airway obstruction.

According to the physician's prescriptions, patients are given antitoxin in doses ranging from 5000 to 15000 units in mildly severe cases, and from 30000 to 50000 units in severe cases of the disease. Penicillin, tetracycline, rifampicin and clindamycin erythromycin, sulfonamides, and cardiac drugs are also employed. 

C. diphthenae is sensitive to penicillin, tetracycline, rifampicin and clindamycin. Erythromycin may be preferred to penicillin for elimination of diphtheria bacilli from the throat, particularly in treatment of persistent carriers. Erythromycin- and tetracycline-resistant strains have been described.         

Antibiotic therapy has no effect on preformed (early formed) toxin, which rapidly diffuses from the local lesion and, unless neutralized by antitoxin, soon becomes irreversibly bound to tissue cells.

Treatment should not await laboratory confirmation if there is a strong clinical suspicion as the fatality rate is directly related to the period of delay before giving antitoxin, rising from zero to 20 % between the onset of disease and day 5 of the infection, the average case - fatality rate is 5-7%. 

Carriers are treated with antibiotics. Tetracycline, erythromycin, and oxytetracycline in combination with vitamin C are very effective.

Prophylaxis. General control measures comprise early diagnosis, prompt hospitalization, thorough disinfection of premises and objects, recognition of carriers, and systematic health education.

Specific prophylaxis is afforded by active immunization. A number of preparations are used: 1) purified adsorbed toxoid, 2) adsorbed diphtheria-tetanus toxoid, 3) adsorbed pertussis-diphtheria-tetanus vaccine (APDT-vaccine). All preparations are used according to instructions and directions. the pertussis-diphtheria vaccine

It should be noted that not all immunized children acquire resistance to diphtheria. An average of 5-10 per cent of them remain susceptible or refractory (not capable of producing antibodies after immunization). Such a condition is considered to be the result of tolerance, agamma-globulinaemia, or hypogammaglobulinaemia.

Formerly diphtheria was a menacing disease of children. In Russia every year more than 250000 persons contracted the disease in  1886-1912. The death rate was very high (12 to 30 per cent). With the introduction of compulsory immunization against diph​theria great success has been gained in the control of this disease. Sickness rate of diphtheria  in 1975 in comparison with 1913 to single instances have decreased, death-rate  from diphtheria has decreased more than in 100 times.


However, now diphtheria again became a urgent infection for the countries former USSR, including for Ukraine.

The non-diphtheria corynebacteria are a diverse group; some are no longer classified as corynebactena, e.g. C. pyogenes has been reclassified as Actmomyces pyogenes and C. haemolyticum as Arcanobactenum haemolyticum. Many isolates from man, animals or the environment cannot be fitted into any species.

On the basis of the infections they produce, non-diphtheria corynebacteria can be classified into those which cause infection in immuno- competent patients: C. ulcerans, C. haemolyticum (A. haemolyticum), C. pseudotuberculosis (C. ovis) and C. minutissimum; and those which cause opportunistic infection: C. jeikeium, C. xerosis, C. pseudodiphthericum (C. hofmanni), C. equi, and CDC groups A-4, D-2 and G-2. 

The main clinical syndromes associated with infection are shown in table 1.

	Table 1. The main human clinical syndromes of the non-diphtheria corynebacteria

	Syndrome
	Species

	Acute pharyngitis 
	C. ulcerans

C. haemolyticum

	Cutaneous infections


	C. minutissimum

C. jelkeium

	Granulomatus lymphadenitis 
	C. pseudotuberculosis


	Infective endocarditis


	C. jeikeium

C.  xerosis

C. pseudodiphtherticum

C bovis

	Shunt
or cannula 

infections
	C. jeikeium

C.  xerosis

C bovis

and others unclassified

	Necrotizing pneumonia
	C. equi

	Urinary infections associated with
 renal tract abnormality and stones 
	CDC group D-2

 (CDC – centers for disease control, Atlanta, USA)


Corynebacterium ulcerans

A toxin identical to that of C. diphthenae is produced by some strains of C. ulcerans which produce a diphtheria-like illness.

C. ulcerans causes bovine mastitis and sporadic infections but outbreaks occur in rural communities exposed to infected animals or milk. Human-to-human transmission has not been reported. Almost all infections are pharyngeal, though occasional soft tissue infections occur.

Infection usually takes the form of acute pharyngitis; pseudomembranes may form and cardiac or neurological complications can occur. These infections merit treatment with antitoxin, though its efficacy is not proven. Erythromycin is the antibiotic of choice. 

Corynebacterium haemolyticum

The main clinical infection is acute pharyngitis which is usually sporadic. Most patients are young adults who present with sore throat; some have cervical lymphadenopathy and many develop a scarlatiniform rash. A minority of patients may develop peritonsillar abscesses. 

C. haemolyticum has also been isolated from chronic skin ulcers, and occasionally from osteomyelitis and brain abscess.

Erythromycin is effective, but mild pharyngitis does not require therapy and settles in a few days. 

Corynebacterium pseudotuberculosis
C. pseudotuberculosis causes a caseous lymphadenitis in sheep. Infection presents as a subacute or chronic lymphadenitis involving the axillary or cervical nodes, often with systemic symptoms.

Long courses of erythromycm, tetracycline or penicillin have been used; however, surgical drainage or excision may be necessary. 

Corynebacterium minutissimum
C. minutissimum is associated with the skin condition erythrasma, a localized infection of the stratum corneum which produces red scaly patches in the toe webs, groins and axillae. The lesions fluoresce 'coral red' in Wood's light. C. minutissimum can be cultured but this is rarely necessary.

Corynebacterium jeikeium
      Numerically, C. jeikeium is now the most important pathogenic coryneform in North America and Europe. The organism is part of the normal com- mensal flora of a small number of healthy individuals, being found on mucosal surfaces and the skin. Hospitalized patients are commonly colonized with C. jeikeium, particularly neutropenic patients and those receiving antibiotics. C. jeikeium has been isolated from blood, tissue and cerebrospinal fluid in patients with neutropenia, after cardiac surgery and with intravenous  cannulae. 

           The largest infected group are patients with haematological malignancy receiving cytotoxic chemotherapy. Infection in this group is usually related to long-term intravenous cannulae and infections may involve exit sites, subcutaneous tunnels or intralummal infection. Bone marrow biopsy sites and perianal fissures may also become infected and give rise to bacteraemia. After a bacteraemic episode, secondary soft tissue infection and abscesses can occur.

C. jeikeium may also infect prosthetic and porcine heterograft valves, usually presenting 1-2 months after insertion. Other infections such as peritonitis in patients on peritoneal dialysis and central nervous system infection in those with ventriculo-peritoneal or atrial shunts for hydrocephalus are an increasing problem. Myocardial abscesses and pyelonephntis have also been reported in immunocompromised patients.

C. jeikeium is usually resistant to penicillins, cephalosporins and aminoglycosides but sensitive to glycopeptides. Vancomycm, gentamycin, rifampicin or trimethoprim (biseptol) are recommended.  

 COMMON CHARACTERISTICS OF MYCOBACTERIA

The genus Mycobacterium family Mycobacteriaceae, order Actinomycetales, includes bacteria which are characterized by the ability to branch and by the acid-, alcohol-, and alkali-fast properties. The mycobactena, or acid-fast bacilli, are responsible for tuberculosis and leprosy, and a number of acid-fast saprophytes which occur in the body of poikilotherms, on various cereals, in soil, manure, milk, butter, etc occasionally cause opportunist disease.

The name of the genus, Mycobacterium (fungus-bacterium), is an allusion to the mould-like pellicles formed when members of this genus are grown in liquid media. The hydrophobic property is due to their possession of thick, complex, lipid-rich, waxy cell walls A further important characteristic of mycobactena, also due to their waxy cell walls, is their acid fastness, or resistance to decolorization by a dilute mineral acid (or alcohol) after staining with hot carbol fuchsin. 

The important feature of mycomacteria  is their slow growth on nutritious media.The time of generation for M. tuberculosis amount 14 hrs, while for most pathogenic bacteria it amount 20 – 30 minutes. Accordingly, evident growth of culture is usually formed in 18-20 hours, but for Mycobacterium tuberculosis, it takes 2-3 weeks
There are about 50 species of mycobactena, which are divisible into two major groups, the slow and rapid growers, although the growth rate of the latter is slow relative to that of most other bacteria The leprosy bacillus has never convincingly been grown in vitro.
Causative Agent of Tuberculosis

The organism responsible for tuberculosis in man (Mycobacterium tuberculosis) was discovered in 1882 by R. Koch. He also studied problems concerning the pathogenesis of tuberculosis and immunity produced by the disease. A. Calmette's and Ch. Guerin's discovery in 1919 of the live vaccine against tuberculosis was very important since it permits widespread practice of specific preventive vaccination. The introduction of antibiotics and other antitberculosis has supplied modern medicine with powerful means of tuberculosis control.

Morphology. M. tuberculosis is a slender, straight or slightly curved rod, 1 - 4 mcm in length and 0.3 - 0.6 mcm in breadth. It may have small terminal swellings. The organisms are non-motile, Gram-positive, pleomorphous, and do not form spores or capsules. They stain poorly by the ordinary methods (in connection with the high contents of mycolic acid) but are stained well by the Ziehl-Neelsen method.

Rod-like, thread-like, branching, granular, coccoid, and filterable forms are encountered,

E. Metchnikoff and V. Kedrovsky observed certain forms in cultures, which were similar to actinomycetes. The existence of filterable forms of M. tuberculosis. is proved; on being injected into guinea pigs, they become acid-fast and may be seen under the light microscope
Occurrence of non-bacillary G-forms has also been ascertained, the majority of them occurring under unfavourable conditions.

 
Electron microscopy .has revealed the presence of granules and vacuoles located terminally in the cells of mycobacteria. The cytoplasm of young cultures is homogeneous, while that of old cultures is granular. M. tuberculosis is acid-fast due to the fact that it contains mycolic acid and lipids.

The lipids of M. tuberculosis consist of three fractions: (1) phosphatide which is soluble in ether; (2) fat which is soluble in ether and acetone: (3) wax which is soluble in chloroform and ether.

Les Nonacid Jeûnent des formes granuleuses qui aisément tachent la violette par la méthode de Gramme et connu comme Beaucoup granules, et les fragments de Slenger acide rapide de M. la tuberculose se produit aussi. 
Cultivation. The organisms are aerobic, and their optimal growth temperature is 37 °C. They do not grow below 24 and above 42 C. The reaction of the medium is almost neutral (pH 6.4-7.0), but growth is possible at pH ranging from 6.0 to 8.0.

The organisms grow on selective media, e. g. coagulated serum, glycerin agar, glycerin potato, glycerin broth and egg media (Petroffs, Petragnani's, Dorset's, Loewenstein's, Lubenau's, and other). They may be cultured on Soton's synthetic medium which contains asparagine, glycerin, iron citrate, potassium phosphate, and other substances. Synthetic and semisynthetic media are employed for cultivating M. tuberculosis in special laboratories.

Certain levels of vitamins (biotin, nicotinic acid. riboflavin, etc.) are necessary for the growth of M. tuberculosis. Scarcely visible growth appears 8-10 days after inoculation on glycerin (2-3 per cent) agar, but in 2-3 weeks a dry cream-coloured pellicle is produced. The best and quickest (on the sixth-eighth day) growth is obtained on Petroffs egg medium which consists of egg yolk, meat extract, agar, glycerin, and gentian violet.

M. tuberculosis form on solid nutrient media rough towering colonies with incrassate  or wrinkled surface and with thin rough edges. On glycerin (4-5 per cent) meat-peptone broth the organisms produce a thin delicate film in 10-15 days, which thickens gradually, becomes brittle, wrinkled, and yellow; the broth remains clear. M. tuberculosis dissociate from typical R-forms to the atypical S-forms. Some strains produce a yellow pigment in old cultures. 

M. tuberculosis can be successfully cultivated by Pryce's microculture method or Shkolnikova's deep method in citrated rabbit or sheep blood. Growth becomes visible in 3-6 days.

Fermentative properties. The organisms have been found to contain proteolytic enzymes which break down proteins in alkaline and acid medium. They ferment, alcohols, glycerin, and numerous carbohydrates. M. tuberculosis is cap able of causing reduction (they reduce salts of telluric acid, potassium tellurite, and break down olive and castor oils, etc.).   
Toxin production. M. tuberculosis does not produce an exotoxin. It contains toxic substances which are liberated when the cell decomposes.

In 1890 R. Koch isolated from the tubercle bacillus a substance known as tuberculin. There are several tuberculin preparations. The «Old» Koch's tuberculin is a 5-6-week-old glycerin broth culture sterilized for 30 minutes by a continuous current of steam (100 C), evaporated at 70 C to one tenth of the initial volume, and filtered through a porcelain filter. The «New» Koch's tuberculin consists of desiccated M. tuberculosis which are triturated in 50 per cent glycerin to a homogeneous mass. A tuberculin has been derived from the bovine variety of M. tuberculosis, which contains protein substances, fatty acids, lipids, neutral fats, and crystalline alcohol. There is also a tuberculin free of waste sub stances and designated PPD (purified protein derivative) or PT (purificatum tuberculinum).

Tuberculin is toxic for guinea pigs, which are affected with tuberculosis (injection of 0.1 ml of the standard preparation is fatal for 50 per cent of experimental animals). Small doses of tuberculin produce no changes in healthy guinea pigs.

The chemical. composition of the toxic substances contained in M. tuberculosis has not yet been ascertained. It is known that the toxin of the tubercle mycobacteria is composed of proteins (albumins and nucleoproteins). Phosphatides have been isolated from the virulent types of the organism and are capable of producing characteristic lesions in rabbits. Phthioic acid is the most active.

Extremely toxic substances have been extracted from M. tuberculosis after boiling in vaseline oil. They are fatal to guinea pigs in doses of one thousandth of a milligram. Virulent mycobacteria differ from the non-virulent organisms in that they contain a great number of lipopolysaccharide components. 

The lipid fraction (cord factor) responsible for adhesion of mycobacteria and their growth in cords and strands is marked by high toxicity. The cord factor of M. tuberculosis destroys the mitochondria of the cells of the infected body and causes disorders in respiration and phosphorylation.

The main importance in pathogenesis of tuberculosis is given to greasy acids; they promote caseous degeneration, disintegration of cells of elements, cause blockade of ferments  (lipase, protease).

Antigenic structure. On the basis of agglutination and complement fixation reaction a number of types of mycobacteria have been distinguished: mammalian (human, bovine, and rodent), avian, poikilotherm, and saprophytic. The human type does not differ serologically from the bovine or murine types. Mycobacterial antigens produce agglutinins, opsonins, precipitins, and complement-fixing antibodies in low litres. Tuberculin is considered to be a peculiar antigen (hapten). A high molecular tuberculin may be considered to be a full-value antigen capable of stimulating the production of corresponding antibodies.

M. tuberculosis and tuberculin possess allergenic properties and pro duce local, focal, and generalized reactions in the body infected with tuberculosis.

The M. tuberculosis antigen contains proteins, lipids, and particularly large amounts of phosphatides and lipopolysaccharides. Experiments on animals have proved that the lipopolysaccharide-protein complexes protect the body from infection with M. tuberculosis.
Tuberculin is widely used for allergic tests, which are employed for determining infection with M. tuberculosis.
Classification of mycobacteria which are pathogenic for human beings, cattle, rodents, and birds is given in table 1. 

Table 1. Classification of Main Mycobacterium

 Species

	Species
	Causes:

	M. tuberculosis
	Tuberculosis in humans and other primates, in dogs and other animals that were in contact with a sick person

	M. africans


	   Tuberculosis among inhabitants of tropical Africa (Senegal, and other countries)

	M. bovis
	Tuberculosis in calves, domestic and wild animals, humans and other primates

	M. kansasii 
	Chronic pulmonary tuberculosis in humans, which is marked by weak activity

	M. intracellulare
	Severe forms of pulmonary tuberculosis in humans, localized lesions in pigs

	M. xenopi


	Chronic tuberculosis of the lungs, urogenital system and granuloma of the skin in humans

	M. ulcerans
	Tuberculosis of the skin among inhabitants of Australia, ulceration of the skin in persons dwelling in Mexico, New Guinea, Malaysia and Africa

	M.para-

tuberculosis
	Chronic diarrhoea in calves and sheeps

	M. microti
	Generalized infection in field mice

	M. avium
	Tuberculosis in birds, sometimes in calves, pigs and other animals. Infection in humans is rare

	M. leprae

 M. lepraemurium


	Leprosy in humans 

Endemic affections of rats in different parts of the world


There are also strains of M. tuberculosis which affect poikilotherms and acid-fast saprophytes.

Resistance. Tubercle bacilli are more resistant to external effects as compared to other non-sporeforming bacteria as a result of their high lipid content (25-40 per cent).

The organisms survive in the flowing water for over a year, in soil and manure up to 6 months, on the pages of books over a period of 3 months, in dried sputum for 2 months, in distilled water for several weeks, and in gastric juice for 6 hours. They are easily rendered harm less at temperatures ranging from 100 to 120 °C. The organisms are sensitive to exposure to sunlight.

Pathogenicity for animals. Tuberculosis is an infection which is wide spread among cattle, chickens, turkeys, etc. Pigs, sheep and goats con tract thedisease less frequently.

Cattle, sheep and goats are quite resistant to the human type of tubercle mycobacteria. Guinea pigs are highly susceptible to the human type, and their infection results in a generalized pathological condition and death. Infection of rabbits produces chronic tuberculosis.

The bovine type of the organism is pathogenic for many species of domestic mammals (cows, sheep, goats, pigs, horses, cats, and dogs) and wild animals. Infected rabbits and guinea pigs contract acute tuberculosis, the condition always terminating in death.

Cattle and, less frequently, sheep and goats contract paratuberculosis (chronic specific hypertrophic enteritis) which is caused by Mycobacterium paratuberculosis.
The avian type of tubercle mycobacteria produces infection in chickens, turkeys, fowls, peacocks, pheasants, pigeons, and waterfowl in natural conditions. Domestic animals (horses, pigs, goats, and less frequently cattle) may naturally acquire the disease by infection with the avian type organisms. Man may also be infected in some cases.

Among laboratory animals rabbits are highly susceptible to the avian type of tuberculosis, small doses of the organism causing generalized tuberculosis. Guinea pigs are relatively resistant and subcutaneous injections of the culture affect the lymph nodes, which is accompanied with the development of caseous foci.

The murine type of M. tuberculosis is extremely pathogenic for field mice. Experimental inoculation of rabbits and guinea pigs with this typie of mycobacteria produces chronic tuberculosis.

Disease in man. It has been shown that tuberculosis in man is caused by several types of mycobacteria - the human type (M. tuberculosis), the bovine type (M. bovis), etc. (table 1). The tuberculous diseases of the man are possible and as a result infection by the bird's kind (at the use in food of not enough percoct meat of the hens or them eggs, infected by M. avium). 
The share of atypical mycobacteria which cause a variety of clinical forms of tuberculosis among humans has recently grown to 50 per cent.

Infection with tuberculosis takes place through the respiratory tract by the droplets and dust, and, sometimes, per os through contaminated foodstuffs. and through the skin and mucous membranes. Intrauterine infection via the placenta may also occur.

With air-borne infection, the primary infectious centre develops in the lungs, but if infection takes place through the alimentary tract, the primary focus is in the mesenteric lymph nodes. When body resistance is low and conditions of work and life are unfavourable, the organisms may leave the site of primary localization and spread throughout the body, causing a generalized infection. At present, there is a point of view, which maintains that localization of the infectious focus in the lungs is preceded by a lympho-haematogenic dispersion of M. tuberculosis throughout the body. The duration of the incubation period in tuberculosis is comparatively long, from several weeks to 40 years and more.

The development of the primary tuberculous foci takes a benign course if the conditions of life are favourable and there are no aggravating factors present. This stage usually terminates with resorption and healing of the caseous foci which become calcified and enclosed in a dense connective-tissue capsule. However, such result is not accompanied by the body becoming completely freed of the causative agents. About 80 per cent of people who are under 20 years of age are infected with M. tuberculosis but no disease is produced in them. The frequency of infection of the people depends on a level of disease incidence, social conditions both organization of medical and preventive measures spent by bodies of public health services.
The organisms survive in the lymph nodes and other tissues and organs of the primary focus for many years and sometimes even for life. People infected in such a way acquire, on the one hand, relative immunity and, on the other hand, a potentially latent form of tuberculosis which may become active under the influence of a number of infectious diseases and psychic and physical traumas.

Under the effect of drugs and immunobiological factors of the mac ro-organism L-forms capable of reversion to typical mycobacteria form quite frequently.

In some cases primary tuberculosis can be quite severe in non-in fected and non-immunized people, particularly if they were infected by massive doses as a result of contact with patients who discharge virulent mycobacteria.

Incidence of reinfection with tuberculosis increases 3-5 fold among individuals exposed to exogenous superinfection and the resulting con dition is more severe than aggravation of primary tuberculosis. It in volves the development of new foci in the lymphatic system, increased sensitization, and accumulation of irritations as a result of the body being affected by pathogenic mycobacteria which are extreme irritants. The people in elderly and senile age are most vulnerable.

Tuberculosis is characterized by a variety of clinical forms, anatomi cal changes, compensational processes, and results. The infection may become generalized and involve the urogenital organs, bones, joints, meninges, skin, and eyes.

Pathogenesis. The tubercle bacillus owes its virulence to its ability to survive within the macrophage rather than to the production

of a toxic substance The immune response to the bacillus is of the cell mediated type and the clinical features of tuberculosis are due to the paradox that this ordinarily protective response contributes to the tissue destruction and other pathological characteristics of the disease. As a result of this reactivity, human tuberculosis is divisible into primary and post-primary forms with quite different pathological features.

Primary tuberculosis.The site of the initial infection is usually the lung, following the inhalation of bacilli. These bacilli are engulfed by alveolar macrophages in which they replicate to form the initial lesion or Ghon focus. Some bacilli are carried in macrophages to the hilar lymph nodes where additional foci of infection develop. The Ghon focus together with the enlarged hilar lymph nodes form the primary complex. In addition, bacilli are seeded by further lymphatic and haematogenous dissemination in many organs and tissues, including other parts of the lung. When the bacilli enter the mouth, as in milk-borne bovine tuberculosis, the primary complexes involve the tonsil and cervical nodes (scrofulosis), or the intestine, often the ileocaecal region, and the mesentenc lymph nodes. Likewise, the primary focus may be in the skin with involvement of the regional lymph nodes. This form of tuberculosis was an occupational disease of anatomists and pathologists and was termed «prosector's  wart». 

Within about 10 days of infection, clones of antigen-specific T lymphocytes are produced. These release lymphokines which activate macrophages and cause them to form a compact cluster, or granuloma, around the foci of infection. These activated macrophages are termed epithelioid cells from their microscopical resemblance to epithelial cells. Some of them fuse to form multnucleate giant Langhans’ cells. 

The centre of the granuloma contains a mixture of necrotic tissue and dead macrophages which, from its cheese-like appearance and consistence, is referred to as «caseation»  - caseosis.
Activated macrophages inhibit the replication of the tubercle bacillus, but there is no clear experimental evidence that they can actually kill them. Being metabolically very active, the macrophages in the granuloma consume oxygen and the resulting anoxia and acidosis in the centre of the lesion probably kills most of the tubercle bacilli. Granuloma formation is usually sufficient to limit the primary infection: the lesions become quiescent and surrounding fibroblasts produce dense scar tissue which may become calcined. Not all bacilli are destroyed: some remain in a dormant form as persisters which, when reactivated, cause post-primary disease.

In a minority of cases one of the infective foci progresses and gives rise to the serious manifestations of primary disease, including progressive primary lesions, meningitis, pleurisy and disease of the kidneys, spine {Pott's disease) and other bones and joints. If a focus ruptures into a blood vessel, bacilli are disseminated throughout the body with the formation of numerous granulomas. This, from the millet seed-like appearance of the lesions, is known as miliary tuberculosis (L. miliar – millet). The 'timetable' of events in primary tuberculosis is shown in Table 2. 

Table 2. Stages of primary tuberculosis in childhood
	Time (from onset)
	Characteristics

	3-8 weeks
	Primary complex develops and tuberculin conversion occurs

	2-6 months
	Progressive healing of primary complex Possibility of pleural effusion

	6-12 months
	Possibility of miliary or meningeal tuberculosis

	1-3 years
	Possibility of bone or joint tuberculosis

	3-5 years or more
	Possibility of genito-urinary or chronic skin tuberculosis


Post-primary tuberculosis. In many individuals, the primary complex resolves and the only evidence of infection is a conversion to tuberculin reactivity (veer of tuberculine test – earler negative Mantoux test  becomes positive).
After an interval of months, years or decades, reactivation of dormant foci of tubercle bacilli or exogenous reinfection may lead to post-primary tuberculosis, which differs in several respects from primary disease.     

Reactivation may occur spontaneously or after an intercurrent illness or other condition that lowers the host's immune responsiveness. For unknown reasons reactivation or reinfection tuberculosis almost always occurs in the upper lobes of the lungs. The same process of granuloma formation occurs but the necrotic element of the reaction causes tissue destruction and the formation of large areas of caseation termed tuberculomas. Proteases liberated by activated macrophages cause softening and liquefaction of the caseous material and an excess of tumour necrosis factor (cachectin) and other immunological mediators cause the disease.

The interior of the tuberculoma is acidic and anoxic and contains few viable tubercle bacilli. Eventually, however, the expanding lesion erodes into a bronchus, the liquefied contents are discharged and a well-aerated cavity is formed. The atmosphere of the lung, with a high carbon dioxide level, is ideal for supporting the growth of the bacilli and huge numbers of these are found in the cavity walls. For this reason, closure of the cavities by collapsing the lung, either by artificial pneumothorax or by excising large portions of the chest wall, was a standard treatment for tuberculosis in the prechemotherapeutic era.

Once the cavity is formed, large numbers of bacilli gain access to the sputum and the patient becomes an open or infectious case. This is a good example of the transmissibility of a pathogen being dependent upon the host's response to infection. Surprisingly, about 20% of cases of open cavitary tuberculosis resolve without treatment.

In post-primary tuberculosis dissemination of bacilli to lymph nodes and other organs is unusual. Instead, spread of infection occurs through the bronchial tree so that secondary lesions develop in the lower lobes of the lung. Likewise, secondary lesions may occur in the trachea, larynx and mouth and swallowed bacilli cause intestinal lesions; secondary lesions may also develop in the bladder and epididymis in cases of renal tuberculosis. 

Post-primary cutaneous tuberculosis (lupus vulgaris) usually affects the face and neck. Untreated, it is a very chronic condition leading to gross scarring and deformity. Some cases are secondary to sinus formation between tuberculous lymph nodes and the skin (scrofuloderma).
Tuberculosis in immunocompromised individuals

    Reactivation tuberculosis is particularly likely to occur in immunocompromised individuals, including the elderly, transplant recipients and those who are human immunodeficiency virus (HIV) positive. In the latter, tuberculosis is usually diagnosed before the other features of acquired immune deficiency syndrome (AIDS) are apparent. Cavity formation is unusual, emphasising the importance of the immune response in this pathological process. Instead, diffuse infiltrates develop in any part of the lung and non-pulmonary lesions due to lymphatic and haematogenous dissemination are common. Sometimes there are numerous minute lesions teeming with tubercle bacilli throughout the body — a rapidly fatal condition termed «cryptic disseminated tuberculosis».
Immunity. Man is naturally resistant to tuberculosis, this property being hereditary. On the basis of the allergic reaction. X-ray examination, and patho-anatomical changes it has been shown that in a great number of cases infection does not result in disease. There are approximately 80 per cent of adults over 20 years of age among infected persons and no more than 10 per cent of them become ill, and only 5 per cent immediately after infection.

There is a characteristic immunity produced by tuberculosis. Inoculation of M. tuberculosis into healthy guinea pigs causes no visible changes during the first days after infection. But a compact tubercle which undergoes ulceration is formed in 10-14 days. The lymph nodes become enlarged and hard, a generalized process develops, and the animal dies after 6 –8 weeks.

When tuberculous animals are inoculated with M. tuberculosis, an ulcer is formed at the site of injection quickly. This ulcer shortly heals and no involvement of the lymph nodes or generalization of infection takes place. These facts were established by Koch and advanced the knowledge on a number of problems concerning pathogenesis and immunity in tuberculosis.                     

Particular importance was attributed to non-sterile (infectious) immunity which has been widely reproduced artificially by BCG vaccination. It is understood that immunity to tuberculosis is usually non sterile. However, as in brucellosis, the phase of non-sterile immunity in tuberculosis is followed by the phase of sterile immunity.

Agglutinins, precipitins, opsonins, lysins, and complement-fixing antibodies are found to be present in the sera of tuberculosis patients. The presence of these substances, however, provides no evidence of the intensity of the immunity. Likewise, insusceptibility cannot be determined by the phagocytic reaction since phagocytosis in tuberculosis is frequently incomplete. Body reactivity and specific productive inflammation play the main role in production of immunity. This inflammation renders the M. tuberculosis harmless by formation of granulomas which consist of giant Langhans' cells and epithelioid cells surrounded by a zone of lymphoid. Such productive inflammation histologically represents «knobble», «tuberculum», as the  is reflected in the name of disease  - tuberculosis.

Interference of M. tuberculosis with BCG strains and other non-viru lent mycobacteria which are capable of blocking tissue and organ cells sensitive to virulent tuberculous mycobacteria plays a definite role in the complex of defence mechanisms of the body.

The genetic factor (which has been studied in detail in twins) plays an obvious role in immunity in tuberculosis. The concordance in affection with the disease is 67 per cent among monozygotic twins. 25.6 per cent among dizygotic twins, 25.6 per cent among brothers and sisters, and 7 per cent in husband and wife.

A new component which affects M. tuberculosis has been found to be present in human blood, which is characterized by the ability to kill tubercle bacilli. Individuals devoid of this component are more susceptible to tuberculosis.

Among the defence factors phages should be mentioned. They affect both virulent and avirulent M. tuberculosis strains. The discovery of phages is of certain practical importance. They may be used in diagnosis and, probably, in the treatment of tuberculosis.

Many tissues are capable of producing enzymes which break down mycobacteria. Such properties are characteristic of enzymes of the nuclease group.

The barrier function of tissues and organs which stops the organisms and prevents their dispersal throughout the body is of essential importance in body resistance to tuberculosis. Antituberculous antibacterial agents which have been found in the blood, muscles, skin, thyroid gland, pancreas, spleen, and kidneys are also of great significance. The role of tuberculous allergy in immunity has not been ascertained, although various points of view on this subject have been expressed.

The majority of phthisiotherapists hold that there is no correlation between allergy and immunity in tuberculosis.

Laboratory diagnosis.

1. Microscopy of smears from sputum, pus, spinal or pleural fluid, urine, faeces, lymph nodes, etc., stained by the Ziehl-Neelsen method. For concentration of the organisms, the sputum is subjected to enrichment methods (homogenization and flotation).

Good results are obtained by employing luminescent microscopy with auramine.

2. Isolation of the pure culture. The prepared sputum, pus, suspensions of parenchymatous tissues, and other material are inoculated into nutrient media. The Loewenstein’s-Jensen’s egg nutrient medium is recommended as standard medium for primary cultivation of M. tuberculosis according to the instruction of WHO.

Pryce's microculture method is the most effective. It allows to bring up mycobacteria in shorter terms.
The material under test is spread thickly on a slide, dried, and treated with sulphuric acid which is then washed off with a sterile sodium chloride solution. The preparations are then put into flasks containing citrated blood and placed into a thermostat for a period of 2-3 days, or a maximum of 7-10 days. The preparations may be stained after 48 hours' incubation. Virulent mycobacteria after 2 – 3, maximum 7 – 10 days produce convoluted strands in the microcultures, while the non-virulent strains form amorphous clusters.

3. Biological method. Inoculation of guinea pigs produces an infiltrate at the site of injection of the material, lymph node enlargement and generalized tuberculosis. The animals die l-1.5 months after inoculation. Postmortem examination reveals the presence of numerous tubercles in the internal organs. Specimens are obtained from lymph nodes by puncture 5-10 days after inoculation and examined for the presence of tubercle bacilli. The tuberculin test is carried out 3-4 weeks after infection. The atypical strains and L-forms are non-pathogenic for guinea pigs.

4. Serological method. 

Complement-fixation test (positive in 80 per cent of cases with chronic pulmonary tuberculosis, in 20-25 per cent of patients with skin tuberculosis, and in 5-10 per cent of healthy people).

 Indirect haemagglutination test (Middlebrook-Dubos test). Sheep erythrocytes, on which polysaccharides of M. tuberculosis or tuberculin are adsorbed, are agglutinated in serum of tuberculosis patients.

Now it is possible to recommend ELISA with use of the appropriate tests - systems.
5. Tuberculin (allergic) test (Mantoux test) is used for detecting infection of children with M. tuberculosis and for diagnosis of tuberculosis, revealing of the tuberculin tests veer, selection of the persons subject to vaccination, definition of efficiency of BCG vaccination, estimation of current tuberculous process.

6. Phagotyping of mycobacteria allows to differentiate exogenic and endogenic pathway of infection (on exogenic way falls 15 % of cases of disease and on endogenic - 85 %).
Treatment is accomplished with antibacterial preparations. They include derivatives of isonicotinic acid, hydrazide (tubazide, phthivazide, etc.). streptomycin, and PAS — preparations of the first series. Preparations of the second series (cycloserine, kanamycin, biomycin, etc) are used to enhance the therapeutic effect. The isolated M. tuberculosis are tested for sensitivity to drugs which are added to fluid or solid media in different concentrations. Surgical and climatic (health resort) treatment is also beneficial in certain cases. The complex of therapeutic measures for body desensitization includes the use of tuberculin. It restores body reactivity. Combined treatment with preparations of the first and second series is recommended in chronic forms of tuberculosis.

At present, in certain cases patients are given prednison together with chemotherapeutic agents and antibiotics. Tuberculin therapy is applied in insipient forms of primary tuberculosis.

Prophylaxis is insured by early diagnosis, timely detection of patients with atypical forms of the disease, routine check up of patients and recovered patients, disinfection of milk and meat derived from sick animals, and other measures.

Active immunization of human beings is of great importance in the control of tuberculosis. It lowers significantly the incidence of the disease and the death rate, gives protection against the development of severe cases, and lowers the body sensitivity to the effect of tubercle mycobacteria and to the products of their disintegration. Active im munity makes the body capable of fixing and rendering harmless the causative agent, stimulates biochemical activity of tissues and intensifies the production of antibacterial substances. Immunization produces a certain type of infectious immunity.

Intracutaneous immunization and revaccination have been carried out in the Ukraine. For these requirements a special dry BCG vaccine is produced. It is given in a single injection to newborn infants. Revaccination is carried out at the age of 7, 12, 17, 23, and 27-30 years. Postvaccinal immunity is produced within 3 or 4 weeks and remains for 1-1.5 to 15 years. 

To prevent tuberculosis among carriers or those who had recovered from the disease, preventive chemotherapy with isoniazid (isonicotmic acid hydrazide) is applied.

Living conditions play an important part in the incidence of tuberculosis. Deterioration of the conditions increases the incidence of the dis ease and death rate (wars, famine, unemployment, economical crises, and other disasters).

3. Causative Agent of Leprosy

The organism responsible for leprosy,  Mvcohacterium leprae, was discovered in 1874 by the Norwegian investigator G. Hansen..

Morphology. M. leprae have many properties in common with the tubercle bacilli. They are straight or slightly curved bacilli, and club shaped swellings and granular forms sometimes occur. The organisms are 1-8 mcm in length and 0.3-0.5 mcm in breadth. They usually occur in groups resembling packets of cigars or clusters. They decolour more easily than M. tuberculosis. M. leprae is non-motile, produces neither spores nor capsules, and is Gram-positive.

The organisms are pleomorphous. Among the more typical forms long, short, and thin cells as well as larger cells which are swollen, curved, branched, segmented, or degenerate (splitting up into granules) may occur.

M. leprae are similar to M. tuberculosis in chemical composition Their lipid content ranges from 9.7 to 18.6 per cent. Besides mycolic acid, they contain laeprosinic oxy acid, free fatty acids, wax (leprozine), alcohols, and polysaccharides.

Cultivation. Attempts to cultivate M. leprae on nutrient media employed for growth of M. tuberculosis have been unsuccessful.

M. leprae found in the leprous tissues of humans are injected into the leg of mice where they reproduce in 20 to 30 days.

In 1971 British scientists were successful in elaborating a quite satisfactory method for cultivating M. leprae in the body of armadillos. After infection with pathological material taken from humans suffering from leprosy, a copious number of typical granulomas develop in the animals. The body temperature of armadillos is rather low (30-35 C), at this temperature cell immunity against M. leprae is suppressed. Experiments in which pieces of leproma enclosed in colloidal sacs were introduced into the peritoneal cavity of animals demonstrated the existence of a great variety of leprosy mycobacteria (nonacid-fast, capsulated, granular, coccal, spore-like, thread-like, L-forms and rod-like) which resemble fungal mycelium.

Fermentative properties have been insufficiently studied. This research has been handicapped by failure to solve the problem of cultivation of M. leprae on nutrient media.

Toxin production. The organisms have not been shown to produce a toxin. They evidently produce allergic substances. It is difficult to study this problem because no experimental animal sensitive to M. leprae has been found over a period of more than 100 years.

Antigenic structure and classification have not been worked out.

Resistance. M. leprae are extremely resistant, and survive in human corpses for several years. Although the organisms retain their morphological and staining properties outside the human body for a long period of time, they quickly lose their viability.

Pathogenicity for animals. Leprosy-like diseases are known to occur among rats, buffaloes, and certain species of birds, but they differ essentially from human leprosy. The experimental animals rather easily can infect after an irradiation and excision of tymus.
M. leprae is pathogenic only for man. Leprosy in rats caused by M. lepraemurium has been studied quite thoroughly (V. Stefansky, 1903). The disease in rats takes a chronic course with involvement of the lymph nodes, skin, and internal organs, the formation of infiltrates and ulcerations, and loss of hair. Antituberculosis drugs proved to be most effective in the treatment of rat leprosy, on the basis of which it can be assumed that M. leprae is closer genetically to the causative agents of tuberculosis and paratuberculosis. The leprosy organisms are pathogenic for armadillos, in which typical granulomatous lesions are reproduced.

Pathogenesis and disease in man. The source of infection is a sick person. The causative agent is transmitted by the air-droplet route through the nasopharynx and injured skin. The infection may also be spread by various objects. However, intimate and prolonged contact between healthy individuals and leprosy patients is the main mode of infection.

After entering the body through the skin and mucous membranes, M. leprae organisms penetrate into the nerve endings, lymphatic and blood vessels, and disseminate gradually without causing any changes at the site of entry. In the presence of high body resistance, the majority of M. leprae perish. In some cases infection leads to the development of latent forms of leprosy. The duration of such latent forms depends on body resistance, and may persist for a lifetime and, as a rule, terminates in the death of the causative agent.  The latent form may change to the active form with development of the disease, if living and working conditions become unfavourable. The incubation period may last for years, e.g from a period of 3-5 to 20-35 years The disease becomes chronic.

Three types of leprosy are distinguished on the basis of clinical mani festations: lepromatous, tuberculoid, and undifferentiated

1. The lepromatous type is characterized by minimum body resistance to the presence, multiplication, and spread of the causative agent M. leprae are constantly present at the sites of the lesions. The lepromin test is negative.

2. The tuberculoid type is distinguished by high body resistance to the multiplication and spread of M. leprae. Either no organisms are found at the site of the lesion, or only a small numbel of them may be present during the reactive state. The allergic test is usually positive.

3. The undifferentiated type (non-specific group) is characterized by varying body resistance, but tends to be resistant. Microscopic examination does not always reveal the presence of M. leprae. Allergic tests are negative or yield a slightly positive reaction.

Immunity. Little is known about immunity in connection with leprosy. Patients' blood contains complement-fixing substances. An allergic condition develops during the course of the disease. The mechanism of immunity in leprosy is similar to that in tuberculosis.

n individuals with high body resistance, the organisms are phagocytosed by histiocytes in which they are destroyed quite rapidly. In such cases leprosy assumes a benign tuberculoid type.

In individuals with low resistance, M. leprae multiply in great numbers even within the phagocytes (incomplete phagocytosis), and the organisms disseminate throughout the body. A severe lepromatous type of the disease develops in such individuals.

Resistance may vary from high to low in undiiferentidted types of leprosy. Relatively benign lesions persist for years, but if body resistance lowers the disease assumes a lepromatous form with large numbers of mycobacteria present in the tissues and organs. The clinical picture changes to the tuberculoid type when immunity intensifies.

Immunity in leprosy is associated with the general condition of the host body. In the majority of cases the disease occurs among the poor who have a low standard of culture. Children are most susceptible to the disease. In 5 per cent of cases the disease is acquired through contact with sick parents.

Laboratory diagnosis. Specimens for examination are obtained from nasal mucosa scrapings (on both sides), skin lepromas, sputum, and ulcer excretions Blood is examined during the fever period. Microscopic examination is the principal method of leprosy diagnosis. Smears are stained with the Ziehl-Neelsen stain.

Biopsy of leprotic lesions and puncture of lymph nodes are employed in some cases. M. leprae can be seen as clusters resembling packets of cigars, in preparations from nasal mucus they appear as red balls.

Leprosy is differentiated from tuberculosis by inoculating guinea pigs with a suspension of the pathological material in an 0. 85 per cent solution of common salt. If tubercle bacilli are present, the animals contract the disease and die. Guinea pigs are unsusceptible to M. leprae
The allergic Mitsuda test is considered positive when an eiythema and a small papule (early reaction) are produced at the site of an 0.1 ml lepromin (a suspension prepared from a leproma after trituration and prolonged boiling) injection in 48-72 hours; this reaction either disappears completely at the end of the first week or changes to the late reaction. The latter is manifested by a nodule which appears at the site of injection in 10-14 days, and grows to a diameter of 1-2 cm with necrosis in the centre. This test is of no diagnostic value and is used to distinguish the clinical type of leprosy.

The complement-fixation reaction and the indirect haemagglutination test are employed for leprosy diagnosis.

Treatment. Until 1982, dapsone (4,4'-diaminodiphenyl sul phone, DDS) monotherapy was the standard treatment for all forms of leprosy. Unfortunately, the increasing incidence of leprosy due to dapsone resistant bacilli made it necessary to introduce multidrug therapy based on dapsone, rifampicin and clofazimine.

The treatment of leprosy demands far more than the administration of antimicrobial agents. It is often necessary to correct deformities, prevent blindness and further damage to anaesthetic extremities, treat reactions and attend to the patient's social, psychological and spiritual welfare. 

Prophylaxis. Leprosy patients which discharge the organisms are isolated in lepra colonies till clinical recovery.  Patients who do not discharge leprosy organisms receive out-patient treatment. Routine epidemiologic control of endemic foci is carried out. If there is a leprosy patient in a family, all other members are subjected to a special medical examination at least once a year. Children born of mothers with leprosy should be taken away from them and fed artificially. Healthy children of leprosy parents are placed in children's homes or are looked after by relatives and are examined at least twice a year.

No living attenuated vaccines have been prepared for M. leprae, but BCG vaccine seems to protect against leprosy in those regions where it protects against tuberculosis, strongly suggesting that protection is induced by common mycobacterial antigens.

In principle, leprosy may be controlled by chemoprophylaxis with acedapsone (DADDS), a long-acting injectable analogue of dapsone, but because of the increasing prevalence of resistance to dapsone, such prophylaxis is not recommended.
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