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1. Topic of practical class  № 30: «Causative agents of cholera. Causative agents of zoonotic infections.» - 2 hours.

2. Relevance and background of the theme: The problem of cholera, in spite of the significant progress in fight against the disease in our country and other countries, is still very relevant in infectious pathology. However, at present all the cholera cases began to be registered more often, sometimes with fatal consequences. The pandemics originated from cholera’s endemic reservoir in the Indian subcontinent. Of the 6 pandemics, 5 affected Europe and 4 reached the United States, causing more than 150,000 deaths in 1832 and 50,000 deaths in 1866.

The seventh pandemic of cholera, and the first in the 20th century, began in 1961; by 1991, it had affected 5 continents. The pandemic continues today. This seventh pandemic was the first recognized to be caused by the El Tor biotype of V. cholerae O1. The pandemic originated from the Celebes Islands, Indonesia, and affected more countries and continents than the previous 6 pandemics.

Epidemics occur after war, civil unrest, or natural disasters when water and food supplies become contaminated with V. cholerae in areas with crowded living conditions and poor sanitation in wet and warm regions that’s why laboratory diagnostics of cholera has extreme importance.
Furthermore, stomach ulcerative phenomena have links with Helicobacter, which led to a revision of the nature of ulcer pathogenesis. Therefore, the study of this topic is necessary to gain knowledge on the etiology, pathogenesis, specific prevention guidelines, treatment of these infections, and especially for microbiological diagnosis, since it is a common and binding method in the diagnosis of these infections and is common to address the choice of treatments and conducting epidemiological events.
3. Aims of the lesson:
3.1 Educational aims: to learn how to estimate and analyze the results of the accelerated and expanded identification of cholera causative agent, Campylobacter and Helicobacter pylori infection.
3.2 Pedagogic aims: the lesson forms clinical judgment of future doctors, which is necessary to acquire skills differentiation of cholera, Campylobacter and Helicobacter pylori infection during the microbiological diagnosis of these diseases and to provide the necessary treatment.
3.3 Particular aims: 
- student have to know:

· morphological and biological properties of the Vibrio cholerae, El Tor biotype and other vibrios;

· the general scheme of the laboratory diagnosis of cholera;

· pathogenesis of cholera, principles of therapy;

· specific and non-specific prevention of cholera;
- must be able to:

· to select and take the material for diagnostic research;

· to make microscopic and bacteriological examination of cholera, Helicobacter pylori infection and campylobacteriosis;

· to calculate and estimate the results.
4. Materials of before auditorial preparation  (interdisciplinary integration).
	№№ 
	 Discipline
	To know
	 Be able to do:

	1
	2
	 3
	 4

	 І.
	Previous disciplines
1. Medical biology
2.Histology,cytology, embryology
	Parts of light

microscope
	Microscopy on small imagination
Preparation of temporary and constant preparations from tissues

	 ІІ.
	 Next disciplines

1. Infectious diseases.

2. Internal diseases.

3.Hygiene.

4. Epidemiology.
	Technique of microscopy
	Microscopic method of examination of microorganisms, microscopy of preparations from tissues and environmental objects

	 ІІІ.
	Interdisciplinary integration
1. Main shapes of bacteria.

2. Bacteriological method of examination.  
	Technique of microscopy Preparation of slides
	Microscopic method of examination of microorganisms and environmental objects


5. Content of topic  (text or theses), graphological structure of lesson: 
Cholera and Vibrio cholerae
Cholera is a potentially epidemic and life-threatening secretory diarrhea characterized by numerous, voluminous watery stools, often accompanied by vomiting, and resulting in hypovolemic shock and acidosis. It is caused by certain members of the species Vibrio cholerae which can also cause mild or inapparent infections. Other members of the species may occasionally cause isolated outbreaks of milder diarrhea whereas others—the vast majority—are free-living and not associated with disease.

Structure, Classification, and Antigenic Types

Vibrios are Gram-negative, highly motile curved rods with a single polar flagellum. They tolerate alkaline media that kill most intestinal commensals, but they are sensitive to acid. Numerous free-living vibrios are known, some potentially pathogenic. Until 1992, cholera was caused by only two serotypes, Inaba (AC) and Ogawa (AB), and two biotypes, classical and El Tor, of toxigenic O group 1 V cholerae. These organisms may be identified by agglutination in O group 1-specific antiserum directed against the lipopolysaccharide component of the cell wall and by demonstration of their enterotoxigenicity. In 1992, cholera caused by serogroup O139 (synonym “Bengal” the 139th and latest serogroup of V cholerae to be identified) emerged in epidemic proportions in India and Bangladesh. This serovar is identified by 1) absence of agglutination in O group 1 specific antiserum; 2) by agglutination in O group 139 specific antiserum; and 3) by the presence of a capsule.

Pathogenesis

Cholera is transmitted by the fecal-oral route. Vibrios are sensitive to acid, and most die in the stomach. Surviving virulent organisms may adhere to and colonize the small bowel, where they secrete the potent cholera enterotoxin (CT, also called “choleragen”). This toxin binds to the plasma membrane of intestinal epithelial cells and releases an enzymatically active subunit that causes a rise in cyclic adenosine 51-monophosphate (cAMP) production. The resulting high intracellular cAMP level causes massive secretion of electrolytes and water into the intestinal lumen.

Host Defenses

Gastric acid, mucus secretion, and intestinal motility are the prime nonspecific defenses against V cholerae. Breastfeeding in endemic areas is important in protecting infants from disease. Disease results in effective specific immunity, involving primarily secretory immunoglobulin (IgA), as well as IgG antibodies, against vibrios, somatic antigen, outer membrane protein, and/or the enterotoxin and other products.

Epidemiology

Cholera is endemic or epidemic in areas with poor sanitation; it occurs sporadically or as limited outbreaks in developed countries. In coastal regions it may persist in shellfish and plankton. Long-term convalescent carriers are rare. Enteritis caused by the halophile V parahaemolyticus is associated with raw or improperly cooked seafood.

Diagnostics. In microbiological diagnosis of cholera the microscopic, bacteriological, and serological methods of the examinations are used. The main method in the  laboratory diagnosis of cholera is bacteriological examination. 
The rapid methods of cholera diagnosis are IF test, the defection of causative agent antigen in the tested material with the help of DNA - sound probes. Some 10-20 ml of faeces and vomited matter from patients with suspected cholera are collected with a sterile metallic or wooden spoon, transferred into a sterile wide-mouthed vessel, and tightly stoppered with a glass or cork plug. The second portion of faeces and vomit (1-2 ml) is inoculated into I per cent peptone water (50 ml) at the patient's bedside. Both vessels are sealed and immediately sent to the laboratory. 
If the patient has no bowel movements at the moment of material collection, cut off soiled samples of the bed linen or underclothes and collect the contents of the rectum with a sterile wire loop inserted 5-8 cm deep. Following removal, put the loop with a faecal sample into a flask with a nutrient medium. At autopsy the material to be tested is obtained in the following manner: mark off three sites in the area of the upper, middle and lower portions of the small in​testine and a site of the rectum some 10-15 cm long; then from each end of the marked section express the contents of the intestine side​wise, apply two ligatures, and cut an intestine between them. The gallbladder is removed with a part of the liver. The water and foodstuffs (no less than 200 g) should also be examined.
 In examining convalescents, individuals who have contacted with patients or carriers, it is recommended that a purgative or a cholagogue (25-30 g of magnesium sulfate, etc.) be preliminary given to them to obtain liquid faeces from the upper part of the intestines and the contents of the gallbladder. The material to be studied is collected, packed, and sent to the laboratory with special measures of precaution. The glassware should not contain any traces of disinfectants, particularly of acids; it is sterilized or boiled for 15 min. Jars and test tubes should be closed with glass or rubber stoppers. When cork plugs are used, cellulosic film is placed under them. After the material has been collected, the plugs are sealed with paraffin and wrapped with double cel​lulosic film. On each vessel stick on a slip of paper with the name and age of the patient, his or her home and office address, diagnosis, the dates of the onset of the disease and hospitalization, as well as the date and exact time of material collection, and also the name of the person who has sent in the analysis.

The material should be brought to the laboratory no later than six hours after its collection. If the delivery within this period is impossible, the samples are inoculated into I per cent peptone water with potassium tellurite and onto plates with alkaline agar. If the laboratory is a long way off, jars and test tubes with the specimens to be tested are put, packing them with saw dust, into a metallic container which, inturn, is packed into a wooden box. The latter is wrapped, sealed, signed "Top, fragile", and is sent with a cou​rier. The material should be exam​ined in a special laboratory. Yet, if no such laboratory is available, the samples are sent to any bacteriological laboratory which may provide an isolated room with a separate entrance and exit. No other analyses are taken in this case and stricter measures of precau​tion are introduced. 
Personnel with special training only is allowed to do this kind of investigation. No operators on a fasting stomach should be allowed in the laboratory. The examination is carried out around the clock since the results should be available no later than 30-36 hrs later. 
Bacteriological examination. Stage 1. Using the material col​lected, prepare smears, dry them in the air, fix with alcohol or Nikiforov's mixture, stain by the Gram technique, and examine under the microscope. Later on, if laboratory findings confirm the diagnosis of cholera in at least one case, stain the smears with Pfeiffer's fuchsine only. Cholera vibrios appear as thin curved Gram-negative rods. Because of great polymorphism the smear may, along with typical cells, contain coccal, rod-shaped, and spiral forms, which diminishes the value of this method.

The first preliminary answer is given after the microscopic exam​ination of the smear. It refers to the presence of vibrios and the nature of their Gram-staining.

 At this stage of bacteriological examination, one can also perform the immunofluorescence test, using specific labeled O-cholera sera. Moreover, the cholera vibrio may be recovered by the immune Indian ink method. In the latter case smears fixed on a glass slide are treated for 2 min in a humid chamber with Indian ink mixed with immune serum, then washed with water and examined with a microscope. The vibrio is stained black by Indian ink: the walls of the cell are black-brown, the center is slightly grayish. If the bacteria are few, they are preliminarily cultivated for 3-5 hrs in peptone water.
Simultaneously with bacterioscopy, the tested material is inoculat​ed onto liquid and solid nutrient media. Enrichment liquid media that are usually recommended for use include alkaline 1 per cent peptone water, 1 per cent peptone water with potassium tellurite in a ratio of I to 100 000, and alkaline taurocholate-tellurite-peptone medium (Monsur's liquid medium), etc. Solid nutrient media usually employed are alkaline meat-peptone agar and one of the selective nutrient media: Aronson's medium, Monsur's  alkaline  taurocholate-tellurite-gelatine-agar medium, TCBS, etc. To isolate the vibrio from carriers or patients with subclinical forms of cholera, use media which improve the growth of vibrios and suppress the attendant flora (predominantly E. coli). All inoculat​ed cultures are placed in an incubator at 37 °C. Aronson's medium consists of 2-3 per cent of meat-peptone agar to which sucrose and destined fuchsine are added.

Monsur's alkaline taurocholate-tellurite-gelatine-agar medium contains 10 g oftrypticase, 10 g of sodium chloride, 50 g of sodium taurocholate, 30 g of sod​ium carbonate, I g of gelatin, 15 g of agar-agar, and 1 liter of distilled water. TCBS (thiosulphate-citrate-bromthymol sucrose) is manufactured in the form ready for use; 69 g of the dry medium is taken per 1 liter of distilled water.

Stage II. Some 5-6 hours after inoculation examine the film on the peptone water. To do it, tilt the test tube or the vial so that a delicate bluish film is attached to the wall. Prepare smears from the film or the surface of the medium, stain them by the Gram method, evaluate motility, and conduct presumptive slide agglutination test with O-cholera (0-1) serum diluted 1:100 or the reaction of cholera vibrio immobilization with O-cholera serum. The results of the latter are estimated by phase-contrast microscopy. 
Inhibition of vibrios motility and the formation of agglutinate occur within 1-2 min. On the basis of the results obtained give a second preliminary result referring to the motility of the vibrio and its relation to the agglutinating serum. Subculture the material from the film onto plates with alkaline agar or selective medium and simultaneously onto the second peptone water and look for changes in 5-6 hrs.

Stage III. Some 10-16 hrs after inoculation, examine the growth in the second enrichment medium (peptone water) and on the plates with the culture of the native material. The film formed on the pep​tone water is examined as described above. On an alkaline agar the cholera vibrio grows with the formation of round, smooth, flat, bluish, homogeneous colonies which are 1-2 mm in diameter, transparent in the transmitted light and have smooth edges. They are oily in consistence, are readily removed and emulsified. 
Examination of the material from convalescents, bac​teria carriers, and individuals treated with antibiotics may reveal atypical colonies. On Aronson's medium colonies of cholera vibrios are scarlet in the center and pale-pink or colorless at the periphery. On Monsur's medium colonies are transparent or semi-transparent, or they may be of a grayish-black color with turbid edges. On the TCBS medium they appear as flat and yellow against a bluish-gray background.
 The selected colonies are introduced into test tubes with Olkenitsky's medium or onto an agar slant for enrichment of pure culture and placed in an incubator. Preliminary identification of cholera vibrios grown on plates with solid media is based on the study of cultural and morphological characteristics and on a presumptive slide agglutination test with O-cholera serum diluted 1:100 and with Ogawa's and lnaba's sera in a I to 60 dilution, which is carried out to determine the serovar.
 If the examination demonstrates signs typical of the cholera vib​rio, a third preliminary answer about the positive result of the investigation is issued. Some material from the typical colonies may be transferred to a broth; then, using a 3-4-hour old culture, perform a standard agglutination test, check fermentation of carbo​hydrates, and determine whether the isolated culture belongs to group I according to Heiberg and whether it is liable to phagolysis by cholera phages C and El Tor 2. If the results are positive, an answer concerning the isolation of the causative agent is given within 18-24 hrs from the beginning of the study.

Stage IV. After the results of the standard agglutination test and the reaction of phagolysis and fermentation of carbohydrates by 3-4-hour broth culture have been analyzed, a preliminary conclusion about the isolation of the cholera vibrio is made. Plates with the inoculated culture on the second peptone water are examined, using the scheme which is employed in examining the plates with the culture of the native material.
 On Olkenitsky's medium the vibrio breaks down sucrose without gas formation and does not ferment lactose (reddening of the medium in the column without gas for​mation). To distinguish vibrios from homogeneous species of microorganisms (Aeromonas, Pseudomonas, Plesiomonas), a number of tests may be employed: the oxidase test, glucose oxidation-fermentation reac​tion, the "strand" test be employed: the oxidase test, glucose oxidation-fermentation reac​tion, the "strand" test.

The oxidase test consists of placing a solution of paraaminodi-methylaniline and (-naphthol onto the culture in a Petri dish or onto a meat-peptone agar slant. To carry out the oxidation-fermentation test, medium with the following composition (per 100 ml) is prepared: 2.0 g of peptone; 5.0 g of sodium chloride; 0.3 g of potassium hydrophosphate; 3.0 g of agar-agar; bromthymol blue (I per cent aqueous solution). Dispense the medium in 3-4-ml portions into 13 x 100 mm test tubes and sterilize for 15 min at 120 °C. 
After that, add to the tubes 10 per cent glucose solution sterilized by filtration to adjust to the final concentration of I per cent. Inoculate the test culture into two tubes with the above mentioned medium. Into one of the tubes pour a layer (1.5-2 cm) of sterile petrolatum oil. Incubate the test tubes for four days and note acid and gas formation. Darkening of the medium in the open test tube indicates oxidation and in the tube with the oil, fermentation. Gas formation is sometimes observed. 
The "strand" test. Onto a glass slide, place a drop of 0.5 per cent solution of sodium desoxycholate in buffer isotonic saline. Into this drop, introduce a loop full of the tested culture of vibrios grown on a solid nutrient medium and mix. If the result is positive, the mixture becomes transparent, acquires mucilaginous consistency, and trails the loop in the form of a strand in the first minutes after its preparation. 
To differentiate between the classical cholera vibrio and ElTor vibrio, utilize tests determining the sensitivity of cholera vibrios toward phages and polymixin and the ability of vibrios to agglutinate chick erythrocytes. Sensitivity to diagnostic phages is determined by streaking onto a plate with a culture of whole cholera phages C and El Tor 2, with ten-fold dilution’s of the above. 
Phage C is active only toward the classic cholera vibrio, while the El Tor 2 phage is active toward El Tor biovar. The presence of lysis in the form of one "sterile" spot or a group of small spots in the place of phage introduction is assessed as a positive result. Sensitivity to polymixin is determined by inoculating the isolated culture onto Petri dishes with nutrient agar containing 50 U of polymixin M or B in 1 ml of nutrient medium. 
El Tor vibrios are insensitive to antibiotics and show good growth on the dishes, un​like the classic cholera vibrios. Haemagglutination of chicken erythrocytes is performed on a glass slide. In a drop of isotonic sodium chloride solution, community a loopful of 18-hour culture of the vibrio and add a drop of 2.5 per cent suspension of chicken erythrocytes. The cholera El Tor vibrio agglutinates the red blood cells within 1-3 min, whereas the classical biovar fails to induce any clumping. Haemolysis of sheep erythrocytes (Greig's test) occurs after their 2-hours incubation with broth culture of cholera El Tor vibrios at 37 C. Yet, this sign is not stable and some strains of the El Tor biovar, similar to the classical cholera vibrio, display no hemolytic effect. 
The Voges-Proskauer test is based on the ability of El Tor vibrios to form acetylmethylcarbinol, which is recognized by the fact that Clark's glucose-phosphate broth becomes pink or ruby-red, following 1-3 day incubation of the inoculated cultures with addition of (-naphthol. The hexamine test is performed with 24-hour broth culture of the vibrio a loopful of which is streaked onto I ml of a glucose-hexamine medium. Following incubation at 37 °C for 6-24 hrs, the El Tor vibrio alters the color of the medium from green to yellow. The classical cholera vibrio induces no changes in the medium color over this time. Isolation of non-agglutinating vibrios brings about the necessity of studying their biochemical properties, namely: liquefaction of gelatin, splitting of starch (Cadamot's test), formation of indol from triptophane, reduction of nitrates into nitrites, as well as oxidase and decarboxylase activity. 

It is also necessary to classify the culture with one of the biochemical groups according to Heiberg. Demonstration of cholera vibrios in water is of great importance for identifying the factors of infection transmission and conducting anti​epidemic measures. Using a saturated solution of sodium hydrocar​bonate, alkalize the water (900 ml) delivered to the laboratory to pH of 7.8-8.0, add 100 ml of basic peptone, pH 8.0 (peptone, 100 g, sodium chloride, 50 g, potassium nitrate, Ig, sodium hydrocarbon​ate, 20 g, distilled water, 1000 ml), and dispense it into flasks or vials in 100-200-ml portions. Incubate the inoculated cultures at 37 °C for 5-8 hrs and then inspect them in the manner employed for studying other inoculated cultures in peptone water (vomited matter and faeces). The results are more reliable when the water tested is filtered through membrane filters. Large amounts of water (1.5-2.5 1) are examined and the deposit from the filters is transferred to peptone water (pH 8.0) and alkaline agar. 
Rapid detection of cholera vibrios in drinking water. If water con​tamination with cholera vibrios is heavy (at least 100 vibrios per I ml), the agglutination reaction is utilized for their recovery. To the water to be assayed add weakly alkaline concentrated solution of peptone in a quantity sufficient to produce I per cent solution. With this mixture dilute the O-cholera agglutinating serum from 1:100 to its titre. Use a mixture free of the serum as a control. Place the test tubes into an incubator and read the results of the test in 6 hrs. The reaction is considered positive if flocculation is observed upon serum dilution to half the titre or the titre. Rapid recovery of the cholera vibrio in water may also be based on increase in the phage titre. 
Rapid method of wide-scale screening for carriers. During an out​break of cholera wide-scale screening for carriers of the cholera vibrio is performed. When a large number of analyses is to be made in the laboratory, faeces from ten subjects are examined simultaneously. Faeces are collected with wire loops and placed into one flask con​taining 200 ml of peptone water and O-cholera agglutinating serum which is diluted to half the titre. The flask is placed into a 37 °C incubator. In 3-4 hrs the multiplied cholera vibrios begin to agglu​tinate and fall to the bottom in the form of flakes. If this is the case, faecal material is taken from each of the ten individuals, and the examination is repeated with each sample.

Serological diagnosis of cholera is supportive and relies on de​tecting agglutinins and vibriocidal antibodies in the patient's serum. It is recommended that paired sera obtained from the patients at a 6-8 day interval be used for these reactions. Titres of agglutinins and vibriocidal antibodies usually tend to increase simultaneously. The most sensitive test is demonstration of vibriocidal antibodies. The presence of agglutinating antibodies in the titre of 1:80-1:320 and vibriocidal ones in the titre of 1:1000 is considered diagnostically positive.

Prophylaxis
Control by sanitation is effective but not feasible in endemic areas. A good vaccine has not yet been developed. A parenteral vaccine of whole killed bacteria has been used widely, but is relatively ineffective and is not generally recommended. An experimental oral vaccine of killed whole cells and toxin B-subunit protein is less than ideal. Living attenuated genetically engineered mutants are promising, but such strains can cause limited diarrhea as a side effect. Antibiotic prophylaxis is feasible for small groups over short periods.

Other Vibrio Infections

Other serogroups of V cholerae may cause diarrheal disease and other infections but are not associated with epidemic cholera. Vibrio parahaemolyticus is an important cause of enteritis associated with the ingestion of raw or improperly prepared seafood. Other Vibrio species, including V vulnificus, can cause infections of humans and other animals including fish. Campylobacter species (formerly included with vibrios) can cause enteritis. C pylori, now known asHelicobacter pylori, is associated with gastric and duodenal ulcers.

Campylobacter jejuni and other Enteric Campylobacters

Campylobacter species cause acute gastroenteritis with diarrhea, abdominal pain, fever, nausea, and vomiting. Recently, Campylobacter infections have been identified as the most common antecedent to an acute neurological disease, the Guillain-Barré syndrome.

Structure

Campylobacter species are Gram-negative, microaerophilic, non-fermenting, motile rods with a single polar flagellum; they are oxidase-positive and grow optimally at 37° or 42°C.

Classification and Antigenic Types

Campylobacter species have many serogroups, based on lipopolysaccharide (O) and protein (H) antigens. However, only a few serogroups account for most human isolates in a given geographic region. C jejuni possesses several common surface-exposed antigens, including porin protein and flagellin.

Pathogenesis

The bacteria colonize the small and large intestines, causing inflammatory diarrhea with fever. Stools contain leukocytes and blood. The role of toxins in pathogenesis is unclear. C jejuni antigens that cross-react with one or more neural structures may be responsible for triggering the Guillian-Barre syndrome.

Host Defenses

Nonspecific defenses such as gastric acidity and intestinal transit time are important. Specific immunity, involving intestinal immunoglobulin (IgA) and systemic antibodies, develops. Persons deficient in humoral immunity develop severe and prolonged illnesses.

Epidemiology

C jejuni and C coli infections are endemic worldwide and hyperendemic in developing countries. Infants and young adults are most often infected. Disease incidence peaks in the summer. Domestic and wild animals are the reservoirs for the organisms. Outbreaks are associated with contaminated animal products or water.

Diagnosis

Observation of darting motility in fresh fecal specimens or of vibrio forms on Gram stain permit presumptive diagnosis; definitive diagnosis is established by stool culture, and occasionally by blood culture.

Prophylaxis

Control depends on measures to prevent transmission from animal reservoirs to humans.

Helicobacter pylori and other Gastric Helicobacter-like Organisms

Helicobacter pylori is associated with chronic superficial gastritis (stomach inflammation) and plays a role in the pathogenesis of peptic ulcer disease. Increasing evidence indicates that H pylori infection is important in causing gastric carcinoma and lymphoma. Acute infection may cause vomiting and upper gastrointestinal pain; hypochlorhydria and intense gastritis develop. Chronic infection usually is asymptomatic.

Structure

This Gram-negative curved or spiral rod is distinguished by multiple, sheathed flagellae and abundant urease.

Classification and Antigenic Types

The antigenic structures are not completely defined and no universal typing scheme has been developed; strains may be differentiated by genotypic methods including restriction endonuclease analysis, and polymerase chain reaction (PCR).

Pathogenesis

Helicobacter pylori is sheltered from gastric acidity in the mucus layer and a small proportion of cells adheres to the gastric epithelium. The microorganism does not appear to invade tissue. Production of urease, a vacuolating cytotoxin, and the cagA-encoded protein is associated with injury to the gastric epithelium.

Host Defenses

Local and systemic humoral immune responses are essentially universal, but are not able to clear infection.

Epidemiology

H pylori infection has a worldwide distribution; about 1/3 of the world's population is infected. The prevalence of infection increases with age. The major, if not exclusive, reservoir is humans but the exact modes of transmission are not known. H pylori has now been isolated from feces and dental plaque.

Diagnosis

Examination of gastric biopsy or stained smears allows presumptive diagnosis; definitive diagnosis is made by culture. Recently, non-invasive techniques such as the urea breath test and serologic tests have been developed to diagnose H pylori infection, with accuracy exceeding 95 percent.

Prophylaxis

Several indications have emerged for the use of antimicrobial therapies that eradicate H pylori infection. No vaccine is yet available.

Other Pathogenic Camplyobacter and Helicobacter Species

Campylobacter fetus causes bacteremia in compromised hosts and self-limited diarrhea in previously healthy individuals. Helicobacter cinaedi and H fennelliae cause enteric and extraintestinal diseases and are more common in homosexual men and in travelers. 

Graphological structure of lesson
	№№


	Main stages of lesson, their function and content
	Educational aims in levels of assimilation of knowledge
	Means of teaching and control
	Materials on  methodological and visible support of classes, control of knowledge of students
.
	Time in min.

	1
	2
	3
	4
	5
	6

	1
	Preparatory (organization of classes, setting of educational goals, monitoring the output level of knowledge and skills of students, their willingness to accept material of this class);
	Creation of conditions for organized, maximally effective running of lesson 
Understanding of student’s preparation level for lesson with the aim of correction of material explanation 
	Materials for control of preparatory stage of lesson: questions, objectives, tests.
	Questions, objectives, tests.

Graphological structure of lesson
Album for protocols
	30

	2
	Main stage (formation of professional skills, acquirement of microscopy skills, running of laboratory work);
	To familiarize students with subject and tasks of microbiology, virology and immunology, equipment of microbiological laboratory (I level), to give skills of preparation of slides and microscopic method of examination (III level) Acquire technique of microscopy with immersion objective, know types of microscopes,  technique of preparation of slides from bacterial culture on solid nutrient media, staining by simple dyes for creation of base for studying of subject and formation of habits, necessary for studying of next medical disciplines and future practical work
 (III level).
	Tables
Microscopes
Equipment for preparation of slides
Slides for demonstration

	Tables
Microscopes
Equipment for preparation of slides
Slides for demonstration
Professional algorithms, focusing cards for formation of practical skills and habits, educational tasks
	40

	3
	Final stage (control and correction of levels of professional skills, summing up of lesson, giving of home work with literature references)
	Student have to know place and importance of course of medical microbiology, virology and immunology in the system of professional teaching of future doctor (II level);

Student have to acquire technique of microscopy with immersion system, preparing of slide, staining of slide by simple methods (II level);
	Materials for control of final stage of lesson: questions, objectives, tests.


	Materials for control of final stage of lessonQuestions, objectives, tests.


	20


6. Materials for methodological support of lesson.
6.1. Tasks for self-control of basic level of knowledge and skills /with giving of etalons of answers at the end of bloc of questions–objectives of  II level; tests of different types also with etalons of answers.

Control questions:

1. The morphologo-biological properties of the causative agent of cholera.

2. The classification of cholera vibrios: biovars, serovars, non-agglutinating - vibrios. The basic criterions of differentiation of Vibrio cholerae and El Tor .

3. Toxin production of cholera vibrios. Endotoxin, exotoxin (cholerogen). The toxic action of a cholergen and its sole in the pathogenesis of cholera.

4. The epidemiology and pathogenesis of cholera.

5. The prophylaxis and principles of etiotropic and pathogenetic therapy of cholera.

6. The microbiological diagnosis of cholera: microscopic, bacteriological, serological methods, express diagnosis.
7. Biological properties of genus Campylobacter. Infections caused by Campylobacter jejuni and C coli .

8. Biological properties of genus Helicobacter. Infection caused by Helocobacter pylory.
6.2. Information, which is necessary for formation of habits and skills could be found in the literature: / main literature references with pages/:

- main (basic)
2. Gaidash L.S., Flegontoya V,V.  Microbiology, virology and immunology. – Lugansk-2004 vol. 1 – 3.

3. Methodical recommendations for students to  practical classes  and SIW, texts and lectures presentations , MCQ in the electronic library of ONMedU
- additional
1. Warren levinson Medical Microbiology and Immunology Internetoinal edition. Examination and Board Review, Eighth Edition. 2004.
2. Anantharyan R. Jayaram Paniker C. K. Textbook of Microbiology. 9 Edition.- Orient Longman,2012.

3. Arora, D.R. Textbook of Microbiology.-CRS publishers and Distributors, 2001

4. Chakraborty P. A Textbook of Microbiology.- New central book agency(P) LTD., Third edition, 2013
5. Greenwood David, Slack Richard Peutherer John, Mike Barer. Medical Microbiology.-Churchill Livingstone, Seventeenth edition, 2007

6. Kabajashi George S., Murray Patrick R., Pfaller Michael A., Rosenthal Ken S. Medical Microbiology.- Mosby,1998

7. Mackie and McCartney. Practical Medical Microbiology. 14th Edition/ Edited by Colle J.G., Fraser A.G., Marmion B.P., Sinmons A.- New York, Edinburgh, London, Madrid, Melbourne, Tokyo, 1996

8. Medoff G., Schaechter M., Schlessinger D. Mechanisms Of Microbial Disease.- Williams and Wilkins, 1989

9. Medical Microbiology. Edited by Greenwood D., Slack R.C.B., Peutherer J.T. 1995

10. Nester E.W., Roberts C.E., Nester M.T. Microbiology: A Human Perspective.-Wm.C.Brown Publishers, 1995

11. Topley and Wilson’s Principles of Bacteriology, Virology and Immunity,8th Edition/Vol.3/ Edited by Parker T.M., Collier L.H.- B.C. Decker Inc. Philadelphia, Hamilton.

12. Topley and Wilson’s Principles of Bacteriology, Virulogy and Immunity, 8th Edtion/Vol.4/ Edited by Parker T.M, Collier L.H.- B.C. Decker Inc. Philadelphia, Hamilton

13. Talaro A., Talaro K. Foundations in Microbiology.- Wm.C. Brown Publishers,1996

14. Richard A.Harvey, Pamela C. Champe, Bruce D. Fisher. Microbiology, Lippincott’s Illustrated Reviews: 2nd edition, 2007.

15. Richard A.Harvey, Cynthia Nau Cornelissen, Bruce D. Fisher. Microbiology, Lippincott’s Illustrated Reviews: 3nd edition, 2013.

16. New Webster’s Dictionary and thesaurus of the English Language.- Lexicon Publications, IWC. Danbury, CT, 1993.
17.  Samuel Baron. Medical Microbiology, 4th edition University of Texas Medical Branch at Galveston, 1996.

WEB sites:

https://www.ncbi.nlm.nih.gov/books/NBK8407/
http://emedicine.medscape.com/article/962643-overview#a2
	6.3.Focusing card for self-preparation on the base of literature 

№№
	Main tasks
	Recommendations
	Answers of students

	1
	2
	3
	4

	1
	The study of water from the reservoir found motile, Gram-negative rods that resembled Vibrio cholerae. When you try to agglutinate them with cholera O serum, agglutination don’t come. We can say that the pond is contaminated by Vibrio cholerae?

	
	No, most likely, it was the NAG-vibrio.

	2
	In your opinion, to what group of diseases (epidemiology) belongs to cholera (anthroponoses, zoonoses, anthroponoses)?

	
	Cholera is a typical sapronosis.


 7. Materials for self-control of quality of preparation.

А. Questions for self-control
Questions for self-control.
1. The pathogenic cholera therapy.

2. Treatment of cholera. Causal treatment.

3. Antibiotics used in the treatment of cholera. The mechanism of action and side effects.

4. Specific cholera prevention.

5. Measures of nonspecific cholera prevention.



B. Tests for self-control with etalons of answers.
* - correct answer

1. 6 hours after the initial inoculation of water sample into 1% peptone water, the growth of a culture in form of a thin pellicle on the medium surface was registered. Such cultural properties are typical for the causative agent of the following disease:
*A) Cholera
B) Tuberculosis
C) Pseudotuberculosis
D) Plague
E) Dysentery


2. Microscopy of a smear taken from the film that appeared on the peptone water 6 hours after seeding and culturing of a fecal sample in a thermostat revealed mobile gram-negative bacteria curved in form of a comma that didn’t make spores or capsules. What microorganisms were revealed? 
A) Spirochetes 
B) Spirilla 
*C) Vibrios
D) Corynebacteria 
E) Clostridia

3. Patient with diarrhoea was admitted to the infection unit. Gramnegative curved rod-like bacteria were founded on bacterioscopic examination of faecal masses. What is the most likely disease in this patient?
*A) Cholera
B) Intestinal form of plague 
C) Salmonellosis gastroenteritis
D) Diphtheria 
E) Typhoid fever
В. Objectives  for self-control with answers.
8. Materials for auditorial self-preparation:
         8.1. List of educational practical tasks, which are necessary to do during practical (laboratory) work:

1. To study the scheme of microbiological diagnosis of cholera.

2. To prepare a smear from a culture of vibrio, to stain according to Gram, microscopy, sketching.

3. To study the agility of vibrio with phase-contrast microscopy.

4. To calculate the result of IF-test for the express diagnosis of cholera.

9. Instructions for acquirement of professional habits and skills:

9.1. Methodology of running of work, steps of running.
	Oriententative chart for the study of the material on the topic
	Task for practical work 
	Contents of protocol

	1. The morphologo-biological properties of the causative agent of cholera.

2. The classification of cholera vibrios: biovars, serovars, non-agglutinating - vibrios. The basic criterions of differentiation of Vibrio cholerae and El Tor .

3. Toxin production of cholera vibrios. Endotoxin, exotoxin (cholerogen). The toxic action of a cholergen and its sole in the pathogenesis of cholera.

4. The epidemiology and pathogenesis of cholera.

5. The prophylaxis and principles of etiotropic and pathogenetic therapy of cholera.

6. The microbiological diagnosis of cholera: microscopic, bacteriological, serological methods, express diagnosis.


	1. To study the scheme of microbiological diagnosis of cholera.

2. To prepare a smear from a culture of vibrio, to stain according to Gram, microscopy, sketching.

3. To study the agility of vibrio with phase-contrast microscopy.

4. To calculate the result of IF-test for the express diagnosis of cholera.


	 Figure





The causative agent of Cholera Vibrio cholerae
Stained according to Gram

10. Materials for self-control of level of assimilation of knowledge, habits and skills provided by this work.

10.1. Test of different levels (or tests, which are included in bank for rector’s control).

* - correct answer

A patient with diarrhea was hospitalized in the infectious diseases department. At bacterioscopic examination of the feces gram-negative, curved, rod-shaped bacteria were revealed. What is the most probable disease in the patient?

* Cholera
Diphtheria

Intestinal form of plague 

Typhoid fever
Salmonella gastroenteritis

A smear was made from the film, that appeared on peptone water in 6 hours after inoculation of the feces and cultivation in the thermostat. At  microscopy of the smear the gram-negative, motile, curved in the form of comma bacteria were revealed. They didn’t form spores and capsules. What microorganisms were revealed?

* Vibrios

Spirochaetae

Spirillas

Clostridia

Corynebacteriae

The doctor suspected the presence of H. pylori infection in a patient with gastric ulcer. What material has he to take for bacteriological diagnostics?
* Biopsies of the gastric mucosa
The blood
Urine
Feces
Bile
The patient entered to the infectious diseases department with suspected cholera. What main method of examination should be used to confirm the diagnosis?
* Bacteriological
Allergic
Immunological
Serological
Biological
In 6 hours after initial inoculation of water on 1 % peptone water, the growth of gentle pellicle on the surface of medium is revealed. Such cultural properties are characteristic for: 

* Pathogen of cholera 

Pathogen of dysentery 

Pathogen of pseudotuberculosis 

Pathogen of tuberculosis 

Pathogen of plague 

From the feces of the patient with acute gastroenteritis a pure culture of motile, small, slightly curved gram-negative rods was isolated. They in 6 hours grow in 1% alkaline peptone water in the form of soft bluish film. What microorganisms possess such properties?
* Vibrio
Spirillum
Clostridia
Bacilli
Spirochaeta
After inoculation of the test material (feces) on 1% alkaline peptone water and the 8-hours incubation in the thermostat the growth has been detected in the form of soft bluish film. What pathogen has such cultural properties?
* Cholera
Paratyphoid A
Typhoid fever
Dysentery
Plague
In the laboratory of especially dangerous infections the material from the patient with suspected cholera is delivered. What express diagnostic method can confirm this diagnosis?
* RIF
PT
CFT
GAT
AT
In the infectious department a patient with complaints of multiple diarrhea and vomiting, pain in muscles of the legs, weakness, dizziness was hospitalized. The doctor made a preliminary diagnosis - "cholera". How is it necessary to examine material from the patient for express diagnostic?
* By direct and indirect RIF
By serological methods
By bacteriological method
By AT
By biological methods
In the village an outbreak of diarrheal disease is registrated. Because of suspected cholera the feces of the patients were sent to the bacteriological laboratory for rapid confirmation of this assumption. What express methods can you use in this case?
* Immunofluorescence reaction
Precipitation reaction
Agglutination test
Complement fixation test
Ring precipitation reaction 
In the bacteriological laboratory of district SES they brought water from the pond, which is used for commercial purposes. After sewing of the water a pure culture of Vibrio cholerae was isolated. What nutrient medium was used in this examination?
* Alkaline Agar
Russell agar 
Endo agar
MPA
MPB
The gastric ulcer is detected in the patient. On bacteriological examination of a biopsy sample, taken from the affected area of ​​the stomach, on the 5th day small colonies of gram-negative, oxidoreductase positive, curved bacteria grew on the chocolate agar. Which of the listed microorganisms is the most reliable pathogen in this case?
* Helicobacter pylori
Mycoplasma hominis
Chlamydia trachomatis
Campylobacter fetus
Campylobacter jejuni
From the feces and vomit of the patient with suspected cholera the cultures of vibrios were isolated. What reaction should be done to determine the causative agent of  the disease?
*Agglutination with serums, containing O-antibodies.
Passive hemagglutination with erythrocyte antigen diagnosticum.
Precipitation test.
Vidal agglutination test.
Agglutination with serums, containing H-antibodies.

Cholera-like disease (vomiting, profuse diarrhea) was clinically detected in the boy. After inoculation of the patient's feces into Endo medium, the same colonies grew. They were crimson, with a metallic sheen. What microorganism is the most probable causative agent of the disease?
*Enterotoxigenic Escherichia coli
Yersinia enterocolitica
Salmonella enteritidis
NAG-vibrio
Shigella sonnei
11.Topic of next lesson №32: «Brucella. Francisella tularensis»
11.1.Tasks for research work of students on theme of next lesson.

Topic for report: "History of the discovery of brucellosis and tularemia pathogens."
1. «Brucella. Francisella tularensis» -
2. Relevance and background of the theme: Brucellosis causes more than 500,000 infections per year worldwide. Its geographic distribution is limited by effective public and animal health programs, and the prevalence of the disease varies widely from country to country. Overall, the frequency of brucellosis is higher in more agrarian societies and in places where handling of animal products and dairy products is less stringent.

European Union (EU) data suggest that there is a clear (though nonlinear) association between gross domestic product (GDP) and rates of brucellosis. According to these data, no countries with a GDP above 90% of the mean had an annual incidence of brucellosis higher than 10 cases per million population.

The heaviest disease burden lies in countries of the Mediterranean basin and Arabian Peninsula, and the disease is also common in India and South and Central America. Interest in brucellosis has been increasing because of the growing phenomena of international tourism and migration, in addition to the potential use of Brucella as a biologic weapon. Familiarity with the manifestations of brucellosis and knowledge of the optimal laboratory studies are essential for the recognition of this reemerging zoonosis. B. melitensis, B. abortus, and B. suis have been completely sequenced, and these sequencing data will help improve our understanding of the pathogenesis and the manifestations of this complex disease.

3. Aims of the lesson:
3.1 Educational aims: To familiarize students with the basic properties of Brucella, Francisella and diseases that are caused by them (II-III level).

3.2. Pedagogic aims: This material is important for the formation of clinical thinking as targeting future doctor in holistic perception of the patient organism, taking into account not only the affection of certain organs and systems, as well as in terms of concrete brucellosis and tularemia, which have a great influence on the emergence and development as a primary disease and joining secondary infectious and noninfectious diseases.  The modern methods of diagnosis of brucellosis and tularemia have got particular importance. (II level);

Particular aims: 
- student have to know: 

1. Morphology-biological properties of the causative agents of brucellosis and tularemia;

2. Pathogenesis, microbiological diagnosis, the principles of therapy and prophylactics of brucellosis and tularemia.

- must be able to:

1. To choose the material for examination and method of microbiological diagnosis of brucellosis and tularemia;

2. To perform, calculate and estimate the serological examination results of brucellosis and tularemia.

3. To fill the blanks of the tested material assignments in to the bacteriological laboratory;

4. Identification of brucellosis and tularemia causative agents according to morphological and tinctorial properties;

5. Performance, calculation and estimation of the agglutination test on the glass;

6. The examination of the brucellosis and tularemia microbiological diagnosis results.
4. Materials of before auditorial preparation  (interdisciplinary integration).
	№№ 
	 Discipline
	To know
	 Be able to do:

	1
	2
	 3
	 4

	 І.
	Previous disciplines
1. Medical biology
2.Histology,cytology, embryology
	Parts of light

microscope
	Microscopy on small imagination
Preparation of temporary and constant preparations from tissues

	 ІІ.
	 Next disciplines

1. Infectious diseases.

2. Internal diseases.

3.Hygiene.

4. Epidemiology.
	Technique of microscopy
	Microscopic method of examination of microorganisms, microscopy of preparations from tissues and environmental objects

	 ІІІ.
	Interdisciplinary integration
1. Main shapes of bacteria.

2. Bacteriological method of examination.  
	Technique of microscopy Preparation of slides
	Microscopic method of examination of microorganisms and environmental objects


5. Content of topic  (text or theses), graphological structure of lesson: 
Bacteria of the genus Brucella cause disease primarily in domestic, feral and some wild animals and most are also pathogenic for humans. In animals, brucellae typically affect the reproductive organs, and abortion is often the only sign of the disorder. Human brucellosis is either an acute febrile disease or a persistent disease with a wide variety of symptoms. It is a true zoonosis in that virtually all human infections are acquired from animals. The disease is controlled by the routine practice of pasteurizing milk and milk products, as well as by comprehensive campaigns to eradicate the disease by destroying domestic animals which exhibit positive serologic reactions to brucellae. Vaccines providing some protection to cattle, sheep and goats are available. Brucellae are Gram-negative coccobacilli (short rods) measuring about 0.6 to 1.5 μm by 0.5-0.7 μm. They are non-sporing and lack capsules or flagella and, therefore, are non-motile. The outer cell membrane closely resembles that of other Gram-negative bacilli with a dominant lipopolysaccharide (LPS) component and three main groups of proteins. The guanine-plus-cytosine content of the DNA is 55-58 moles/cm. No Brucella species has been found to harbor plasmids naturally although they readily accept broad-host-range plasmids.

The metabolism of the brucellae is mainly oxidative and they show little action on carbohydrates in conventional media. They are aerobes but some species require an atmosphere with added CO2(5-10 percent). Multiplication is slow at the optimum temperature of 37°C and enriched medium is needed to support adequate growth.

Brucella colonies become visible on suitable solid media in 2-3 days. The colonies of smooth strains are small, round and convex but dissociation, with loss of the O chains of the LPS, occurs readily to form rough or mucoid variants. These latter forms are natural in B canis and B ovis as the LPS of these lack O chains. Three species (B melitensis, B abortus, B suis) are important human pathogens; B canis is of lesser importance. Species are differentiated by production of urease and H2S, dye sensitivity, cell wall antigens and phage sensitivity. The major species are divided into multiple biovars.
Brucella melitensis (from sheep; highest pathogenicity)
Brucella suis (from pigs; high pathogenicity)

Brucella abortus (from cattle; moderate pathogenicity)

Brucella canis (from dogs; moderate pathogenicity) 

Brucellae are facultative intracellular parasites, multiplying mainly in monocyte-macrophage cells. This characteristic dominates the pathology, clinical manifestations and therapy of the disease.

The organisms may gain entry into the body through a variety of portals. Because the infection is systemic it is often not possible to determine which portal was involved in a particular case. Oral entry, by ingestion of contaminated animal products (often raw milk or its derivatives) or by contact with contaminated fingers, probably represents the most common route of infection even though this portal may not be the most vulnerable one. Inhalation of aerosols containing the bacteria, or aerosol contamination of the conjunctivae, is another route. Inhalation probably underlies some industrial outbreaks. Percutaneous infection through skin abrasions or by accidental inoculation has frequently been demonstrated.

Brucella species differ markedly in their capacity to cause invasive human disease. Brucella melitensis is the most pathogenic; B abortus is associated with less frequent infection and a greater proportion of subclinical cases. The virulence of B suis strains for humans varies but is generally intermediate.

Animal studies suggest that invading brucellae are rapidly phagocytosed by polymorphonuclear leukocytes. Brucellae are frequently able to survive and multiply in these cells because they inhibit the bactericidal myeloperoxidase- peroxide-halide system by releasing 5′-guanosine and adenine. Early in infection, macrophages are also relatively ineffectual in killing the intracellular brucellae. In systemic spread, it is not clear whether the bacteria are transported within neutrophils and macrophages or in the blood stream outside cells but organisms may disseminate widely from regional lymphoid tissue appropriate to the portal of entry and may localize in certain target organs such as lymph nodes, spleen, liver, bone marrow, and (especially in animals) the reproductive organs. The presence of meso-erythritol in the testicles and seminal vesicles of bulls, rams, goats, and boars and in the products of conception in pregnant ruminants and pigs stimulates enormous multiplication of brucellae. Erythritol represents a potent localizing factor in the relevant species, but is absent in humans. In humans, the tissue lesions produced by Brucella species consist of minute granulomas that are composed of epithelioid cells, polymorphonuclear leukocytes, lymphocytes and some giant cells. In cases of infection with B melitensis these granulomas are particularly small although the toxemia associated with this organism is great. Necrosis is not common, and abscesses do not form, except in B suis infection. The fact that humans rapidly develop hypersensitivity to brucellar antigens suggests that many of the symptoms of human brucellosis result from the reaction of the host defenses.

Diagnosis of brucellosis.
The diagnosis of brucellosis is primarily dependent on clinical suspicion allied with the taking of an adequate history of possible exposure - including during travel. Presentation can, however, be highly atypical and focal lesions may present decades after exposure.

Unequivocal diagnosis requires isolation of the organism. Blood culture is the method of choice but specimens need to be obtained early in the disease and cultures may need to be incubated for up to four weeks. Even so, failure to grow the organism is common, especially in cases of B abortus infection, and isolation rates of only 20-50% are reported even from experienced laboratories. Modern commercial systems are hampered by the small amount of CO2 produced during growth. Culture from bone marrow and from presenting foci may be successful. Presumptive identification of cultures from morphology and slide agglutination with specific antiserum should be followed by further work in a reference facility. Molecular techniques for typing are being developed. Serology remains the mainstay of laboratory diagnosis, but the interpretation of results is fraught with difficulties. The large number of techniques in use is evidence of the problems. The standard serum agglutination test (SAT) has been augmented by the modified Coombs' (antiglobulin) technique and the use of 2-mercaptoethanol to separate the actions of specific IgG and IgM. These classical methods may, in time, be supplanted by EIA (enzyme immunoassay) tests, designed to differentiate between specific IgM and IgG antibodies. While the SAT titers commonly decline after recovery from infection and antiglobulin test levels are maintained much longer, the IgM antibody that is commonly measured by the SAT does not fall away as regularly as in some infections. Nevertheless, persisting levels of antibody may indicate a remaining focus of infection and specific IgG levels rise again with a true relapse.

Further, because cases often are investigated late in their course, rising titers are frequently missed; the variability of individual responses and the frequency of subclinical infections make the interpretation of single high titers subject to error. All serologic tests have to be interpreted with caution in the light of clinical data and in the context of the local prevalence of brucellosis. Moreover, serum from persons with tularemia may show cross-reactions with Brucella antigen.

The diagnosis of the chronic brucellosis syndrome, without specific localization, is often very unsatisfactory. When cultures are negative and the results of serologic tests are equivocal a confident diagnosis is often impossible.

Prophylaxis. Individuals who are occupationally exposed can be protected to some extent by wearing impermeable clothing, rubber boots, gloves and face masks and by practicing good personal hygiene. Pasteurization of milk for drinking and for incorporation into other dairy products is effective in protecting consumers. No widely accepted vaccines for humans have been developed but progress in the understanding of brucellar epitopes and of immunology could change this.

However, eradication of brucellosis from domestic animals reduces dramatically the threat to humans and has been successful in several countries. In eradication campaigns, the level of enzootic disease can first be reduced by intensive use of live, attenuated vaccines (B abortus strain 19 in cattle, B melitensis strain Rev. 1 for sheep and goats) particularly in immature animals. Thereafter, the emphasis shifts to the detection of infected herds (by skin tests in sheep; serologic tests on milk or blood samples taken at sale or slaughter in cattle) and individual animals (by serologic tests) and to the elimination of the latter by slaughter.

Humans are treated with combinations of antibiotics for from 4 to 6 weeks. Doxycycline and rifampin form the basis, with cotrimoxazole replacing doxycycline in children, but fewer relapses are reported with regimens including two weeks of daily streptomycin. Azithromycin has shown promising results in experimental models. 

Francisella tularensis causes tularemia, which is spread naturally to humans directly by ticks and deerflies. Most strains that infect rabbits are highly infectious and virulent for humans. The subcutaneous infectious dose may be as low as 10 viable bacilli, with a mortality as high as 30 percent in untreated patients. Infections may result from local trauma incurred while skinning and dressing infected rabbit carcasses. Hence, protective gloves and goggles should always be worn while performing this chore in an endemic area. Humans can also contract the disease by eating inadequately cooked, infected rabbit meat. The resulting tularemia is a severe typhoidlike intestinal disease, with local abscess formation in the Peyer's patches and the mesenteric lymph nodes. It is associated with high fever and a severe toxemia (septicemia). Francisella tularensis is a facultative intracellular parasite, which induces a strong mononuclear cell immune response on the part of the host defenses. A humoral response also develops, although the precise nature of the relationship between the specific antibodies and resistance to the naturally acquired disease is still not altogether clear. Actively infected mice develop a strong, delayed-type skin hypersensitivity to sensitins produced by this organism.

Laboratory infections may occur via the conjunctival route; this probably explains the high infection rate seen in laboratory personnel working with this pathogen. Goggles and a face mask should always be worn when working with virulent strains of this organism. Staff should be immunized with the live attenuated vaccine. Animal infection studies must be performed under P-3 containment conditions, and, whenever possible, experimental studies should use the vaccine strain. 
Structure, Classification, and Antigenic Types. Francisella tularensis is a nonmotile, Gram-negative coccobacillus, which forms small translucent colonies on glucose blood agar or on Dorset egg slants. The organism grows readily in developing chicken embryos. Nutritionally and biochemically it bears a close resemblance to the Brucellae, but it can be differentiated from members of this genus on the basis of DNA homology tests. It is a natural pathogen of rodents (squirrels and rabbits mainly), but can be carried by birds, which usually develop latent infections.
Pathogenesis. Mice, rats, guinea pigs, and rabbits are readily infected with F tularensis via the subcutaneous, nasal, or conjunctival routes. Virulent strains multiply logarithmically within the liver and spleen (but not the lungs), and death usually occurs 5 to 8 days later. In sublethally challenged animals, the systemic infection peaks and declines rapidly, a response associated with cell-mediated immunity, which can be transferred adoptively to naive recipients by splenic immune T cells, but not by hyperimmune serum. Most clinical isolates lose virulence when maintained for long periods on laboratory media and eventually cannot produce progressive disease in susceptible animals.
Host Defenses. Acquired resistance following recovery from tularemia is cellular, long lasting and highly protective.

Diagnosis. Isolation of F tularensis from pathologic material can be difficult and slow. Best growth occurs on cysteine-glucose-blood agar, but plates should be incubated at 37°C for at least 3 weeks before being discarded as negative. Smears of pathologic material or blood cultures may be stained using fluorescent antibodies directed against specific surface antigens of the organism. Hemagglutinins appear in serum samples some 10 to 12 days after infection and slowly increase in titer for up to 8 weeks. A rising titer is always diagnostic of active disease.
Prophylaxis. Francisella tularensis is suseptible to inactivation by mild heat (55°C for 10 minutes) and disinfectants. It is susceptible to streptomycin, tetracycline, and chloramphenicol in vitro. Relapses are not uncommon if treatment is stopped before all the viable bacilli have been eliminated from the tissues. Infection control measures usually entail the elimination of the insect vectors.

Killed F tularensis vaccines are not very effective, even when presented in adjuvant. A live attenuated vaccine has been developed and should be used to immunize laboratory staff working with this organism.

Graphological structure of lesson
	№№


	Main stages of lesson, their function and content
	Educational aims in levels of assimilation of knowledge
	Means of teaching and control
	Materials on  methodological and visible support of classes, control of knowledge of students
.
	Time in min.

	1
	2
	3
	4
	5
	6

	1
	Preparatory (organization of classes, setting of educational goals, monitoring the output level of knowledge and skills of students, their willingness to accept material of this class);
	Creation of conditions for organized, maximally effective running of lesson 
Understanding of student’s preparation level for lesson with the aim of correction of material explanation 
	Materials for control of preparatory stage of lesson: questions, objectives, tests.
	Questions, objectives, tests.

Graphological structure of lesson
Album for protocols
	30

	2
	Main stage (formation of professional skills, acquirement of microscopy skills, running of laboratory work);
	To familiarize students with subject and tasks of microbiology, virology and immunology, equipment of microbiological laboratory (I level), to give skills of preparation of slides and microscopic method of examination (III level) Acquire technique of microscopy with immersion objective, know types of microscopes,  technique of preparation of slides from bacterial culture on solid nutrient media, staining by simple dyes for creation of base for studying of subject and formation of habits, necessary for studying of next medical disciplines and future practical work
 (III level).
	Tables
Microscopes
Equipment for preparation of slides
Slides for demonstration

	Tables
Microscopes
Equipment for preparation of slides
Slides for demonstration
Professional algorithms, focusing cards for formation of practical skills and habits, educational tasks
	40

	3
	Final stage (control and correction of levels of professional skills, summing up of lesson, giving of home work with literature references)
	Student have to know place and importance of course of medical microbiology, virology and immunology in the system of professional teaching of future doctor (II level);

Student have to acquire technique of microscopy with immersion system, preparing of slide, staining of slide by simple methods (II level);
	Materials for control of final stage of lesson: questions, objectives, tests.


	Materials for control of final stage of lessonQuestions, objectives, tests.


	20


6. Materials for methodological support of lesson.
6.1. Tasks for self-control of basic level of knowledge and skills /with giving of etalons of answers at the end of bloc of questions–objectives of  II level; tests of different types also with etalons of answers/.

Control questions:
1. Brucella morphology. List the types in Russian and Latin. Gram staining.

2. Biochemical properties of Brucella.

3. Cultural Properties Brucella. Features of media used for the cultivation of Brucella.

4. Antigenic structure of Brucella. The value of Brucella antigens for diagnosis.

5. Toxins factors and pathogenicity of Brucella briefly - their action.

6. Resistance Brucella in relation to environmental factors and desinfectants.

7. Pathogenicity of Brucella animals. The value of animal disease in humans.

8. Epidemiology of brucellosis (sources of infection, mechanisms, ways and factors of transmission, susceptible organism).

9. The pathogenesis of brucellosis in humans.
10. Immunity and allergy with brucellosis. The value of cellular and humoral immunity.

11. The main organs and systems affected with brucellosis in humans - list.

12. Laboratory diagnosis of brucellosis - list and describe the methods used.

13. Material for research in brucellosis - types, rules receipt.

14. Bacteriological method for diagnosis of brucellosis. Advantages, disadvantages and limitations of the method.

15. The method of serological diagnosis of brucellosis. Wright and Heddlson reactions. Coombs test. - The principle of setting and accounting.

16. Allergic method for diagnosis of brucellosis (sample Byurne) - performance and records.

17. The biological method for diagnosis of brucellosis.

18. Treatment of brucellosis. Used antibiotics. The mechanism of their action and side effects. The main disadvantages of antibiotic therapy.

19. Brucellosis serotherapy.

20. Nonspecific and specific prevention of brucellosis.

21. The morphology of the causative agent of tularemia. Calling kind in Latin. Cigarette Gram staining.

22. Biochemical properties of F. tularensis.

23. Cultural Properties F. tularensis. Features of media used for the cultivation of F. tularensis.

24. Antigenic structure of F. tularensis. The concept of the Vi-antigen. The value of F. tularensis antigens for diagnosis.

25. Toxins factors and pathogenicity of F. tularensis, briefly - their performance.

26. Resistance F. tularensis in relation to environmental factors and desinfectants.

27. Pathogenicity for animals. The value of animal disease in humans.

6.2. Information, which is necessary for formation of habits and skills could be found in the literature: / main literature references with pages/:

- main (basic)
4. Gaidash L.S., Flegontoya V,V.  Microbiology, virology and immunology. – Lugansk-2004 vol. 1 – 3.

5. Methodical recommendations for students to  practical classes  and SIW, texts and lectures presentations , MCQ in the electronic library of ONMedU
- additional
18. Warren levinson Medical Microbiology and Immunology Internetoinal edition. Examination and Board Review, Eighth Edition. 2004.
19. Anantharyan R. Jayaram Paniker C. K. Textbook of Microbiology. 9 Edition.- Orient Longman,2012.

20. Arora, D.R. Textbook of Microbiology.-CRS publishers and Distributors, 2001

21. Chakraborty P. A Textbook of Microbiology.- New central book agency(P) LTD., Third edition, 2013
22. Greenwood David, Slack Richard Peutherer John, Mike Barer. Medical Microbiology.-Churchill Livingstone, Seventeenth edition, 2007

23. Kabajashi George S., Murray Patrick R., Pfaller Michael A., Rosenthal Ken S. Medical Microbiology.- Mosby,1998
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6.3.Focusing card for self-preparation on the base of literature 

	№№
	Main tasks
	Recommendations
	Answers of students

	1
	2
	3
	4

	1
	The doctor sent the blood of patients diagnosed with "brucellosis" in the laboratory for bacteriological research. Three days later he received a negative answer. Is it done correctly?
	
	Wrong. Because the slow growth of Brucella, crops kept in an incubator at 37 ° C for 1 month.

	2

	In hunter sudden fever, there were sharp head and muscle pain, swollen axillary and inguinal lymph nodes. a) What microorganisms can be a source of disease? b) What method can be used for early diagnosis of the disease?
	
	a) tularemia bacteria. b) on 3-5 day of illness intradermal test with tularin should be done. Positive reaction in the form of redness and infiltration appears within 24-72 hours.


	3
	Therapy department received a patient diagnosed "arthritis." After serology diagnosis changed to "brucellosis." What serological tests were conducted?
	
	IFT, IHAT, Wright, CFT


7. Materials for self-control of quality of preparation.

А. Questions for self-control
Questions for self-control.
1. Epidemiology of tularemia (the source of infection, mechanisms, ways and factors of transmission, receptive body).

2. Pathogenesis of tularemia in humans (entrance gates, pathways in the body, pathogenesis actually).

3. Immunity and allergy in tularemia. The value of cellular and humoral immunity.

4. The main clinical forms of tularemia in humans - list.



Б. Tests for self-control with etalons of answers.
Medical examination of a dairymaid revealed affection of the locomotive system, vision impairment, disorder of the nervous and other systems. To confirm the diagnosis the patient was referred for a serological assay (Wright001s reaction) and Burnet001s skin allergy test. What was the provisional diagnosis? 
Leptospirosis 
Tularemia 
Rheumatism 
Anthrax 
*Brucellosis
An infectious diseases hospital admitted a veterinarian with assumed brucellosis. What serologic test can confirm this diagnosis? 
Ascoli001s precipitation reaction 
Wassermann reaction of complement binding 

Widal’s agglutination reaction 
Weigl’s agglutination reaction 
*Wright’s agglutination reaction

В. Objectives  for self-control with answers.
8.Materials for auditorial self-preparation:

         8.1. List of educational practical tasks, which are necessary to do during practical (laboratory) work:

1. To stain a ready preparation of the pathogens of brucellosis and tularaemia by Gram, microscopy and sketching.

2. To perform and to estimate the Huddleson reaction and to estimate the result.

3. To perform and to estimate Wright reaction.

4. To perform and estimate the blood-drop test for the diagnosis of tularaemia.

5. To estimate the result of the test-tube agglutination test for the sero-diagnosis of tularaemia.
9. Instructions for acquirement of professional habits and skills:

9.1. Methodology of running of work, steps of running.
	Oriententative chart for the study of the material on the topic
	Task for practical work
	Contents of protocol

	1. The morphological and biological properties of the causative agents of brucellosis and tularaemia. Classification.

2. The pathogenesis of brucellosis and tularaemia as zoonotic diseases. The clinical symptoms. The immunity and allergy during brucellosis and tularaemia.

3. The microbiological diagnosis of brucellosis and tularaemia (the bacteriological, biological, serological and allergic methods of diagnosis).

4. The principles of therapy and prophylaxis of brucellosis and tularaemia.

5. The diagnostic, prophylactic and therapeutic preparations which are used during brucellosis and tularaemia
	1. To stain a ready preparation of the pathogens of brucellosis and tularaemia by Gram, microscopy and sketching.

2. To perform and to estimate the Huddleson reaction and to estimate the result.

3. To perform and to estimate Wright reaction.

4. To perform and estimate the blood-drop test for the diagnosis of tularaemia.

5. To estimate the result of the test-tube agglutination test for the sero-diagnosis of tularaemia.


	Figure.

Entries in the table, conclusion.

Entry in the protocol.

Entries in the table, conclusion.


Table 1. HUDDLESON’S REACTION

	                               №  

Ingredients
	1
	2
	2
	4
	5 
	6

	Serum of the patient, ml
	0.08
	0.04
	0.02
	0.01
	0.02
	

	Diagnosticum, ml
	0.03
	0.03
	0.03
	0.03
	-
	0.03

	Isotonic solution NaCl, ml
	-
	-
	-
	-
	0.03
	0.03

	Results
	
	
	
	
	
	


(+) – reaction is positive, (-) – reaction is negative

The Huddleson’s reaction is positive, feebly positive, doubtful, negative 

                              (cross out the unnecessary) 
Table  2. WRIGHT’S REACTION

	№  of test-tube
	1
	2
	2
	4
	5 
	 Serum

control 
	  Antigen control  

	The dilutions of serum
	1:50
	1:100
	1:200
	1:400
	1:800
	
	

	Results
	
	
	
	
	
	
	


(++++), (+++), (++) - positive reaction, (-) - negative reaction

CONCLUSION: antibodies to brucellae were discovered in the titre .............

Wright’s reaction: positive, negative, doubtful (cross out the unnecessary) 
Table 3. Test-tube agglutination test for the sero-diagnosis of tularaemia

	№ of test-tube
	1
	2
	2
	4
	5 
	Control

	
	
	
	
	
	
	serum
	antigen

	The dilutions of serum
	1:50
	1:100
	1:200
	1:400
	1:800
	-
	-

	Result
	
	
	
	
	
	
	


(++++), (+++), (++) - positive reaction (-) - negative reaction

CONCLUSION: 

antibodies to Francisella tularensis were discovered in the titre 1:100 

 Reaction: positive, negative, doublful (cross out the unnecessary)


The causative agent of brucellosis                    The causative agent of tularaemia

Brucella melitensis                                            Francisella tularensis
Stained by Gram                                               Stained by Gram

The blood-drop test:      positive,  negative    

                                       (cross out the unnecessary)
10. Materials for self-control of level of assimilation of knowledge, habits and skills provided by this work.

10.1. Test of different levels (or tests, which are included in bank for rector’s control).

* - correct answer

At medical examination of the milkmaid the disturbances of locomotive system, vision, disorder of nervous and other systems. For confirming of the diagnosis patient was sent for serological test (Wright’s reaction) and Burnet’s skin allergy test. What was the preliminary diagnosis?

* Brucellosis
Tularemia
Leptospirosis
Anthrax
Rheumatism
The patient has entered the city infectious hospital with symptoms, making the doctor to suspect tularemia. Which of the listed below methods provides the earliest diagnostics and is most simple in routine clinical conditions?
* Allergic
Bacteriological
Biological
RIF (express-method)
Serological
Cutaneous allergy test Burne was set at the planned inspection of milkmaids. This test is used to detect hypersensitivity to
* Brucellin
Tuberculin
Tularin
Alttuberkulin
Antraxin
In muskrats hunter the body temperature increased to 39 ° C, the headaches, weakness appeared. On the skin in the neck area non deep ulcer was formed. In a smear of scraping the Gram-negative, equably colored, very small rod-shaped and coccoid microorganisms without capsules were revealed. What causative agent can be thought about in this situation?
* Tularemia
Plague
Anthrax
Leishmaniasis
Brucellosis
The doctor suspected the bubonic form of tularemia in a patient and sent the test material for bacteriological diagnostics. What is the peculiarity of this method in this case?
* A pure culture is isolated  from the infected laboratory animals
An isolated culture is identified on antigenic structure
A pure culture is isolated on liquid media
A pure culture is isolated on solid nutrient media
A pure culture is isolated using the enrichment media 
In the infectious diseases hospital the brucellosis was suspected in the veterinarian. What serological test can confirm this diagnosis? 

* Wright agglutination test 

Weigl agglutination test 

Ascoli precipitation test  

Vidal agglutination test  

Wasserman complement fixation test 
In a child of 14 years old the brucellosis was diagnosed. He had no contacts with sick animals. How could a child be infected?
* With raw milk
With dirty hands
With unwashed vegetables and fruits
During injection
With water
 «Yersinia. Bacillus anthracis» - 2 hours.
2. Relevance and background of the theme: Plague and anthrax are acute infectious zoonotic diseases. Plague is applied to quarantine diseases, which are subject to international sanitary rules. According to these rules worldwide epidemiological service of the Ministry of Health carried sanitary protection of borders from possible importation of these infections. The source of the plague pathogen in nature are some species of wild rodents that live in deserts, plains and mountain areas as well as leading synanthropic lifestyle (rat). The role of rodents in the occurrence of plague was proved conclusively by D.C. ZABOLOTNY (1926). Plague epizootics recur in natural foci of rodent. Special services are ongoing strict supervision, carry out preventive measures in natural foci, so the disease plague among the people is not registered. However, the possibility of infection and the possibility of importation from other countries - exist. Therefore, the study of the topic is necessary for the acquisition of knowledge on the etiology, pathogenesis, laboratory diagnosis and prevention of plague, as one of extremly dangerous infections.

The source of the anthrax pathogen are wild sick animals, large and small livestock, people, camels. Through careful veterinary supervision incidence of anthrax reduced to sporadic cases. However, the problem remains very relevant in infectious diseases. Microbiological diagnosis of anthrax is the primary and essential method of diagnosis is the basis for decisions on choice of treatment and antiepidemic activities.

3. Aims of the lesson:
3.1 Educational aims: To acquaint students with the basic properties of Yersinia, Bacillus anthracis, diseases that are caused by them (II-III level)

3.2. Pedagogic aims: Theme material is important for the formation of clinical thinking as targets for future doctor holistic perception of the patient, taking into account not only the affection of certain organs and systems, but in aspect of plague and anthrax, which have a great influence on the emergence and development as a primary disease, and the development of secondary forms. Of particular importance is the modern methods of diagnosis of plague and anthrax. Oznaymyty students with a contribution of local scientists to study the plague and anthrax.

3.3.Particular aims: 
-student have to know:

1. morphological and biological properties of Yersinia, Bacillus anthracis, their distribution;

2. The general scheme of laboratory diagnosis of plague;

3. Plague pathogenesis, principles of therapy;

4. Specific plague prevention;

5. Anthrax pathogenesis, microbiological diagnosis of anthrax;

6. The principles of treatment and prevention of anthrax.

- must be able to:

1. To choose, to take and to transport the material for the examination in special laboratory;

2. To choose the method of microbiological diagnosis of plaque and anthrax;

3. To calculate and to estimate the results of the microbiological diagnosis of plaque and anthrax (in special laboratory);
4. To perform and estimate thermoprecipitation test.
	4. Materials of before auditorial preparation  (interdisciplinary integration).
№№ 
	 Discipline
	To know
	 Be able to do:

	1
	2
	 3
	 4

	 І.
	Previous disciplines
1. Medical biology
2.Histology,cytology, embryology
	Parts of light

microscope
	Microscopy on small imagination
Preparation of temporary and constant preparations from tissues

	 ІІ.
	 Next disciplines

1. Infectious diseases.

2. Internal diseases.

3.Hygiene.

4. Epidemiology.
	Technique of microscopy
	Microscopic method of examination of microorganisms, microscopy of preparations from tissues and environmental objects

	 ІІІ.
	Interdisciplinary integration
1. Main shapes of bacteria.

2. Bacteriological method of examination.  
	Technique of microscopy Preparation of slides
	Microscopic method of examination of microorganisms and environmental objects


5. Content of topic  (text or theses), graphological structure of lesson: 
1. Yersiniae

Genus Yersinia includes the following three bacterial species: Y. pestis, Y.pseudotuberculosis, and Y. enterocolitica.. They were separated from genus Pasteurella on the basis of certain properties and included in familia Enterbacteriaceae.

Yersinia are small gram negative ovoidshaped coccobacilli or short rods with rounded ends and straight or convex sides, 1-3 mcm long and 0.5 – 1.0 mcm wide. Do not form endospores or true capsules but Y. pestis products a capsule-like envelope. Grow at 4 (C, but the optimum temperature for cultivation is 22-30 °C. Do not form flagella and are non motile at 37 (C but members of some species form flagella and are motile at 22 – 30 (C.  Bipolar staining and pleomorphism common especially in vivo. Aerobic and facultatively anaerobic. Grow on simple nutrient media and tolerate bile salts. Ferment carbohydrates with production of acid but rarely of gas. Usually reduce nitrate. Catalase positive, oxidase negative. Do not liquefies gelatin. Do not form phenylalanine deaminase. Most yersiniae are parasites of animals causing characteristic diseases but some types are free-living. Share antigens with other members of the Enterobacteriaceae. Pathogenic strains synthesize characteristic virulence associated antigens. The type species is Y.  pestis.

2. The causative agent of plague

The causative agent of plague, Yersinia pestis, was discovered by the French microbiologist A. Yersin in Hong Kong in 1894. Russian scientists D. Samoilovich, D. Zabolotny, N. Klodnitsky, I. Deminsky, N. Gamaleya and others contributed greatly to the study of the mechanisms of its transmission.

The French microbiologists G. Girard and T. Robic obtained a live vaccine from the attenuated EV strain. R. Karamchamdani and K. Rao of India introduced the extremely effective antibiotic streptomycin into practice for the treatment of all forms of plague.

Morphology. The plague bacillus, as seen in tissue smears, is ovoidshaped, 1-2 mcm in length and 0.3-0.7 mcm in breadth. It is non-motile, forms no spores, and on solid media cultures is elongated in form. 

In preparations from tissues and cultures Y. pestis is found to have a delicate capsule. The organism stains with ordinary aniline dyes and gives a bipolar appearance, its ends staining more intensively. It is Gram-negative.

Y. pestis is characterized by marked individual variability (pleomorphism). In smears from organs and in young cultures it has an ovoid shape, while in cultures on solid media it is elongated and sometimes thread-like. If common salt is added to agar the bacillus shows various forms: ovoid, club-shaped, thread-like, and granular. These forms are usually 

known as involution forms. The occurrence of filterable types of pestis has also been demonstrated. 

A capsule, a three-layer cell wall, and a three-layer cytoplasmic membrane are demonstrated on ultrathin sections, the cytoplasm is filled with ribosomes and small-granular inclusions and the nucleoid occupies the central part of the cell.

Cultivation. Y. pestis is a facultative anaerobe but can also grow under anaerobic conditions. It is cultivated on ordinary media with pH 6.9-7.0. The optimum temperature for cultivation is 27-28 °C. The pathogen can also grow at temperatures ranging from 0° to 45  °C and at pH from 5.8-to 8.0.

On agar slants the culture forms a viscid translucent mucilaginous mass. On agar plates it forms colonies with turbid white centres, and scalloped borders resembling lace or crumpled lace handkerchiefs.

In meat broth the cultures form a pellicle on the surface with threadlike growth resembling stalactites and a flocculent precipitate.

Sodium sulphite, fresh haemolytic blood, sarcinic extract, and live sarcina ('feeders') are used as growth stimulators. They are of special value when the seeded material contains a small number of organisms.

Y. pestis possesses intraspecies variability. It changes quite easily from the virulent R-forms to avirulent S-forms through the O-forms. Resistant S-forms develop in the presence of bacteriophage. They closely resemble the Y. pseudotuberculosis of rodents. Some strains produce pesticines that active  against bacteria of a plague and pseudotuberculosis.
Fermentative properties. Y. pestis does not liquefy gelatin, nor does it produce indole. It reduces nitrates to nitrites, ferments glucose and number other carbohydrates with acid formation. Some strains ferment glycerin, while others do not. The differential diagnosis of Y. pestis and Y. pseudotuberculosis is very difficult. Unlike Y. pseudotuberculosis of rodents, Y. pestis does not break down adonitol and rarely ferments rhamnose and lactose.

Toxin production. Y. pestis is very virulent for humans. It produces a thermolabile toxin in two forms (A and B) and a “mouse toxin”. It causes the haemolysis of erythrocytes and dissolves fibrin. The continental strains produce a toxic substance urease. The mouse toxin has been obtained  in pure form as an active preparation. Its toxicity is extremely great: 1 mg of nitrogen of toxin contains 86 000 letal murine doses. 


The murine toxin acts as a (-adrenergic blocking agent and its administration to rats and mice results in hypothermia, loss of responsiveness to adrenaline and prevention of mobilization of fatty acids. It can be inactivated by formaldehyde to produce a non-toxic but antigenic toxoid. Although antibodies to the toxoid will react with murine toxin they do not confer protective immunity to plague. 


The lipopolysaccharide endotoxin of Y. pestis is similar in physiological activity to other enterobacterial endotoxins. Relativelly large doses (about 500 mcg) are required to kill mice and guinea-pigs. It is not certain what role endotoxin plays in the pathogenesis of plague; in the terminal stages when very large numbers of bacilly are present in the tissues, it might make a significant contribution to the lethal effects on infection.
The virulence of Y. pestis is closely linked with a number of factors: the production of a toxin, the formation of a brown pigment in a culture on haemin agar. the presence of V-, W-, and F, -antigens, the synthesis of purines, fibrinolysin, coagulase, dehydrase, catalase, the requirement for calcium, strontium and zinc ions, the sensitivity to glucose, and survival and growth in macrophages.

Antigen structure.  All the yersiniae possess the enterobacterial common antigen. Immunoprecipitation tests demonstrate the sharing of 12 - 18 antigenic components between Y. pestis, Y. pseudotuberculosis and Y. enterocolitica and of 3 - 6 components between yersiniae and members of other enterobacterial groups. The relationship between Y. pestis and Y. pseudotuberculosis is very close; these species are reported to share at least 13 antigenic components.

Thermolabile D-, F1-, T-, W-, and V-antigens of the causative agent of plague have been studied well.

Virulent Y. pestis cells contain also thermostable somatic antigen which is highly toxic for mice and rats, as well as haemolysins and other toxic substances. The agar precipitation technique demonstrated antigens in the causative agent of plague, which were also common to antigen of human group 0 erythrocytes.

 Resistance. The plague bacillus can withstand low temperatures. At 0° C it lives for 6 months. It survives on clothes for 5-6 months; in sterile  soil and in milk for 90 days; in grain and on cadaver for 40 days; in water for 30 days; in bubo pus for 20-30 days; in sputum for 10 days; in vegetables and fruits for 6-11 days; and in bread for 4 days. 

Y. pestis is very sensitive to drying and high temperatures. Boiling kills the organism within 1 minute, and when heated to 60°C it is destroyed in 1 hour. In a 5 per cent phenol solution it is killed in 5-10 minutes and in a 5 per cent solution of lysol in 2-10 minutes.

Pathogenicity for animals. Rodents, among them black rats, grey rats, mice, susliks, and marmots (tarbagans) are susceptible to plague. More than 300 rodent species may spontaneously contract the disease. In addition, 19 rodent species are susceptible to laboratory infection with plague. Camels died in the Astrakhan steppes in 1911, and humans who ate camel meat contracted plague. Pigs, sheep, goats, donkeys, mules, dogs, cats, monkeys, and certain carnivores are susceptible to the disease in natural environments. However, little epidemiological importance is attached to them.

Guinea pigs, white mice, white rats, and rabbits are the experimental animals, which easily acquire the infection. Animals experimentally inoculated with plague display sepsis, necrosis at the site of injection, enlargement of lymph nodes and spleen, haemorrhages in the skin and mucous membranes (haemorrhagic septicaemia).

Pathogenesis and disease in man. The incubation period in a plague lasts 3 - 6 days, sometimes some hours, in a number of cases up to 8 - 9 days.

  As a rule, plague develops quickly without a prodromal stage. It is characterized by a violent chill severe headache, and dizzinesss. The face is pale and bluish, with an expression of suffering (horror-stricken), and is known as facies pestica. Each form of plague shows characteristic clinical symptoms. Before the use of streptomycin the mortality rate was very high, i.e. from 40 to 100 per cent.

Depending on the location of the pathogen, reactivity of the infected body, virulence of the microbe, and extent of cellular and numeral activity, human plague may be of the following forms: cutaneous, bubonic, cutaneous-bubonic, primary septicaemia, secondary septicaemia (primary pneumonic), secondary pneumonic, and intestinal.

There are three severe forms of human plague: bubonic, pneumonic and septicaemia plague.

Bubonic plague. The transfer of Y. pestis from rats to man through the bites of infected fleas may occasionally result in a localized infection, known as pestis minor, with mild constitutional symptoms.

More often the lymph nodes draining the area of the flea bite become affected and the adenitis caused results in painful swellings or buboes in the inguinal, axillary or cervical regions, depending on the position of the flea bite. From these primary buboes the plague bacilli may spread to all parts of the body. In the absence of adequate antibiotic therapy administered early in the course of the disease, the case fatality rate may be as high as 50%.

Bubonic plague is a zoonosis. The bacilli are transmitted from animal to animal and from animal to man by fleas, notably Xenopsylla cheopis, an ectoparasite of rats. In cool humid weather, fleas multiply and plague spreads readily among susceptible rats. Hot, dry weather, on the other hand, tends to limit the spread of infection because the fleas die out under those conditions.

When a flea feeds on the blood of a sick animal, plague bacilli are sucked into the insect’s mid-gut where they multiply to such an extent that they block the proventriculus - develops « the pestis block ».
On the death of the animal the flea seeks an alternative host which may be another rodent or man. Because the 'blocked' flea is unable to suck readily, some of the infected blood of the previous host is regurgitated and injected into the bite wound of the new victim.

Besides, Y. pestis enters the human body at work with an infectious material and flaying of skins from rodens through abrasions in the skin (sometimes through the mucous membranes).
When the epizootic among rats has reached a stage at which the number of susceptible animals has greatly decreased through death or immunity, it tends to die out, as does any human epidemic associated with it. The renewal of an epizootic and an epidemic in the following or later years depends on the growth of a fresh population of young susceptible rats and their heavy infestation of fleas. The infection may be introduced into this fresh population by an old surviving carrier rat with intermittent bacteraemia, or by other infected wild rodents.

The mechanism of plague transmission and the role of rodents as reserviors of infections was in details investigated by the outstanding Ukrainian researcher, microbiologist and epidemiologist D.Zabolotny.
Pneumonic plague. The pneumonia plague is antroponosis. In the pneumonic form of the disease the plague bacilli are spread in the air with sputum expelled by the patient when he coughs or talks. A severe bronchopneumonia develops. The sputum becomes thin and blood-stained. It contains numerous plague bacilli that are demonstrable by stained films or culture of the sputum. This type of plague is highly contagious and is usually fatal, unless treated early.

Septicaemic plague. This may occur as a primary infection or as a complication of bubonic or pneumonic plague. The plague bacilli spread throughout the body and the outcome is invariably fatal.

 Post-mortem examination in plague reveals centres of inflammation in the lymph nodes, haemorrhages, and haemorrhagic periadenitis. A large number of Y. pestis organisms are present in the lymph nodes and cellular tissue. Phagocytosis is inhibited. There is marked disintegration and necrosis of the buboes. Small haemorrhages form in the skin. The liver is enlarged, showing haemorrhages and necrosis. The spleen is enlarged and dark-red in colour.

The pneumonic foci fuse and assume the form of lobar pneumonia. The lungs are distended, violet-red or grey-red in colour, hyperaemic, oedematous, and contain a large number of Y. pestis organisms.
Immunity. After recovery from the disease a stable immunity of long duration is acquired. Realizing this, in ancient times people living in countries invaded by plague made use of convalescents for nursing plague patients and burying corpses.

Postinfection and postvaccinal immunities are predominantly due to the phagocytic activity of the cells of the lymphoid-macrophage system. An important role is played by the protective capsular antigen which serves as the basis in the preparation of chemical antiplague vaccines.

Laboratory diagnosis. Examination is carried out in special laboratories and in antiplague protective clothing. A strict work regimen must be observed. Depending on the clinical form of the disease and the location of the causative agent, test specimens are collected from bubo content (in bubonic plague), ulcer secretions (in cutaneous plague), mucus from the pharynx and sputum (in pneumonic plague), and blood (in septicaemic plague). Test matter is also recovered from necropsy material (organs, blood, lungs, contents of lymph nodes), rodent cadavers, fleas, foodstuffs, water, air, etc. Examination is performed in the'following stages.

1. Microscopy of smears, fixed in Nikiforov's mixture and stained by the Gram method or with methylene blue by Loeffler's method.

2. Inoculation of the test material into nutrient media, isolation of a pure culture and its identification. To inhibit the growth of the accompanying microflora, 1 ml of a 2.5 per cent sodium sulfite solution and 1 ml of a concentrated alcohol solution of gentian violet, diluted in distilled water in a ratio of 1 :100, are added to 100 ml of meat-peptone agar. Prior to inoculation 0.1 ml of antiphage serum is added to the culture to render the plague bacteriophage harmless.

3. Biological tests of the isolated pure culture and of material from which isolation of the organism is difficult are conducted on guinea pigs. In the latter case a thick emulsion prepared from the test material is rubbed into a shaven area of skin on the abdomen. If plague bacilli are present the animals die on the fifth-seventh day. To hasten diagnosis the infected guinea pigs are killed on the second-third day and the plague bacillus is isolated from their organs.

Y. pestis is identified by determining the morphological, cultural, fermentative, phagocytolytic, and agglutinative properties of the isolated culture. The growth is differentiated from the causative agent of rodent pseudotuberculosis. The biological test is decisive in the diagnosis of plague.

Decomposed rodent cadavers are examined by the thermoprecipitin test.

The importance of prompt diagnosis of plague has led to the elaboration of accelerated diagnostic methods in recent times.

Treatment. At present streptomycin is used for treatment of plague, the drug being very effective and curing even pneumonic plague in a high per cent of cases. Good results have been obtained from a combination of streptomycin with chloromycetin or tetracycline with antiplague serum. Antiplague gamma-globulin and a specific bacteriophage are also used for treatment of plague patients. Penicillin, chlortetracycline, and sulphonamides are recommended in cases with complications.

Prophylaxis. General prophylaxis comprises the following measures:

(1) early diagnosis of plague, particularly the first cases;

(2) immediate isolation and hospitalization of patients and enforcement of quarantine; individuals who have been in contact with patients are placed under quarantine for 6 days and prescribed prophylactic streptomycin treatment;

(3) observation (i. e. isolation of individuals or groups of people suspected of having been in contact with infected material, daily inspection from house to house, temperature measurement twice a day, and observation during the possible incubation period);

(4) thorough disinfection and extermination of rats in disease foci;

(5) individual protection of medical personnel and prophylactic treatment with streptomycin and vaccination;

(6) prophylactic measures and systematic observation carried out by plague control laboratories, stations, and institutes in endemic areas;

(7) observance of international plague control conventions (extermination of rats and disinfestation of ships, aircraft, trains, and harbours and, if necessary, compulsory quarantine for passengers);

(8) security measures from plague invasion at frontiers. Specific prophylaxis is accomplished with live EV vaccine. It is produced in dry form and administered subcutaneously, intracutaneously or percutaneously once or twice. Immunity lasts for no longer than one year. Depending on the epidemiological condition, revaccination is conducted in six or 12. months. The efficacy of the vaccination is not high. 

According to WHO data, a total of 2.5 million of persons with this disease were registered in all the countries of the world in the period between 1921 and 1965 and 12140 in 1970-1976. The incidence of plague has sharply reduced in the recent years and it has become a sporadic disease.

However, endemic foci of wild rodent plague continue to exist in many parts of the world, including North and South America, Africa, South-East Asia, China and the territory of the former USSR. Constant surveillance must be maintained to prevent its spread to urban populations, especially in areas where living conditions are below standard.

3. Y. pseudotuberculosis and Y. enterocolitica
The causative agent of pseudotuberculosis (Yersinia pseudotuberculosis) and yersinosis (Yersinia enterocolitica ) belongs to the pathogenic species of the genus Yersinia. Both organisms damage animals, from which pathogen are transferred to the man. 
Pseudotuberculosis and yersiniosis are encountered in 30 countries of the world among adults and children in the form of epidemic outbreaks or sporadic cases. The pseudotuberculosis was first revealed in Vladivostok (in 1959), and then in Leningrad and other places of the Soviet Union. 

Wild and sinanthropic (connected with human habitation) rodents are the natural source of the causative agents. Infection occurs by the alimentary route through foodstuff's and water contaminated with the excreta of sick animals. The disease is marked by headache, malaise, vomiting, abdominal pain, fever (38-40°C), eruption of lesions of various morphology, and hyperaemia of the mouth and throat. Laboratory diagnosis consists in isolating the causative agent from the patient's stool and identifying it by means of the agglutination reaction, phagolysis, and biochemical properties and in demonstrating the antibodies by the reaction of agglutination and indirect agglutination. Chloramphenicol and pathogenic measures are used for the treatment of patients. Prophylaxis comprises the extermination of rats, protection of foodstuff's and water against rodents, the observance of sanitary and hygienic regimens at catering establishments, food storehouses, etc.
4.  The causative agent of anthrax

In Russia the disease was known as Siberian sore owing to a large epidemic between 1786 and 1788 in the Urals. In 1875 the disease caused the death of 100000 horses in Siberia. In Germany the infection is known as spleen fever.

Studies of anthrax were originated by R. Koch (1876), L. Pasteur (1881) and L. Tsenkovsky (1883). B. anthracis belongs to the family Bacillaceae.
Morphology. Anthrax bacilli are large organisms, measuring 3-5 mcm in length and 1-1.2 mcm in breadth. In the body of animals and man they occur in pairs or in short chains, while in nutrient media they form long chains. In stained preparations the ends of the bacilli appear either to be sharply cut across or slightly concave, resembling bamboo canes with elbow-shaped articulations. 

The bacilli are non-motile. Outside the host's body they produce oval-shaped central spores which are smaller in diameter than the bacillus. Spores are best produced in the presence of oxygen at 30-40° C. No spores are produced in the body of man or animal or at temperatures above 43 and below 15 (C.

It has been ascertained that spores may germinate into vegetative forms during the warm months under favourable conditions, and transform again into spores in the autumn.

In the bodies of man and animals the bacilli produce capsules which surround a single organism or are continuous over the whole chain. Capsules are also produced on nutrient media which contain blood, serum, egg yolk, or brain tissue. The capsule which contains specific proteins provides a defence mechanism and determines the virulence of the organism. The anthrax bacillus readily stains with all aniline dyes and is Gram-positive.

Cultivation. The bacillus is aerobic and facultatively anaerobic. The optimum growth temperature is 37° C, and the organism does not grow below 35° and above 43° C. It grows well on all ordinary media at pH 7.2-7.6. On meat-peptone agar the bacilli form rough colonies (R) which have uneven edges and resemble the head of a medusa . The edges of the colonies have the appearance of locks of hair or a lion's mane. The smooth S-forms possess low virulence or are completely avirulent and non-capsulated in the body of the host.

Broth cultures of the anthrax bacillus produce flocculent growth resembling cotton wool which sinks to the bottom of the tube or flask, leaving the broth clear. Spore production is inhibited by adding a 1 per cent calcium chloride solution to the medium, and is stimulated by the presence of neutral sodium oxalate.

The anthrax bacillus undergoes a morphological change when it transforms from the R-form to the S-form. It loses its ability to form chains in smears and occurs in coccal and diplobacillary forms or the cells are arranged in groups. Incubation at 42.5 (C produces thread-like, non-sporeforming organisms of low virulence. On meat-peptone agar containing penicillin the bacilli break up into globules which are arranged in the form of a necklace (a pearl necklace). The anthrax bacilli transform usually from the R-form (typical, with rough colonies, and virulent) to the S-form (atypical, with smooth even-edged colonies, and avirulent) through the intermediate О-form (with mucilagmous, pigmented, and patterned colonies).

Fermentative properties. The anthrax bacilli possess great biochemical activity. They contain the enzymes dehydrogenase, lipase, diastase, peroxidase, and catalase. In gelatin stab-cultures growth resembles an inverted fir tree, the gelatin being liquefied in layers. The organisms cause late liquefaction of coagulated serum and produce ammonia and hydrogen sulfide. They slowly reduce nitrates to nitrites and coagulate and peptonize milk. The organisms ferment glucose, levulose, saccharose, maltose, trehalose, and dextrin with acid production.

Toxin production. When growing on semisynthetic medium, B. anthracis discharges an exotoxin (oedema factor) into the culture fluid. The capsular substance is very toxic, it contains Bayle's aggressins. Loss of the capsule results in loss of virulence.

It has been established that some strains of B. anthracis produce in the animal's body a lethal toxin (mouse factor), which on addition of the oedema factor or the protective antigen causes death of the animal. The serum of guinea pigs who died from anthrax possesses the property of causing death of albino mice and guinea pigs on being injected intravenously in small doses.

Antigenic structure. The anthrax bacillus contains a protein (P) and a polysaccharide (C) antigen. The polysaccharide antigen is present in the bacterial cell, while the protein antigen is in the capsule.

The polysaccharide antigen consists of (-glucosamine, galactose, and acetic acid and is thermoresistant. The protective antibodies are not produced to this antigenic complex. It survives for long periods in tissues obtained from corpses. Ascoli's thermoprecipitin test is based on this principle. A boiled B. anthracis extract contains a polysaccharide fraction (thermoresistant) which yields a precipitin reaction with the precipitant serum.

The capsule contains a protein-like substance, a polypeptide.

In animal bodies and on media containing tissue extracts and plasma, B. anthracis produces a peculiar antigen (a protective antigen). This antigen is a non-toxic thermolabile protein which possesses marked immunogenic properties. It gives rise to the formation of protective antibodies which neutralize the aggressive enzyme of the anthrax bacillus.

B. antracis, B. anthracoides, and sporogenic saprophytes contain the common antigen which stimulate the formation of uncomplete antibodies. 

 Resistance. B. anthracis survives in meat-broth cultures in hermetically sealed ampoules for 40 years and the spores survive for 58 to 65 years. Spores remain viable in soil for decades and when dried  -  for as long as 28 years. They are more resistant to disinfectants than the vegetative cells. The vegetative cells are killed in 40 minutes at 55 °C, in 15 minutes at 60 (C, and in 1-2 minutes at 100 (C. The spores are thermoresistant, and withstand boiling for 15-20 minutes and autoclavmg at 110° C for 5-10 minutes. They are destroyed by 1 per cent formalin and 10 per cent sodium hydrate solutions in 2 hours. The capsule is more resistant than the microbial cell. Post-mortem examination of animal bodies which had previously been exposed to putrefactive microflora reveals quite frequently empty microbial capsules (shadows), devoid of cytoplasm.

Pathogenicity for animals. Sheep, cows, horses, deer, camels, and pigs are susceptible to anthrax infection. The animals are usually infected through the mouth, ingesting the spores in the fodder. The organisms localize in the intestine. Blood-sucking insects (gadflies and stable flies) may be vehicles of infection in some cases. The disease is characterized by lassitude, cyanosis, and sanguineous discharge from the intestine, nostrils, and mouth. Septicaemia sets in preceding death which occurs in 2 or 3 days. In horses the infection is less severe, affecting the glandular tissues and causing the development of anthrax carbuncles.

Among the laboratory animals, most susceptible are white mice, then guinea pigs, and rabbits which die 2-4 days after infection. A swelling and haemorrhages appear at the site of injection. The internal organs become congested and enlarged (particularly the spleen), and septicaemia develops. The blood of the animals does not clot after their death because of the anticoagulative effect of the anthrax bacilli, and it is thick and black-red in colour (Gk. anthrax coal).

Pathogenesis and diseases in man. Anthrax is a typical zoonosis. Humans acquire the disease from sick animals or articles and clothes manufactured from contaminated raw materials: sheepskin coats, fur mittens, collars, hats, shaving-brushes, etc. In summer the infection may be transmitted by blood-sucking insects. Anthrax occurs in three main clinical forms: cutaneous, respiratory, and intestinal.

In the cutaneous form the causative agent enters the body most frequently through injured integuments, mainly those parts of the body which are not covered with clothes (face, neck, hands, and forearms). An anthrax carbuncle (malignant pustule) develops at the site of bacilli localization. The disease prevails in individuals who come in contact with sick animals or raw materials contaminated with anthrax bacilli, and people who use articles manufactured from the hides or hair of infected animals.

The respiratory form is acquired through the air when working with material contaminated with bacillary spores. The disease assumes the form of a severe bronchopneumonia. The bacilli are discharged in the sputum.

The intestinal form is due to ingestion of meat of sick animals. It is characterized by grave lesions in the intestinal mucosa with haemorrhages and necrotic foci. The bacilli are excreted in the faeces. It is considered by a number of authors that the intestinal form of the disease is caused by the bacilli invading the intestine through the blood.

At present the cutaneous form of anthrax occurs sporadically, while the intestinal form is very rare. Due to labour protection measures, cases of the respiratory form are extremely rare.

Anthrax septicaemia may develop as a complication in any of the clinical forms or in debilitated and emaciated patients.

Immunity following anthrax is antimicrobial and depends on the presence of protective antibodies. Phagocytosis plays no defensive role in the disease. The protective antigen does not give rise to the production of complete antibodies, but it stimulates the formation of protective (incomplete) antibodies which cause the destruction of the virulent anthrax bacilli.

Serum of individuals who have recovered from anthrax is found to contain substances which are capable of destroying capsular matter and neutralizing aggressms and toxins (lethal factor).

Laboratory diagnosis. In cases of cutaneous anthrax the malignant pustular exudate is examined; it is obtained from the deep layers of the oedematous area where it borders with the healthy tissues. Sputum is examined in cases of the respiratory form, faeces and urine, in intestinal form, and blood is examined in cases of septicaemia.

1. The specimens are examined under the microscope, the smears are Gram-stained, or stained by the Romanowsky-Giemsa method. The presence of morphologically characteristic capsulated bacilli, arranged in chains, allows a preliminary diagnosis.

2. For isolation of the pure culture the specimens are inoculated into dishes with meat-peptone agar and test-tubes with meat-peptone broth. The isolated culture is differentiated from other morphologically similar bacteria by its morphological and biochemical properties.

3. Laboratory animals (white mice, guinea pigs and rabbits) are inoculated with the pathological material and with the pure culture derived from it. B. an thracis causes the death of white mice in 24-48 hours and of guinea pigs in 2-3 days following inoculation. Microscopic examination of smears made from blood and internal organs reveals anthrax bacilli which are surrounded by a capsule.

A rapid biological test is also employed. The culture obtained which has to be identified is introduced intraperitoneally into white mice. Several hours after inoculation smears are prepared from the peritoneal contents. Detection of typical capsulated bacilli gives a basis for confirming the final result of the biological test.

The allergic test with anthracm (a purified anthrax allergen) is employed when a retrospective diagnosis is required in cases which have yielded negative results with microscopical and bacteriological examination.

Postmortem material as well as leather and fur used as raw materials are examined serologically by the thermoprecipitin reaction (Ascoli’s test) since isolation of the bacilli is a matter of difficulty in such cases.

When employing laboratory diagnosis of anthrax, one must bear in mind the possibility of the presence of bacteria identical with B. anthracis in their biological properties (see Table 24). These sporing aerobes are widely distributed in nature and are normally sporeforming saprophytes. They include B. cereus, B. subtilis, B. megaterium, etc.

The anthrax bacilli may be differentiated from anthracoids (false anthrax organisms) and other similar sporing aerobes by phagodiagnosis. The specific bacteriophage only causes lysis of the B. anthracis culture.

Treatment comprises timely intramuscular injection of antianthrax immunoglobulin (30 – 50 ml) and the use of antibiotics (penicillin, tetracycline, and streptomycin).

Prophylaxis. General measures of anthrax control are carried out in joint action with veterinary workers. These measures are aimed at timely recognition, isolation, and treatment of sick animals. They also include thorough disinfection of premises for live-stock, territory and all objects found on it, and ploughing over of pastures. Carcasses of animals which have died of anthrax are burnt or buried on specially assigned territory, not less than 2 meters deep, and covered with lime chloride.

The veterinary authorities also enforce regulations banning the use of contaminated meat for food and introduce thorough control of manufactured articles from animal hide and fur which are to be marketed.

At present, a vaccine, prepared from non-capsulated anthrax bacilli and consisting of a suspension of live spores of vaccine strains, is used in the Ukraine. It is employed for immunization of man and domestic animals.

The vaccine is completely harmless, producing immunity quite rapidly (in 48 hours) and for a period of over a year. It is inoculated in a single dose.

Vaccination is carried out among people who work at raw-material processing factories (processing of animal hide and hair), at meat-packing factories, and at farms where anthrax is encountered. Reinoculation is-performed after a period of 12 months.

Individuals who have been in contact with material contaminated with anthrax organisms (when dressing infected carcasses or using such meat for food) are given intramuscular injections of 20-25 ml of antianthrax globulin together with penicillin.

A chemical anthrax vaccine consisting of a protective antigen (a filtrate of non-capsulated non-proteolytic anthrax strains which had been cultivated on synthetic and semisynthetic media) is used in England, toxoid is used in the USA., Both are as effective as the living vaccine.

5. BACILLUS CEREUS
B. cereus concerns to the genus Bacillus. B. cereus is a large Gram-positive bacillus resembling B. anthracis, except that it is motile and lacks the capsule. Like other members of the genus it is a saprophyte and frequents soil, water and vegetation. B. cereus closely resembles B. anthracis in culture, forming large, grey, irregular colonies. Large inocula injected into laboratory animals may cause death but without the haemorrhagic appearance of anthrax and blood smears do not show the characteristic  capsule.

Spores of B. cereus are particularly heat-resistant and most strains produce toxins. The organism is widespread in the environment and found in most raw foods, especially cereals such as rice. Most episodes of food poisoning caused by B. cereus are due to preformed toxin, often found in lightly cooked Chinese dishes. In such cases vomiting is the main symptom, occurring within 6 h of ingestion. Strains associated with this emetic syndrome produce low molecular-weight peptides which are heat and acid-stable and can withstand intestinal proteolytic enzymes. B. cereus strains may also produce an enterotoxm, which is heat-labile and formed in the intestine. This causes a diarrhoeal form of food poisoning which is similar to enteritis caused by Eschenchia coli or Salmonella spp.

Graphological structure of lesson
	№№


	Main stages of lesson, their function and content
	Educational aims in levels of assimilation of knowledge
	Means of teaching and control
	Materials on  methodological and visible support of classes, control of knowledge of students
.
	Time in min.

	1
	2
	3
	4
	5
	6

	1
	Preparatory (organization of classes, setting of educational goals, monitoring the output level of knowledge and skills of students, their willingness to accept material of this class);
	Creation of conditions for organized, maximally effective running of lesson 
Understanding of student’s preparation level for lesson with the aim of correction of material explanation 
	Materials for control of preparatory stage of lesson: questions, objectives, tests.
	Questions, objectives, tests.

Graphological structure of lesson
Album for protocols
	30

	2
	Main stage (formation of professional skills, acquirement of microscopy skills, running of laboratory work);
	To familiarize students with subject and tasks of microbiology, virology and immunology, equipment of microbiological laboratory (I level), to give skills of preparation of slides and microscopic method of examination (III level) Acquire technique of microscopy with immersion objective, know types of microscopes,  technique of preparation of slides from bacterial culture on solid nutrient media, staining by simple dyes for creation of base for studying of subject and formation of habits, necessary for studying of next medical disciplines and future practical work
 (III level).
	Tables
Microscopes
Equipment for preparation of slides
Slides for demonstration

	Tables
Microscopes
Equipment for preparation of slides
Slides for demonstration
Professional algorithms, focusing cards for formation of practical skills and habits, educational tasks
	40

	3
	Final stage (control and correction of levels of professional skills, summing up of lesson, giving of home work with literature references)
	Student have to know place and importance of course of medical microbiology, virology and immunology in the system of professional teaching of future doctor (II level);

Student have to acquire technique of microscopy with immersion system, preparing of slide, staining of slide by simple methods (II level);
	Materials for control of final stage of lesson: questions, objectives, tests.


	Materials for control of final stage of lessonQuestions, objectives, tests.


	20


6. Materials for methodological support of lesson.
6.1. Tasks for self-control of basic level of knowledge and skills /with giving of etalons of answers at the end of bloc of questions–objectives of  II level; tests of different types also with etalons of answers/.

Control questions:

1. Yersinia morphology. Latin name. Gram staining.

2. Biochemical properties of Yersinia.

3. Cultural properties of Yersinia. Features of media used for the cultivation of Yersinia.

4. Antigenic structure of Yersinia. The value of Yersinia antigens for diagnosis.

5. Toxins and virulence factors of Yersinia briefly - their action.

6. Yersinia resistance against the environmental factors and desinfectants.

7. Pathogenicity of Yersinia in animals. The value of animal disease in humans.

8. Epidemiology of yersiniosis (the source of infection, mechanisms, ways and factors of transmission of sensitive body).

9. The pathogenesis of plague in humans (entrance gates, pathways in the body, pathogenesis itself).

10. Immunity and allergyin plague. The value of cellular and humoral immunity.

11. The main organs and systems that are affected during plague in humans - list.

12. Laboratory diagnosis of plague - to list and describe methods.

13. Material for research- types, rules receipt.

14. The method of Bacteriological diagnosis of plague. Advantages, disadvantages and limitations of the method.

15. The biological method of diagnosis of plague.

16. Treatment of plague. Antibiotics usage. The mechanism of their action and side effects.

17. Serotherapy of plague.

18. Specific and non-specific prevention of plague.

19. The morphology of the causative agent of anthrax. Latin name. Gram staining.

20. Biochemical properties of B. anthracis.

21. Cultural Properties B. anthracis. Features of media used for cultivation of B. anthracis.

22. Antigenic structure of B. anthracis. Value B. anthracis antigens for diagnosis.

23. Toxins factors and pathogenicity of B. anthracis, briefly - their performance.

24. Resistance B. anthracis in relation to environmental factors and desinfectants.

25. B. anthracis pathogenicity for animals. The value of animal disease in humans.

6.2. Information, which is necessary for formation of habits and skills could be found in the literature: / main literature references with pages/:

- main (basic)
6. Gaidash L.S., Flegontoya V,V.  Microbiology, virology and immunology. – Lugansk-2004 vol. 1 – 3.

7. Methodical recommendations for students to  practical classes  and SIW, texts and lectures presentations , MCQ in the electronic library of ONMedU
- additional
35. Warren levinson Medical Microbiology and Immunology Internetoinal edition. Examination and Board Review, Eighth Edition. 2004.
36. Anantharyan R. Jayaram Paniker C. K. Textbook of Microbiology. 9 Edition.- Orient Longman,2012.

37. Arora, D.R. Textbook of Microbiology.-CRS publishers and Distributors, 2001

38. Chakraborty P. A Textbook of Microbiology.- New central book agency(P) LTD., Third edition, 2013
39. Greenwood David, Slack Richard Peutherer John, Mike Barer. Medical Microbiology.-Churchill Livingstone, Seventeenth edition, 2007

40. Kabajashi George S., Murray Patrick R., Pfaller Michael A., Rosenthal Ken S. Medical Microbiology.- Mosby,1998

41. Mackie and McCartney. Practical Medical Microbiology. 14th Edition/ Edited by Colle J.G., Fraser A.G., Marmion B.P., Sinmons A.- New York, Edinburgh, London, Madrid, Melbourne, Tokyo, 1996

42. Medoff G., Schaechter M., Schlessinger D. Mechanisms Of Microbial Disease.- Williams and Wilkins, 1989

43. Medical Microbiology. Edited by Greenwood D., Slack R.C.B., Peutherer J.T. 1995

44. Nester E.W., Roberts C.E., Nester M.T. Microbiology: A Human Perspective.-Wm.C.Brown Publishers, 1995

45. Topley and Wilson’s Principles of Bacteriology, Virology and Immunity,8th Edition/Vol.3/ Edited by Parker T.M., Collier L.H.- B.C. Decker Inc. Philadelphia, Hamilton.

46. Topley and Wilson’s Principles of Bacteriology, Virulogy and Immunity, 8th Edtion/Vol.4/ Edited by Parker T.M, Collier L.H.- B.C. Decker Inc. Philadelphia, Hamilton

47. Talaro A., Talaro K. Foundations in Microbiology.- Wm.C. Brown Publishers,1996

48. Richard A.Harvey, Pamela C. Champe, Bruce D. Fisher. Microbiology, Lippincott’s Illustrated Reviews: 2nd edition, 2007.

49. Richard A.Harvey, Cynthia Nau Cornelissen, Bruce D. Fisher. Microbiology, Lippincott’s Illustrated Reviews: 3nd edition, 2013.

50. New Webster’s Dictionary and thesaurus of the English Language.- Lexicon Publications, IWC. Danbury, CT, 1993.
51.  Samuel Baron. Medical Microbiology, 4th edition, University of Texas Medical Branch at Galveston, 1996.

WEB sites:

https://www.ncbi.nlm.nih.gov/books/NBK7798/
	6.3.Focusing card for self-preparation on the base of literature 

№№
	Main tasks
	Recommendations
	Answers of students

	1
	2
	3
	4

	1
	On arriving from tropical countries ship dead rats were found. What kind of disease should consider? What laboratory studies should be conducted?
	
	Plague. It is necessary to carry out the animals dissection, prepare smears, paint them and carry out the seedings. 

	2
	At the shoe factory, a new batch of sheep skins arrived. What research should be held to exclude infection with anthrax?
	
	To conduct ring precipitation test by Ascoli with extracts from pieces of sheep skins.


 7. Materials for self-control of quality of preparation.

А. Questions for self-control
Questions for self-control.
1. Epidemiology of anthrax (the source of infection, mechanisms, ways and factors of transmission sensitive organism).

2. The pathogenesis of anthrax in humans (entrance gates, pathways in the body, pathogenesis itself).

3. Immunity and allergy at anthrax. The value of cellular and humoral immunity.

4. The main clinical forms of anthrax in humans - list.

B. Tests for self-control with etalons of answers.
Quite often, the soil may contain a number of pathogenic microorganisms. The causative agents of the following disease may exist in the soil for a long time: 
Diphtheria 
Viral hepatitis 
*Anthrax 
Dysentery 
Pertussis

A patient presents with fever, chill and cough. From his sputum the ovoid Gram-negative bipolar-stained bacilli with a delicate capsule were isolated. What is the most likely diagnosis? 
*Plague 
Tuberculosis 
Toxoplasmosis 
Brucellosis 
Leptospirosis

It is planned to use the territory of an old cattle burial ground (which is not used for more than 50 years) for building houses. But ground analysis revealed presence of the pathogen of the very dangerous illness. Which of the indicated microorgonisms is likely to remain in the ground for such a long time?
*Francisella tularensis 
Bacillus anthracis 
Mycobacterium bovis 
Yersinia pestis 
Brucella abortus

There was a record of some anthrax cases among animals in a countryside. The spread of disease can be prevented by means of immunization. What kind of vaccine should be used? 
*STI live vaccine 
Salk vaccine 
Sabin’s vaccine 
BCG vaccine 
Diphteria and tetanus toxoids and pertussis vaccine

C. Objectives  for self-control with answers.
8.Materials for auditorial self-preparation:

         8.1. List of educational practical tasks, which are necessary to do during practical (laboratory) work:

1. To study the schemes of microbiological diagnosis of plague and anthrax.

2. To examine and to sketch the demonstrated preparation of the pathogens of plague and anthrax.

3. To study the colonies of plague rod and anthrax rod.

4. To perform the thermo-ring-precipitation test according to Ascoli for the detection of the anthrax antigen, to calculate and estimate the result.

5. To get to know about  the moulages of anthrax carbuncle.

6. To get to know about the anti-plague protective clothing.
9. Instructions for acquirement of professional habits and skills:

9.1. Methodology of running of work, steps of running.

	Oriententative chart for the study of the material on the topic
	Task for practical work 
	Protocol

	1. The characteristics of zoonotic infections.

2. Infections, on which the international medico-sanitary rulles (separately dangerous infections). Regimen of work with pathogens.
3. The morphological and biological properties of the causative agents of plague and anthrax.
4. The ecology of the pathogens of plague and anthrax. The plague as a natural focal infection.  D.K. Zabolotny’s works on the epidemiology of plague. 

5. The pathogenesis and the main clinical symptoms of plague and anthrax.

6. Specific prophylaxis of plague and anthrax. Principles of therapy.

7. The microbiological methods of diagnosis of plague and anthrax: microscopic, bacteriological, biological, allergic methods, express - indication of the causative agents.
	1. To study the schemes of microbiological diagnosis of plague and anthrax.

2. To examine and to sketch the demonstrated preparation of the pathogens of plague and anthrax.

3. To study the colonies of plague rod and anthrax rod.

4. To perform the thermo-ring-precipitation test according to Ascoli for the detection of the anthrax antigen, to calculate and estimate the result.

5. To get to know about  the moulages of anthrax carbuncle.

6. To get to know about the anti-plague protective clothing.
	 Figures
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                         The causative agent of plague                                 The causative agent of anthrax
       Yersinia pestis


                  Bacillus anthracis

      Stained by Loeffler                                                   Stained by Gram  
In the thermo-precipitation test (Ascoli’s) B. anthracis antigens:

                                                               were found \ not found 

                                                            (cross out the unnecessary)

10. Materials for self-control of level of assimilation of knowledge, habits and skills provided by this work.

10.1. Test of different levels (or tests, which are included in bank for rector’s control).

* - correct answer
A patient has fever, chills and cough. The ovoid, gram-negative, bipolar stained rods with tender capsule were isolated from the sputum. What is the most probable diagnosis?

* Plague
Toxoplasmosis
Leptospirosis

Tuberculosis

Brucellosis
A biological test was performed and streptobacilli, surrounded by capsule, were found in smear-imprints from the animal organs. We may diagnose:
* Anthrax
Brucellosis
Lobar pneumonia
Tularemia
Plague
After examination of the slaughtered sick cow a black carbuncle appeared in the veterinarian on the cheek in some time. At microscopic examination of its content the gram-positive, big bacilli were revealed, they had succised ends like bamboo cane and formed chains. What pathogen has such morphological and tinctorial properties?
* B.anthracis
Y.pestis
C.perfringens
P.vulgaris
F.tularensis
In a countryside the cases of anthrax have appeared among the animals. For prevention of spreading of the disease, the massive vaccination of the animals must be done. What preparation should be used?

* STI live vaccine

BCG

Sabin’s vaccine

DTP

Salk vaccine

Oftenly, the soil can be the place of presence of number of the pathogenic microorganisms. Causative agents of what diseases can persist in the ground for a long time?

* Anthrax

Diphtheria

Dysentery

Pertussis

Viral hepatitis

On examination of smear from a patient with preliminary diagnosis of "acute pneumonia" randomly located microorganisms were found. They had ovoid shape, in length up to 2 microns, more colored on the poles. What probable diagnosis can be established according to such data?
* Pneumonic plague
Staphylococcal pneumonia
Pneumococcal pneumonia
Klebsiella pneumonia
Diphtheria
The validity of bacteriological tests at the plague diagnostic is increased, when the immunofluorescence test is used. Describe the microscopic picture, obtained during the test. 
* Small ovoid rods with bright green glow
Slightly curved red rods, angle set
Small pink rods with rounded ends 
Large violet rods with succised ends 
Small coccoid pink bacteria 
In the village K. in several farms the massive mortality of rats was discovered. The plague was suspected as the cause of that. What postmortal research of the animals should be performed in order to establish the pathogen immediately?
* Ring precipitin test
Reaction of passive agglutination
Neutralization reaction
Complement fixation test
Agglutination test
The material (extract from animal raw) from the area with accidents of anthrax among the animals was delivered in the laboratory. What serology test has to be applied for detection of the antigens of the pathogen in the examinated material?
* The reaction of termoprecipitation
Precipitation reaction in agar
Radioimmunoassay
Complement fixation test
Indirect hemagglutination reaction
The  skin of animals from the area, where anthrax was registrated, was delivered to the tannery. What reaction is used for the detection of thermally stable antigen of anthrax in the leather and fur raw materials?
* Precipitation
Agglutination
Hemagglutination
Immunofluorescence
Complement fixation test
A patient of 34 years old consalted a doctor with complaint on carbuncle on the face. On the examination: loose, painless swelling of the subcutaneous tissue, there are a black scab in the center of carbuncle and vesicular eruptions on the periphery of carbuncle. Bacteriological examination revealed the immobile streptobacilli, that can produce the capsules. What microorganisms are the causative agents of this disease.
* Bacillus anthracis
Bacillus subtilis
Staphylococcus aureus
Bacillus anthracoides
Bacillus megaterium
In a patient with symptoms - headache, fever, chills, cough, ovoid shape rods were isolated from the sputum. They were Gram-negative, with bipolar staining, formed chains in the smear from the broth culture. On agar they grow as R-form colonies. There are typical for
* Plague
Tuberculosis
Meningococcal nasopharyngitis
Streptococcal tonsillitis
Diphtheria
In one of the mountain villages there was a massive mortality of rodents. At the same time the population of the area became thick. The disease is accompanied by rapid increase of temperature to 40 ° C, severe intoxication, the enlargment of inguinal lymph nodes. In preparations- smears of cadaveric material the Gram-negative bacilli of ovoid shape with bipolar staining were found. What microorganisms are the causative agents of this infectious disease?
* Plague rods
Clostridia
The causative agent of tularemia
The causative agent of anthrax
Staphylococcus
They are planning to allot for housing the territory of the old cattle cemetery, that was not used for more then 50 years. But examination of the soil showed the presence of alive spores of the especially dangerous pathogen. Which of the listed microorganisms could preserve itself in the soil for a so long time?

 * Bacillus anthracis 

Mycobacterium bovis 

Francisella tularensis 

Yersinia pestis 

Brucella abortus

A man went to the emergency department of infectious hospital, after receiving the envelope with a suspicious powder by mail, according to his words. A man was hospitalized in isolator, and the powder from an envelope was sent to the laboratory in order to examinate it on the presence of the anthrax spores. What method enables us to detect the probable pathogen as soon as possible?
* Immunoluminescent method
Gel precipitation reaction
Bioassay in mice.
Isolation of pure culture
Complement fixation test
In hospitalized patient with severe pneumonia, from the sputum, sown on MPA, rough colonies with irregular edges have grown. Microscopically the large gram-positive rods were detected, that formed chains and contained spores. Which of the listed above pathogens has  such properties?
* Bacillus anthracis
Streptococcus pneumoniae
Bordetella pertussis
Klebsiella pneumoniae
Mycobacterium tuberculosis
11.Topic of next lesson №34: «Corynebacteria»
11.1.Tasks for research work of students on theme of next lesson.

To carry out a precipitation reaction in gel with diphtheria toxoid and anti-serum. Note the results.
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