Lesson 1
Working regime of microbiological laboratory. 
The rules of the immersion microscopy. 
Methods of the preparation of the smears. 
Simple techniques of staining
I. THEORETICAL QUESTIONS

1. The features of design, equipment and working regime of a bacteriological laboratory.

2. Light microscopy, microscopy with immersion objective, dark– field microscopy, phase– contrast microscopy,  luminescent microscopy, electron microscopy, scanning microscopy.

3. The rules of work with immersion  system of microscope.

4. The main stages of preparation of smears.

5. The dyes used for a staining of bacteria.

6. Simple methods of staining, their practical value.

Principles  of health protection and safety rules in the microbiological laboratory. Design, equipment, and working regimen of a microbiological laboratory.
A microbiological laboratory usually comprises the following departments: 

(1) the preparatory room for preparing laboratory glassware, making nutrient media and performing other auxiliary works; 

(2) washroom;

(3) autoclaving room where nutrient media and labo​ratory glassware are sterilized; 

(4) room for obtaining material from patients and carriers; 

(5) rooms for microscopic and microbiological studies comprising one or two boxes. 

Laboratory rooms should have only one en​trance. To facilitate such procedures as washing and treatment with disinfectants, the walls are painted with light-colored oil paint or lined with ceramic tiles, whereas the floors are covered with linoleum.

Equipment of the laboratory. Laboratory furniture should be simple and convenient. Laboratory tables covered with the special enamel, linoleum, or other easily disinfecting materials are placed near windows. Safe-refrigerators are used for storing microorganism cultures.

The bacteriological laboratory must in​clude apparatuses for different types of microscopy, apparatuses for heating (gas and alcohol burners, electrical stoves, etc.), incubators, refrigerators, sterilizing apparatuses (sterilizer, Koch apparatus, Pasteur stove, coagulator, etc.), a centrifuge, distillator, etc. The used material is rendered safe in the way which is employed in bacteriological laboratories.

Before starting the work, the premises are disinfected in a way which is employed for disinfecting the box of microbiological labo​ratories.

The premises are treated, using disinfectant solutions and bactericidal lamps. 

Preparation and staining of smears, as well as other microbiologi​cal procedures, are performed in a prepared working place. The work​ing table should contain only those materials and objects which are necessary for the given examination, namely; the object to be studied (blood, pus, sputum, faeces, etc.), test tubes or dishes with a culture of microorganisms, sterile distilled water or isotonic sodium chlor​ide solution, a stand for a bacteriological loop, a jar with clean glass slides, and felt tip pens. Other necessary items include a gas or alcohol burner, staining solutions, a basin with a supporting stand (bridge) for slides, a washer with water, forceps, filtering paper, a jar with disinfectant solution used for sterilizing preparations and pipettes.

Rules of the work in the laboratory. 1. The working person at laboratories should wear medical clothes: coat and cap. Special clothes protect the worker and also prevent contamination of the studied material with foreign microflora.

2. Eating and smoking in the laboratory are strictly forbidden.

3. Unnecessary walking about the laboratory, sharp movements, and irrelevant conversations must be forbidden.

4. The working place should be kept clean and tidy. Bacteriological loops are sterilized by burning them in the burner's flame; used spatulas, glass slides, pipettes, and other instruments are placed into jars with disinfec​tant solution.

5. After the carrying out of work the nutrient media with inoculated cultures are placed into an incubator. Devices and apparatuses are set up in special places. Tables are wiped with disinfectant solution and the hands are thoroughly washed.

6. If the native material or the culture of microorganisms is accidentally spilt onto the hands, table, coat, or shoes, they should be immediately treated with 1 per cent solution of chloramines.

7. Before and after work the surface of the tables are treated with disinfectant solutions and irradiated with bactericidal lamps.

BACTERIOSCOPIC EXAMINATION
The rules of work with immersion system of a microscope.

1. Place the slide specimen-side-up on the stage (the specimen must be lain over the opening for the light in the middle of the stage). 

2. Put up the condenser using condenser knob.
3. Adjust the total light available by turning the curve mirror and looking into the ocular. Use the objective with small magnification (10X). 

4. Rotate the nosepiece until immersion objective (black-striped lens, 90X) takes place above the smear.

5. Drop the immersion oil on the smear.

6. Put down objective into the drop using the coarse focusing knob.

7. Look through the ocular and slowly rotate coarse focusing knob until an image appears.

8. For clear image use the fine focusing knob.

9. Examine the staining smear and sketch it in the exercises book.

10. Put up the nosepiece and clean the immersion objective with lens paper or gas wipe.
11. Put down the condenser and the arm of the microscope.
Obtaining different magnifications 

The final magnification is a product of the 2 lenses being used. The eyepiece or ocular lens magnifies 7X, 10X, 15X. The objective lenses are mounted on a turret near the stage. They make magnifications: 10X; 40X, and 90X (black-striped oil immersion lens). Final magnifications are as follows: 

	Ocular lens
	X
	Objective lens
	=
	Total magnification

	10X
	X
	10X
	=
	100X

	10X
	X
	40X
	=
	400X

	10X
	X
	100X (black)
	=
	900X


Reason for using immersion oil 

Normally, when light waves travel from one medium into another, they bend. Therefore, as the light travels from the glass slide to the air, the light waves bend and are scattered (the "bent pencil" effect when a pencil is placed in a glass of water). The microscope magnifies this distortion effect. Also, if high magnification is to be used, more light is needed. 

Immersion oil has the same refractive index as glass and, therefore, provides an optically homogeneous path between the slide and the lens of the objective. Light waves thus travel from the glass slide, into glass-like oil, into the glass lens without being scattered or distorting the image. In other words, the immersion oil "traps" the light and prevents the distortion effect that is seen as a result of the bending of the light waves.
II. Students practical activities:

1. Examine the staining smears with immersion system of the microscope. Sketch the image in the protocol.
Resume: 

Lesson 2
Main researching methods of bacteria morphology. 
Preparation of the smears from different cultures of microorganisms. 
Simple methods of staining.
I. THEORETICAL QUESTIONS

1. Prokaryote and eukaryote:

a - common properties and differences; 

b - features of bacterial cells structure.

2. Chemical composition of prokaryotes: 

a - chemical composition of bacteria; 

3.  Morphology of bacteria: 

a – classification of bacteria by the form on cocci, rods, spiral-shaped, thread-shaped; 

b - morphology of cocci and division then in dependence segmentation, to give examples of pathogenic ones; 

c – rod-shaped bacteria (bacteria, bacillus, clostridia) and their locating in staining, to give examples of pathogenic ones; 

d –spiral-shaped forms of bacteria (vibrio, spirilla, spirochaetes) and give examples of pathogenic representatives.

4. Preparation of the smear from bacterial culture.

5. The simple methods of the staining.
1. PROKARYOTIC CELL STRUCTURE

1. Structure of the envelope:

a. Cell wall (Gram-positive bacteria) or cell envelope (Gram-negative bacteria)

b. Plasma membrane

c. Capsule or slime layer (may be absent for some bacteria)

2. Cell`s interior:

a. Internal membranous structures (mesosomes)

b. Nucleoid

c. Ribosomes

d. Intracytoplasmic inclusions (may be absent)

3. Outer structures (may be absent):

a. Flagella

b. Pili and fimbriae

Differences between eukaryotic and prokaryotic cells
1. The prokaryotic cell is simpler than the eukary​otic cell at every level, with one exception: the cell wall may be more complex. 

2. The prokaryotic cell is smaller than the eukary​otic cell.
3. The cytoplasm is enclosed within a lipoprotein cell membrane, similar to the prokaryotic cell membrane. 

4.  The eucaryotic cell has a membrane-enclosed nucleus. Despite on eukaryotes the prokaryotes lack a membrane-delimited nucleus. They nave a nucleoid. The bacterial nucleoid contains the DNA fibrils and is not separated from the surrounding cytoplasm by membrane.
5.  Prokaryotic cells lack autonomous plastids, such as mitochondria, Golgi apparatus and chloroplasts. 

6.  Microtubular structures distinguishing for eukaryotic cells are generally absent in prokaryotes. 

2. Chemical composition of bacteria: 

1. Water - 75-85 %;

2. Dry matter–25-15 %:  proteins - 50-80 % of dry matter, nucleic acid - 10-30 % of dry matter, polysaccharides - 12-18%, Lipids - 10 % of dry matter, mineral substance - 2-14 % of dry mass

3. Morphology of Bacteria

Bacteria are, for the most part, unicellular organisms lacking chlorophyll. Their biological properties and predominant reproduction by binary fission relates them to prokaryotes. The size of bacteria is measured in micrometres (µm) and varies from 0.1 µm (Spiroplasma, Acholeplasma) to 16-18 µm (Spirillum volutans). Most pathogenic bacteria measure from 0.2 to 10 µm

Morphologically, bacteria possess four main forms. They are either spherical (cocci), rod-shaped (bacteria, bacilli, and clostridia), spiral-shaped (vibrio, spirilla and spirochaetes) or thread-shaped (actynomycetes) form. 

Cocci.  These forms of bacteria (Fig 2) are spherical, ellipsoidal, bean-shaped, and lancelet. Cocci are subdivided into six groups according to cell arrangement, cell division and biological properties

1. Micrococci. The cells are arranged singly. They are saprophytes, and live in water and in air (M agilis, M.roseus, M luteus, etc )

2. Diplococci divide in one plane and remain attached in pairs.  They include meningococcus, causative agent of epidemic cerebrospinal meningitis, and gonococcus, causative agent of gonorrhoea and blennorrhoea.

3. Streptococci divide in one plane and are arranged in chains of different length. Some streptococci are pathogenic for humans and are responsible for various diseases.

4.  Tetracoccus divides in two planes at right angles to one another and forms square groups of four cells. They very rarely produce diseases in humans.

5. Sarcina divides in three planes at right angles to one another and produces cubical packets of 8, 16 or more cells. They are frequently found in the air.  Virulent species have not been encountered.

6. Staphylococci divide in random planes and generate irregular grape-like clumps. Some species of Staphylococci cause diseases in man and animals.

Rods. Rod-shaped or cylindrical forms (Fig. 3) are subdivided into bacteria, bacilli, and clostridia. 

Bacteria include those microorganisms which, as a rule, do not produce spores (colibacillus, and organisms responsible for enteric fever, dysentery, diphtheria, tuberculosis) 

Bacilli and clostridia include organisms, which produce spores (bacilli responsible for anthrax, clostridia are the causative agents of tetanus, anaerobic infections, etc).

Rod-shaped bacteria exhibit differences in form. Some are short (tularaemia bacillus), others are long (anthrax bacillus). The shape of the rod’s end may be flat, rounded, sigar-shaped or bifurcated.

According to their arrangement, cylindrical forms can be subdivided into 4 groups (1) diplobacteria and diplobacilli occurring in pairs (bacteria of pneumonia); (2) streptobacteria or streptobacilli occurring in chains of different length (causative agents of chancroid, anthrax), (3) bacteria and bacilli which are not arranged in a regular pattern (these comprise the majority of the rod-shaped forms); bacteria which are arranged at angles to each other, presenting a Chinese letter pattern (corynebacteria).
Spiral-shaped bacteria. 

1. Vibrio are cells which resemble a comma in appearance. Typical representatives of this group are Vibrio cholerae, the causative agent of cholera, and aquatic vibrio, which are widely distributed in fresh water reservoirs.

2. Spirilla are coiled forms of bacteria exhibiting twists with one or more turns. Spirilla are rigid spiral forms. Only one pathogenic species is known (Spirillum minus) which is responsible for a disease in humans transmitted through the bite of rats and other rodents (rat-bite fever, sodoku). 

3. Spirochaetes are flexible spiral forms. Pathogenic for human ones have turns until 3 to 25. They cause syphilis (Treponema), relapsing fever (Borrelia) and leptospirosis (Leptospira). 

Thread-shaped bacteria. This group includes actinomycetes, which produce some antibiotics and may cause purulent diseases such as actinomycosis. Actinomycetes can branch to produce a network.

4. Preparation of a smear from bacterial culture grown on a solid medium (agar culture)

1. Take a drop of isotonic saline and place it on a fat-free slide.

2. Sterilize a loop in the flame.

3. Open the test tube with the solid bacterial culture above the flame.

4. Cool the loop (touch to inner wall of the test tube). 

5. Touch to the culture of the microorganisms on the surface of the medium and take a culture’s specimen with the loop.

6. Quickly burn the edges of the test tube in the flame and close it.

7. Place a sample of the culture into the drop on the slide and spread it on the area of the 1-1.5 cm in diameter.

8. Burn the loop.

9. Dry the smear in the air.

10.  Fix the preparation by slowly moving it in a circle of about 25 cm in diameter three times through the flame. 

11. All the above described procedures are made above the flame. 

Preparation of a smear from bacterial culture grown on a fluid medium (liquid culture)

1. Sterilize a loop in the flame.

2. Open the test tube with the liquid bacterial culture above the flame.

3. Take a drop of a microbial culture with a cooled loop and place it on a fat-free slide.

4. Put in the drop onto the slide and spread it.

5. Burn the loop and put it into the rack.

6. Dry the smear in the air (for more quickly drying do it into warm air above the flame).

7. Delineate the smear by a wax pencil on another side of the glass. It should be done because of very thin smear may be invisible after drying.

8. Fix the preparation by slowly moving it in a circle of about 25 cm in diameter three times through the flame. 

The dried smears are flamed to kill and fix the bacteria on the glass slide, preventing thereby their washing off during staining. The dead microorganisms are more receptive to dyes and present no danger for the personnel working with them. 

5. Staining of the smears (simple method). 

Only one dye is used for simple technique of the staining. This method allows to demonstrate the form of bacteria and the cell arrangement. Smears are stained with aniline dyes.

They most extensively use the following dyes: (1) basic fuchsine or Pfeiffer's fuchsine (red); (2) methylene blue or Loeffler's methylene blue; (3) crystal gen​tian violet (violet); and (4) vesuvin ( yellow-brown).

The procedure of staining. 

1. Place the fixed preparation, the smear upward, on the support. 

2. Cover the entire surface of the smear with the dye solution.

3. Wait 2 min, when one uses Pfeiffer's fuchsine, or 3-5 min, when one uses Loeffler's methylene blue.

4. After staining rinse the specimen with the water and dry between sheets of the filter paper
II. Students practical activities

1. Prepare the smears from agar cultures of Staphylococci and Escherichia coli (the first smear to stain with methylene blue, another one – with fuchsine). 

Prepare and stain the smears from microbial cultures as prescribed above.

Examine the morphology of microorganisms using immersion microscopy.

Sketch the images.
Resume:
Lesson 3
Structure of the procaryotic cell wall. 
Complete methods of staining. 
Gram’s method as the method to reveal the structure of the cell wall.
I. THEORETICAL QUESTIONS
1. Structure of the cell wall. The chemical composition and functions of the cell wall.

2. The main differences between Gram-positive cell wall and Gram-negative cell envelope. 

3. Features of the morphological organization of protoplasts, spheroplasts and L-forms of bacteria.

4. Complete staining methods: Gram’s method: 

a - to give definition of complete staining methods;  

b - procedure and mechanism of Gram’s staining; 

c - practical value of Gram’s staining; 

d - Gram’s staining by Sinev’s.

Structure of the cell wall (covering).

The surface layers of bacteria are: 

· capsules and loose slime, 

· the cell wall of Gram-positive bacteria and the complex cell envelope of Gram-negative bacteria, 

· plasma (cytoplasmic) membranes, 

In bacteria, the cell wall forms a rigid structure around the cell. The bacterial cell wall surrounds the cell membrane. Inside the cell wall (or rigid peptidoglycan layer) is the plasma (cytoplasmic) membrane; this is usually closely apposed to the wall layer. Outside of cell wall some bacteria have a capsule or a loose slime.

Although it is not present in every bacterial species, the cell wall is very important as a cellular component.

The main functions of the cell wall:

· Cell wall is responsible for the characteristic shape of the cell (rod, coccus, or spiral). 
· The strength of the wall is responsible for keeping the cell from bursting when the intracellular osmolarity is much greater than the extracellular osmolarity

· It has got  receptors for chemicals and for bacteriophages (reception function)

· The chemical components of bacterial cell are antigens 

· The cell envelope of the Gram-negative bacteria includes endotoxin 

· It is a rigid platform for surface appendages- flagella, fimbriae, and pili

The main differences between Gram-positive cell wall and Gram-negative cell envelope. 

The cell walls of all bacteria are not identical. In fact, cell wall composition is one of the most important factors in bacterial species analysis and differentiation. There are two major types of walls: Gram-positive and Gram-negative. The main differences between cell wall structures are shown in the table.

	Gram-positive cell wall
	Gram-negative cell envelope

	Thickness is about 20 to 80 nm
	Thickness is about 5 to 10 nm 

	It consists of many polymer layers of peptidoglycan connected by amino acid bridges.
	It has three layers: peptidoglycan; outer membrane; lipopolysaccharide

	It is composed largely of peptidoglycan (90%) and other polymers such as the teichoic acids, polysaccharides, and peptidoglycolipids
	It is composed of 20% peptidoglycan, 40% lipids (lipoproteins, phospholipids, lipopolysaccharides) and 40%  proteins

	Cell wall contains of teichoic acids (unique structure, which appears only for Gram-positive bacteria
	Within the cell envelope, the periplasmic space presents between outer plasma membrane and peptidoglycan layer.

	A schematic diagram provides the best explanation of the structure.


The short characteristics of the main cell wall components.

Peptidoglicane.  Unique features of almost all prokaryotic cells (except for mycoplasmas) are cell wall peptidoglycan (also known as mucopeptide or murein).  The peptidoglycan polymer is composed of an alternating sequence of N-acetylglucosamine and N-acetyl-muraminic acid. It is a lot easier to remember NAG and NAMA. Each peptidoglycan layer is connected, or crosslinked, to the other by a bridge made of amino acids and amino acid derivatives. The structure of the peptidoglycan is illustrated in Figure 5.
The cross linked peptidoglycan molecules form a network, which covers the cell like a grid. 

Teichoic Acids. Wall teichoic acid is found only in certain Gram-positive bacteria, so far, they have not been found in gram-negative organisms. The teichoic acid from a particular bacterial species can act as a specific antigenic determinant. Molecules of the teichoic acids are covalently linked to the peptidoglycan. These highly negatively charged polymers of the bacterial wall can serve as a cation-sequestering mechanism. 


Accessory Wall Polymers

In addition to the principal cell wall polymers, the walls of certain Gram-positive bacteria possess polysaccharide molecules linked to the peptidoglycan. For example, the C- polysaccharide of streptococci confers group specificity. Acidic polysaccharides attached to the peptidoglycan are called teichuronic acids. Mycobacteria have peptidoglycolipids, glycolipids, and waxes associated with the cell wall. 

Lipopolysaccharides

A characteristic feature of Gram-negative bacteria is presence of various types of complex macromolecular lipopolysaccharide (LPS)into cell envelope. The LPS of all Gram-negative species is also called endotoxin. Endotoxin possesses an array of powerful biologic activities and play an important role in the pathogenesis of many Gram-negative bacterial infections. In addition to causing endotoxic shock, LPS is pyrogenic, can activate macrophages and complement, is mitogenic for B lymphocytes, induces interferon production, causes tissue necrosis and tumor regression, and has adjuvant properties. The endotoxic properties of LPS reside largely in the lipid A components. 

LPS and phospholipids help confer asymmetry to the outer membrane of the Gram-negative bacteria, with the hydrophilic polysaccharide chains outermost. Each LPS is held in the outer membrane by relatively weak cohesive forces (ionic and hydrophobic interactions) and can be dissociated from the cell surface with surface-active agents. 

Outer Membrane of Gram-Negative Bacteria

In thin sections, the outer membranes of Gram-negative bacteria appear broadly similar to the plasma or inner membranes; however, they differ from the inner membranes and walls of Gram-positive bacteria in numerous respects. The lipid A of LPS is inserted with phospholipids to create the outer leaflet of the bilayer structure; the lipid portion of the lipoprotein and phospholipid form the inner leaflet of the outer membrane bilayer of most Gram-negative bacteria 

In addition to these components, the outer membrane possesses several major outer membrane proteins; the most abundant is called porin. The assembled subunits of porin form a channel that limits the passage of hydrophilic molecules across the outer membrane barrier. Thus, outer membranes of the Gram-negative bacteria provide a selective barrier to external molecules and thereby prevent the loss of metabolite-binding proteins and hydrolytic enzymes (nucleases, alkaline phosphatase) found in the periplasmic space. 

Thus, Gram-negative bacteria have a cellular compartment that has no equivalent in Gram-positive organisms. In addition to the hydrolytic enzymes, the periplasmic space holds binding proteins (proteins that specifically bind sugars, amino acids, and inorganic ions) involved in membrane transport and chemotactic receptor activities. 

Features of the morphological organization of protoplasts, spheroplasts and L-forms of bacteria.
The ß-1,4 glycosidic bond between N-acetylmuramic acid (NAMA) and N-acetylglucosamine (NAG) is specifically broken by the bacteriolytic enzyme lysozyme. Widely distributed in nature, this enzyme is present in human tissues and secretions. It can cause complete digestion of the peptidoglycan walls of sensitive organisms. 

When lysozyme digests the cell wall of Gram-positive bacteria suspended in an osmotic stabilizer, protoplasts are formed. These protoplasts can survive and continue to grow on suitable media in the wall-less state. 

Gram-negative bacteria treated similarly produce spheroplasts, which retain much of the outer membrane structure. The dependence of bacterial shape on the peptidoglycan is shown by the transformation of rod-shaped bacteria to spherical protoplasts (spheroplasts) after enzymatic breakdown of the peptidoglycan. The mechanical protection afforded by the wall peptidoglycan layer is evident in the osmotic fragility of both protoplasts and spheroplasts. 

There are two groups of bacteria that lack the protective cell wall peptidoglycan structure. The first are Mycoplasma species, one of which causes atypical pneumonia and some genitourinary tract infections. The second are L-forms, which originate from Gram-positive or Gram-negative bacteria. L-forms are  discovered at the Lister Institute, London. 

The mycoplasmas and L-forms are all Gram-negative and insensitive to penicillin. L-forms arising "spontaneously" in cultures or isolated from infections are structurally related to protoplasts and spheroplasts; all three forms (protoplasts, spheroplasts, and L-forms) revert infrequently and only under special conditions. 

4. Gram`s  Staining 

An important taxonomic characteristic of bacteria is their response to Gram's stain. Potentially gram-positive organism may appear such tinctorial properties only under a particular set of environmental conditions and in a young culture.

The gram-staining procedure begins with the application of a basic dye, crystal violet. A solution of iodine (mordant) is then applied; all bacteria will be stained blue at this point in the proce​dure. Then the cells are treated with alcohol. Gram-positive cells retain the crystal violet-iodine complex, remaining blue; gram-negative cells are decolorized completely by alcohol. As a last step, a counter stain such as the red dye fuchsine is applied so that the decolorized gram-negative (cells will take on a contrast​ing color; the gram-positive cells now appear purple.

Gram-staining Procedure

STEP 1: Cover the entire slide with crystal violet. Let the crystal violet stand for about 60 seconds. When the time has elapsed, wash off your slide for 5 seconds with the tap water. The specimen should appear blue-violet when observed with the naked eye. 

STEP 2: Now, flood your slide with the iodine solution (mordant). Let it stand about a minute as well. When time has expired, rinse the slide with water for 5 seconds. At this point, the specimen should still be blue-violet. 
STEP 3: This step involves addition of the decolorizer, ethanol. Add the ethanol drop wise until the blue-violet color is no longer emitted from your specimen (but don`t it more for 30 seconds).  As in the previous steps, rinse with the water for 5 seconds. 

STEP 4: The final step involves applying the counterstain, fuchsin. Flood the slide with the dye as you did in steps 1 and 2. Let this stand for about a minute to allow the bacteria to incorporate the fuchsin. Again, rinse with water for 5 seconds to remove any excess of dye. 

After you have completed steps 1 through 4, you should dry the slide before viewing it under the microscope

The Gram-Positive Cell

As it is previously mentioned, Gram-positive bacteria are characterized by their blue-violet color reaction in the Gram-staining procedure. The blue-violet color reaction is caused by crystal violet, the primary Gram-stain dye reacted with the iodine mordant. When the decolorizer is applied, a slow dehydration of the crystal-violet/iodine complex is observed due to the closing of pores running through the cell wall. Because the crystal-violet is still present in the cell, the counter stain is not incorporated, thus maintaining the cell's blue-violet color. 

The Gram-Negative Cell

Unlike Gram-positive bacteria, which assume a violet color in Gram staining, Gram-negative bacteria incorporate the counter stain rather than the primary stain. Because the cell wall of Gram(-) bacteria is high in lipid content and low in peptidiglycan content, the primary crystal-violet escapes from the cell when the decolorizer is added. STAINING

1. ІI. Students practical activities

2. Prepare of smear from an mixture of bacteria of Escherichia coli and Staphylococci and staining by  Gram’s  method.  Sketch  the images.
RESUME:
Lesson 4
Acid-fast bacteria.  Spores  of bacteria. 
Complete methods of staining. 
Appearance  the spores by Anjesky’s method. 
The   method of staining acid-fast bacteria according to Ziehl-Neelsen’s.

I. THEORETICAL QUESTIONS
1. Sporulation for bacteria: 

a – to identify a difference between bacteria, bacilli and clostridia; 

b – function of a sporulation process for bacteria 

c – chemical composition of spores; 

d – spores locating in pathogenic bacteria; 

e – stages and condition of a sporulation;

f – influence of environmental factors on spores; 

2. Acid-fast bacteria:

a – feature of chemical composition of the cell wall;

b – main acid-fast pathogens for human;

c – staining of acid-fast microorganisms.

3. Procedure and mechanism a staining of bacteria according to Ziehl-Neelsen’s method, its diagnostic value.

4. Procedure and mechanism a staining of bacteria according to Anjesky`s method, its diagnostic value.

1. Endospores.  A number of Gram-positive bacteria can form a special resistant, dormant structure called endospore.  Endospores are formed within vegetative bacterial cells of several genera: Bacillus,  Clostridium and other (fig. 1). The process of forming endospore is called sporulation. Causative agents of anthrax, tetanus, anaerobic infections, botulism are capable of sporulation. Spore formation only rarely occurs in cocci {Sarcina lutea, Sarcina ureae) and in spiral forms (Desulfovibrio desulfuricans}. Sporulation occurs in the environment (in soil and on nutrient media), and is not observed in human or animal tissues. Sporulation is necessary for keeping the species intact in the unfavourable enviroment.

Chemical structure and composition of the spores do their extraordinarily resistant to environment stresses such as heat, ultraviolet radiation, chemical disinfectants and desiccation. Some endospores have remained viable for over 500 years. Endospores often survive boiling for an hour and more, therefore avtoclaves 

must be used to sterilize many materials. Endospores survive in the solution of the disinfectants for some hours also.

Endospores are small spherical or oval bodies formed within the cell. Spore position in the mother cell or sporangium frequently differs among species, making it of considerable value of identification.  Spores may be located: a) centrally; b) close to one end (subterminal) or c) definitely terminal. Bacilli`s spores are small, but clostridia`s ones are so large that they swell the sporangium.

The spore structure is complex. It consists of four layers and core. There are dehydrated cytoplasm with nucleoid and ribosomes in the core. The layers of the spore are next:

a) Exosporium. It is thin delicate covering, surrounding the spore. (outer layer)

b) Spore coat. It lies beneath the exosporium and may be fairly thick. It is inpermeable and responsible for the spore`s resistant to stress factors. The coat is composed of a keratinlike protein.  

c) Cortex.  Thick cover lying beneath the spore coat consists of changed peptidoglycan.

d) Spore cell wall is inside the cortex and surrounds the core.

The chemical compositions of the spore such as dipicolinic acid complexed with calcium ions are responsible for spore resistance to heat, desiccation and others.

 Sporulation or sporogenesis is the spore formation. 

The sporulation process begins when nutritional conditions become unfavorable and growth ceases due to lack of nutrient or in case for anaerobs when the oxygen contacts with bacteria. It is complex process and may be divided into seven stages:

a) Axial filament formation

b) Septum formation

c) Engulfment of forespore

d) Cortex formation

e) Coat synthesis

f) Completion of coat synthesis, increase in refractility and heat resistance

g) Lysis of sporangium, spore liberation

Short descriptions this process: Morphologically, sporulation begins with the iso​lation of a terminal nucleus by the inward growth of the cell membrane. The growth process in​volves an infolding of the membrane so as to produce a double membrane structure whose facing surfaces cor​respond to the cell wall-synthesizing surface of the cell envelope. The growing points move progressively to​ward the pole of the cell so as to engulf the developing spore.

The two spore membranes now engage in the active synthesis of special layers that will form the cell en​velope: the spore wall and cortex, lying between the facing membranes; and the coat and exosporium, lying outside of the facing membranes. In the newly isolated cytoplasm, or core, many vegetative cell en​zymes are degraded and are replaced by a set of unique spore constituents. Sporulation requires only about 10 hours.

Germination is a transformation of dormant spores into active vegetative cells. It takes 4-8 hours in average. The germination process oc​curs in 3 stages: activation, initiation, and outgrowth.

1. Activation-Even when placed in favorable environ​ment (such as a nutritionally rich medium), bacterial spores will not germinate unless first activated by one or another agent that damages the spore coat. Among the agents that can overcome spore dormancy are heat, abrasion, acidity, and compounds containing free sulfhydryl groups.

2. Initiation (germination). Once activated, a spore will initiate germination if the environmental conditions are favor​able. This process is characterized by spore swelling, rupture or absorption of the spore coat, loss to heat and other factors, release of dipicolinate calcium and increase in metabolic activity.

3. Outgrowth-Degradation of the cortex and outer layers results in the emergence of a new vegeta​tive cell consisting of the spore protoplast with its surrounding wall.  A period of active biosynthesis follows; this period, which terminates in cell division, is called outgrowth. Outgrowth requires a supply of all nutrients essential for cell growth.

Because spores are impermeable to most strains, they often are seen as colorless areas in bacteria treated with aniline dyes. To visible spores the special methods are used (by Anjesky, Peshkov, Bitter, Schaeffer-FuIton).   One of them is Anjesky`s method.

Anjesky's staining. 

1. A thick smear is dried in the air, treated with 0.5 per cent sulphuric acid, and heated until it steams. 

2. The prep​aration is washed with water, dried, fixed above the flame

3. The smear is stained by the Ziehl-Neelsen’s technique as it is prescribed later.

 Spores stain pink-red, the cell appears blue.

2. Acid-fast bacteria.  

The cell wall of acid-fast bacteria is generally composed same cell wall of Gram-positive microorganisms. However, their cell walls have very high lipid content and contain waxes with 60 to 90 carbon mycolic acids (fatty acids).  The presence of mycolic acids and other lipids outside the peptidoglycan layer makes these microorganisms acid-fast. Important for medicine acid-fast rods are  species of genus of Mycobacteria, which cause tuberculosis in human, animals and birds. 


Acid-fast microorganisms are not stained by either simple methods or Gram`s method. They are appeared by special method, which was provided by Ziehl-Neelsen. The smear is heat with a mixture of basic fuchsin and phenol. Once dye has penetreated with the aid of heat and phenol, acid-fast cells are not decolorized by an acid-alcochol wash and remain red. Non-acid-fast bacteria are decolorized by acid-alcochol and thus are stained by counterstain methylene blue. 

Ziehl-Neelsen’s staining.

1. Dried and fixed smear is covered with phenol fuchsin solution through the slip of filter paper (one can use filter paper saturated with a dye and then dried).

2. The covered smear is heated over the flame till steam rises. Repeat heating 2-3 times..

3. Cooled smear is rinsed with water.
4. The specimen is washed off with 5% solution of sulphuric acid until bleached (3-5 sec)
5. It is rinsed with water several times 

6. The smear are counterstained with Löffler`s methylene blue solution for 3-5 min.

7. The preparation is rinsed with water and is dried. 

Upon staining by Ziehl-Neelsen technique acid-fast bacteria ac​quire a bright red colour, while the remaining microflora is stained light-blue

II. Students` practical activities:

1. To examine a stained smear of a sputum of a patient with tuberculosis by Ziehl-Neelsen’s technique. Sketch the image.

2. Prepare smear from culture of spore-producing microorganisms and stain it by Ziehl-Neelsen technique. Microscopy the preparation and sketch it.

Lesson 5
Flagella, capsules, intracellular inclusions of bacteria. 
Complete methods of staining: negative stainig for revealing capsule. 
Methods of examination motility:  hanging drop and wet-mount techniques. 
Neisser`s technique as a means for volutin granules staining.
I. THEORETICAL QUESTIONS
1. Locomotor organoids of bacteria: 
a - creeping and swimming bacteria; 
b –structure of flagella, chemical composition; 
c – division of bacteria by location of flagella; 
d – function of flagella; 
e - methods of flagella examination.

2. Fimbriae (cilia, filaments, pili) of bacteria. Their types and value.

3. Capsule and slime layer of bacteria:

a – chemical composition of capsule

b - functions and methods of staining capsules of bacteria

4. Inclusions:staining metachromatic granules  according to Loeffler and Neeisser, diagnostic value.

Two types of surface appendage can be recognized on certain bacterial species: the flagella, which are organs of locomotion, and pili (Latin hairs), which are also known as fimbriae (Latin fringes). Flagella occur on both Gram-positive and Gram-negative bacteria, and their presence can be useful in identification. For example, they are found on many species of bacilli but rarely on cocci. In contrast, pili occur almost exclusively on Gram-negative bacteria and are found on only a few Gram-positive organisms (e.g., Corynebacterium renale). 

Some bacteria have both flagella and pili. The electron micrograph in Fig. 6 shows the characteristic wavy appearance of flagella and two types of pili on the surface of Escherichia coli. 

1. Flagella. 

Motile bacteria are subdivided into creeping and swimming bacteria. Creeping bacteria move slowly (creep) on a supporting surface as a result of wave-like contractions of their bodies. Swimming bacteria move freely in a liquid medium because they possess flagella. 

Flagella are thin hair-like appendages measuring 0.02 to 0.05 µm in thickness and from 6 to 9 µm in length. 

Each flagellum consists of three parts: 1) a filament; 2) a hook and 3) a basal body. Flagella are made up of proteins (flagellin) similar to keratin or myosin. 
The presence or absence of flagella and their number and arrangement are characteristic of different genera of bacteria. 

According to a pattern in the attachment of flagella motile microbes can be divided into 4 groups: (1) monotrichous, bacteria having a single polar  flagellum (cholera vibrio, blue pus bacillus), (2) amphitrichous, bacteria with two polar flagella or with a tuft of flagella at both poles (Spirillum volutans), (3) lophotrichous, bacteria with a tuft of flagella at one pole (blue-green milk bacillus, Alcaligenes faecalis), (4) peritrichous, bacteria having flagella distributed over the whole surface of cells (colibacillum, salmonellae of enteric fever and paratyphoids A and B) 

The flagella are main locomotor organoid of bacteria. The mechanism of the contraction is not quite clear. It has been suggested that the flagellin contracts like actomyosin. 

The type of motility in bacteria depends on the number of flagella, age and properties of the culture, temperature, amount of chemical substances and on other factors. Monotrichates move with the greatest speed (60 µm per second). Peritrichates move with the slowest speed ranging from 25 to 30 µm per second. 

The flagella can be observed by dark-field illumination, by special methods involving treatment with mordants, adsorption of various substances and dyes on their surfaces, and by electron microscopy The latter has made it possible to detect the spiral and screw-shaped structure of the flagella. 

Motile bacteria also possess the power of directed movements, or taxis. According to the factors under the effect of which motion occurs, chemotaxis, aerotaxis, and phototaxis are distinguished.

In clinical laboratories living microorganisms are investigated to determine their motility, i.e., indirect confirmation of the presence of flagella. Preparations in this case are made using wet-mount or hanging-drop techniques and then subjected to dry or immersion microscopy. Results are better when dark-field or phase-contrast microscopy is employed. 
The determination of motility in microbes is employed in laboratory practice as a means to identify cholera vibrio, dysentery, enteric fever, paratyphoid and other bacteria. However, although the presence of flagella is a species characteristic, they are not always essential to life.

2. Pili or fimbriae. 

Various types of microbes have pili (cilia, filaments, fimbriae), structures which are much shorter and thinner than the flagella. They cover the body of the cell and there may be 100 to 400 of them on one cell. 

Pili are 0.3-1.0 µm long and 0.01 µm wide. Sex pili are the longest Cilia are not related to the organs of locomotion (! ). 

Their functions: 1) common pili serve to attach the microbial cells to the surface of some substrates (adhesion); 2) pili take part in the conjugation of bacteria (sex pili or F-pili); 3) they may be receptors for nutrients; 4) common pili are the receptors for attachment of bacteriophages; 5) pili are antigens . They consist of protein. Just like in the case of flagella, it is not necessary that all bacterial cells have pili. 

3. Capsules and slime layers of bacteria

Some bacteria form capsules, which surrounds the cell. It is a relatively thick layer of viscous gel. When it is organized into a sharply defined structure, it is known as the capsule. Slime layer is a loose undermarcated secretion. And capsules so thin that it is invisible in light microscope are called microcapsules. Capsules may be up to 10 µm thick. 

Not all bacterial species produce capsules; however, the capsules of encapsulated pathogens are often important determinants of virulence. Encapsulated species are found among both Gram-positive and Gram-negative bacteria. In both groups, most capsules are composed of high molecular-weight viscous polysaccharides that are retained as a thick gel outside the cell wall or envelope. The capsule of Bacillus anthracis (the causal agent of anthrax) is unusual in that it is composed of a g-glutamyl polypeptide. 

The capsule is not essential for viability. Viability is not affected when capsular polysaccharides are removed enzymatically from the cell surface. The functions of capsules: 1) they protect bacteria to phagocytosis; loss the capsule may render the bacterium avirulent ; 2) they have adhesive properties; 3) capsular material is antigen. 

Capsules are usually demonstrated by the nega​tive staining procedure or a modification of it. One such "capsule stain" (Welch method) involves treatment with hot crystal violet solution fol​lowed by a rinsing with copper sulfate solution. The latter is used to remove excess stain because the con​ventional washing with water would dissolve the cap​sule. The copper salt also gives color to the background, with the result that the cell and background appear dark blue and the capsule a much paler blue.

4. Intracytoplasmatic inclusions.  Granular inclusions randomly distributed in the cytoplasm of various species include metabolic reserve particles such as poly-b-hydroxybutyrate (PHB), polysaccharide and glycogen-like granules, and polymetaphosphate or metachromatic granules (volutin granules or Babes Ernst granules). They possess high electron density. 

A characteristic feature of the granules of volutin is their metachromatic stain. Due to high concentrations of metaphosphates and other phospho​rous compounds volutin granules (inclusions in the cytoplasm) are characterized by metachromasia. "Upon staining with alkaline methylene blue and acetic-acidic methylene violet, their colour is more intensive as compared to that of the cytoplasm.

They are stained reddish-purple with methylene blue while the cytoplasm is stained blue ( by Löffler`s staining). Spesial staining techniques such as  Neisser`s demonstrate the granules more clearly. They are stained dark-blue or black while the cytoplasm is stained yellow or brownish. 

Volutin was first discovered in the cell of Spirillum volutans (from which it was named), then in Corynebacterium diphtheriae and other organisms. The presence of volutin is taken into account in laboratory diagnosis of diphtheria. The presence of volutin granules is biologically important since they serve as sources of stored food and phosphates for the bacterium.

ІI. Students practical activities:

1. To study of motile microorganisms by wet-mount and hanging drop technique.

Wet-mount technique. 1) A drop of the test material, usually 24-hour broth culture of microorganisms, is placed into the centre of a glass slide. 

2) The drop is covered with a cover slip in a manner; the fluid should fill the entire space without overflowing.

Hanging drop technique. To prepare this kind of preparation, spe​cial glass slides with an impression (well) in the centre are utilized. 

1) A small drop of the test material is put in the middle of the cover slip. 

2) The edges of the well are ringed with petrolatum. 

3) The glass slide is placed onto the cover slip so that the drop is in the centre of the well. 

4)  The glass is carefully inverted and the drop hangs in the cen​tre of the sealed well, which prevents it from drying.

The prepared specimens are examined microscopically, slightly darkening the microscopic field by lowering the condenser and regu​lating the entrance of light with a concave mirror. At first low power magnification is used (objective 8 X ) to detect the edge of the drop, after which a 40 x or an oil-immersion objective is mounted.

Occasionally, molecular (Brownian) motility is mistaken for the motility of microorganisms. To avoid this error, it should be borne in mind that microorganisms propelled by flagella may traverse the entire microscopic field and make circular and rotatory move​ments.

After the examination the wet-mount and hanging-drop prepara​tions should be immersed in a separate bath with disinfectant solu​tion to kill the microorganisms studied.
2. To microscopy the smears of Corynebacterium, to reveal the volutin granules with alkaline methylene blue (by Loeffler's technique). 

The cytoplasm of diphtheria corynebacteria is stained light-blue, while granules of volutin are dark-blue.

3. To microscopy the smear of Corynebacterium by Neisser's staining. Staining of volutin granules by this method in​cludes the following stages.

1. A fixed smear is stained with acetic-acidic methylene blue for 1 min, then the dye is poured off, and smear is washed "with water.

2. Pour in Lugol’s solution to act for 20-30 s.

3. Without washing with water, stain the preparation with vesuvin for 1-3 min, then wash it with water and dry.

Sketch the images.

4. To prepare the smear of solid culture of capsular microorganism. T o appear capsules by negative staining with India ink. Sketch it.

Negative staining (by Burri`s and Hins`) 

1. Rub one loop of India ink on a pre-cleaned slide together with some bacterial material.

2. Using another slide spread the composition onto the slide (as blood smear is prepared)

3. Dry and fix carefully the smear.

4. Cover the specimen of fuchsin for 1 min.

5. Rinse with water.

6. Air dry and microscopy.

The capsules are seen as clear halos around the pink bacteria, against black background.

RESSUME:

Lesson 6
Features of a structure of 
Spirochetes, Rickettsia, Chlamydia, 
Mycoplasmas, Actinomycetes
I. THEORETICAL QUESTIONS
1. To characterize taxonomic position of Spirochetes, Actinomycetes, Rickettsia, Chlamydia, Mycoplasmas. 

2. Morphology and ultrastructure of Spirochetes: 

a - classification of Spirochaetes; 

b – differences between structure of Treponema, Borrelia and Leptospira; 

c – main diseases, which are caused by pathogenic Spirochaetes.

3. Morphology and ultrastructure of Actinomycetes: 

a - a structure of Actinomycetes, methods of their replication; 

b - human diseases, which are caused by Actinomycetes, practical value of Actinomyces.

4. Morphology and ultrastructure of Rickettsia: 

a - classification of Rickettsia; 

b - morphological types of Rickettsia; 

c – main methods of Rickettsia staining; 

d – features of ultrastructure and chemical composition of Rickettsia;

e - diseases, caused by Rickettsia. 

5. Morphology and ultrastructure of Chlamydia: 

a - morphological features of Chlamydia, developmental cycle of Chlamydia; 

b - diseases, which are caused by Chlamydia.

5. Morphology and significance of Mycoplasmas: 

a - features of morphology of Mycoplasmas; 

b - role of Mycoplasmas in human pathology.

1. Spirochetes.

 
Genetically Spirochetes differ from bacteria and fungi in structure with a corkscrew spiral shape. Their size varies considerably (from 0.3 to 1 5 µm in width and from 7 to 500 µm in length). The body of the spirochetes consists of an axial filaments` tuft (endoflagella) and protoplast spirally around the filament. Cell envelope of spirochaetes has a three-layer outer membrane. The Spirochetes do not possess the cell wall characteristic of bacteria, but they have a thin cell wall with two-layer peptidoglycan (that is why spirochaetes sensitive to penicillin) and three-layer outer membrane. Spirochetes do not produce spores, capsules, or flagella. Very delicate terminal filaments resembling flagella have been revealed in some species under the electron microscope.

Spirochetes are actively motile due to the distinct flexibility of their bodies (creeping bacteria). Spirochetes can move by:

 1) a axial rotating motion, 

 2) a translational motion forwards and backwards,

 3) an undulating motion along the whole body of the microorganism, 

 4) a bending motion when the body bends at a certain angle.

Methods of staining spirochaetes for microscopical examining: 

1) Romanowsky-Giemsa`s  staining.  Some species stain blue, others blue-violet, and still others — pink 

2) Impregnation with silver by Morozov`s. Spirochetes are revealed brown above the yellow background.

3) Negative staining by Burri`s

4) Gram method is used for staining saprophytic species (Gram-negative). Pathogenic representatives are not stained well by Gram`s.

For studying of Spirochetes morphology one use a native microscopy (hanging drop). This method lets to examine morphology and motility.

Classification of Spirochetes. 

Order Spirochaetales

Family Spirochaetaceae 




Family Leptospiraceae
Genus Treponema (sp. T.pallidum)


Genus Leptospira (sp.L.interrogans)

Genus Borrelia


Family Spirochaetaceae includes the saprophytes (Spirochaeta, Cristispira) representing large cells, 200-500 µm long; the ends are sharp or blunt. They live on dead substrates, in foul waters, and in the guts of cold-blooded animals. They are stained blue with the Romanowsky-Giemsa stain. 

The organisms of genus Borrelia have large, obtuse-angled, irregular spirals, the number of which varies from 3 to 10. Pathogenic for man are the causative agents of relapsing fever. These stain blue-violet with the Romanowsky-Giemsa stain.

Thin, flexible cells with 6-14 twists belong to the genus Treponema. The ends of treponema are either tapered or rounded, some species have thin elongated threads on the poles. Besides the typical form, treponemas may be seen as granules, cysts, L-forms, and other structures. The organisms stain pale-pink with the Romanowsky-Giemsa stain. A typical representative is the causative agent of syphilis Treponema pallidum.

Organisms of the genus Leptospira are characterized by very thin cell structure. The leptospirae form 12 to 18 coils close to each other, shaping small primary spirals. The ends are hooked while during rapid rotary motions. Secondary spirals give the leptospirae the appearance of brackets or the letter S. They stain pinkish with the Romanowsky-Giemsa stain. Some serotypes which are pathogenic for animals and man cause leptospirosis.  

2. Morphology and Ultrastructure of Actinomycetes

Actinomycetes are unicellular microorganisms which belong to the class Bacteria, the order Actinomycetales. They are Gram-positive, non – motility microorganism, which produce exospores and do not have a capsule. The body of actinomycetes consists of a mycelium which resembles a mass of branched, thin (0.2-1.2 µm in thickness), non-septate filaments — hyphae (Fig. 2).

In some species the mycelium breaks up into poorly branching forms. In actinomycetes, as in bacteria, differentiated cell nuclei have not been found, but the mycelial filaments contain chromatin

The order Actinomycetales consists of 4 families: Mycobacteriaceae, Actinomycetaceae, Streptomycetaceae, Actinoplanaceae. The family Mycobacteriaceae includes the causative agents of tuberculosis, leprosy, and the family Actinomycetaceae, the causative agents of actinomycosis acid-fast species nonpathogenic for man.

Among the actinomycetes of the family Streptomycetaceae are representatives which are capable of synthesizing antibiotic substances. These include producers of streptomycin, chloramphemcol, chlortetracycline oxytetracycline, neomycin, nystatin, etc. No species pathogenic for animals and man are present in the family Actinoplanaceae.

3. Morphology and Ultrastructure of Rickettsia 

Rickettsia belong to order Rickettsiales. They are pleomorphic organisms and obligate intracellular bacteria containing DNA and RNA.  Rickettsiae are non-motile; do not produce spores and capsules. Rickettsiae pertain to obligate parasites. They live and multiply only within the cells (in the cytoplasm and nucleus) of the tissues of humans, animals, and vectors. 

Rickettsiae have two studies of being or live cycle. There are vegetative forms into the host cell. Outside they produce dormant forms. 

Within the host cell rickettsiae may exist in some morphological forms ( pleomorphism). Morphological forms are: 1 – coccoid forms; 2 – small rod-shaped forms; 3 – bacilli-like forms; 4 – filamentous forms. Cocci-like forms are ovoid cells about 0.5 µm in diameter; rod-shaped rickettsiae are short organisms from 1 to 1.5 µm in diameter with granules on the ends, or long and usually curved thin rods from 3 to 4 µm in length (as bacilli-like forms). Filamentous forms are from 10 to 40 µm and more in length: sometimes they are curved and multigranular filaments.

Rickettsiae stain well by the Romanowsky-Giemsa`s and Zdrodovsky`s within the human cells. Dormant outside forms stain by Ziehl-Neelsen`s.

Pathogenic rickettsiae invade various species of animals and man. The diseases caused by rickettsiae are known as rickettsioses. A typical representative is Rickettsia prowazekii (the name was given in honour of the scientists, the American Howard Ricketts and the Czech Stanislaus Prowazek), the causative agent of typhus fever.

The order Rickettsiales consists of 3 families: Rickettsiaceae, which has been characterized above; Bartonellaceae, parasites of human erythrocytes; Anaplasmaceae, parasites of animal erythrocytes. 

4. Chlamydia.

Taxonomy: order Chlamydiales,  family Chlamydiaceae, genus Chlamidia.

 Genus Chlamidia include the causative agents of trachoma, conjunctivitis (inclusion blennorrhoea), inguinal lymphogranulomatosis (Nicolas-Faure disease), and ornithosis. 

Chlamydiae are obligate intracellular parasites. They are coccal in shape and measure 0.2-1 5 µm in diameter; reproduction occurs only in the cytoplasm of the cells of the vertebrates. They are Gram-negative, non-capsular and non-motile microorganisms, which do not produce the spores. 

Three stages are observed in the developmental cycle of organisms: (1) small (0.2-0.4 µm) elementary bodies (infectious form); (2) primary, large (0.8-1.5 µm), bodies are revealed within the host cell; they come from elementary forms and reproduce by fission; the daughter cells reorganize into elementary bodies which may be extracellular and penetrate other cells; (3) reticular bodies are intermediate (transitory) stage between the primary and the elementary bodies. Small (elementary) bodies have infectious properties; large (primary) bodies accomplish vegetative function.

Microcolonies of Chlamidia, which develop within the host cell, may be stain using Romanowsky-Giemsa`s method. 

5. Mycoplasmas.

The mycoplasmas belong to the class Mollicutes, order Mycoplasmatales. These bacteria measure 100-150 nm, sometimes 200-700 nm, are non-motile and do not produce spores. They stain very well with aniline dyes and are Gram-negative.

Mycoplasmas are the smallest microorganisms. They were first noticed by Pasteur when he studied the causative agent of pleuropneumonia in cattle. However, at the time he was unable to isolate them in pure culture on standard nutrient media, or to see them under a light microscope. Because of this, these micro-organisms were regarded as viruses. In 1898 Nocard and Roux established that the causative agent of pleuropneumonia can grow on complex nutrient media which do not contain cells from tissue cultures. Elford using special filters determined the size of the microbe to be within the range of 124-150 nm. Thus, mycoplasmas are smaller even than some viruses.

Since they do not possess a true cell wall, mycoplasmas are characterized by a marked pleomorphism. They give rise to coccoid, granular, filamentous, cluster-like, ring-shaped, filterable forms, etc. Pleomorphism is observed in cultures and in the bodies of animals and man. No two forms are alike. The nuclear apparatus is diffuse. There are both pathogenic and non-pathogenic species. The most typical representative of the pathogenic species is the causative agent of pleuropneumonia in cattle.

At the present time more than 36 representatives of this order have been isolated.  They are found in the soil, sewage waters, and different substrates and in the bodies of animals and humans. Since mycoplasmas pass through many filters, and yet grow on media which do not contain live tissue cells, they are considered to be microorganisms intermediate between bacteria and viruses. Chemically, mycoplasmas are closer to bacteria. The most typical representatives of the pathogenic species are the causative agents of pleuropneumonia in cattle (Mycoplasma mycoides), acute respiratory infections (Mycoplasma hominis) and atypical pneumonia in humans (Mycoplasma pneumoniae).

ІI. Students` practical activities:

1. To examine demonstration smears of Treponema, negative contrasting by Burri`s.

2. To study features of Borrelia`s morphology in the smear, staining by  Romanowsky-Giemsa`s

3. To examine smear of Leptospira, impregnating by silver (Morozov`s method)

4. To microscopy the smear of Actinomycetes, staining by Gram`s.

5. To reveal Chlamydia into the vaginal smear, staining by Romanowsky-Giemsa`s

6. To stain the fixed smear of  Rickettsia with acid fuchsin.

7. To sketch the images.

RESUME:

Lesson 7
Theme: physiology of bacteria. 
Type and mechanism of bacteria nutrition. 
Isolation of pure culture  of aerobic bacteria  (first stage)
I. STUDENTS’ INDEPENDENT STUDY  PROGRAM

1. Bacteria metabolism. Catabolism and anabolism. To give definition of these terms.  

2. Common nutrient requirements of bacteria.
3. Nutritional Types of Microorganisms. Classification of bacteria due their sources of energy and carbon, nitrogen and oxygen.

4. To describe the mechanisms of nutrition: active and passive transport 

5. Main growth factors of bacteria.

6. Isolation of the pure culture of aerobic bacteria, common principles and practical value.

7. First stage of the pure culture isolation:

a - main aim of the first stage

b - ways of seeding native material.

1.  Metabolism is the total of all chemical reactions occurred in the cell. Metabolism may be divided into major parts. 


In catabolism larger and more complex molecules are broken down into smaller, simpler molecules with the release of energy. The bacterial cell obtains the energy for biochemical reaction due catabolism (energy-generating or energy-yielding process). 

Anabolism is the synthesis of complex molecules from simpler ones with the input of energy (energy-requiring process).


2. To obtain energy and construct new cellular compo​nents, organisms must have a supply of raw materials or nutrients.  Nutrients are substances used in biosyn​thesis and energy production and therefore are required for microbial growth. 

Analysis of microbial cell composition shows that over 95% of cell dry weight is made up of a few major elements: carbon, oxygen, hydrogen, nitrogen, sulfur, phosphorus, potassium, cal​cium, magnesium, and iron. These are called macroelements or macronutrients because they are required by microorganisms in relatively large amounts. The first six (C, O, H, N, S, and P) are components of carbohydrates, lipids, proteins, and nucleic acids.

All microorganisms require several trace elements (also called microelements or micronutrients). The trace elements—manganese, zinc, cobalt, molybdenum, nickel, and copper—are needed by most cells. However, cells require such small amounts that contaminants in water, glass​ware, and regular media components often are adequate for growth. Trace elements are normally a part of en​zymes and cofactors.

Elements can be categorized somewhat differently with re​spect to nutritional requirements. The major elements (С, О, Н, N, S, P) are needed in gram quantities in a liter of culture medium. The minor elements (K, Ca, Mg, Fe) often are required in milligram quantities. Trace elements (Mn, Zn, Co, Mo, Ni, Cu) must be available in microgram amounts.
3. Classification of bacteria due their sources of energy and carbon, nitrogen and oxygen.

The requirements for carbon, hydrogen, and oxygen often are satisfied together. Carbon is required for the skeleton or back​bone of all organic molecules, and molecules serving as carbon sources usually also contribute both oxygen and hydrogen atoms. One carbon source for which this is not true is carbon dioxide (CO2). Some microorganisms, called autotrophs, can use CO2 as their sole or principal source of carbon. 
Organisms that use reduced, preformed organic molecules as carbon sources are heterotrophs {these preformed molecules normally come from other organisms). Most heterotrophs use organic nutrients as a source of both carbon and energy. This group may be subdivided in two groups: saprophytes, which use organic compounds from died organisms, and parasites, which use organic material from alive organism. Also parasites are divided in facultative parasites and obligate ones.
 All organisms also require sources of energy, hydrogen, and electrons for growth to take place. Microorganisms can be grouped into nutritional classes based on how they satisfy these requirements There are only two sources of energy available to organisms: (1) light energy trapped during photosynthesis, and (2) the energy derived from oxidizing or​ganic or inorganic molecules. Phototrophs use light as their en​ergy source; chemotrophs obtain energy from the oxidation of chemical compounds (either organic or inorganic). Microorgan​isms also have only two sources for hydrogen atoms or elec​trons. Lithotrophs (that is, "rock-eaters") use reduced inorganic substances as their electron source, whereas organotrophs ex​tract electrons or hydrogen from organic compounds.

Table 1. Nutritional Diversity Exhibited Physiologycally Different Bacteria

	Required Components for Bacterial Growth

	Physiologic Type
	Carbon Sourece
	Nitrogen Sourcea

Sourceb
	Energy Source
	Hydrogen Source

	Heterotrophic (chemoorganotrophic) 
	Organic


	Organic or inorganic
	Oxidation of organic compounds
	–

	Autotrophic achemolithotrophic)
	CO2
	Inorganic
	Oxidation of inorganic compounds
	–

	Photosynthetic

Photolithotrophicb (Bacteria)
	CO2
	Inorganic
	Sunlight
	H2S or H2

	Cyanobacteria
	CO2
	Inorganic
	Sunlight
	Photolysis of H2Oc

	Photoorganotrophic (Bacteria)
	CO2
	Inorganic
	Sunlight
	Organic compoundsd


a  Common inorganic nitrogen sources are NO3-  or   NH4+ ions; nitrogen fixers can use N2;

b Many prototrophs and chemotrophs are nitrogen-fixing  organisms;

c Results in O2 evolution (or oxygenic photosynthesis) as commonly occurs in plants;

d  Organic acids such as formate, acetate, and succinate can serve as hydrigen donors. 

4. Since microorganisms often live in nutrient-poor habitats, they must be able to transport nutrients from dilute solutions into the cell against a concentration gradient. Finally, nutrient molecules must pass through a selectively permeable plasma membrane that will not permit the free passage of most substances. In view of the enormous variety of nutrients and the complexity of the task, it is not surprising that microorganisms make use of several different transport mechanisms. The most important of these are:

1)  passive diffusion; It is the process in which molecules move from a region of higher concentration to one of lower concentration. Very small molecules such as Н2О, О2, and CO2 often move across mem​branes by passive diffusion.

2)  facilitated diffusion; It is a diffusion, which are need  in carrier proteins or permeases, which are embedded in the plasma mem​brane. Because a carrier aids the diffusion process, it is called facilitated diffusion; 

Keep in mind that passive and facilitated diffusion do not require of energy.  A concentra​tion gradient spanning the membrane drives the movement of molecules.

3)  active transport; It is the transport of solute molecules to higher concentrations, or against a concentration gradient, with the use of metabolic energy input.

3)  group translocation. It is a process in which a molecule is transported into the cell while being chemically altered.

Note that active transport and group translocation with the use of metabolic energy input.

5. Growth factors are required in small amounts by cells because they fulfill specific roles in biosynthesis. 

Growth factors are organized into three categories: 

1. Purines and pyrimidines: required for synthesis of nucleic acids (DNA and RNA);

2. Amino acids: required for the synthesis of proteins; 

3. Vitamins: needed as coenzymes and functional groups of certain enzymes. 

A microor​ganism requiring the same nutrients as most naturally occurring members of its species is a prototroph.  A microorganism that lacks the ability to synthe​size an essential nutrient due mutation and therefore must obtain it or a pre​cursor from the surroundings is an auxotroph. 
Some vitamins that are frequently required by certain bacteria as growth factors are PABA, folic acid (B9), biotin, nicotinic acid,  pantothenic acid, pyridoxine (B6), riboflavin (B2), thiamine (B1) etc.


6. Isolation of Microorganisms in Pure Culture
Pure culture is a population of cells arising from a single cell, to characterize an individual species.  In order to study the properties of a given or​ganism, it is necessary to handle it in pure culture. To do this, a single cell must be isolated from all other cells and cultivated in such a manner that its collective progeny also remain isolated. Several methods are available.

A. Plating: 

a. Spread Plate.  A small volume of dilute microbial mixture containing is transferred to the center of an agar plate and spread evenly over the surface with a sterile bent-glass rod. The dispersed cells develop into isolated colonies. .

b. Streak Plate. The original suspension can be streaked on an agar plate with a wire loop. As the streaking continues, fewer and fewer cells are left on the loop, and finally the loop may deposit single cells on the agar.
c. Pour plate.  In the pour-plate method, a suspen​sion of cells is mixed with melted agar at 50 °C and poured into a Petri dish. When the agar solidifies, the cells are immobilized in the agar and grow into col​onies.
B. Dilution: A much less reliable method is that of extinction dilution. The suspension is serially di​luted and samples of each dilution are plated. If only a few samples of a particular dilution exhibit growth, it is presumed that some of these cultures started from single cells. This method is not used unless plating is for some reason impossible. An undesirable feature of this method is that it can only be used to isolate the predominant type of organism in a mixed population.

Isolation of a pure culture allows the deter​mination of morphological, cultural, biochemical, and other prop​erties of the tested microorganism, which in turn makes it possible to identify it as a species.

Diagrammatically, the stages of isolation and identification of pure cultures of aerobic and facultative anaerobic bacteria may be presented in the following way.

Isolation and identification of a pure culture

First day (material is seeded to obtain isolate colony)

1. Microscopic examination of the tested material.

2. Streaking of the material tested onto nutrient media (solid, liquid).

Second day (isolation and enrichment of pure culture)

1. Investigation of the cultural properties.

2. Sub-inoculation of colonies onto solid media to enrich for a pure culture.

Third day (identification of pure culture)

1. Checking of the purity of the iso​lated culture.

2. Investigation of biochemical prop​erties: (a) sugarlytic, (b) proteolytic.

3. Determination of antigenic prop​erties.

4. Study of phagosensitivity, phagotyping, colicinogensitivity, colicinogenotyping, sensitivity to an​tibiotics, and other properties.

First day. Prepare smears of the tested material and study them under the microscope. Then, using a spatula or a bacteriological loop, streak the material onto a solid medium in a Petri dish. This ensures mechanical separation of microorganisms on the surface of the nutrient medium, which allows for their growth in isolated colo​nies. In individual cases the material to be studied is streaked onto the liquid enrichment medium and then transferred to Petri dishes with a solid nutrient medium. Place these dishes in a 37 0C incubator for 18-24 hrs.
ІI.  Students` practical activities:

1. To prepare the smear from pathologic material (pus or wound exudation). To stain its using Gram`s method. Study the morphology and tinctorial properties of the microorganisms. Sketch it.. 
2. To seed the material using streak plate method. The seed has been done by bacteriological loop. For obtaining microorganisms in pure culture tested material inoculate onto surface media in Petri dish by bacteriological loop and after that streak plating evenly for mechanical divorce. With that purpose in upper part of Petri dish has been made dense streaking, set free bacteriological loop from superfluous material. After  that are made parallel streaks at the last part of the agar.
3. The seeded plates are placed in the incubator for a  24 hours.

RESUME:

Lesson 8
Theme: growth and multiplication of microorganism. 
The main principles of bacteria cultivation. 
Isolation of pure culture  of aerobic bacteria  (second stage)
I. STUDENTS’ INDEPENDENT STUDY  PROGRAM 
1.  Mean and mechanism of bacterial multiplication.

2. The main growth phases of microbial population in liquid media. Practical value.

3. Nutrient media. Principles of classification. Requirements for culture media.
4. Physical and environmental requirements for Microbial Growth 

5. The terms “colony” and “culture”. To give the definition.

6. Cultural properties of bacteria. Characteristics of colonies. 

5. Stages of pure culture isolation of aerobic microorganisms. 

6. The second stage of pure culture isolation: main purpose and containing. 

1. Reproduction and Growth of Microorganisms

For  bacterial population reproduction is the increase in the number of individuals per unit volume. The growth of microorganisms represents the increase of the mass of bacterial cytoplasm as a result of the synthesis of cellular material.

Bacteria reproduce by:

a) Binary fission or simple transverse division or vegetative reproduction (is more common way of reproduction)

b) budding by means of the cleavage of segmented filaments, 

c) sporulation (feature of fungi and actynomycetes reproduction). 

The interval of time between two cell division, or the time required for a bacterium give rise to two dauther cells under optimum conditions, is known as the generation time. 
2. Main growth phases of microbial population in liquid media. 
Population growth is studied by analyzing the growth curve of a microbial culture. When microorganisms are cultivated in liquid medium, they usually are grown in a batch culture or closed system—that is, they are incubated in a closed culture vessel with a single batch of medium. Because no fresh medium is provided during incubation, nutrient concentrations decline and concentrations of wastes increase. The growth of microorgan​isms reproducing by binary fission can be plotted as the loga​rithm of cell number versus the incubation time. The resulting curve has four distinct phases (figure 6.1).

1. Lag Phase
When microorganisms are introduced into fresh culture medium, usually no immediate increase in cell number or mass occurs, and therefore this period is called the lag phase. Although cell division does not take place right away and there is no net in​crease in mass, the cell is synthesizing new components. A lag phase prior to the start of cell division can be necessary for a variety of reasons. The cells may be old and depleted of ATP, essential cofactors, and ribosomes; these must be synthesized before growth can begin.
The lag phase varies considerably in length with the condi​tion of the microorganisms and the nature of the medium. 

2. Exponential Phase
During the exponential or log phase, microorganisms are grow​ing and dividing at the maximal rate possible given their genetic potential, the nature of the medium, and the conditions under which they are growing. Their rate of growth is constant during the exponential phase, the microorganisms dividing and dou​bling in number at regular intervals. The growth curve rises smoothly rather than in discrete jumps (figure 6.1). The popula​tion is most uniform in terms of chemical and physiological properties during this phase; therefore exponential phase cultures are usually used in biochemical and physiological studies.

3. Stationary Phase

Eventually population growth ceases and the growth curve be​comes horizontal (figure 6.1). In the stationary phase the total number of viable microorganisms remains constant. This may result from a balance between cell division and cell death, or the population may simply cease to divide though remaining metabolically active.
4. Death Phase
Detrimental environmental changes like nutrient deprivation and the buildup of toxic wastes lead to the decline in the number of viable cells characteristic of the death phase. The death of a microbial population, like its growth during the ex​ponential phase, is usually logarithmic (that is, a constant proportion of cells dye every hour). Although most of a microbial population usually dies in a logarithmic fashion, the death rate may decrease after the popu​lation has been drastically reduced. This is due to the extended survival of particularly resistant cells.
The length of each phase is arbitrary, as it can vary depending on the bacterial species and the conditions of cultivation. Thus, for example, the colibacilli divide every 15-17 minutes, salmonellae of enteric fever — every 23 minutes, pathogenic streptococci — every 30 minutes,  diphtheria bacilli — every 34 minutes and tubercle bacilli — every 18 hours. 

3.Culture Media for the Growth of Bacteria
Bacteria have to be grown for them to be identified, as only rarely can they be recognized by their morphology alone. For any bacterium to be propagated for any purpose it is necessary to provide the appropriate biochemical and biophysical environment. The biochemical (nutritional) environment is made available as a culture medium, and depending upon the special needs of particular microorganisms. 

Knowledge of a microorganism's normal habitat often is useful in selecting an appropriate culture medium because its nu​trient requirements reflect its natural surroundings. Frequently a medium is used to select and grow specific microorganisms or to help identify a particular species. In such cases the function of the medium also will determine its composition.

A large variety and types of culture media have been developed with different purposes and uses. Culture media are employed in the isolation and maintenance of pure cultures of bacteria and are also used for identification of bacteria according to their biochemical and physiological properties. 

The requirements for nutrient media: 

1) they should be easily assimilate by microorganisms, 

2) they should contain a known amount of nitrogen and carbohydrate substances, vitamins, a required salt concentration.

3) they should be isotonic, and sterile, 

4) they should have buffer properties, an optimal viscosity, and a certain oxidation-reduction potential.

Media have been classified in many ways:

1. Due consistentency: solid media, liquid media, semisolid media.

2. Due composition and deriving from: simple media, complex media, synthetic or defined media, semidefined media, special media

3. Due types of the cultured bacteria respiration: aerobic media, anaerobic media.

I. Ordinary (simple) media which include meat-peptone broth, meat-peptone agar, etc.

II. Special media (serum agar, serum broth, coagulated serum, pota​toes, blood agar, blood broth, etc.).

Quite often enrichment media are employed in laboratory practice in which only certain species of bacteria grow well, and other species either grow poorly or do not grow at all. Enriched media are the media with blood, serum etc. They are used to grow bacteria which are more exacting in their nutrient needs. Selective media are media in which inhibiting factors for certain microorganisms are present. This composition is allowed to grow other microbial cells.   

III. Differential diagnostic media: (1) media for the determination of the proteolytic action of microbes (meat-peptone gelatine); (2) media for the determination of the fermentation of carbohydrates (Hiss media); media for the differentiation of bacteria which do and do not fer​ment lactose (Ploskirev, Drigalsky, Endo. etc.); (3) media for the deter​mination of haemolytic activity (blood agar); (4) media for the deter​mination of the reductive activity of micro-organisms; (5) media containing substances assimilated only by certain microbes.

Besides, in laboratory practice conservation (transport) media are used. They are used for primary seeding and transportation of the material under test. They prevent the death of pathogenic microbes and enhance the inhibi​tion of saprophytes. This group of media includes a glycerin mixture composed of two parts 0.85 per cent salt solution, 1 part glycerin, and I part 15-20 per cent acid sodium phosphate, and also a glycerin preser​vative with lithium salts, a hypertonic salt solution, etc.

At present many nutrient media are prepared commercially as dry powders. They are convenient to work with, are stable, and quite effective.

In consistency nutrient media may be:

1) solid (meat-peptone agar, meat-peptone gelatine, coagulated serum, potato, coagulated white of Chi egg), semisolid (0.5 per cent meat-peptone agar), 

2) liquid (peptone water, meat-peptone broth, sugar broth, etc.).

3) semi-solid (semi-solid MPA)

Physical and Environmental Requirements for Microbial Growth 

The procaryotes exist in nature under an enormous range of physical conditions such as O2 concentration, hydrogen ion concentration (pH) and temperature. Applied to all microorganisms is a vocabulary of terms used to describe their growth (ability to grow) within a range of physical conditions. 

4. Main Principles of the Cultivation of Microorganisms

Bacterial cultivation. In laboratory conditions microorganisms can be grown in nutrient media in incubation chambers maintained at a constant temperature. 

Temperature conditions are of great importance for the growth and reproduction of bacteria. In relation to conditions of temperature all microorganisms can be subdivided into three groups: psychrophilic (Gk. psychros cold, philein love), mesophilic (Gk. mesos intermediate), thermophilic (Gk. thermos warm). Microorganisms may reproduce within a wide temperature regimen range of –10 to +80 °C.

Of great importance in the life activities of bacteria is the concentration of hydrogen ions in the nutrient medium, i.e. pH. The pH characterizes the degree of acidity or alkalinity, from extremely acid (pH 0) to extremely alkaline (pH 14) conditions. pH influences the activity of enzymes. Most microorganisms are able to multiplication in the range pH 7,2-7,8. 

5. Colony is a clone of cells originating from a single bacterial cell, which has grown on or within solid medium. 

Colony is bacterial cells of the same species which as isolated accumulation.  

Pure culture is a population of microorganism of the same species isolated on a nutrient medium. 

Bacteriological investigation is based on isolating a pure culture of the causal organism and its identification. 
6. Cultural properties of bacteria. Cultural characteristics of bacteria mean the morphology their colonies and features of growth in a fluid media. 

While studying colonies on solid media, the following features are noted:

· shape: circular, irregular, or rhizoid;

· size in millimeters;

· elevation: effuse, elevated, convex, concave

· margins – beveled or otherwise

· surface – smooth, wavy, rough, granular, etc

· edges – entire, undulate, curled

· colors 

· structure – opaque, translucent, transparent

· consistency – friable, membranous or viscid

· emulsifiability

In liquid nutrient media microbes grow producing a diffuse suspension, film or precipitate visible to the naked eye. 

Isolation and Identification of Pure Culture of Aerobic Bacteria  (second stage)

Second day. Following 24-hour incubation, the cultural proper​ties of bacteria (nature of their growth on solid and liquid nutrient media) are studied.

Macroscopic examination of colonies in transmitted and reflect​ed light. Turn the dish with its bottom to the eyes and examine the colonies in transmitted light. In the presence of various types of col​onies count them and describe each of them. The following proper​ties are paid attention to; (a) size of colonies (largo, 4-5 mm in dia​meter or more; medium, 2-4 mm; small, 1-2 mm; minute, less than 1 mm); (b) configuration of colonies {regularly or irregularly round​ed, rosette-shaped, rhizoid, etc.); (c) degree of transparency (non-transparent, semitransparent, transparent).

In a reflected light, examine the colonies from the top without opening the lid. The following data are registered in the protocol: (a) colour of the colonies (colourless, pigmented, the colour of the pigment); (b) nature of the surface (smooth, glassy, moist, wrinkled, lustreless, dry, etc.); (c) position of the colonies on the nutrient medium (protruding above the medium, submerged into the medium; flat, at the level of the medium; flattened, slightly above the me​dium).

Microscopic examination of colonies. Mount the dish, bottom up​ward, on the stage of the microscope, lower the condenser, and, using an 8 x objective, study the colonies, registering in the protocol their structure (homogeneous or amorphous, granular, fibriliar, etc.) and the nature of their edges (smooth, wavy, jagged, fringy, etc.)

.

ІI. Students Practical activities:

1. Macro- and microscopic examining of bacterial colonies, which grew on MPA  as described above. To write down their properties in the protocol.

2. To prepare the smear from different types of colonies, stain them by Gram’s method and examine with microscope. Use some portion of the colonies to prepare Gram-stained smears for microscopic examination. To sketch the morphology microorganisms in the smear. 

3. In the presence of uniform bacteria, transfer the remainder of colonies to an agar slant for obtaining a sufficient amount of pure culture.  Colony of E.colі should be reseeded (Gram-negative rods by microscopic examination).

4. Place the test tubes with the in​oculated medium into a 37 °C incubator for 18-24 hrs.

RESUME:

Lesson 9
Theme: isolation of pure culture of bacteria. 
Enzymes of bacteria and their value for identification of microorganisms
I. STUDENTS’ INDEPENDENT STUDY PROGRAMME

1. Enzymes of bacteria, their classification and practical value. 

2. Practical use of the fermentative properties of microorganisms. 

3. Characteristic of differential diagnostic media for the determination of fermentation of the saccharolytic action of bacteria (Endo, Levin, Ploskirev, Hiss, Olkenitsky, Ressel and others).

4. Identification of pure culture (morphological, tinctorial, cultural, biochemical, serological, biological) (third stage of bacteriological method).

Enzymes and Their Role in Metabolism

Enzymes, organic catalysts of a highly molecular structure, are produced by the living cell. They are of a protein nature, are strictly specific in action, and play an important part in the metabolism of micro-organisms. 

Classifications of the bacterial enzymes: Some enzymes are excreted by the cell into the environment (exoenzymes) for breaking down complex colloid nutrient materials while other enzymes are contained inside the cell (endoenzymes).

Depending on the conditions of origin of enzymes there are constituent enzymes which are constantly found in the cell irrespective of the presence of a catalysing substrate. These include the main enzymes of cellular metabolism (lipase, carbohydrase, proteinase, oxydase, etc.). Adaptive enzymes occur only in the presence of the corresponding substrate (penicillinase, amino acid decarboxylase, alkaline phosphatase. B-galactosidase, etc.). 

Bacterial enzymes are subdivided into some groups due the chemical processes, which they catalyze: 

1. Hydrolases which catalyze the breakdown of the link between the carbon and nitrogen atoms, between the oxygen and sulphur atoms, binding one molecule of water (esterases. glucosidases, proteases. amilases, nucleases, etc.).

2. Transferases perform catalysis by transferring certain radicals from one molecule to another (transglucosidases, transacylases. transaminases).

3. Oxidative enzymes (oxyreductases) which catalyze the oxidation-reduction processes (oxidases, dehydrogenases, peroxidases, catalases).

4. Isomerases and racemases play an important part in carbohydrate metabolism. They are found in most species of bacteria. 

Bacteria, algae, fungi, and plants possess a hold-photo-type of nutrition. They absorb nutrients in a dissolved state. This difference, however, is not essential because the cells of protozoa, just like the cells of plant organisms, utilize nutrient substrates which are soluble in water or in the cell sap, while many bacteria and fungi can assimilate hard nutrients first splitting them by external digestion by means of exoenzymes. 

Practical Use of the Fermentative Properties of Microorganisms 

The widespread and theoretically founded application of microbiological processes in the technology of industries involving fermentation, treatment of flax, hides, farming, and canning of many food products became possible only in the second half of the 19th century. From the vital requirements of a vigorously developing industry, especially of the agricultural produce processing industry, there arose a need for a profound study of biochemical processes. 

Enzymes of microbial origin have various effects and are highly active. They have found a wide application in industry, agriculture and medicine, and are gradually replacing preparations produced by higher plants and animals.

With the help of amylase produced by mould fungi starch is saccharified and this is employed in beer making, industrial alcohol production and bread making.  Fibrinolysin produced by streptococci dissolves the thrombi in human blood vessels. Enzymes which hydrolyze cellulose aid in an easier assimilation of rough fodder.

Due to the application of microbial enzymes, the medical industry has been able to obtain alkaloids, polysaccharides, and steroids (hydrocortisone, prednisone, prednisolone. etc.).

Some soil microorganisms destroy by means of enzymes chemical substances (carcinogens) which are detrimental to the human body because they induce malignant tumours.

Microorganisms take part in the cycle of nitrogen (putrefaction), carbon (fermentation), sulphur, phosphorus, iron, and other elements which are important in the vital activity of organisms. 

Therapeutic mud and brine were produced as the result of the fermentative activity of definite microbial species. 

Certain species of microorganisms synthesize antibiotics, enzymes, hormones, vitamins, and amino acids which are industrially prepared and used in medicine, veterinary practice, and agriculture. The synthesis of proteins by means of special species of yeasts has been mastered.

Some soil bacteria are capable of rendering harmless (destroying) certain pesticides used in agriculture as well as chemical carcinogens. Hydrogenous bacteria may be used to produce fodder protein by cultivation on urea or ammonium sulphate. Some bacterial species are used for the control of methane in mines. 

Of great importance in medical microbiology is the utilization of the specific fermentative capacity of pathogenic bacteria for the determination of their species properties. Fermentative properties of microbes are used in the  laboratory diagnosis of infectious diseases, and in studying microbes of the soil, water, and air.

To identify the isolated pure culture, supplement the study of morphological, tinctorial, and cultural features with determination of their enzymatic and antigenic attributes, phago- and bacteriocinosensitivity, toxigenicity, and other properties characterizing their species specificity.

Species identification of aerobic bacteria is performed by compar​ing their morphological, cultural, biochemical, antigenic, and other properties.

Phagosensitivity test is used as one of the means useful in deter​mining the species and genus of the bacteria studied.

3. Differential media for examining of biochemical activity of bacteria.

To demonstrate carbohydrate-splitting enzymes, Hiss' media are utilized. Carbohydrates are broken down with bacterial enzymes to acid or to acid and gas. Therefore colour of the medium changes due to the indicator present in it. Depending on the kind and species of bacteria studied, select media with respective mono- and disaccharides (glucose, lactose, maltose, sucrose), polysaccharides (starch, glycogen, inulin), higher alcohols (glycerol, mannitol). In the process of fermentation of the above sub​stances aldehydes, acids, and gaseous products (CO2, H2, etc.) are formed.

For purpose to determine carbohydrateses one also use the Triple-sugar agar (Olkenitsky`s media), EMB agar, Endo, Levin,  Ploskirev, Olkenitsky, Ressel and others media.
To demonstrate proteolytic enzymes in bacteria, transfer the lat​ter to a gelatin column. Allow the inoculated culture to stand at room temperature (20-22 °C) for several days, recording not only the development of liquefaction per se but its character as well (lami​nar, in the form of a nail or a fir-tree, etc.)

Proteolytic action of enzymes of microorganisms can also be ob​served following their streaking onto coagulated serum, with depres​sions forming around colonies (liquefaction). A casein clot is split in milk to form peptone, which is manifested by the fact that milk turns yellowish (milk peptonization).

More profound splitting of protein is evidenced by the formation of indol, ammonia, hydrogen sulphide, and other compounds. To detect the gaseous substances, inoculate microorganisms into a meat-peptone broth or in a 1 per cent peptone water. Leave the inocula​ted cultures in an incubator for 24-72 hrs.

To demonstrate indol by Morel's method, soak narrow strips of filter paper with hot saturated solution of oxalic acid (indicator pa​per) and let them dry. Place the indicator paper between the test tube wall so that it does not touch the streaked medium. When indol is released by the 2nd-3rd day, the lower part of the pa​per strip turns pink as a result of its interaction with oxalic acid.

The telltale sign of the presence of ammonia is a change in the col​our of a pink litmus paper fastened between the tube wall and the stopper (it turns blue). 

Hydrogen sulphide is detected by means of a filter paper strip saturated with lead acetate solution, which is fast​ened between the tube wall and the stopper. Upon interaction be​tween hydrogen sulphide and lead acetate the paper darkens as a re​sult of lead sulphide formation.

To determine catalase, pour 1-2 ml of a 1 per cent hydrogen per​oxide solution over the surface of a 24-hour culture of an agar slant. The appearance of gas bubbles is considered as a positive reaction. Use a culture known to contain catalase as a control.

The reduction ability of microorganisms is studied using methylene blue, thionine, litmus, indigo carmine, neutral red, etc. Add one of the above dyes to nutrient broth or agar. The medium decolourizes if the microorganism has a reduction ability. The most widely em​ployed is Rothberger's medium (meat-peptone agar containing 1 per cent of glucose and several drops of a saturated solution of neutral red). If the reaction is positive, a red colour of the agar changes into yellow, yellow-green, and fluorescent, while glucose fermentation is characterized by cracks in the medium.

Identification of pure culture of microorganisms (Third stage of bacteriological examination). 

For identification of the isolated pure culture the investigator studies the main properties of microorganism such as:

· morphological and  tinctorial charactestics;

· cultural features 

· biochemical properties (as described above) using differential media

· antigenic attributes, performing serological reactions

·  phago- and bacteriocino- sensitivity, 

· toxigenicity,

· sensitivity to the antibiotics and other.

ІI.  Students` Practical activities:

1. Using the culture which has grown on the agar slant prepare smears and stain them by the Gram method. Such char​acteristics as homogeneity of the growth, form, size, and staining of microorganisms permit definite conclusion as to purity of the cul​ture. Checking of the purity of the grown culture on slant agar, making smear, staining by Gram method. Sketch in album.

2. Sub-inoculating culture on Hiss medium, Olkenitsky medium and MPB for determination of sugarlytic and peptolytic properties of bacteria.

3. To note the characteristics of growth some enterobacteria onto Endo and Levin media. Definite their ability to lactose fermentation.

RESUME:

Lesson 10

Theme: types of bacterial respiration. 
The methods of  creationanaerobic conditions. 
Isolation of pure culture of anaerobic bacteria
I. STUDENTS’ INDEPENDENT STUDY  PROGRAM 
1. Types and mechanism of bacterial respiration. 

2. Toxic influence of oxygen on bacteria and mechanisms of its warning.

3. Main methods of creating anaerobic conditions for cultivation of bacteria (mechanical, chemical,  biological and others).

4. Media which are used for cultivation of anaerobic bacteria.

5. Stages of isolation of pure culture of anaerobic bacteria by Veinberg’s and Zeissler’s techniques. 

Respiration in Bacteria

Respiration in bacteria is a complex process which is accompanied with the liberation of energy required by the microorganism for the synthesis of different organic compounds. Many microbes similar to vertebrates and plants utilize the molecular oxygen in the air for respiration.

Some microorganisms obtain energy due fermentation. Fermentation is a process of energy liberation without the participation of oxygen.

All microbes according to type of respiration can be subdivided into 

1) obligate aerobes,

2)  facultative anaerobes 

3) obligate anaerobes.

1. Obligate aerobes which develop well in an atmosphere containing 21 per cent of oxygen. They grow on the surfaces of liquid and solid nutrient media (brucellae, micrococci, tubercle bacilli, etc.).

2. Facultative anaerobes which can reproduce even in the absence of molecular oxygen (the majority of pathogenic and saprophytic microbes).

3. Obligate anaerobes for which the presence of molecular oxygen is a harmful growth-inhibiting factor (causative agents of tetanus, botulism, anaerobic infections, etc.).

Aerobic bacteria in the process of respiration oxidize different organic substances. During complete oxidation of one gram-molecule of glucose a definite number of calories is liberated. This energy is accumulated in the molecules of ATP.  During incomplete (partial) aerobic oxidation, less energy is released corresponding to the degree of oxidation 

In a carbohydrate medium facultative anaerobes begin to develop first as an anaerobe breaking down the carbohydrates by fermentation Then it begins to utilize oxygen and grows like an aerobe, oxidizing the products of fermentation (lactic acid) farther to carbon dioxide and water. Facultative aerobes have a considerable advantage, as they can live in aerobic and  anaerobic conditions.

Respiration in anaerobes takes place by fermentation of the substrate with the production of a small amount of energy. In the fermentation of one gram-molecule of glucose considerably less energy is produced than during aerobic respiration.

The mechanism of anaerobic respiration takes place in the following way. If carbohydrates make up the oxidizing substrate, then preliminarily they are broken down with the help of auxiliary enzymes. Thus, for example, glucose is phosphorylated employing ATP and ADP. As a result, hexose diphosphale is produced which under the influence of the enzyme aldolase breaks down into two components: phosphogly-ceraldehyde and dioxyacetone phosphate. The latter under the effect of oxyisomerase is transformed into phosphoglyceraldehyde and later on after a sequence of reactions produces pyruvic acid. This stage is the last in the anaerobic phase of transformation of carbon. 

The later stages are specific and are completed with the number of oxidation-reduction chemical reactions. The end products of this reactions may be N2, nitrites (nitrates` type of respiration), H2S (sulfates` type of respiration) or CH4 (carbonates` type of respiration).

It has been established by investigations that the respiration in bacteria takes place under the influence of enzymes of the oxidase and dehydrogenase types, which have a marked specificity and a multilateral activity. The oxidase and dehydrogenase processes of respiration are closely interconnected, supplementing each other, but at the same time differing in biological role and in enzymes.

Biological oxidation (aerobic respiration) comprises the removal of a negatively-charged electron, reduction - the addition of a negatively-charged electron.
Between the hydrogen acceptor (yellow enzyme) and oxygen there are intermediate hydrogen carriers which are participants of the long chain of the catalyst of biological oxidation.

Thus the processes of respiration in bacteria are very complex and represent a long chain of a sequence of oxidation-reduction reactions with the participation of many enzyme systems transporting the electrons from the system of the most negative potential to the system of the most positive potential. During gradual and fractional liberation of energy in respiration and during intermediate transport of hydrogen, the activity of cellular reactions increases. The biochemical mechanisms of respiration are described in detail in biochemistry textbooks.

The habitat of microorganisms greatly influences the character of respiration.

 McLeod explained that the toxic effect of oxygen on anaerobes is due to the production of hydrogen peroxide in the presence of oxygen. Anaerobes are unable to produce catalase. Only H202, but not oxygen itself is toxic. However, this cannot be a complete explanation. Anaerobes can grow if there is oxygen in the medium, which does not kill microbes, but only inhibits their life activities. Upon the addition of reducing agents to the medium, the microbes begin to grow as reducing agents lower the oxidation-reduction potential. Glucose and other reducing substances act in the same way.

V. Engelhardt considers that in the presence of a high oxidation-reduction potential, the inactivation of vitally important enzymes takes place. Anaerobes then lose their ability to feed normally, and to carry out constructive processes. The oxidation-reduction potential (rH,) is one of the factors on which the oxidation-reduction reactions in the nutrient medium depend. The oxidation-reduction potential expresses the quantitative character of the degree of aerobiosis. It becomes minimal upon saturating the medium with hydrogen, and maximal upon saturating the medium with oxygen. M. dark proposed to designate the unit of the oxidation-reduction potential as rH,-the negative logarithm of the partial pressure of gaseous hydrogen." The range of rHs from 0 to 42,6 characterizes all degrees of saturation of an aqueous solution with hydrogen and oxygen- Aerobes exist within the limits of rH, from 14 to 20 and more, facultative aerobes from 0 to 20 and more, and anaerobes from 0 to 12.

Aerobes are adapted to existence at a higher oxidation-reduction potential, anaerobes — at a lower rH,. Anaerobes are not passive micro-organisms, and they themselves cause the low rH, in the medium.

Seeded cultures of anaerobes prior to reproduction lower the rH, from 20-22 to 1-5. Thus anaerobes are characterized by a rather marked capability to adapt the medium to their requirements. Aerobes also have these properties, and they guard themselves from an excess of oxygen by a reduction barrier.

Upon controlling the oxidation-reduction potential of the nutrient medium, conditions can be obtained for the growth of anaerobes in the  presence of oxygen by lowering the rH,, and also by   cultivating the aerobes in anaerobic conditions by increasing the rH, of the medium.

When preparing nutrient media the composition of the nutrient energy-yielding material, the reaction of the medium (pH), and its oxidation-reduction potential (rH;) are all taken into consideration.

In usual laboratory conditions anaerobes develop in stationary or portable anaerostats containing rarefied air up to 1-8 mm or in vacuum desiccators.

For successfully cultivating anaerobes it is necessary to seed a large amount of material into the nutrient medium. The nutrient medium should have a certain viscosity which is attained by adding 0.2 per cent agar. The air is removed by boiling prior to seeding, and to inhibit the
subsequent entry of air, the medium is covered with a layer of oil 0.5-1 cm thick. Anaerobiosis  is obtained by the adsorption of oxygen on porous substances (pumice, cotton wool, coal) and by adding reducing substances (carbohydrates, peptone, cysteine. pieces of liver, spleen, kidneys, brain, etc.). After seeding, the test tubes are filled up with liquid vaseline. Growth of the anaerobes is usually carried out on a Kitt-Tarozzi`s media.

Isolation and Identification of Pure Culture of Anaerobic Bacteria

One of the main requirements in cultivating anaerobic bacteria is removal of oxygen from the nutrient medium. The content of oxygen can be reduced by a great variety of methods: immersing of the sur​face of the nutrient medium with petrolatum, introduction of micro​organisms deep into a solid nutrient medium, the use of special anaerobic jars.

First day. Inoculate the studied material into Kitt-Tarozzi medi​um (nutrient medium): concentrated meat-peptone broth or Hottinger's broth, glucose, 0.15 per cent agar (pH 7.2-7.4).

To adsorb oxygen, place pieces of boiled liver or minced meat to form a 1-1.5 cm layer and pieces of cotton wool on the bottom of the test tube and pour in 6-7 mi of the medium. Prior to inoculation place the medium into boiling water for 10-20 min in order to remove air oxygen contained in it and then let it cool. Upon isolation of spore forms of anaerobes the inoculated culture is reheated at 80 '"C for 20-30 min to kill non-spore-forming bacteria. The cultures are immersed with petrolatum and placed into an incubator. Apart from Kitt-Tarozzi medium, liquid media containing 0.5-1 per cent glucose and pieces of animal organs, casein-acid and casein-mycotic hydrolysates can also be employed.

Second day. Take note of changes in the enrichment medium, namely, the appearance of either opacity or opacity with gas formation. Take broth culture with a' Pasteur pipette and transfer it through a layer of petrolatum onto the bottom of the test tube. Prepare smears on a glass slide in the usual manner, then flame fix and Gram-stain them. During microscopic examination record the presence of Gram-positive rod forms (with or without spores). Streak the culture from the enrichment medium onto solid nutrient media. Isolated colonies are prepared by two methods.

1. Prepare three plates with blood-sugar agar. To do it, melt and cool to 45 °C 100 ml of 2 per cent agar on Hottinger's broth, then add 10-15 ml of deftbrinated sheep or rabbit blood and 10 ml of 20 per cent sterile glucose. Take a drop of the medium with microorgan​isms into the first plate and spread it along the surface, using a glass spatula. Use the same spatula to streak the culture onto the second and then third plates and place them into an anaerobic jar or other similar devices at 37 ''C for 24-48 hrs (Zoisslcr's method).

2, Anaerobic microorganisms are grown deep in a solid nutrient medium (Veinherg's method of sequential dilutions). The culture from the medium is taken with a Pasteur pipette with a thin tip and transferred consecutively into the 1st, 2nd, and 3rd test tubes with 10 ml of isotonic sodium chloride solution. Continue to dilute  transferring the material into the 4th, 5th. and 6th thin-walled test tubes (0.8 cm in diameter and 18 cm in height) with melted and cooled to 50 °C meat-peptone agar or Wilson-Blair medium (to 100 ml of melted meat-peptone agar with 1 per cent glucose add 10 ml of 20 per cent sodium sulphite solution and 1 ml of 8 per cent ferric chloride). Alter agar has solidified, place the inoculated culture into an incubator.

On the third day, study the isolated colonies formed in third plate and make smears from the most typical ones. The remainder is in​oculated into Kitt-Tarozzi medium. The colonies in the test tubes are removed by means of a sterile Pasteur pipette or the agar column may be pushed out of the tube by steam generated upon warming the bottom of the test tube. Some portion of the colony is used to prepare smears, while its remainder is inoculated into Kitt-Tarozzi medium to enrich pure culture to be later identified by its morpholo​gical, cultural, biochemical, toxicogenic, antigenic, and other properties (on the forth-fifth day).

The Vinyale-Veyone’s method is used for mechanical protection from oxygen. The seeding are made into tube with melting and cooling (at 42 0C) agar media. 
ІI. Students Practical activities:

1. To write down the main methods of making of anaerobic conditions.

2. To prepare the smear from milk inoculated with soil. To stain by Gram`s method and to examine the smear with immersion microscopy. To find the morphological forms like Clostridia. Sketch their forms in album.

RESUME:
Lesson 11
Theme: genetics of microorganisms. 
Forms of variation in microbes: non-heredity (modification-type) and heredity (mutations). 
Recombination processes (transformation, conjugation, transduction). 
Gene engineering and biotechnology. Plasmids.
I. STUDENTS’ INDEPENDENT STUDY  PROGRAMME

1. Genetic apparatus of prokaryotes, its features.

2. Plasmids. The groups of plasmids and their function. Transposable elements. Differences between IS-elements, transposons and plasmids.

3. Heredity variations: 

a – non-heredity variation, its manifestations and  mechanisms; 

b – heredity variation (mutations and recombinations).

4. Mutations. The types of mutations.

5. Dissociation, definition. Properties of cells from S- and R-colonies. 

6. Mutagens. The types of mutagens (physical, chemical, biological). Ways for isolation of mutants.

7. Types of recombinations and their significance:

А – transformation, the mechanism and phases; Griffith’s original transformation experiment.

B - transduction, the mechanism of common specific and abortive transduction; its significance.

C - conjugation, its mechanism, phase; strains F +, F -, F ', Hfr.

8. Value of recombinations in evolution of bacteria.

9. The main principle of gene engineering.

10. Biotechnology and its practical usage.

Variation of the Main Characters of Microorganisms

Changes in morphological characters. Under the influence of physical and chemical effects some cells can form of large spheres, thickened filaments, flask-shaped formations, and branchings resembling fungal mycelia. Gamaleia observed morphological changes in a number of microbes, e. g. the formation of giant spheres, amoeboid forms, thickened filaments, etc. He named this phenomenon heteromorphism which arises due to the adaptation of bacteria to unusual environmental conditions. 

Heteromorphism easily occurs under the influence of lithium salts, phage, caffeine, sulphonamides, antibiotics, different types of irradiation, and also many other factors.

The phenomenon of heteromorphism is relatively often observed in the old cultures of the microorganisms.  

The affinity for dyes, the formation of flagella, cilia, spores and capsules, the structure of the hereditary apparatus) are also subject to variation. It should be noted that any change in the morphological features is attended with a change in the physiological properties too. Therefore the subdivision of the types of bacterial variation into morphological, cultural, enzymatic, biological, etc. is conventional and serves merely for more illustrative discussion of the multiform material on the subject.

Changes in cultural properties. Besides morphological deviations in microbes, changes are often observed in the cultural properties. 

In 1920-1924 P. De Kruif, G. Arkwnaht, and many other scientists established that the cultures of one and the same species of bacteria  may differ among themselves. When a pure culture is seeded onto a solid nutrient medium, different forms of colonies of two main types are produced: (1) smooth, S-forms, and (2) rough, R-forms.

Between these two types of colonies there are transitional, unstable forms, and more often O-forms (Fig. 2). The difference between S- and R-forms is not only limited to the forms of the colonies, but includes other characters. This kind of variation is known as dissociation (Table 1). 

Table 1

Properties of Cells from S- and R-colonies

	S-type
	R-type

	Colonies are smooth, regular, and convex
	Colonies are rough, irregular, and flattened

	Motile species possess flagella
	Motile species may have no flagella

	Capsulated species have well developed capsules
	Capsules are absent

	More active biochemically
	Less active biochemically

	Most pathogenic species have a virulent stage
	Virulent stage is weak or absent

	Usually isolated in the acute stage of the disease
	Associated predominantly with the chronic forms of the disease and the carrier state

	Sensitive to phage
	Less sensitive to phage

	Poorly phagocytable
	Easily phagocytable

	Bacterial cell has typical O-Ag
	Bacterial cell has changed R-Ag


Variation in requirement in metabolites. Under the influence of antibiotics and chemotherapeutic substances. X-rays, ultraviolet irradiation, and other effects, in some microbes the need of certain amino acids and growth factors appears which the original cultures did not require. These varieties which, for their development require special conditions are known as auxotrophic in contrast to original strains— prototrophic. 

Variation in enzymatic functions. Variation in microbes is not limited to the morphology, size or cultural characters, but includes other properties. Of special theoretical and practical interest is the variation of enzymatic ability in bacteria and their adaptation to the changed internal and external environmental conditions.

The addition of a definite substance to the medium may cause activation of the enzyme which had been in a latent state..

The catalytic activity of bacteria can be increased many times by adding substrates inducing the synthesis of enzymes in the corresponding conditions of cultivation (certain amount of vitamins, definite pH level and degree of aeration).

By the action of certain toxic substances on bacteria it is possible to deprive them of their ability to produce various enzymes. 

The variation of biological properties. A rather important circumstance is that in pathogenic microbes under the effect of different factors, the degree of pathogenicity is altered. The decrease in pathogenicity of microbes while retaining the ability to cause immunity was Genetics of micro-organisms noticed long ago. Pasteur was the first to succeed in reproducing these properties in 1881. According to this principle, but with different modifications, altered forms of pathogenic microbes were obtained, named at first attenuated (weakened), and then live vaccines.

Viruses, like bacteria, under the effect of different factors (nitrous acid, hydroxylamine, bromine-substituted bases, rise in temperature, drop in medium pH, ultrasonics, ultraviolet rays, nucleases, etc.) are able to lose their pathogenicity completely or partly, and retain their immunogenic properties. Modern methods of preparing vaccine strains against a number of viral diseases are based on this principle.

Forms of Variation in Microbes. Variation of microorganisms is subdivided into: (1) non-hereditary (modification-type) due to the dissimilar developmental conditions of individuals of one and the same genotype; (2) hereditary, caused by mutations and genetic recombinations of the genes.

1. Intraspecies nonhereditary variation. This kind of variation is found quite frequently. It occurs under various.comparatively mild effects of the environment on microbes due to which the ensuing changes are not fixed in a hereditary sense.

a.  For example, strains of coli-bacilli which grow on agar with sodium ricinoleate form long filaments. Upon the addition of calcium chloride these cells become quite short. A deficiency of calcium in the medium provokes an increase in spore production and a slimy growth in anthrax bacilli. Inorganic iron has a great influence on the formation of toxins. A decrease in oxygen lowers the degree of pigmentation and increases the number of smooth colonies in tubercle bacilli. The addition of lithium to the nutrient medium induces growth of microbes in the shape of curious branched giant forms, spheres and finest filaments. Glycerin and alanine induce pleomorphism in cholera vibrios. Microbes can temporarily change their enzymatic (biochemical) ability.

The range of modification-type variation is limited by a genotype-determined reaction norm. The traits formed as the result of modification may be relatively stable or labile. In some cases traits induced by factors of the external environment may be maintained by several and even many generations. Long-term modification of morphological, physiological, and  immunobiological properties is incountered in many species of living organisms which occur in different levels of organization.

The term modifications designates adaptive reactions to external stimuli which are regularly repeated under normal life conditions.

2. Intraspecies hereditary variation. Hereditary variation in bacteria results from changes in the genetic structures. In distinction from plants and animals, bacteria are predominantly haploid organisms, they contain one genome and combine within themselves the functions of the gamete and the individual. The viruses also belong to typical haploid living systems.

The unit of heredity is the gene, an area of DNA in which the sequence of the amino acids in the polypeptide chain is coded and which controls a particular property of the individual. S. Benzer named the region in a genome which accomplishes only a single function the cistron.

Hereditary variation in bacteria is expressed in the form of mutations and recombinations.

Mutation. Mutation is a stable inherited change in the properties of a micro-organism (morphological, cultural, biochemical, biological, etc.), which is not associated with the recombination process. Mutation which occurs in the nucleoid and is determined by a definite region (nucleotide) of the DNA molecule, and cytoplasmic mutation, i. e. inherited changes which take place in the cytoplasm and arc transmitted by the cytoplasmic structures, are distinguished.

Mutations may be attended with the loss (deletion) or addition (duplication) of one base or a small group of bases in the DNA molecule (Fig. 3) as well as with a change in the sequence of the DNA nucleotides. 

Bacterial mutations may be: 

(a) spontaneous, occurring under the effect of external factors without the interference of an experimenter and 

(b) induced, developing due to treatment of the microbial population with mutagens (radiation, temperature, chemical, and other agents).

There are large and small (point) mutations. The large reorganizations include mutation characterized by the deletion of a large area of the gene. Point mutation takes place within the gene itself and consists in the replacement, inclusion, or deletion of one pair of DNA nucleotides. Large mutations are attended with breaks in the polynucleotide chains leading to disintegration of all systems of the bacterial cell. Spontaneous and induced reversion resulting in the restoration of the lost trait may occur in point mutations, whereas large mutation is lethal as a rule.

The rate of spontaneous mutations in bacteria ranges from 1x10–12 to IxI0–5. 

Damages to the DNA structure due to the effect of ultraviolet light and various chemical compounds may be corrected by means of the system of reparations; it comprises a complex of enzymes which detect the damage, cut out the damaged area of the nucleotide strand and replace it by a complementary undamaged strand. Reparative processes may also be effected by recombination replacement of the damaged area by an undamaged area.

Various methods are used for detecting mutants:

1) If a microbial population exposed to the effect of mutagens differs in cultural properties, then these mutants may be differentiated according to size, shape, structure, and colour of the colonies.

2)  Mutations of biochemical properties are revealed by means of minimal media containing only salts and carbohydrates. Prototrophs can grow on a minimal medium because they themselves are capable of synthesizing the metabolites (amino acids, vitamins, nucleic acids, etc.) needed for their development, whereas auxotrophs require definite media containing the necessary metabolites.  During biochemical mutations, a transition from the prototrophic to the auxotrophic type of nutrition occurs.

3) Selective media are used to reveal mutants resistant to antibacterial agents. For this purpose, a medium containing one of the antibiotics (penicillin, streptomycin, etc.) is inoculated on the culture that is being tested, All cells sensitive to the given antibiotic will perish, while those resistant to it will survive, multiply, and produce colonies.

Role of Cytoplasmic Genetic Structures in Bacterial Variation. Genetic properties are possessed not only by the nucleoid DNA but also by the cytoplasm DNA, elements called plasmids which accomplish genetic function independently of the nucleoid DNA. The cytolasmic DNA is capable of forming the corresponding RNA.

Genetic elements differing from the nucleoid apparatus in relative autonomy of replication and high transmissive capacity during genetic exchange were named episomes (small genetic structures subordinate to larger ones) in 1958 by F. Jacob and E. Woolman; now they are called plasmids.

The group of plasmids includes :

1) the genome of the temperate phage, 

2) the fertility factor (F- factor), 

3) the factor of transmission of multiple resistance to drugs (R- factor), 

4) other the haemolytic, enterotoxigenic, urease factors, the factor of bacteriocinogenesis, etc. 

Plasmids are characterised by common signs and properties. They are composed of separate areas of DNA capable of autonomous division; they possess infectivity and produce immunity to superinfection with a homologous plasmid element. 

The plasmids include the fertility factor of bacteria, which is not necessary for the bacterial cell. It occurs in the type F bacteria and is absent in the type F cells. This factor may be found in an autonomous state in which it multiplies independently of the bacterial nucleoid, and in the integrated state when this factor is localized on the bacterial nucleoid, and is reproduced together with it.

The factor of resistance to drugs (R factor) is very important in medical practice. It is marked by both species and interspecies transmissibility, i. e. resistance may be transmitted from the donor to the recipient within one species or from one species to another. Japanese authors designated the genetic determinant of drug resistance by the symbol R. The R factor includes the genes of resistance to definite antibacterial agents and a plasmid element RTF (resistance transfer factor) which controls the transmission of resistance. 

Temperate phages are typical models of plasmids. They are genetic elements, exogenic in relation to the bacterial cell which is able to exist without them. Upon penetrating the bacterial cytoplasm, temperate phages can reproduce vegetatively (autonomously) or may enter an integrated state — prophage. These two forms mutually exclude one another. The autonomous form of existence of the phage leads to bacterial lysis. Upon integration, the genetic material of the phage is localized in the bacterial nucleoid. Genetic recombination may occur between the prophage and areas of the bacterial nucleoid.

It is assumed that the R factor forms from the combination of RTF type plasmids with R determinants of cytoplasmic and nucleoid origin. This complex may be dissociated into separate structures (plasmids and the R factor). Multiple resistance to six to nine drugs may be transmitted simultaneously by conjugation and transduction.

The factors of bacteriocinogenesis are also cytoplasmic genetic determinants which are characterized by a narrow range of inhibitory activity in relation to different species of bacteria. The bacteriocinogens determine the synthesis of inhibitory substances (proteins): colicins in E. coli, vibriocines in Vibrio choterae, corynecins in  Corynebacterium diphtheriae, pesticins in the causative agent of plague, staphylocines in staphylococci, etc. They are transmitted by conjugation and transduction in joint cultivation of bacteriocinogenic and non-bacteriocinogenic strains. Bacteriocin synthesizing individuals endow with selective advantages the population of which they are representatives. 

Transposons

Transposons are segments of DNA that can move from one site in a DNA molecule to other target sites in the same or a different DNA molecule. The process is called transposition and occurs by a mechanism that is independent of generalized recombination. Transposons are important genetic elements because they cause mutations. Transposons have a major role in causing deletions, duplications, and inversions of DNA segments as well as fusions between replicons. Transposons are not self-replicating genetic elements, however, and they must integrate into other replicons to be maintained stably in bacterial genomes. 

Most transposons in bacteria can be separated into three major classes. Insertion sequences and related composite transposons comprise the first class. Insertion sequences are simplest in structure and encode only the functions needed for transposition. The known insertion sequences vary in length from approximately 780 to 1500 nucleotide pairs, have short (15-25 base pair) inverted repeats at their ends, and are not closely related to each other. The DNA between the inverted terminal repeats contains one (or rarely two) transposase genes and does not encode a resolvase. Complex transposons vary in length from about 2,000 to more than 40,000 nucleotide pairs and contain insertion sequences (or closely related sequences) at each end, usually as inverted repeats. The entire complex element can transpose as a unit. The DNA between the terminal insertion sequences of complex transposons encodes multiple functions that are not essential for transposition. In medically important bacteria, genes that determine production of adherence antigens, toxins, or other virulence factors, or specify resistance to one or more antibiotics, are often located in complex transposons. 

Transposons are important genetic elements because they cause mutations, mediate genomic rearrangements, function as portable regions of genetic homology, and acquire new genes and contribute to their dissemination within bacterial populations. 

Genetic Recombinations. This group of variation includes gene recombinations occurring as the result of transformation, transduction, and conjugation. Genetic recombinations of bacteria and viruses produce recombinants possessing the properties of both parents: the main set of the recipient's genes and a small part of the donor's genes. Recombination variation is determined by special genes (rec genes) which are subdivided into several groups according to their activity.

Transformation is the transfer of genetic characters from the donor to the recipient. It is accomplished by means of the recon, the smallest unit of DNA containing one or several pairs of nucleotides: in recombination this area may be replaced by another element but cannot be separated into parts (fig. 1).

In 1944 0. Avery, C. McLeod, and M. McCarthy subjected a type III S. pneumoniae culture, which had been previously heated to a temperature of 65 C for 30 minutes, to the action of sodium desoxycholate. The extract was precipitated by alcohol and then treated with chloroform. A substance was obtained with a high viscosity, a very slight amount of which brought about the transition of any type of S. pneumoniae culture to type III S. pneumoniae. This substance was found to be desoxyribonucleic acid

In later investigations it was established that DNA has a transforming action not only on type specificity, but on other characters (phage lysability, resistance to antibiotics, etc.).

DNA has been used as a transforming agent and for causing changes in other species of microbes (Bacillus subtilis, haemoglobinophihc bacteria of influenza, meningococcus, etc.). The transforming activity of DNA is very high. Its contact with the changing culture for 10-15 minutes is quite sufficient to provoke the beginning of variation which is completed in two hours-

Transduction. Changes known as transduction have been found to occur in bacteria (N. Cinder and J. Lederberg, 1952) during which the phage carries the hereditary material from the donor bacteria to the recipient bacteria. Thus, for example, with the help of the phage the transduction of flagella, enzymatic properties, resistance to antibiotics, virulence, and other characters can be reproduced by the phages. The donor bacteria. the phage transducer, and recipient bacteria  take part in the phenomenon of transduction (Fig. ).

The mechanism of transduction consists of the following stages. In the process of multiplication of certain temperate phages small fragments of genetic material (DNA) of bacteria enter a particle of a newly formed phage. Upon infection of a recipient bacteria with such a phage. fragments of the genetic substance of the donor bacteria may recombine with the genetic material of the recipient bacteria. Various hereditary characters are usually transduced independent of one another.

Three types of transduction are distinguished: general, specific and abortive.

During general transduction recombination of any character or several characters may occur. The frequency of transduction of the general type is within the limits of 10-4 –10-7 per phage particle. Transduction of a definite character may occur independently of other characters. if the latter are not associated with the transduced character. 

A specific type of transduction is carried out only by the phage which is obtained as a result of  induction of lysogenic strains of bacteria by ultraviolet irradiation. During specific transduction the closely bound group of characters which control the utilization of galactose (galactose locus) is transmitted while such characters as the utilization of carbohydrates, the ability to synthesize amino acids, and sensitivity to antibiotics, etc., are not transmitted. Specific transduction is observed when the phage originates from the galactose positive donor bacteria. In this case the λ-phage produced by the gatactose positive lysogenic cells transduces the galactose positive character, but not any other character.

Abortive transduction is characterized by the fact that the genome fragment that is carried by the phage is not included into the genome of the recipient but is located in the cytoplasm and during division is transferred only to one cell; the second daughter cell contains the genetic apparatus of the recipient. A marker which determines the motility of bacteria is transferred during abortive transduction. Abortive transduction is encountered ten times more frequently than transduction that is attended with integration of the donor's and recipient's genetic material.

Conjugation. The fusion of the genetic matter of two related species or types of bacteria is known as conjugation and resembles a reduced sexual process (Fig.3). It has been established that the transmission of genetic particles from the donor cell to the recipient cell occurs in a definite direction and with a known frequence.

At present conjugation is considered to be a one-sided transport of genetic material from one cell to another. A necessary condition for conjugation is the presence of a specific fertility factor, designated F in one of the conjugating cells.

One of the cells performs the function of a donor, the other – of a recipient. Thus, conjugation has the general characters of transformation and transduction, although it differs essentially from the latter phenomena. The fertility factor in the cytoplasm reduplicates independently of the genetic structure of the nucleoid.

Besides the F+ donor cells, donors designated Hfr (high frequency of recombination) have been revealed. They are distinguished by high frequency of recombination (10-1– 10-4) whereas the frequency of recombination between the F- and F+ strains ranges between 10-4 and 10-6.

The F+ factor is not bound with the nucleoid and is an extranucleoid structure, it is sensitive to acridine orange. In Hfr donors the F factor is linked with the nucleoid genes; it is not sensitive to acridine orange. The nucleoid has a circular (uninterrupted) structure in F+ donors and a linear structure in Hfr donors.

Bacteria possessing the properties of F+ and Hfr donors contain specific substances, receptors; they proved to be sensitive to RNA-phages. The F + factor is responsible for the control of the preparation of bacteria for conjugation and changes in the surface cell structures (the formation of special conjugation tubules through which the genetic material is transferred).

In conjugation not the whole nucleoid but only definite parts of it are transferred. This process develops in a definite sequence within 30 to 90 minutes.

Exchange of genetic information in bacteria. Transformation, transduction, and conjugation differ in means for introducing DNA from donor cell into recipient cell. A) In transformation, fragments of DNA released from donor bacteria are taken up by competent recipient bacteria. B) In transduction, abnormal bacteriophage particles containing DNA from donor bacteria inject their DNA into recipient bacteria. C) Conjugation occurs by formation of cytoplasmic connections between donor and recipient bacteria, with direct transfer of newly synthesized donor DNA into the recipient cells. In all three cases, recombination between donor and recipient DNA molecules is required for formation of stable recombinant genomes. Bacterial genome is represented diagrammatically as a circular element in bacterial cells. Donor and recipient DNA are indicated by fine lines and heavy lines, respectively. In each recombinant genome, the a+ allele from donor strain has replaced the a allele from recipient strain, and the b+ allele is derived from recipient strain. 

Practical Importance of Microorganism Variation. 

Special cultures of yeasts and other microbes have been produced by means of genetic methods used in the preparation of foodstuffs, in the production of anatoxins, vaccines, and antibiotics, and in industrial microbiology. Antibiotic producer strains have been obtained, for instance, from induced and subsequently selected mutants, the productivity of which is 200 — 1000 times that of the initial strains. The lysine producer yields 400 times more of this amino acid than is produced by the natural strain.

Ultraviolet and roentgen rays, fast neutrons, gamma rays, ethylene amine, diethyl sulphate, and other factors are used as mutagens. As the result of repeated effect of mutagens and step-by-step selection the most productive mutants of micro-organisms have been obtained for the use in the production of erythromycin, oleandomycin, tetracycline, etc. Highly immunogenic vaccinal strains may be produced by genetic recombinations of pathogenic and non-pathogenic species.

Gibberellins, biologically active substances stimulating the growth and development of plants useful for man, are very important in national economy. They are produced by Fusariun moniliforme which under the effect of mutagens yields much more gibberellin than the initial strain. With the development and improvement of gene engineering methods biology and medicine now hold significant promise for agriculture. By means of these methods it has been demonstrated that not only natural genes of living organisms but also artificially synthesized genes can be transmitted.

K.h. Koran and his colleagues synthesized the gene from transfer RNA of yeasts, which consisted of several dozens (199) of nucleotides. These experiments have shown that complex genes may be synthesized artificially. The genes of duck and mouse haemoglobin, the genes of immunoglobulin, egg albumin, insulin and variolovaccine virus were synthesized outside the organism by the method of reverse transcription. Being implanted in different cells, they determined the synthesis of corresponding proteins.

Many causative agents of infectious diseases develop resistance to various drugs. In the treatment of infectious diseases the sensitivity of pathogenic bacteria to the drugs applied is tested regularly. Variation of pathogenic bacteria under the effect of the immense number of antimicrobial agents which are widely used in the recent  decades has become a particularly urgent problem. Very many causative agents of infectious diseases are now marked by weak pathogenicity. They lose their property of causing the production of immunity, which leads to the development of latent forms of the disease characterized by a chronic course, recurrences, difficult laboratory and clinical diagnosis, irresponsiveness to specific therapy and prophylaxis. In the development of atypical forms of infectious diseases, an important role is played by L forms of bacteria which appear as the result of variation of the initial species of the causative agents. The elaboration of methods for detecting altered pathogenic bacteria, and the search for effective measures of treatment and prevention of diseases caused by them comprise the immediate task.

Recombinant DNA Technology 

• Recombinant DNA technology is the deliberate union of genes to make recombmant DNA macromolecules. Both donor and recipient DNA can be from any source. 

• Restriction endonucleases cut the DNA at a palindromic sequence of bases, producing DNA with staggered single-stranded ends that can be spliced with DNA from other sources if excised with the same endonuclease Ligases splice the pieces of DNA. If different endonucleases cut the DNAs, an artificial homology must be established at the terminal ends of the donor and recipient DNAs by adding a polyA tail to the plasmid and a polyT tail to the donor DNA

• Reverse transcriptase and an mRNA can produce a DNA macromolecule with a contiguous sequence of nucleotide bases containing complete functional genes to overcome the problem of discontinuity of eukaryotic split genes Therefore recombmant DNA can be made containing both eukaryotic and prokaryotic genes.

• Cloning is the asexual reproduction of genes contained in recombmant DNA. Plasmids are often used as carriers for such cloning. Bacteria containing recombmant plasmids produce multiple copies of identical cloned genes.

• Insertional inactivation can detect the presence of foreign DNA within a plasmid It is caused by the disruption of the nucleotide sequence of a gene by the insertion of foreign DNA.

• Protoplast fusion can transfer DNA from one cell to another.

Genetic Engineering 

• The genetics and biochemistry of infection with the nitrogen-fixing Rhizobium bacterium are being studied to try to use recombinant DNA techniques to genetically engineer plants that will fix their own nitrogen.

• Genetic engineering is the use of recombinant DNA technology for the creation of cells with entirely new properties (tabl. 1). In 1973, Cohen and Boyer proved that eukaryotic genes could be genetically engineered into a bacterial cell by inserting a toad gene into a bacterial plasmid.

• The tumor-inducing plasmid of Agrobacterium tumefaciens can be used as a vector for moving genetic information from one plant to another.

• Human insulin can be produced by using recombinant E coil.

• The first genetically engineered bacteria to be released into the environment was an ice-minus strain of Pseudomonas syringae designed to protect cropsfrom frost damage.

• A gene coding for the production of human growth hormone has been created and placed into E. coli. Injections of bacterially produced human growth hormone are successful in allowing children suffering from a form of dwarfism to grow.

• Human gene therapy is the use of recombinant DNA technology to move genes into human cells to cure disease. The human genome project is designed to determine the nucleotide sequences of all human genes in order to understand how human genotype relates to human phenotype.

• Scientists have developed methods for safely handling genetically engineered microorganisms. Government regulations have been established to oversee the development and applications of genetic engineering.

Table 1 

Some Human Proteins Produced by Recombinant  Microorganisms 
	Protein
	Product name
	Function and use

	Insulin
	Humulin, Novolin
	Hormone that regulates sugar levels in blood

	Human growth hormone
	Protropin,  Humatrope
	Hormone that stimulates growth of human body

	Bone growth factor
	–
	Stimulates growth of bone cell; used in treatment of osteoporosis

	Interferon Alpha
	Berofor, IntronA, Roferon-A, 
	Used in treatment of cancer and viral diseases

	Interferon Beta
	Frone, Betaseron, 
	Used in treatment of cancer and viral diseases

	Interferon Gamma
	Actimmune
	Used in treatment of cancer and viral diseases

	Interleukin-2
	Proleukin, human recombinant interieukin-2 
	Used m treatment of immunodeficiencies and cancer

	Tumor necrosis factor (TNF)
	–
	Used m treatment of cancer



	Tissue plasminogen activator( TPA)
	Actilyse

	Dissolves blood clots; used in treatment of heart disease

	Food clotting factor VIII
	Recombinate
	Stimulates blood clot formation; used m treatment of hemophiliacs

	Epidermal growth factor
	–
	Regulates calcium levels and stimulates growth of epidermal cells; 

	Granulocyte colony stimulating factor
	Filgrastin, Neupogen
	Regulates production of neutrophils in bone marrow

	Erythropoietin (EPO)
	Procrit
Epogen
	Stimulates red blood cell production; used in treatment of anemia 


II. Students Practical activities

1. To microscopy stained smears preparing from pleomorphic bacterial culture of E.coli which have been treated with lithium and calcium salts.

2. To study R- and S-colony of the bacterial culture have been grown on the demonstrative agar plate.

3. To estimate results of the transformation between strain of  the S.albus and DNA of the S. citreus.

4. To estimate the results of the specific transduction of the lactose-negative E.coli infected by λ-phage which have been cultured with lactose-positive E.coli.

Lesson 12
Theme: influence of environmental factors on microorganisms. 
Methods of sterilization and disinfection.  
Asepsis. Antisepsis.
I. STUDENTS’ INDEPENDENT STUDY  PROGRAMM

1. Effect of physical factors on microorganisms: temperature, drying up, radiant energy, high-pressure, ultrasonic sound, mechanical concussion. Concept of a temperature optimum, maximum and minimum for bacteria.

2.  Effect of chemical factors on microorganisms.

3. Sterilization, pasteurization, disinfection, asepsis, antiseptic. 

4.  Methods of sterilization. Sterilization of steam under pressure, moist heat, dry heat, ionizing and UV radiation. Sterilization with filtration (“cool sterilization”). The burning through torch flame, boiling.

Influence of Environmental Factors on Microbes Effect of Physical Factors

The effect of temperature. Microbes can withstand low temperatures fairly well. Bacillus spores withstand a temperature of –253°C for 3 days. Many microorganisms remain viable at low temperatures, and viruses are especially resistant to low temperatures. Low temperatures halt putrefying and fermentative processes. According to this principle ice, cellars, and refrigerators are used for the storage of food products in sanitary-hygienic practice.

Only certain species of pathogenic bacteria are very sensitive to low temperatures (e. g. meningococcus, gonococcus, etc.). During short periods of cooling these species perish quite rapidly. 

At low temperatures the processes of metabolism are inhibited, the bacteria die off as a result of ageing and starvation, and the cells are destroyed under the effect of the formation of ice crystals during freezing. Alternate high and low temperatures are lethal to microbes. It has been established, for instance, that sudden freezing as well as sudden heating causes a decrease in the life activities of pathogenic microbes.

Most asporogenic bacteria perish at a temperature of 58-60 0C within 30-60 minutes. Bacillus spores are more resistant than vegetative cells. They withstand boiling from a few minutes to 3 hours, but perish under the effect of dry heat at 160-170°C in 1.0-1.5 hours. Heating at 126°C at 2 aim steam pressure kills them within 20-30 minutes. 

The inhibition of the activity of enzymes, protein denaturation, and an interruption of the osmotic barrier are the principles of the bacterial action of high temperatures. High temperatures cause a rather rapid destruction of viruses, but some of them (viruses of infectious hepatitis. poliomyelitis, etc.) are resistant to environmental factors. 

The Effect of Temperature on Growth. A particular microorganism will exhibit a range of temperature over which it can grow, defined by three cardinal points in the same manner as pH. Considering the total span of temperature where liquid water exists, the procaryotes may be subdivided into several subclasses on the basis of one or another of their cardinal points for growth. For example, organisms with an optimum temperature near 37 degrees (the body temperature of warm-blooded animals) are called mesophiles (Table 1, 2, 3). 

Table 1. Terms used to describe microorganisms in relation to temperature requirements for growth 

	PRIVATE
Group
	Minimum
	Optimum
	Maximum
	Comments

	Psychrophile
	Below 0
	10-15
	Below 20
	Grow best at relatively low T

	Psychrotroph
	0
	15-30
	Above 25
	Able to grow at low T but prefer moderate T

	Mesophile
	10-15
	30-40
	Below 45
	Most bacteria esp. those living in association with warm-blooded animals

	Thermophile
	45
	50-85
	Above 100 (boiling)
	Among all thermophiles is wide variation in optimum and maximum T


Organisms with an optimum T between about 45 degrees and 70 degrees are thermophiles. The cold-loving organisms are psychrophiles defined by their ability to grow at 0 degrees. 

The effect of desiccation. Microorganisms have a different resistance to desiccation to which gonococci, meningococci, treponemas, leptospiras, haemoglobinophilic bacteria, and phages are sensitive. On exposure to desiccation the cholera vibrio persists for 2 days, dysentery bacteria — for 7, diphtheria — for 30, enteric fever — for 70, staphylococci and tubercle bacilli — for 90 days. The dry sputum of tuberculosis patients remains infectious for 10 months, the spores of anthrax bacillus remain viable for 10 years, and those of moulds for 20 years.

Desiccation is accompanied with dehydration of the cytoplasm and denaturation of bacterial proteins. Sublimation is one of the methods used for the preservation of food. It comprises dehydration at low temperature and high vacuum, which is attended with evaporation of water and rapid cooling and freezing. The food may be stored for more than two years. Desiccation in a vacuum at a low temperature does not kill bacteria, rickettsiae or viruses. This method of preserving cultures is employed in the manufacture of stable long-storage, live vaccines against tuberculosis, plague, tularaemia, brucellosis, smallpox, influenza, and other diseases.

The effect of light and radiation. Some bacteria withstand the effect of light fairly well, while others are injured. Direct sunlight has the greatest bactericidal action.

Investigations have established that different kinds of light have a bactericidal or sterilizing effect. These include ultraviolet rays (electromagnetic waves with a wave length of 200-300 nm), X-rays (electromagnetic rays with a wave length of 0.005-2.0 nm), gamma-rays (short wave X-rays), beta- particles or cathode rays (high speed electrons), alpha-particles (high speed helium nuclei) and neutrons.

Viruses are very quickly inactivated under the effect of ultraviolet rays with a wave length of 260-300 nm. These waves are absorbed by the nucleic acid of viruses and bacteria. In result of action UVR    DNA are damaged. 

Viruses in comparison to bacteria are less resistant to X-rays, and gamma-rays. Beta-rays are more markedly viricidal. Alpha-, beta-, and gamma-rays in small doses enhance multiplication but in large doses they are lethal to microbes. 

Ionizing radiation can be used for practical purposes in sterilizing food products, and this method of cold sterilization has a number of advantages. The quality of the product is not changed as during heat sterilization which causes denaturation of its component parts (proteins, polysaccharides, vitamins). Radiation sterilization can be applied in the practice of treating biological preparations (vaccines, sera, phages, etc.).

The effect of high pressure and mechanical injury on microbes. Bacteria withstand easily atmospheric pressure. They do not noticeably alter at pressure from 100 to 900 atm at marine and oceanic depths of 1000-10000 m. Yeasts retain their viability at a pressure of 500 atm. Some bacteria, yeasts, and moulds withstand a pressure of 3000 atm and phytopathogenic viruses withstand 5000 aim.

Ultrasonic oscillation (waves with a frequency of about 20000 hertz per second) has bactericidal properties. At present this is used for the sterilization of food products, for the preparation of vaccines, and the disinfection of various objects.

The mechanism of the bactericidal action of ultrasonic oscillation:  in the cytoplasm of bacteria a cavity is formed which is filled with smear. A pressure of 10000 atmospheres occurs in the bubble, which leads to disintegration of the cytoplasmic structures. It is possible that highly reactive hydroxyl radicals originate in the cavities formed in the sonified water medium.

Effect of Chemical Factors (more details see in lecture )

According to their effect on bacteria, bactericidal chemical substances can be subdivided into surface-active substances, dyes, phenols and their derivatives, salts of heavy metals, oxidizing agents, and the formaldehyde group.

Surface-active substances change the energy ratio. Bacterial cells lose their negative charge and acquire a positive charge which impairs the normal function of the cytoplasmic membrane.

Phenol, cresol, and related derivatives first of all injure the cell wall and then the cell proteins. Some substances of this group inhibit the function of the coenzyme. Dyes are able to inhibit the growth of bacteria. Dyes with bacteriostatic properties include brilliant green, rivanol, tripaflavine, acriflavine, etc.

Salts of heavy metals (lead, copper, fine, silver, mercury) cause coagulation of the cell proteins. When the salts of the heavy metal interact with the protein a metallic albuminate and a free acid are produced.

A whole series of metals (silver, gold, copper, zinc, tin. lead, etc.) have an oligodynamic action (bactericidal capacity). Thus, silverware, silver-plated objects, silver-plated sand in contact with water render the metal bactericidal to many species of bacteria. The mechanism of the oligodynamic action is that the positively charged metallic ions are adsorbed on the negatively charged bacterial surface, and alter the permeability of the cytoplasmic membrane. It is possible that during this process the nutrition and reproduction of bacteria are disturbed. Viruses also are quite sensitive to the salts of heavy metals under the influence of which they become irreversibly inactivated.

Oxidizing agents act on the sulphohydryl groups of active proteins. More powerful oxidizing agents are harmful also to other groups (phenol, thioelhyl, indole. amine). Potassium permanganate, hydrogen peroxide, and other substances also have oxidizing properties.

Chlorine impairs enzymes of bacteria and it is widely used in decontaminating water (chloride of lime and chloramine used as disinfectants). 

In medicine iodine is used successfully as an antimicrobial substance in the form of iodine tincture. Iodine not only oxidizes the active groups of the proteins of bacterial cytoplasm, but brings about their denaturizing. 

Many species of viruses are resistant to the action of ether, chloroform, ethyl and methyl alcohol, and volatile oils. Almost all viruses survive for long periods in the presence of whole or 50 per cent glycerin solution, in Ringer's and Tyrode's solutions. Viruses are destroyed by sodium hydroxide, potassium hydroxide, chloramine, chloride of lime, chlorine, and other oxidizing agents.

Formaldehyde is used as a 40 per cent solution known as formalin. Its antimicrobial action can be explained by protein denaturizing. Formaldehyde kills both the vegetative forms as well as the spores

Fabrics possessing an antimicrobial effect have been produced, in which the molecules of the antibacterial substance are bound to the molecules of the material. The fabrics retain the bactericidal properties for a long period of time even after being washed repeatedly. They may be used for making clothes for sick persons, medical personnel, pharmaceutists, for the personnel of establishments of the food industry and for making filters for sterilizing water and air.

DRY HEAT
Incineration.    This is an excellent procedure for disposing of materials such as soiled dressings, used paper mouth wipes, sputum cups, and garbage. One   must   remember  that   if   such   articles   are   infectious,   they   should   be thoroughly wrapped in newspaper with additional paper or sawdust to absorb the excess moisture.  

Ovens. Ovens are often used for sterilizing dry materials such as glassware, syringes and needles (Fig 12—2), powders, and gauze dressings. Petrolatum and other oily substances must also be sterilized with dry heat in an oven because moist heat (steam) will not penetrate materials insoluble in water

In order to insure sterility the materials in the oven must reach to temperature of 165 to 1700C (329 to 338 t), and this temperature must be maintained for 120 or 90 minutes, respectively. This destroys all microorganisms, including spores

MOIST HEAT
Boiling Water. Boiling water can never be trusted for absolute sterilization procedures because its maximum temperature is 100oC. As indicated previously, spores can resist this temperature.  Boiling water can generally be used for contaminated dishes, bedding, and bedpans: for these articles neither sterility nor the destruction of spores is necessary) except under very unusual circumstances. All that is desired is disinfection or sanitization. Exposure to boiling water kills all pathogenic microorganisms in 10 minutes less, but not bacterial spores or hepatitis viruses. 

Live Steam. Live steam (free flowing) is used in the laboratory in the preparation of culture media or in the home for processing canned foods. It must be remembered that steam does not exceed the temperature of 100 C unless it is under pressure.

To use free flowing steam effectively for sterilization, the fractional method must be used fractional sterilization, or tyndalization, is a process of exposure of substances (usually liquids) to live steam for 30 minutes on each of three days, with incubation within this period. During the incubations, spores germinate into vegetative forms that are killed during the heating periods. This is a time-consuming process and is not used in modern laboratories. 

The use of membrane (Millipore) filters or similar rapid methods makes the preparation of heat-sensitive sterile solutions much easier.

Compressed Steam. In older to sterilize with steam certainly and quickly, steam under pressure in the autoclave is used. An autoclave is essentially a metal chamber with a door that can be closed very tightly. The inner chamber allows all air to be replaced by steam until the contents reach a temperature far above that of boiling water or live steam. Steam under pressure hydrates rapidly and therefore coagulates very efficiently. 

Since the effectiveness of an autoclave is dependent upon the penetration of steam into all articles and substances, the preparation of packs of dressings is very important, and the correct placement of articles in the autoclave is essential to adequate sterilization 

Pasteurization is widely employed to render milk harmless by heating it at 63°C for 30 minutes or at 71.6-80°C for 15-30 seconds and then cooling it. Pasteurization is also used to prevent the development of harmful microbes which turn wine, beer, and fruit juices sour; it does not destroy vitamins and does not deprive the beverages of their flavour.

STERILIZATION WITHOUT HEAT
Ultraviolet Light. This is satisfactory for the sterilization of smooth sin faces and of air in operating looms, unfortunately, UV radiation has virtually no power of penetration. Mercury-vapor lamps emitting 90 per cent UV radiation at 254 nm are used to decrease airborne infection. Ultraviolet lamps are also used to suppress surface-growing molds and other organisms in meat packing houses, bakeries, storage warehouses, and laboratories. Sunlight is a good, inexpensive source of ultraviolet rays, which can induce genetic mutations in microorganisms

X-Rays. X-rays penetrate well but require very high energy and are costly and inefficient for sterilizing. Their use is therefore mostly for medical and experimental work and the production of mutants of microorganisms for genetic studies

Neutrons. Neutrons are very effective in killing microorganisms but are expensive and hard to control, and they involve dangerous radioactivity

Gamma Rays. These rays are high-energy radiations now mostly emitted from radioactive isotopes such as cobalt-60 or cesium-137, which are readily available by-products of atomic fission Gamma rays resemble x-rays in many respects. Foods exposed to effective radiation sterilization, however, undergo changes in color, chemical composition, taste, and sometimes even odor These problems are only gradually being overcome by temperature control and oxygen removal

Sterilization with Chemicals
Ethylene Oxide.  This is a gas with the formula CH2CH2O.   It is applied in special autoclaves under carefully controlled conditions of temperature and humidity.  Since pure ethylene oxide is explosive and irritating, it is generally mixed with carbon dioxide or another diluent in various proportions. Ethylene oxide is generally measured in terms of milligrams of the pure gas per liter of space. For sterilization, concentrations of 450 to 1,000 mg of gas/liter are necessary. Concentrations of 500 mg of gas/liter are generally effective in about four hours at approximately 1% F (58 C) and a relative humidity of about 40 per cent. The use of ethylene oxide, although as simple as autoclaving, generally requires special instructions (provided by the manufacturers) for each particular situation.   At present ethylene oxide is used largely by commercial companies that dispense sterile packages of a variety of products

Beta-propiolactone (BPL). At about 200 C this substance is a colorless liquid.  

Aqueous solutions effectively inactivate some viruses, including those of poliomyelitis and rabies, and also kill bacteria and bacterial spores. The vapors, in concentrations of about 1,5 mg of lactone per liter of air with a high relative humidity (75 to 80 per cent), at about 25 0C, kill spores in a few minutes. A decrease in temperature, humidity, or concentration of the lactone vapors increases the time required to kill spores

Aqueous solutions of BPL can be used to sterilize biological materials such as virus vaccines, tissues for grafting, and plasma

Sterilization by Filtration
Many fluids may be sterilized without the use of heat, chemicals, or radiations. This is accomplished mechanically by passing the fluids to be sterilized through very fine filters.  Only fluids of low viscosity that do not contain numerous fine particles in suspension (e.g., silt, erythrocytes), which would clog the filter pores, can be satisfactorily sterilized in this way The method is applicable to fluids that are destroyed by heat and cannot be sterilized in any other way, such as fluids and medications for hypodermic or intravenous use, as well as culture media, especially tissue culture media and their liquid components, e g , serum

Several types of filters are in common use. The Seitz filter, consisting of a mounted asbestos pad, is one of the older filters used. Others consist of diatomaceous earth (the Berkefeld filter), unglazed porcelain (the Chamber-land-Pasteur filters), or sintered glass of several varieties. The Sterifil aseptic filtration system  consists of a tubelike arrangement that sucks up fluid around all sides of the tube into a Teflon hose-connected receiving flask. The advantage of this is that the filter is very inexpensive and can be thrown away when it clogs up

A widely used and practical filter is the membrane, molecular, or millipore filter. It is available in a great variety of pore sizes, ranging from 0,45 µm for virus studies to 0,01 µm. These filters consist of paper-thin, porous membranes of material resembling cellulose acetate (plastic) 

Antiseptics is of great significance in medical practice. The science of antiseptics played a large role in the development of surgery. The practical application of microbiology in surgery brought a decrease in the number of postoperative complications, including gangrene, and considerably diminished the death rate in surgical wards. J. Lister highly assessed the importance of antiseptics and the merits of L. Pasteur in this field.

This trend received further development after E. Bergman and others who introduced aseptics into surgical practice representing a whole system of measures directed at preventing the access of microbes into wounds. Asepsis is attained by disinfection of the air and equipment of the operating room, by sterilization of surgical instruments and material, and by disinfecting the hands of the surgeon and the skin on the operative field. Film and plastic isolators are used in the clinic for protection against the penetration of microorganisms. Soft surgical fiim isolators attached to the operative field fully prevent bacteria from entering the surgical wound from the environment, particularly from the upper respiratory passages of the personnel of the operating room. A widespread use of asepsis has permitted the maintenance of the health and lives of many millions of people.

ІI. Students’ Practical activities:

1. Test the antistaphylococcal activity of some disinfectants using contaminated test-objects.

a. Contaminate sterile test-object (the pieces of suture or dressing material) with suspension of S.aureus. Test object is placed into container with suspension of microorganisms for 5 minutes. Performing this procedure use only sterile forceps.

b. Take contaminated object with sterile forceps and place it into solution of certain disinfectant (0.02 % solution of decamethoxine, 3% hydrogenium peroxide, 5% carbolic acid, 0.5% chlorine, 700 C ethyl alcohol, and isotonic solution for control) for 2 minutes.
c. For control of effectiveness decontamination, test-object is placed into liquid medium (MPB).
d. Test tubes with seeded test objects are incubated at 370 C for 24 hours.

e. After incubation you account results and fill a table. Make a conclusion.
	Disinfectant solution
	Results

 (“+” – growth is present; “-“ = growth is absent)

	0.02 % solution of decamethoxine
	

	3% hydrogenium peroxide
	

	5% carbolic acid
	

	0.5% chloramine
	

	700 C ethyl alcohol
	

	Control (0.9% NaCl)
	


Conclusion:

2. Familiarize with antiseptics based on decamethoxine. Write these preparations in the protocol.

3. Fill in the table:

	Materials which are sterilized


	Methods of sterilization

	
	Through torch flame
	Boiling
	Dry heat
	Fluid steam
	Steam with pressure
	Tindalization
	Filtrating

	
	1
	2
	3
	4
	5
	6
	7

	1. Medical dressing gowns
	
	
	
	
	
	
	

	2. Surgical toolkit
	
	
	
	
	
	
	

	3.Instruments, which have rubber parts
	
	
	
	
	
	
	

	4. Pathogenic cultures
	
	
	
	
	
	
	

	5. Petri dishes
	
	
	
	
	
	
	

	6. Media with complete proteins
	
	
	
	
	
	
	

	7.  Physiological solution
	
	
	
	
	
	
	

	8. Carbohydrate Giss’ media
	
	
	
	
	
	
	

	9. Bacteriological loops
	
	
	
	
	
	
	


Lesson 13
Theme: Chemotherapy. Chemotherapeutic  preparations. 
Antibiotics. Classification.  
Methods of determination of antibiotic sensitivity of bacteria. 
The main principles of rational antimicrobial therapy of diseases
I. STUDENTS’ INDEPENDENT STUDY  PROGRAMME

1. Concept of chemotherapeutic drugs:

a – main groups of chemotherapeutic drugs;

b – chemotherapeutic index, its value;

c – mechanisms of action of the main chemotherapeutic preparations;

2. Antibiotics and mechanisms of their action:

a – what does term "antibiotics" mean;

b – classification of antibiotics according their origin, action spectrum, mechanism of action, chemical structure;

c – units of determination of antibiotics activity;

d – antimicrobial susceptibility testing (serial dilutions, standard disks, accelerated methods, automated liquid diffusion method);

3. Main principles of a rational chemotherapy;

4. Side effects of antibiotics, complications of chemotherapy.

5. Resistance of microbes to antibiotics:

a – mechanisms, which cause drug resistance;

b – factor of a multiple resistance to drugs (R –, r–factors), transmission of them in bacteria;

c – methods of warning of derivation of resistant causative agents.

Various chemical substances have a lethal action on pathogenic microorganisms. They are widely used in medical practice for treating patients with infectious diseases and in some cases for prophylaxis.

The basis of modem chemotherapy was founded by P. Ehrlich and D. Romanowsky, who formulated the main scientific principles and the essence of chemotherapy. P. Ehrlich devised the principles of synthesis of medicinal substances by chemical variations: methylene blue, derivatives of arsenic–salvarsan ('"606"), neosalvarsan ("914"). By the further development of chemistry new medicinal preparations could be obtained.

Extensive experimental and clinical tests of chemopreparations were carried out by E  Metchnikoff.

Chemopreparations should have a specific action, a maximal therapeutic effectiveness, and a minimal toxicity for the body.

As a characteristic of the quality of a medicinal preparation, P. Ehrlich introduced the chemotherapeutic index which is the ratio of the maximal tolerated dose to the minimal curative dose:

maximal tolerated dose (DT—Dosis tolerata)

                ----------------------------------------------------------------         > 3

minimal curative dose (DC—Dosis curativa)

The chemotherapeutic index should not be less than 3.

 Chemotherapeutic preparations include a number of compounds used in medicine

Arsenic preparations (novarsenol, myarsenol, aminarsone, osarsol, etc.) are administered in syphilis, relapsing fever, trypanosomiasis, amoebiasis, balantidiasis, anthrax, sodoku, and other diseases.

Bismuth preparations (basic bismuth nitrate, xeroform, basic bismuth salicylate, bioquinol, bismoverol, bithiurol, pentabismol, etc.) are used against enterocolitis and syphilis

Antimony compounds (tartaric antimony potassium salt, stibenil, stibozan, surmine, solusurmine, etc.) are used for treating patients with leishmaniasis and venereal lymphogranulomatosis.

Mercury preparations (mercury salicylate, mercuric iodide, mercury cyanide, calomel, unguentum hydrargyri cinereum containing metallic mercury, etc.) are prescribed for treating patients with syphilis and are used as antiseptics in pyogenic diseases.

Acridine preparations (rivanol, tripaflavine, acriflavine, acricide, flavicide, etc.) are recommended for pyogenic diseases and inflammatory processes of the pharynx and nasopharynx

Antimalarial substances include more than 30 preparations, e g , chinine hydrochloride, quinine sulphate, mepacrine (acrichine), rodochin (plasmocide), proguanyl (bigumal), pyrimethamine (chloridine), resochine, quinocide sulphones and sulphonamides, sulphadiamine, etc.

Alkaloid preparations (emetine, etc.) are used for treating patients with amoebiasis.

Sulphonamide preparations. The introduction into practice of compounds of the sulphonamide group (streptocid, ethasole, norsulphazol, sulphazine, methylsulphazine, sulphadimezin, urosulphan, phthalazole, sulgine, sulphacyi, soluble sulphacyl, disulphormin, etc.) marked a revolution in the chemotherapy of bacterial infections.

Sulphonamide preparations are used for treating pyogenic diseases, tonsillitis, scarlet fever, erysipelas, pneumonia, dysentery, anaerobic infections, gonorrhoea, cystitis, venereal  lymphogranulomatosis, psittacosis, ornithosis, trachoma, blennorrhoea in the newborn, etc.

There are several points of view concerning the mechanism of action of sulphonamides on microbes.

Analogs of iso-nicotinic acid:  PAS, tibone, phthivazide, isoniazid, saluzid, metazid, larusan, etoxid, sulphonin, uglon, crisanol, etc., are used for treating tuberculosis patients. Of these phthivazide which is a derivative of isonicotinic acid hydrazide has a good therapeutic action.

Preparations of the nitrofurane series (furazolidone, furadantine, furaguanidine) are used for treating intestinal infections.

The group of effective antibacterial agents includes quinoxidine, dioxidine, the derivatives of nitrofurane– furagin, soluble furagin, solafur, etc.

Antibiotics (Fr. anti against, bios life) are chemical substances excreted by some micro-organisms which inhibit the growth and development of other microbes (in recent years several antibiotics have been obtained semisynthetically).

Antibiotics are obtained by special methods employed m the medical industry.  For the production of antibiotics strains of fungi, actmomycetes, and bacteria are used, which are seeded in a nutrient substrate.  After a definite growth period the antibiotic is extracted, purified and concentrated, checked for inoculousness and potency of action. 

According to the character of action, antibiotics are subdivided into bacteriostatic (tetracyclines, chloramphenicol, and others) and bactericidal (penicillines, ristomycin, and others). Each antibiotic is characterized by a specific antimicrobial spectrum of action (narrow or broad spectrum). 

The mechanism of action of antibiotics varies. 

1) inhibition the synthesis of the bacterial cell (penicillins, cephalosporins, β-lactams)

2) inhibition protein synthesis ( tetracyclines, lincomycin, erythromycin, kanamycin, neomycin, spectinomycin, sparsomycin, fucidine, streptomycin, chloramphenicol)
3) impairment the intactness of the cytoplasmic membrane (antifungal antibiotics poliens)

4) suppressing  the synthesis and function of nucleic acids (quinolons, rifampins, antitumor antibiotics)

The activity of antibiotics is expressed in international units (IU). Thus, for example, 1 IU of penicillin (Oxford unit) is the smallest amount of preparation inhibiting the growth of a standard Staphylococcus aureus strain. 

One unit of activity (AU) corresponds to the activity of 0.6 micrograms (µg) of. the chemically pure crystalline sodium salt of benzylpenicillin. Consequently, in 1 mg of sodium salt of benzylpenicillin there may  be 1667 AU, and in 1 mg of potassium salt — 1600 AU. For practical purposes both preparations are manufactured with an activity not less than 1550 AU.

The concentration of dry preparations as well as of solutions is expressed as the number of micrograms of active substance in 1 g of preparation or in 1 mg of solution.

Antibiotics are classified according to the chemical structure, the molecular mechanism, and the spectrum of activity exerted on the cells.

According to origin, antibiotics are subdivided into the following groups.

1) Antibiotics produced by fungi. 

2) Antibiotics produced by actinomycetes. 

3) Antibiotics produced by bacteria 

Resistance of microbes to antibiotics. With the extensive use of antibiotics in medical practice, many species of pathogenic micro-organisms became resistant to them.

Resistance may develop to one or simultaneously to more antibiotics (multiple resistance).

The molecular mechanism of the production of resistance to antibiotics is determined by genes localized in the bacterial nucleoids or in the plasmids, the cytoplasmic transmissible genetic structures.

Resistance to antibiotics occurs as the result of mutations or genetic recombination (transfer  r-genes and R-plasmid due conjugation, transduction and transformation).

Mechanisms of resistance are:

1) Change of  permeability of the cytoplasmic membrane and cell wall for antibiotics

2) Synthesis proteins  which transport chemicals out of the cell

3) Forming  of enzymes inactivating antibiotics

4) Appearance new metabolite ways for obtaining important for life compounds 

Side effects of antibiotics. 
1) Toxic actions (a neurotoxic action, affect the liver, a toxic effect on the haematopoietic organs, etc)

2) Allergic reactions (a rash, contact dermatitis, angioneurotic oedema, anaphylactic reactions or allergic asthma, anaphylactic shock)

3) Antimicrobial agents cause the formation of numerous variants of microbes with weak pathogenicity (atypical strains, filterable forms, L-forms) which lead to the formation of latent forms of infections 

4) Antibacterial agents may induce disorders of the genetic apparatus of the macro-organism's cells and cause chromosomal aberrations; some of them possess a teratogenic effect leading to the development of foetal monstrosities if they are taken in the first days of pregnancy.

5) Development of dysbiosis
ІI. Students’ Practical activities:
1. Examine the sensitivity of S.aureus and tE.coli to decamethoxine by serial dilutions method in a liquid media.
Method of serial dilutions in a liquid medium (description of method). 

· Meal peptone broth is poured by 2-ml portions into test tubes mounted in a tube rack by ten in each row.

·  Decamethoxine solution containing 1000 µg per ml is prepared. 

· 2 ml of this solution is added into the first test tube. Transfer with a new sterile measuring pipette 2 ml of the mixture from this tube into the next one, and so on until the ninth tube is reached, from which 2 ml is poured off. 

· The tenth tube do not contain preparation. It serves as a control of cul​ture growth.

· Wash the 24-hour agar culture of the studied microorganism with isotonic sodium chloride solution.

· Determine the density of the sus​pension by the turbidity standard, and dilute to a concentration of 10000 microorganisms per ml.

·  A sample of  0,2 ml of the obtained suspension is inoculated into all tubes of the row beginning from the control one. 

·  The results of the experiment are read following incubation of the tube at 37 °C for 18-20 hrs. 

· The minimal concentration of the preparation suppressing the growth of the given microorganism is deter​mined by the last test tube with a transparent broth in the presence of an intensive growth in the control one.

Another approach to antimicrobial susceptibility testing is the determination of the minimum inhibitory concentration (MIC) that will prevent microbial growth (fig. 3). The MIC is the lowest concentration of antimicrobial agent that prevents the growth of a microorganism in vitro. 
MIC is not designed to determine whether the antibiotic is microbicidal. It is possible to determine the minimal bactericidal concentration (MBC). The MBC is also known as the minimal lethal concentration (MLC) (fig. 3). The minimal bactericidal concentration is the lowest concentration of an antibiotic that will kill a defined proportion of viable organisms in a bacterial suspension during a specified period of exposure..

To determine the minimal bactericidal concentration, it is necessary to plate the tube suspensions showing no growth in tube dilution (MIC) tests onto an agar growth medium. This is done to determine whether the bacteria are indeed killed or whether they survive exposure to the antibiotic at the concentration being tested.

Registry the MIC and fill in table:

	N test tube
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Concentration of decam-ne (µg/ml)
	500
	250
	125
	62.5
	31.3
	15.6
	7.8
	3.9
	1.95
	Culture control

	E. coli
	
	
	
	
	
	
	
	
	
	

	S.aureus
	
	
	
	
	
	
	
	
	
	


MIC of decamethoxine for E. coli is

MIC of decamethoxine for S.aureus is

Registry the MBC and fill in table (plate test):

	N sector
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Concentration of decam-ne (µg/ml)
	500
	250
	125
	62.5
	31.3
	15.6
	7.8
	3.9
	1.95
	Culture control

	E. coli
	
	
	
	
	
	
	
	
	
	

	S.aureus
	
	
	
	
	
	
	
	
	
	


MBC of decamethoxine for E. coli is

MBC of decamethoxine for S.aureus is

2. To determine sensitivity of microorganisms to antibiotics by standard disks method (by Kirby-Bauer’s).

Disk method. 
· On the surface of solidified and slightly dried sterile agar, pour 1 ml of suspension of 24-hour culture of the causative agent. 

· Spread uniformly over the agar surface the bacterial suspension, removing its remainder with a Pasteur pipette. 

· Disks with antibio​tics (5-6 disks per plate) are placed onto the surface of the inoculated plate at a distance of 25 mm from its centre. 

· The plates are incubated at 37 °C for 16-18 hrs, after which the results of the test are read by measuring the zones of growth retardation of microorganisms around the disks, including the diameter of the disk itself (fig.4). The size of the zones depends on the degree of sensitivity of the causative agent to a given anti​biotic. 
The diameter of retardation growth zone:

 D < 10 mm for resistant bacteria ( R )

 D < 15 mm for intermediate sensitive bacteria (I)

 D < 20 mm for moderately susceptible strain (MS)

  D > 20 mm for susceptible strain (S)

Write the results of antibiotic susceptible test by disk diffusion and made the conclusion about sensitivity certain strain.

Lesson 14
Theme: the doctrine about infection. 
Pathogenicity and virulence of bacteria. 
Development of the infectious process.  The forms of  infection. 
The basic mechanisms of the transmition of causative agents of infectious diseases. 
Autopsy of laboratory animals
1. STUDENTS’ INDEPENDENT STUDIES

1. What do "infection", "infectious process", “infectious disease” signify?

2. The factors, which are necessary for development of infectious process:

a – the role of microorganisms in development of an illness; 

b – the portals of entry and their role in development of infectious diseases.

3. Pathogenicity and virulence of bacteria:

a – what do the terms “pathogenicity” and “virulence” signify?

b – the units of virulence of bacteria and the methods of their determination; 

4. The factors of virulence of bacteria:

a – toxigenicity: exotoxins, endotoxin – chemical structure, classification, mechanisms of action, examples;

b – pathogenicity enzymes: collagenase, coagulase, streptokinase (fibrinolysin), urease, decarboxylase, lecithinase, DNA-ase and others; 

c – adhesion of bacteria; 

d – bacterial colonization; 

e – invasiveness of bacteria, the role of hyaluronidase, neuraminidase, fibrinolysin; 

f – the significance of bacterial capsule; 

g – bacterial aggressions.

        5. The  dynamics of development of infectious diseases: 

  a – the characteristic of the main period of infectious diseases.    

b – the carriage  of pathogenic microbes.

6. The basic forms of manifestation of infections: 

а – exogenous and endogenous;

b – acute, chronic, abortive, latent, mixed, secondary;

c – reinfection, superinfection, relapse (recidivation), persistence of microorganisms.

        7. The spreading of  bacteria, viruses, toxins in an organism: bacteriemia, septicemia,  septicopyemia, virusemia, toxaemia.

        8. The main mechanisms of transmission of causative agents of infectious diseases: 

а – waterborne and foodborne;

b – airborne; 

c – sexual;

d – direct contact; 

e –parenteral;

f –transmissible (arthropodborne).

9. Experimental infection. The methods of inoculation of animals, their autopsy and  bacteriological investigation.

1, 2

Infection
It is an active penetration of  pathogenic microorganism into the host organism. In result of penetration infectious process is developed.

Infection arises at the next conditions:

· Potential pathogenic microorganism must be present. It is named as “pathogen”

· Susceptible to pathogen organism (is named “host”)  must be present.

· The sites for pathogen’s attachment must be present on or in the place of penetration (on or in the host tissues)

Infectious process

· Infectious process is a complex of physiological, adaptive and pathological changes that arise in the host organism due to infection

· The outcome of most host-parasite relationships is depend on five main factors:

· The number of microorganisms penetrating in or on the host (infective dose)

· The virulence of the microorganism

· The degree of host defenses

· The nutrition, physiology, genetic, gender of the host (direct factors)

· Personal hygiene, socioeconomic status, environment conditions (indirect factors)

Infectious disease

· Infective dose is the minimum number of pathogen or minimum dose of toxin required to produce the infectious disease

· Infectious disease is any change from a state of health in which part or all of the host body is not able of carrying  on its normal functions due to presence of a parasite or its products

· The course of an infectious disease has a characteristic pattern and may be divided into several phase

The main properties of pathogen 

Pathogen is also known as causative agent. For cause infection it must have next properties:

· Pathogenicity is an ability of microorganism to cause  disease.

· The intensity (or degree) of pathogenicity is a virulence.Virulence is often measured experimentally. To characterize the degree of pathogenicity microbiologist use special units

Measurement of virulence

LD50   (Lat. Lethalis dosis) is the dose of toxin or number of organisms required to kill 50% of experimental animals within a certain period.

DCL (Lat. dosis certa lethalis) is the dose of toxin or number of organisms required to kill 100% of experimental animals within a certain period.

DLM (Lat. Dosis lethalis minima) is the minimal dose of toxin or minimal number of organisms required to kill 90-95% of experimental animals within a certain period.

Pathogenicity factors: adherence factors

Pathogen adhere with a high degree of specifity to particular  tissues.

Adherence factors are also named adhesins

Adhesins of the microorganisms:

· Fimbriae and adhesive pili

· Capsule

· Peptidoglycane

· Teichoic and lipoteichoic acids

· Fatty acids

· A-protein (S.aureus) and M-protein (S.pyogenes) 

· Ligands

After adhesion a pathogen must multiply in the place of attachment. This process is called colonization.

Colonization depends on the ability of the pathogen to compete successfully with the host’s normal microflora, and with the local defense mechanisms
Invasion factors

Invasiveness is able due lytic substances that alter the host tissues. Mostly these substances are enzymes:

· Hyaluronidase

· Lecithinase

· Deoxyribonuclease and ribonuclease

· Fibrinolysine

· Plasmocoagulase

· Collagenase

· Hemolysins

· Elastase

· IgA protease

· Leukocidins

· Protein A

Toxins
Toxin is a specific substance, often a metabolic product of microorganism, that damages the host.

Bacterial toxins may be divided into two groups due their properties and action on the host:

· Endotoxin

It is a component of cell envelope of Gram(-) bacteria. Therefore, endotoxin is released outside at bacterial lysis

· Exotoxin

It is soluble protein that usually is released into the surroundings as the pathogen grows. Both Gram(+) and Gram(-) bacteria are able to synthesize exotoxins

Characteristics of bacterial endotoxins

Endotoxins are:

· lypopolisaccharides (LPS) on their chemical structure;

· heat-stable;

· toxic only at high doses (mg per kg amount);

· not inactivated by formaldehide;

· weakly immunogenic;

· able to produce general systematic effect in the host organism:

· Fever (pyrogenic action)

· Shock

· Blood coagulation

· Weakness

· Inflammation

· Intestinal hemorrhage
Exotoxins usually are:

· Synthesized by specific pathogens

· Heat-labile proteins inactivated at 60 to 800C

· Toxic in very small doses (µg per kg amount)

· Associated with specific diseases and possess specific mechanism of action

· Highly immunogenic and stimulate the production of neutralizing antibodies (antitoxins)

· Easily inactivated by formaldehide to form immunogenic toxoides

Structure and classification  of the exotoxins

Each exotoxin is composed of:

· An enzymatic subunit (fragment A) that is responsible for the specific toxic effect

· A binding subunit (fragment B) that is responsible for binding to target cells and has entry ability

Exotoxins are divided into three groups:

· Group A (exotoxins are free excreted)

· Group B (exotoxins are bound with the cell and are partly excreted)

· Group C (there are exotoxins within cell and therefore they are released at cytolysis)

Classification of exotoxins

Exotoxins may be divided into some groups on the basis of mechanism of action:

· Cytotoxins (enterotoxins and dermatonecrotoxins)

· Enterotoxins act directly on the intestinal mucosa and elicit profuse fluid secretion (ex.: choleragen, Shiga toxin, enterotoxins of S.aureus and C.perfringens)

· Cytotoxins act by inhibition protein synthesis in the host cells

· Neurotoxins 

· They inhibit of nerve synapse function (ex.: botulotoxin, tetanospasmin)

· Membranotoxins 

· They damage to plasma membrane of host cells (ex.: haemolysines and leucocidines)

· Miscellaneous group including exfoliatin (S.aureus) and erytrogenin (S.pyogenes)
Phases of infectious disease

· Incubation period

· It is a period after pathogen entry and before signs and symptoms appear. Its length varies according to disease

· Prodromal period

· In this period there is an onset of signs and symptoms but they are not clear enough to make a diagnosis (weakness, nausea, intoxication, headache, fever)

· The period of illness

· In this period the disease is most severe and has characteristic signs and symptoms

· Recovery period

It is a period of decline. In this stage of disease the signs and symptoms begin to disappear
Classification of the infections

· According to clinical effects of the infectious diseases:

· Manifested infection

· It is an infection with typical clinical signs and symptoms

· Atypical infection

· Unapparent infection (sub clinical infection)

· It is infection without clinical effects

· According to place of infection's source exist:

· Endogenous infection (autoinfection)

· If pathogen is set up from host's own body, infection will be named “autoinfection”

· Exogenous infection

· In this case pathogen is set up from external sources

· According to duration of infection:

· Acute infection (till 3 months)

· Chronic infection (after 6 months)

· Persistent infection (years)

· According to localization of infection:

1. Localized infection (superficial or deep-seated)

2. Generalized infection 

· Primary infection is an initial infection with a parasite in a host

· Secondary infection is an infection caused new pathogen at preexisting another (primary) infection. It is often named “opportunity infection”

· Mixed infection is an one caused some pathogens in the same time

· Reinfection is a subsequent infection by the same parasite after recovering

· Super infection is a subsequent infection by the same parasite before recovering

The spreading of  bacteria, viruses, toxins in an organism

· Bacteremia is a circulation of bacteria in the blood

· Septicemia is a condition where bacteria circulated and multiply in the blood

· Pyemia is a condition where bacteria produce septicemia with multiply abscesses in the internal organs

· Toxemia is a condition caused by toxins that have entered into the blood

Mechanisms and types of infection transmission

· The main types of infection transmission are by:

· Inhalation (airborne transmission) 

· Factors of transmission are droplet, droplet nuclei and dust

· Ingestion (waterborne, food borne, and hand borne transmission)

· Factors of transmission are water, food, eating utensils, drinking cup, hands. 

· The inanimate objects involved in pathogen transmission are named vehicle or formites

· Contact (contact transmission)

· Direct contact with source of infection (man, animal, infectious material, water, soil, air)

· Indirect contact with formites

· Inoculation

· Inoculation of pathogen directly through damaged skin or mucous membrane. 

· Factors of transmission are surgical instruments, injection drugs, blood and serum preparations, soil and dust (at wound infections)

· Biting of blood sucking insects (vector borne transmission)

· Vectors are the animate transmitting agents of infection

Factors of transmission may be mosquitoes, ticks, fleas, mite (biting arthropods)

· Person-to-person through the placenta (congenital transmission)
II. Students’  Practical Activities:

1. Autopsy of the infected laboratory animal.

 2. Bacterioscopic and and bacteriological examination of internal organs and blood of the animals.

Autopsy of animals. Autopsy of dead and sometimes sick animals is carried out to remove the damaged organs, detect the causal organism responsible for the animal's death, isolate pure culture of the causative agent, and to determine its localization. Sick animals are sacrificed by means of ether narcosis or air embolism. A series of requirements should be adhered to with regard to autopsy. Autopsy is performed as soon as possible after the animal's death since the intestinal microflora rapidly finds its way into the tissues, blood, and organs. At room temperature this occurs in 10-18 hrs, in the refrigerator, in 20-22 hrs, so the corpse should preferably be kept in the cold.

Animals are autopsied with all precautions, using only sterile instruments which are changed after opening each successive cavity or organ. Prior to autopsy, the hair of the animal is soaked with disinfectant solution to prevent inoculation of the operator(s) and contamination of the surrounding objects. Carcasses of animals which have died of plague are immersed in kerosine to inactivate ectoparasitesthat are the carriers of plague. The carcasses are autopsied on a well planed painted board placed in a metallic trough with disinfectant solution.

The results of necropsy should be clearly and in a great detail reflected in a protocol with specification of the date
of inoculation and the nature of the material introduced.

The cadaver of the animal is placed dorsally with its paws extended sidewise and its skin is examined, recording the
presence of ulcers (in tuberculosis), falling off of hair and change in the colour of the skin (in anaerobic infection), etc. Then, the corpse is fixed to the board with preparation needles.

 Before autopsy, the instruments are transferred from the sterilizer to a jar with alcohol and then flamed immediately before use. 

Opening of the skin begins with a longitudinal incision from the mandible to the pubis. The skin is separated, incisions are made in the direction of the extremities, and the skin flaps are reflected, exposing the entire anterior surface of the animal's body. The condition of the subcutaneous fat and lymph nodes is evaluated. If they show any alterations, one should make both inoculations into the nutrient media and impression preparations (touching the glass slide to the place of the incision. The used instruments are sinked in a disinfectant solution. In opening the chest, the entire area free of the kin is soaked with alcohol and set a light. 

Grasping the xiphoid process, make a transversal incision over it and two longitudinal incisions cutting the ribs in places where they join the cartilages. The resultant triangular flap (the base at the diaphragm, apex at the clavicle) is reflected upward and the state of the thoracic organs is examined: the presence of an exudate is noted, the blood cultivated, and impression preparations done. Blood from the heart is withdrawn with a Pasteur pipette. To do it, the epicardium is dissected, and the surface of the heart muscle is burnt by touching it with a red-hot scalpel or forceps; then the capillary of the pipette is inserted into the ventricular or atrial area. The blood, wlich has entered the capillary, is streaked onto the nutrient media, the remainder being utilized to prepare smears.

The abdomen is opened carefully in order to avoid cutting the intestinal loop. For this purpose, the abdominal wall is lifted with forceps and a pair of scissors is used to make longitudinal cuts from the diaphragm to the pubis and two transversal incisions toward the extremities. Reflecting the muscular flaps, the operator examines the abdominal organs, paying particular attention to the size, colour and consistency of the spleen, liver, and adrenals.

After that, tissue specimens of the spleen, liver, mesenteric lymph nodes, and exudate are cultivated. The surface of the organ is burnt with a red-hot scalpel, and a cut is made at this place. A scraping is made at the site of the incision with the loop and streaked onto the nutrient media. To make a smear, cut off a small piece of tissue, take it with a forceps, and touch it to the surface of the glass slide (impression preparation) or spread in a thin layer.

After the autopsy, the corpse is incinerated or sterilized, or boiled for 1-2 hrs in a phenol solution. All instruments, cuvette, and the board for fixation are treated with disinfectant solutions or sterilized.

Carcasses of animals that have died of particularly dangerous infections are autopsied in special rooms, exercising special measures of caution.

Isolation of pure culture of aerobic and anaerobic microorganisms and their identification are carried out by the conventional techniques. 
Lesson 15
Theme: types and forms of immunity.  
Nonspecific host defensese. 
The immune response.
I. INDEPENDENT STUDY  PROGRAM

1. Specific defense of an organism – immune response:

a – what is immunity;

b – main function of immunity;

c – types of immunity;

d – form of immunity.

2. Nonspecific host defenses factors:

a – physical barriers (skin, mucous membrane, normal microbiota, lymph nodes)

b – cell protection (phagocytosis);

c – chemical and humoral defenses (acidity, lysozyme, properdin, beta – lysine, transferrin, lactoferrin, leukins, plakins, interferon, C–reactive protein,  vitamins A, C, Е;

d – complement; alternative and classical pathways of complement activation;

The term immunity (L. immunis freed from) usually means resistance of the body to pathogenic microbes, their toxins or to other kinds of foreign substances.

Insusceptibility to infectious diseases depends on many factors grouped under the names of resistance and immunity. Resistance is the insusceptibility of the body to the effect of pathogenic factors. Resistance is associated with the anatomical-physiological characteristics of the body, development of the central nervous system, and endocrine glands. It depends on the phylogenetic development of the animal, the individual and functional state of the body, and in man it depends also on social factors. Mental traumas predispose to somatic and infectious diseases; chronic hunger and vitamin deficiencies lead to a decline in resistance; intoxication by alcohol, opium, cocaine and other narcotics has a negative effect on human resistance. 

Types and Forms of Immunity

Modem classification divides immunity into two types according to origin: (1) species inherited (innate) and (2) acquired.

Species immunity is insusceptibility of certain species of animals to diseases which attack other species. It is transmitted by heredity from one generation to the next. An example of species immunity is insusceptibility of man to cattle plague, chicken cholera and infectious horse anaemia. On the other hand, animals are not infected by many human infections such as enteric fever, scarlet fever, syphilis, measles, etc. 

The underlying factors of the mechanisms of species immunity (hereditary resistance) to infectious diseases are the absence in the organism's cells of receptors and substrates necessary for the adsorption (attachment) and reproduction of the causative agent, the presence of substances which block the reproduction of pathogenic agents, and the ability of the macro-organism to synthesize various inhibitors in response to the penetration of the pathogenic microbes.

Acquired immunity is subdivided into natural and artificial. Natural immunity is divided into (1) active, that is acquired following an obvious infection or latent disease without clinical manifestations, (2) passive immunity of the newborn (maternal, placental), i e. immunity acquired from the mother in the period of intrauterine development. The duration of this type of immunity is short. After about six months this immune state disappears and children become susceptible to many infections (measles, diphtheria, scarlet fever, etc.). Artificial immunity is reproduced by active or passive immunization.

Immunity is manifested on the cell, molecular, and organism levels. The  immune  system is a sum total of lymphoid organs consisting of central (the thymus, bone marrow) and peripheral (lymph nodes, spleen, lymphocytes of peripheral blood) organs.

The systems of T-lymphocytes determined cell immunity in tuberculosis, leprosy, brucellosis, tularaemia and other diseases. The Fabricius' pouch in birds (its analogue in mammals are the Peyer's patches) is the central organ of humoral immunity. The system of B-lymphocytes is responsible for humoral immunity against most bacterial infections and intoxications. 

Non-specific Resistance

This form of defence which includes defensive properties is associated with phagocytosis, barrier function of the skin, mucous membranes, lymph nodes and other tissues and organs.

Phagocytosis. The most ancient form of immunity is phagocytosis. The phenomenon of phagocytosis is of great importance in defence reactions of heritable and acquired immunity. 

For more than a quarter of a century, I. Metchnikoff accumulated facts confirming the defence role of phagocytosis during infection of vertebrate animals with pathogenic microbes. I. Metchnikoff subdivided those cells able to carry out phagocytosis into microphages and macrophages.

Microphages include granular leucocytes, neutrophils, eosinophils and basophils, of which only neutrophils have quite a marked ability for phagocytosis. Eosinophils and basophils are characterized by a weak phagocytic activity, although this problem has not yet been studied sufficiently.

Macrophages may be motile (monocytes of the blood, cells of the lymph nodes and spleen, polyblasts, histiocytes, etc.) or non-motile (reticular cells of the spleen, cells of the lymphatic tissue, endothelium of the blood vessels, etc.).

The process of phagocytosis consists of four phases. The first phase involves the approach of the phagocyte to the microbe by means of a positive chemotaxis. Under the influence of the productsof the life activities of microbes excitation of the phagocytes occurs, which leads to a change in the surface tension of the cytoplasm, and gives the phagocytes amoeboid motility.

In the second phase adsorption of the micro-organism on the surface of the phagocyte takes place. The third phase is characterized by submergence of the microbe into the cytoplasm of the phagocyte.

The phagocyted bacteria perish under the bactericidal effect of the heightened hydrogen ion concentration due to an increase of lactic acid in the cytoplasm of the phagocytes.

In the fourth phase intracellular digestion of the engulfed microbes by the phagocytes takes place. 

Factors which speed up phagocytosis include calcium and magnesium salts, the presence of electrolytes and antibodies (opsonins and bacteriotropins), histamine, pyrogenic substances capable of raising the temperature of the tissues and the entire organism. Phagocytosis proceeds more vigorously in the immune than in the non-immune organism.

Toxins of bacteria, leucocidin, capsular material of bacteria inhibit phagocytosis.

Besides complete phagocytosis incomplete phagocytosis is observed in certain diseases (gonorrhoea, leishmaniasis, tuberculosis, leprosy) in which microorganisms are absorbed by phagocytes, but do not perish, are not digested, and in some cases can reproduce. 

Viruses are also digested in the macrophages of immune animals under the effect of the acid content of the vacuoles and the enzymes of the phagocytes though, unlike bacteria, viruses are intracellular parasites and are capable, to a great degree, of resisting phagocytosis.

The skin, mucous membranes and lymph nodes. In a normal, uninjured state, the skin not only is a true mechanical protective barrier, but a bactericidal factor. It has been established that the clean skin of a healthy person has a lethal action on a number of microbes (haemolytic streptococcus, salmonellae of enteric fever and paratyphoid fever, colibacillus, etc.)..

The mucous membranes of the eyes, nose, mouth, stomach and other organs have defence adaptations. Like the skin barrier, the mucous membranes perform antimicrobial function as a result of their impermeability to different microbes and the bactericidal action of their secretions. In the tears, sputum, saliva, blood, milk, tissue fluids lysozyme is found. Microbes which have penetrated into the mucous membranes are continuously destroyed by the lysozyme. Bactericidal properties are not limited to the action of lysozyme. 

There are other antibiotics produced by the organs and tissues, which are capable of inhibiting microbes. A special substance inhibin has been found in the saliva, and the antibiotic erythrin — in the erythrocytes. Hyaluronic acid has certain significance of the  physiological immunity. It inhibits the penetration of microbes into tissues and organs. Besides the defence adaptations of the skin and mucous membranes, a large role is played in natural immunity by the lymph nodes in which the pathogenic microbes penetrating through the injured skin and mucous membranes are localized and rendered harmless. 

A substance which has bactericidal properties with regard to a number of micro-organisms (causative agents of anthrax, tetanus, botulism, gas gangrene, and diphtheria, and staphylococci, pneumococci, bovine brucellae, etc ) is beta-lysin which is a substance of a complex nature, a thermostable fraction of normal serum, decomposing at temperatures of 63-70°C or under the action of ultraviolet rays. From human serum a fraction was isolated which is characterized by a bactericidal action in relation to diphtheria bacilli, and is not identical to beta-lysin.

Leukines are  thermostable, bactericidal substances excreted by leucocytes. They disintegrate at a temperature of 75-80 (C. Leukines render harmless Gram-positive as well as Gram-negative bacteria.

C-reactive protein (the name is associated with C-polysaccharide of the type II St pneumoniae) having immunological properties was discovered m 1930 in the serum of patients with pneumococcal diseases. C-reactive protein is considered to be conjugated with reactive, defensive, non-specific natural processes It has also been found in the serum of patients with typhus fever, tuberculosis and other infections The component parts of urine, prostatic fluid, extracts from the liver, brain, spleen and other tissues and organs are characterized by bactericidal properties.

 Interferons are glycoproteins that block virus replication and exert many immunomodulating functions. Alpha interferon (from leukocytes) and beta interferon (from fibroblasts) are induced by viruses (or double-stranded RNA) and have antiviral activity. Gamma interferon is a lymphokine produced primarily by the Th-1 subset of helper T cells. It is one of the most potent activators of the phagocytic activity of macrophages, NK cells, and neutrophils, thereby enhancing their ability to kill microorganisms and tumor cells. 

Properdin is a serum protein, an euglobulm, which plays an important part in immunity. The synthesis of complement, properdin, lysozyme, interferon, and other natural inhibitors is determined genetically, inherited, and belongs to the factors of species immunity.

Complement is a multicomponent system composed of many different proteins which belongs to non-specific defence.

There are two pathways for the activation of the complement. The classic pathway of complement activation is set in motion by antigen-antibody complexes, whereas the alternate pathway, which is phylogenetically much older, is entirely independent of antigen-antibody reactions. Instead, certain components are activated by the presence of a series of foreign substances, not the least of which are infecting bacteria and viruses. The two pathways, however, have much in common, particularly the fact that their final membrane-attack components are identical.

Biologic Function of the Complement System. Before the details of the classic pathway of complement activation are outlined, the biologic function of this system should be considered. This function can best be appreciated by noticing that after antibody has reacted with its antigen, it can do little more. In other words, antibody might precipitate an antigen or, if the antigen is cellular, might cause agglutination but, with the exception of the neutralization of toxins or of virus infectivity, antibody alone is an ineffective means of protection against infection. Thus, for practical purposes, the major function of an antibody is to recognize a foreign antigen and bind to it. By doing so, it provides a site for phagocyte interaction and for the initiation of the reactions of the complement system. It is the activation of this system that (1) leads to the lysis of foreign cells, (2) further enhances phagocytosis of invading microorganisms, and (3) causes local inflammation, stimulating the chemotactic activity of the host's leukocytes.

In addition, after activation of the system, interaction of one or more complement components with specific receptors on cell surfaces can result in (1) enhancement of antibody-dependent cellular cytotoxicity (ADCC); (2) increased oxidative metabolism; (3) secretion of vasoactive amines and leukotrienes;  (4) secretion of monokines; (5) stimulation of prostaglandin and thromboxane pathways; (6) modulation of lymphocyte activation and antibody responses; and (7) mobilization of leukocytes from the bone marrow. The following sections are concerned with a step-by-step dissection of the component parts and reactions of this system and the role that it plays in the destruction of foreign cells.

Classic Pathway of Complement Activation. The operation of the complement system consists of a number of reactions, each of which activates the next reaction in the series. A primary event must occur, however, to initiate the reactions that eventually involve the many components of the complement system. 

In the case of the classic pathway, the initiating event occurs when the first component of complement reacts with antigen-antibody complexes in which the antibody is either IgM or IgG. 

IgA, IgD, and IgE are not effective in activating complement.

Once initiated, the activation of the complement system may have various effects, depending on the type of foreign cell involved in the antigen-antibody reaction. In the case of a gram-negative bacterium, the integrity of the cell membrane is destroyed, permitting the lysozyme-mediated lysis and death of the cell. Gram-positive organisms are not lysed, but the activation of complement by a gram-positive cell and antibody results in the release of fragments of complement components that aid in phagocytosis by binding to the antigen, providing a receptor for the host leukocyte. In addition, many eukaryotic cells, such as virus-infected cells, are lysed by complement. The complex reactions that produce all these effects can be divided into three series of reactions involving the complement system: (1) the activation of the recognition unit, (2) the assembly of the activation unit, and (3) the assembly of the attack unit. Figure 1 summarizes the reactions of complement leading to the formation of the attack complex, and Figure 2 shows a schematic model of this series of reactions.
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Alternate Pathway of Complement Activation. The alternate pathway of complement activation (the properdin pathway) does not require the presence of antibodies for initiation and, as a result, provides a mechanism of nonspecific resistance to infection. Moreover, this pathway does not use C1, C4, or C2, which are the early reactants in the classic pathway of complement activation. Remember, however, that the overall result of this pathway is the same as that of the classic pathway: C3 is split into C3a and C3b, and C5 is cleaved to form C5a and C5b, thus permitting the spontaneous formation of the C5b-9 membrane-attack complex. The enzymes catalyzing these conversions are different from the C3 and C5 convertases described for the classic pathway of complement activation.

The alternate pathway of complement activation. Soluble C3 spontaneously interacts with factor B in solution. This complex is converted to a C3 convertase enzyme by factor D. The membrane-bound C3 convertase can be converted into C5 convertase by interaction with other C3b. The C5 convertase cleaves C5, and the resulting C5b initiates formation of the attack complex in the same way as described for the classic pathway in Figure 1.
NATURAL KILLER CELLS

Natural killer (NK) cells play an important role in the innate host defenses (Table 2). They specialize in killing virus-infected cells and tumor cells by secreting cytotoxins (perforins) similar to those of cytotoxic T cell. They are called "natural killer" cells because they are active without prior exposure to the virus, are not enhanced by exposure, and are not specific for any virus. They can kill without antibody, but antibody enhances their effectiveness, a process called antibody-dependent cellular cytotoxicity (ADCC). IL-12 and gamma interferon are potent activators of NK cells. From 5 to 10% of peripheral lymphocytes are NK cells.

Many virus-infected cells and tu​mor cells display a significantly reduced amount of class I MHC proteins, and it is those cells that are recognized and killed by the NK cells.


SUMMARY

Specific Host Defences Against Microbial Infections:

• The body resistance to infection is determined by the state of its defensive surveillance and protective response systems.

• The defence systems consist of the innate immune system, which provides non-specific immunity, and the adaptive immune system, which is an acquired response to specific disease–causing substances.

Physical Barriers:

• Physical barriers prevent most microorganisms from entering the body.

• Keratin prevents microorganisms from colonizing or penetrating the skin.

• The mucous membrane secretes mucus, which traps microorganisms.

• The mucociliary escalator system protects the respiratory tract from potential pathogens.

Microbial Barriers—Normal Microbiota:
• Normal microbiota consists of microorganisms that are usually associated with particular body tissues.

• The normal microbiota prevents other microorganisms from colonizing the areas where they grow by producing antimicrobial substances, reducing oxygen concentrations, and competing for available nutrients.

• Normal microbiota synthesizes essential nutrients. 

Humoral  Defences:
• The pH level of many body systems and organs limits the species of microorganisms that can survive and reproduce in the body.

• Enzymes produced in the body kill invading pathogens. Lysozyme is present in tears, sweat, saliva, and mucus.

• Some chemicals produced by the body bind to iron, withholding this essential growth element from foreign microorganisms. Lactoferrin and transferrin are iron binding compounds.

• Some blood cells produce interferon, which makes host cells unsuitable for viral replication.

• The complement system is a non-specific defense mechanism of the body. Complement is a group of proteins in blood plasma. Complement fragments cause the lysis of foreign microorganisms.

Phagocytosis:

• Various leukocytes (white blood cells) protect the body against infection because they are phagocytic.

• Granulocytes are leukocytes that contain cytoplasmic granules. Eosinophils, basophils, and neutrophils are types of granulocytes.

• Agranulocytic leukocytes are monocytes and lymphocytes.

• Leukocytes (white blood cells) that engulf and digest microorganisms are called phagocytes. An engulfed micro-organism is transported into the phagocyte, where it is contained in a phagosome. The phagosome fuses with a lysosome, which contains degradative enzymes. Within the phagolysosome, microorganisms are killed by several mechanisms, including exposure to toxic forms of oxygen.

• Neutrophils and macrophages are the major types of phagocytic cells.

• Complement molecules bind to the surfaces of foreign microorganisms. This is known as immune adherence. Complement attracts phagocytes.

• Monocytes enlarge and form macrophages outside the blood. Macrophages engulf and digest microorganisms. The mononuclear phagocyte system is a network of macrophages that is distributed throughout the body's connective tissue and capillary and sinus linings.

• Macrophages secrete cytokines, which have anti–viral properties.

ІI. Students Practical activities:
1. Determination of lysozyme activity in blood serum (Table 1).

Isotonic sodium chloride solution is poured by 0,5-ml portions into 5 test tubes mounted in a tube rack. Add 0,5 ml of patient’s serum diluted 1:5 in the first tube. Transfer with a sterile measuring pipette 0,5 ml of the serum from this tube into the next one, and so on until the forth tube is reached, from which 0,5 ml is poured off. 

Table 1

Schematic representation of lysozyme titration
	Ingredients, ml
	Tubes

	
	1
	2
	3
	4
	5

	Isotonic sodium chloride solution 
	0,5
	0,5
	0,5
	0,5
	0,5

	Patient’s serum diluted 1:5 
	0,5
	(
	(
	(
	–

	Dilution
	1:10
	1:20
	1:40
	1:80
	–

	M. luteus 1mlrd cell/ml
	0,5
	0,5
	0,5
	0,5
	0,5

	Incubation 15 min, temperature 45 (C

	Results
	
	
	
	
	


A sample of  0,5 ml of the Micrococcus luteus (1 mlrd cells/ml) is inoculated into all tubes of the row beginning from the control one. The results of the experiment are read following incubation of the tubes at 45 °C for 15 min. The titer of lysozyme is  deter​mined by the last test tube with a transparent solution in the presence of a turbid suspension in the control one.
2.  The determination of titer of a complement in blood serum (Table 2). 
Before the test, the investigated serum (1:10) is dispensed into a series of test tubes in quantities vary​ing from 0.1 to 0.9 ml, and then isotonic sodium chloride solution is added to each tube, bringing the volume of the fluid to 1 ml.

The test tubes are incubated at 37 °C for 45 min, then the haemolyt​ic system (equal volumes of haemolytic serum and 3  % suspension of sheep erythrocytes) is added to them and they are reincubated for 30 min, after which the complement titre is measured. Cool the tubes for an hour, centrifuge for sedimentation of erythrocytes and estimate results according to haemolysis.   The titre of complement in the blood serum is defined as its maximum dilution causing complete haemolysis.
Table 2

Schematic representation of complement titration

	Ingredi-

ent ,ml
	Number of the test tube

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	
	
	
	
	
	
	
	
	
	
	
	control

	Complement in 1:10 dilution
	0,1
	0,2
	0,3
	0,4
	0,5
	0,6
	0,7
	0,8
	0,9
	1,0
	0,50
	-

	Isotonic sodium chloride solution 
	0,9
	0,8
	0,7
	0,6
	0,5
	0,4
	0,3
	0,2
	0,1
	-
	1,5
	1,5

	Incubation at 37 (C for 45 min

	Haemolytic sys​tem
	1,0
	1,0
	1,0
	1,0
	1,0
	1,0
	1,0
	1,0
	1,0
	1,0
	0,5
	1,0

	Incubation at 37 (C for 30 min

	Results
	
	
	
	
	
	
	
	
	
	
	
	


3. The determination of phagocyte activity of leucocytes

0.2 ml of macrophages suspension (5х107 cells/ml) is poured in the test tube. 0.2 ml of  staphylococci suspension (3х108 cells/ml) is added to cell suspension. Mixture is placed  in a thermostat at 37 (C for 30 min. The smear is prepared from the cell suspension after sedimentation. Fixed  in the Nikiforov’s mixture smear is stained by Romanowsky-Giemsa’s technique. During microscopy both macrophages with phagocyte activity (among 100 macrophages) and amount of phagocytized bacteria in 100 macrophages are accounted. Calculate a phagocytosic index as percentage of macrophages with phagocytic activity  and phagocytosic number as an average number of phagocytized bacteria  within one phagocyte.

Lesson 16
Theme: the usage of immunological reactions in diagnostics of infectious diseases. 
Reactions based on agglutination phenomenon
Reactions based on precipitation phenomenon.
I. INDEPENDENT STUDY  PROGRAM

1. Definition “Antigen”. 

2.Antigen structure.

3. Properties of an antigen
3. Antigen structure of bacterial cell

4. Definition “Antibody”

5. Immunoglobulin structure

6. Immunoglobulin classes. Ig G, A, M, E, D.

7.  The types of antibody response

8. Agglutination test:

9. Indirect haemagglutination (IHA) test:

a – components and mechanism;
10. Components of a precipitation test, mechanism of the reaction.

11. Types of a precipitation test:

12. Test of precipitation in a gel.

13. Practical usage of precipitation test.

14. Immunoelectroforesis.

10. Serological identification of the causative agents of infectious diseases. What does it mean?

Antigen

· is a substance which stimulates the production of an antibody with which it reacts specifically.

· Antigen are non-self foreign substances to which lymphocytes respond  
Each antigen consists of:

· Epitop (as a rule, each Ag have several epitopes)

· Epitopes are portions of the antigen molecules which stimulate production of and combine with the specific antibodies (they are also called as “antigenic determinants”

2.   Non-specific remaining portion (sometimes it is called carrier). It is antigenically inert.

· The number of antigenic determinant sites on the surface of an antigen is its valence.

· If one epitope is present, the antigen is monovalent. But most antigens have several epitopes; they are termed multivalent. Multivalent antigens elicit a stronger immune response than do monovalent antigens.
Properties of antigen

· Foreigness. Only antigens which are foreign to the individual induce immune response.

· Antigenicity. It is a ability of substance to generate of immune response (immunogenicity) and to react with antibody or sensitized cells (immunological reactivity)

· Size of antigen molecule. Usually antigens have a molecular weight of 10.000 or more.

Substances of less than 10.000 Dalton molecular weight are either non antigenic or weakly antigenic.

· Chemical nature. Due to their chemical structure:

· Complete antigens may be proteins, polysaccharides, lipoproteins, nucleoproteins 

· Complex haptens may be presented by nucleic acids, lipids, nucleic acids, antibiotics, dyes, hormones
· Antigen specificity. It can be of following types:

1. Species specificity. Tissues of all individual in species contain species specific antigen

2. Isospesificity. Isoantigens are antigens found out in some but not all members of a species (human erythrocyte antigens – blood groups) Histocompatibility antigens are those cellular determinants specific to each individual of a species
3. Autospecificity. A number of tissue antigens may act as autoantigens. All autoantigens may be divided into:

a. Normal autoantigens. They are founded out in sequestrated organs or tissue of human body such as lens, endocrine glands, nervous tissue (brain, spinal cord), sexual glands
b. Pathological autoantigens. Sometimes proper proteins can be modified by injury infection,  physical damage and other factors. These modified protein can be recognized by immune cells

4. Heterogenic specificity. This is found in a number of unrelated animals and microorganisms (Forssman antigen)
ANTIGEN STRUCTURE OF THE BACTERIA

· O-Ag is somatic, heat-stable antigen. It is a lipopolysaccharide of cell envelope of 

   Gram(-) bacteria

· K-Ag is capsular antigen. K-Ag of some enterobacteria consists of heat-labile (L,B) and heat-stabile (A,M) parts or fractions

· H-Ag is flagellar antigen. It is heat-labile , because H-Ag is flagellin, protein due to its chemical structure 
· Vi-Ag is surficial, heat-labile Ag; it consist of aminoglucoronic acid residues

· Protective antigens are heat-labile, proteins, as a rule, due to their chemical structure

· Exotoxins have properties or antigen

· Enzymes are heat-labile Ag (proteins) 

Antibody

· Antibodies or immunoglobulins (Ig) are a group of glycoproteins present in the blood serum and tissue serum 

· Each molecule of immunoglobulin (Ig) consists of two pairs of polypeptide chains of different size held together by disulphide bonds (S-S)

· The smaller chains are called light (L) chain and larger ones heavy (H chains)
· L chain has molecular weight 25000 and H chain 50000. The L chain is attached to the H chain by disulfide bond. The two H chains are joined together by S-S bonds. The H chains are structurally and antigenetically distinct for each class and designated by Greek letter as follows:

1. Ig G           γ (gamma)
2. Ig A           α  (alpha)

3. Ig M           μ  (mu)

4. Ig D           δ   (delta)

5. Ig E            ε   (epsilon)

· The L chains are similar in all classes of immunoglobulins. They are named either φ (kappa) or λ (lambda) due to their chemical structure.

· L chains consist of about 220 amino acids residues. H chains consist of about 440 amino acids residues. Each 110 amino acids residues are folded into loop (globular structure). These globular structures are named domains 
· Some domains have constant chemical structure (so called constant domains). Some domains have variable chemical structures (so called variable domains)

· Each L chain consist of one variable (VL) and one constant (VC) domains

· Each H chain consists of one variable (VH) and 3 or 4 constant domains 

  (CH1-4)

· Porter, Edelman and Nisonoff slit Ig molecule by papain digestion in presence of cystein into two identical Fab (Fragment antigen binding) fragments and one Fc (Fragment crystallisable) fragment.

· Molecule of Ig are split in the hinge region by papain 
Properties of the Fab fragment and Fc-fragment 
· Fab-fragment. Each fragment consists L chain (CL and VL) and 2 domains of H chain (VH and CH1).

· The function of this fragment is antigen binding bind with specific region of immunoglobulin molecule which is called “paratope”. These region is located between VL and VH domains. Paratop bind to epitop of antigen
· Fc - fragment

· It is composed of some constant domains both H-chains. It determines biological properties of immunoglobulins molecules like complement fixation, skin fixation, attachment to thagocytic cells and other function

· It is crystallizable and contain carbon hydrate
Immunoglobulin classes

· Ig G. 

1. It is the major serum immunoglobulin

2. It has half-life of 23 days

3. The normal serum concentration of Ig G is 8-16 mg/ml.

4. It has typical structure of molecule as monomer 
Its functions are:

1. It passes through placenta and provide natural passive immunity to newborn

2. It can precipitate dissolve antigen, agglutinate foreign cells, neutralizate of toxin and viruses

3. It can activate complement by classical pathway being in complex with Ag

4. It can produce passive cutaneous anaphylaxis

Due to its proper chemical structure class Ig G can be subdivided into Ig G1, Ig G2, Ig G3, Ig G4. They very chemically in their chin composition and the number and arrangment interclain disulfide bonds
Ig A

1. It constitutes 10-15% of total serum globulin

2. Normal serum level is 0,6-4,2 mg/l

3. It has half-life of 6-8 days

4. Secretory Ig A is found in high concentration in colostrum, tear, bile, saliva, intestinal and nasal secretions

5. It does not pass trough the placenta and does not fix complement

6. This class of Ig may be divided into serum Ig A and secretory Ig A
Its functions are:

· It activate alternate complement pathway

· It promotes phagocytosis and intra cellular killing of microorganism

· Secretory Ig A provides local immune defence on the surface of mucosa membranes in the respiratory, gentourinary and intestinal systems. It can prevent pathogen adherence to mucosal surfaces and invasion of host tissue by attachment to viruses, bacteria, protozoa   
Differences between serum and secretory Ig A
· Serum Ig A exists in serum both as a monomer and a polymerazed dimer held together by a  J chain

· Secretory Ig A (sIg A) exists in the secretion and contains additional structure unit called T (transport) or S (secretory) piece. S piece synthesised in epithelial cells of gland, intestines and respiratory tract. It is attached to Ig A molecule during transport across the cells. S piece links together two Ig A molecule at Fc portion (J chain).  Secretory Ig A can consist of two or three molecules of monomer (dimer or trimer respectively)
Ig M

· It constitute 5-10% serum globulin or 0,5-2 mg/ml

· It has half-life of 10 days

· It is a macromolecule which consists of 5 monomers linked together by J chain (pentamer). It half-life is 5 days 

Its function

· Ig M appears in the surface of unstimulated B-cells and act as recognition receptors for antigen

· It is a first immunoglobulin secreted into serum during a primary antibody response

· It is the earliest syntesized immunoglobulin. Ig M are formed in the fetus since 30th weeks of uterine development

· Ig M agglutinates bacteria, activates complement by the classical pathway and enhances the ingestion of bacteria by phagocytosis
Ig D

· Is an immunoglobulin found in trace amounts in blood serum (in everage its concentration is 0,02-0,03 mg/ml

· It has a monomer structure

· It has half-life of 3 days

· Its function is not clearly known. But it present on the surface of B-cell may be activated or inhibited

Ig E

· It makes up only 0,0002-0,00002% of the total immunoglobulin pool

· It has structure of monomer, with four constant domains in the H-chain

· It half-life is 2 days 

Its function

· It is reaginic antibody responsible for immediate hypersensitive reactions (anaphylactic-mediating antibody)

· It has affinity for surface of mast cell: it can attach to their surface. When Ig E bind to the Ag, the cell degranulate and release histamine and other mediator of anaphylaxics

· It also stimulate eosinophilia and gut hypermotility that aid in the elimination of helminthic parasites

The types of antibody response

· Immune antibody response consists of 3 steps:

· Entry and distribution of Ag in tissue and its contact with immuno competent cells

· Processing of Ag and control of Ab forming process

· Secretion of Ab, its distribution in tissue, body fluid and manifestation of its effect

· In dependence on rate of production and concentration of specific antibodies in the serum antibody response can be described of following phases:

1. Lag-phase. During this phase no antibody can be detected in the serum

2. Log-phase. Antibody titer (it is the highest dilution of antiserum that gives a positive reaction with Ag) rises logarithmically

3. Plateau phase. Antibody titer is stabilized

4. Decline phase. During this phase antibody are naturally metabolized or bound to the antigen and cleared from the circulation 
· Primary immune response to initial antigenic stimulus is slow (has a long lag-phase of several days), sluggish, short-lived and low antibody titer that does not persist for a long time. Formed antibodies belong predominantly to Ig M class

· Compared to primary antibody response the secondary antibody response has a shorter lag phase, a more rapid log phase persists for a longer plateau period, attains a higher Ig G titer. These differences exist due to pretence of Bm and Tm cells (specific immunologic memory of immune responces)  

Antigen-antibody reactions are useful in laboratory diagnosis of various diseases and in the identification of infectious agent in epidemiological survey. Antigen antibody reactions in vitro are called serological  reactions.

Features of Antigens-Antibody reactions

1. These reactions are highly specific

2. Entire molecules react 

3. There is no denaturation of antigen or antibody during reactions

4. Combination occurs at surface and hence surface antigens are immunologically relevant

5. The combination is firm but reversible

6. Both antigen and antibody participate in the formation of the agglutinates or precipetates 

Agglutinins and the Agglutination Reaction

Agglutinins are antibodies capable of clumping the corresponding microbes by producing visible conglomerates. The addition of the corresponding immune sera to a suspension of microbes provokes clumping of microbial cells in the form of flakes or granules. This phenomenon is known as agglutination. The agglutination reaction takes place on mixing erythrocytes, yeasts and other cells with the corresponding immune sera.

The agglutination reaction, like the flocculation and precipitin reactions, is under the control of the physicochemical conformities of the interrelations of colloidal systems. The antibody (agglutinin) and antigen (agglutinogen) take part in the agglutination reaction. Their interaction takes place in definite quantitative proportions, and in the presence of an electrolyte (0.85 per cent NaCI solution). In mechanism and outer manifestation the agglutination reaction is similar to the precipitin reaction. Both reactions are accompanied by the production of visible precipitates of antigen with the difference that in the agglutination reaction microbial bodies serve as the antigen, in the precipitin reaction the antigen is the product of the breakdown of microbial bodies, very minute particles of dissolved antigens requiring a large amount of antibodies for complete interaction. 

The agglutination reaction is characterized by specificity, but group agglutination can be found, that is, the clumping of closely related microbes though in weaker serum dilutions.

The antigenic structure of bacteria is quite varied. In one and the same bacterial strain there may be group, species, and type antigens. Similar bacteria are composed of various antigenic groups, and during immunization of animals the corresponding agglutinins are produced in the blood. 

For revealing specific agglutinins in sera of animals immunized by a complex of antigens of the bacterial cell the method of adsorption of agglutinins is employed (Castellani's exhaustion reaction). 

Bacteria containing the Vi-antigen are only weakly or even not agglutinated by 0-sera, but agglutinate well with Vi-sera. This shows that 0- and Vi-antigens as well as 0- and Vi-antibodies have a different structure.

The extent of manifestation of the specific agglutination reaction depends on the salt concentration (electrolyte), serum concentration, density of bacterial suspension, pH, influence of temperature, shaking and mixing, etc.

The agglutination reaction is widely employed in the practice of serological diagnosis of enteric fever, paratyphoids A and B {Widal's reaction), brucellosis (Wright's reaction), typhus fever  reaction with Rickettsia prowazeki), tularaemia, leptospirosis and other diseases, in which with the help of known microbes (diagnosticums) the corresponding agglutinins are determined in patients' sera. For determining Vi-antibodies in carriers of enteric fever salmonellae Vi-agglutination has had wide application in laboratory diagnosis. The agglutination reaction is used for the identification of isolated microbes in patients and sick animals with the application of previously known agglutinating sera.

All immunological tests are based on specific antibody-antigen interaction. These tests are called serological since to make them one should use antibody-containing sera.

Serological tests are employed in the following cases: (a) to deter​mine an unknown antigen (bacterium, virus, toxins) with the help of a known antibody; (b) to identify an unknown antibody (in blood serum) with the help of a known antigen. Hence, one component (ingredient) in serological tests should always be a known entity.

Agglutination Test. The term agglutination means clumping of microorganisms upon their exposure to specific antibodies in the presence of electrolyte. The presumptive and standard agglutination tests (AT) are widely utilized in the diagnosis of numerous infectious diseases.

To perform agglutination tests, one needs three components: (1) antigen (agglutinogen); (2) antibody (agglutinin); (3) electro​lyte (isotonic sodium chloride solution).

II. Students’  Practical Activities:

To carry out presumptive agglutination test on glass slides. 

Presumptive agglutination test. A presumptive AT is performed on glass slides. Using a Pasteur pipette, transfer several drops of se​rum of low (1:10-1:20) dilutions and a drop of isotonic saline for control on a grease-free glass slide. Into each drop of the serum as well as in the control drop, inoculate a loopful of 24-hour living culture of the microorganism picked from the surface of a solid nut​rient medium or pipette one drop of the suspension of dead microor​ganisms (diagnosticum). The inoculated culture is thoroughly mixed until the drop of liquid is uniformly turbid. 

The reaction takes place at room temperature. Inspect visually the results in 5-10 min; occasionally one may use a 5 X magnifying lens for this purpose. If the glass slides are placed into a humid closed chamber to prevent evaporation, the results of the test may be read in 30-40 min as well.

A positive test is indicated by the appearance in the drop with serum of large or small flakes, readily visible upon rocking of the cover-slip. In a negative test, the fluid remains uniformly turbid.

In cases where the number of microorganisms is small and the re​sults of the test are difficult to interpret, dry the drop of the inocu​lated serum, fix the preparation, stain it with Pfeifier's fuchsine, and study under the microscope. In a positive test, a microscopic field is largely free of microorganisms but they are accumulated in some places. In a negative test, microorganisms are uniformly distributed throughout the microscopic field. This test is known as microagglutination.

2. To carry out agglutination test for serologic diagnostics of  typhoid fever (Table 1)

Standard agglutination test is employed for determining the serogroup and serovar of microorganisms and is performed according to the scheme presented in Table 1. All ingredients are dispersed into test tubes in a definite sequence. Serum is diluted in simple nu​merical ratios such as 1:100, 1:200, 1:400, etc.

Into each tube with diluted serum, transfer 1-2 drops of the antigen (1-2 milliard microorganisms per ml), shake vigorously, and place into a 37 °C incubator for 2 hrs; then make a preliminary estimation of the test results, beginning with the controls (serum and antigen). The absence of agglutination in the control tubes and the presence of suspended flocculi in the tested tubes point to a positive test. Al​low the test tubes to stand at room temperature for 18-20 hrs and then make the final assessment of the results. Intensity of the reac​tion is denoted with pluses. In complete agglutination (++++), the liquid is completely transparent, while on the bottom of the test tube there is a floccular sediment of agglutinated microorgan​isms. The lesser the number of agglutinated microorganisms, the more turbid is the fluid and the smaller is the floccular pellet on the bottom (+++, ++, +). A negative test (–), there is no sedi​ment, the suspension remains uniformly turbid, showing no differ​ence from the content of the test tube with the antigen control.

Table 1

Schematic Representation of the Agglutination Reaction

	Ingredient
	Number of the test tube

	
	1
	2
	3
	4
	5
	6

antigen control
	7 

serum control

	Isotonic sodium chloride solution, ml
	1
	1
	1
	1
	1
	1
	–

	The patient's serum in a 1: 50 dilution, ml
	1(
	1(
	1(
	1(
	1
	–
	1

	The obtained dilution of the serum
	1:100
	1:200
	1:400
	1:800
	1:1600
	–
	1:50

	Bacterial suspension, drops
	2
	2
	2
	2
	2
	2
	–

	Incubation at 37 0C for 2 hrs, then at room temperature for 18-20 hrs


3. To carry out indirect hemagglutination test for serological diagnosis of typhoid fever (Table 3).

Indirect agglutination (haemagglutination) (IHA) test. Occasion​ally, antigens employed for the agglutination reaction are so highly dispersed that an agglutinogen-agglutinin complex evades detec​tion by the naked eye. To make this reaction readily visible, meth​ods of adsorption of such antigens on larger particles with their subsequent agglutination by specific antibodies have been designed. Adsorbents employed for this purpose include various bacteria, particles of talc, dermal, collodium, kaolin, carmine, latex, etc. This reaction has been named indirect (or passive) agglutination test.

Red blood cells display the highest adsorptive capacity. The test conducted with the help of erythrocytes is called indirect, or pas​sive, haemagglutination (IHA or PHA). Sheep, horse, rabbit, chicken, mouse, human, and other red blood cells can be used for this test. These are prepared in advance by treating them with formalin or glutaraldehyde. The adsorptive capacity of erythrocytes augments following their treatment with tannic or chromium chloride solu​tions.

Antigens usually used in the IHA test are polysaccharide anti​gens of microorganisms, extracts of bacterial vaccines, antigens of viruses and Rickettsia, as well as other protein substances.

Erythrocytes sensitized with antigens are called erythrocytic di​agnosticums. Most commonly used in preparing erythrocytic diagnosticums are sheep red blood cells possessing high adsorptive activity.

Test results are assessed after complete erythrocyte sedimentation in control (6 well) –markedly localized erythrocytes sediment. In the experimental wells rapid erythrocytes agglutination with starlike, marginally festooned sediment (“umbrella”) on the bottom are observed. The titer of serum is its maximum dilution, which causes hemagglutination (fig. 4)

Schematic Representation of the indirect hemagglutination test

	Ingredient
	Number of the lunula

	
	1
	2
	3
	4
	5
	6

antigen control

	Isotonic sodium chloride so​lution, ml
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	Patient's serum diluted 1: 50, ml
	1.0(
	1.0(
	1.0(
	1.0(
	1.0
	–

	Obtained serum dilution
	1:100
	1:200
	1:400
	1:800
	1:1600
	–

	Typhoid erythrocyte diagnosticum, ml
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25

	Incubation at 37 (C for 2-3 hrs


Precipitins and the Precipitin Reaction. 

Precipitins are antibodies which bring about the formation of a minute deposit (precipitate) upon interaction with a specific antigen. The precipitin reaction is a specific interaction of the antigen (precipitinogen) and antibody (precipitin) in the presence of an electrolyte (0.85 per cent NaCI solution) with the formation of a deposit or precipitate. 

In mechanism this reaction is similar to the flocculation reaction and the physicochemical interrelations of highly dispersed colloids form the basis for it.

The precipitin reaction is specific and sensitive. 

Precipitinogens during parenteral injection provoke the formation of specific precipitins in the body and combine with them. Proteins of animal, plant and microbial origin, blood, serum, extracts from different organs and tissues, foodstuffs of a protein nature (meat, fish, milk), filtrates of microbial cultures or affected tissues may be used as precipitinogens.

The precipitin reaction is used:

 - in the diagnosis of anthrax, tularaemia, etc., 

 - in the typing and studying of antigen structure of certain groups of bacteria

 - in forensic medicine: with the aid of the precipitin reaction the origin of blood spots and sperm is determined,

 - in sanitary examination an admixture of milk of one species of animal to another is revealed, the addition of artificial honey to natural, the falsification of meat, fish and flour goods, etc., 

 - in biology: the genetic links between related species of animals, plants and micro-organisms are established.

The term precipitation test (PT) refers to sedimentation from the solution of the antigen (precipitinogen) upon its exposure to immune serum (precipitin) and electrolyte. Using the precipitation test  (PT), one can demonstrate the antigen in such tiny amounts which can​not be detected by chemical techniques. 

Conduction of the PT requires liquid and transparent antigens representing ultramicroscopic particles of colloid solution of pro​tein, polysaccharides, etc. Antigens are represented by extracts from microorganisms, organs, and tissues, products of breaking down of microorganism cells (lysates, filtrates). Resistance of precipitinogens toward a high temperature is used for obtaining antigens from the causative agents of anthrax, plague (the boiling technique). Precipitating sera are prepared in a batch manner by hyperimmunization of animals (rabbits) with bacterial suspension,  filtrates of broth cultures, autolysates, salt extracts of microorganisms, serum proteins, etc.

The titer of the precipitating serum, in contrast to the titre of other diagnostic sera, is determined by the maximum dilution of the antigen which is precipitated by a given serum. This is explained by the fact that the antigen participating in the precipitation reac​tion has an infinitesimal magnitude and that in a volumetric unit of the serum there are much more antigens than antibodies. Commercial​ly available precipitating sera have the titre of no less than 1:100 000.

Procedure. In a narrow test tube (0.5 cm diameter) pour 0.3-0.5 ml of undiluted precipitating serum. With a Pasteur pipette slow​ly layer on the wall (the tube is held in a tilted position) the same volume of antigen. Then carefully, in order to avoid mixing of the fluids, set up the tube in a vertical position. Provided the layering of the antigen on the serum has been correct, one can see a distinct borderline between the two layers of liquid. The PT should always be coupled with control testing of the serum and antigen .

The results of the test are read in 5-10 min. If the reaction is positive, a precipitate in the form of a white ring forms on the borderline between the serum and the extract tested.

Disadvantages of the PT are instability of the precipitate (the ring) which disappears even upon the slightest shaking and impossibility to establish the number of various antigens participating in the formation of the precipitate.

The precipitation reaction in gel. Test of precipitation in gel (PG) is based on the interaction of homologous antibodies and antigens in an agar gel and the formation of visible bands of precipitation. As a result of counter-diffusion into gel, the antibodies and antigen form immune complexes (aggregates) visualized in the form of opalescent (white) bands (Fig.4).

When several antigens diffusing irrespective of each other are present, the number of bands corresponds to the number of antigens. Serologically homogeneous antigens form precipitation bands which merge with each other, whereas bands of heterogeneous antigens cross each other. This property permits determination of the homo​geneity of the antigenic structure of various objects tested.

Components in the precipitation reaction in gel are agar gel, anti​gen, and antibodies. For the purpose of quality control of the precip​itation test in gel, the test system comprised of known homologous antibodies and antigens is utilized.

Procedure. To prepare gel, use 0.8-1 per cent solution of Difco's agar or agarose on isotonic sodium chloride solution, which is lay​ered on clean slides 1-2 mm thick.  In a solidified agar cut the wells and remove the agar from them with a Pasteur pipette. Into one series of wells place serum, into the other, antigens and put the slides into a humid chamber for several days. In reading the results of the reaction, compare the localization and nature of precipitation lines in the test and control wells. To measure the levels of the antigen and antibodies, study their multiple dilutions.

The precipitation test in gel is widely employed in the diagnosis of diseases caused by viruses, Rickettsia and bacteria producing exotoxins. It has become of great practical significance with regard to determining the toxigenicity of Corynebacteria diphtheria. 

Double diffusion (Ouchterlony technique). When soluble Ag and soluble Ab are placed in separate small wells punched into agar that has solidified on a slide or glass plate, the Ag and the Ab will diffuse through the agar. The holes are located only a few millimeters apart, and Ab and Ag will interact to form a line of precipitate in the area in which they are in optimal proportions. Because different Ags diffuse at different rates, and because different Ags can require different concentrations of Ab for optimal precipitation, the position of the precipitin band usually varies for each Ag. In specimens containing several soluble Ags, multiple precipitin lines are observed, each occurring between the wells at a position that depends on the concentration of that particular Ag and its Ab (Fig.1). Thus, this simple diffusion method can be used to detect the presence of one or more Ags or Abs in a clinical specimen. In addition, if set up differently, this gel method can be used to detect similarities or differences in Ags. 

Radial immunodiffusion. Radial immunodiffusion is used to measure the amount of a specific Ag  present in a sample and can be used for many Ags. The most widely used diagnostic application of this procedure is measurement the amount of a specific Ig class present in a patient's serum. The assay is carried out by incorporating monospecific antiserum (antiserum containing only Ab to the Ag being assayed for) into melted agar and allowing the agar to solidify on a glass plate in a thin layer. Holes then are punched into the agar, and different dilutions of the Ag are placed into the various holes. As the Ag diffuses from the hole, a ring of precipitate will form at that position where Ag and Ab are in optimal proportions (Fig. 3). The more concentrated the Ag solution, the farther it must diffuse to be in optimal proportion with the constant Ab concentration in the agar gel. Thus, the diameter of the precipitin ring is a quantitative measure of Ag concentration. Using known concentrations of the Ag, a standard curve can be prepared by plotting the diameter of the precipitin ring versus Ag concentration.

Once a standard plot is obtained, the diameter of the precipitin ring formed with the unknown Ag can be measured to calculate its concentration.

Radial immunodiffusion This test is based on a precipitate that is formed as antigen diffuses into a semisolid medium that contains antibody Because the amount of antibody in the agar bed is constant, the diameter of the precipitin ring formed is a function of the amount of antigen applied A. Ann IgA is incorporated into the agar and small wells are punched out, into which patient serum or a standard antigen solution is placed The top row consists of standard amounts of known IgA The wells in the bottom row receive sera from four different patients B. A curve is drawn by plotting the diameter of the precipitin rings formed by the standard IgA solutions against the logarithm of the concentration of the standard IgA The concentration of IgA in each patient's serum then is read from this standard curve after measuring the diameter of the ring formed by the patient's serum in the bottom row.

Immunoelectrophoresis (IEP) test allows analysis and identifica​tion of individual antigens in a multi-component system (Fig. 2, 3). The IEP test is based on the electrophoretic division of antigens in the gel with their subsequent precipitation by antibodies of the im​mune serum. To perform immunoelectrophoresis, glass plates with an agar layer are used. First, the antigens placed in the centre of a plate are divided in the electrical field. Then, immune serum is added to an agar trough along the line of the antigen division. As a result of their mutual diffusion, the antigens and anti​bodies form the arches of precipitation at the place where they meet.

Counterimmunoelectrophoresis (CIEP) test is based on counter-diffusion in the electrical field of antigens and antibodies and the appearance of a visible precipitate inside a transparent gel. In agar or agarose gel cut the wells 2-3 mm in diameter so that the distance between wells for the serum and antigen is 5-6 mm. The wells are arranged in pairs (one for the antigen, the other for the serum) or in triple series (one for the antigen, the second for the serum tested, the third for the control serum). Wells for the serum are positioned closer to the anode and those for the antigen closer to the cathode. The reaction is set up with several dilutions of the antigen and lasts 90 min. The results of the test are read immediately upon the cessa​tion of electrophoresis by noting the number and localization of pre​cipitation lines and comparing them with the control system.

II. Students’  Practical Activities:
1. To carry out Askoli’s thermoprecipitation test.

The test is performed the same with previous, but only as a precipitinogen thermoextract from skin of animals is used, which carefully layer on 0,2–0,3 ml antianthracic serum. As a control isotonic sodium chloride so​lution, negative serum, standard antigen is used. The test should be positive with a standard and examined antigen.

2. To estimate the carried double diffusion precipitation (Ouchterlony technique) test out in gel.

In plastic dish gel have been poured and a few wells have been made. One well has located in the center of dish others have been near it (approximately 1-1.5 cm). In central well there is standard antigen and in peripheral ones there are different dilutions of examined serum. The appearance of precipitation lines between central and any peripheral wells have showed the presence of antibodies in patient serum.

Lesson 17
Theme: usage of immunological reactions in diagnostics of infectious diseases. 

Complement fixation test. Serological tests with labelled antibody
I. STUDENTS' INDEPENDENT STUDY  PROGRAM

1. The complement  fixation test (CFT): 

a – components of reactions; 

b – haemolytic systems: components, preparation; 

c – role of  complement and its titration scheme; 

d - definition of the hemolytic  serum titer; 

e – estimation of CFT results; 

f  - CFT practical value.

3. Immunofluorescence (direct and indirect):

a. Characteristics of reagents;

b.  Usage and carrying out. 

4. Radioimmune assay (RIA):

a. Characteristics of reagents;

b.  Usage and carrying out. 

5. Enzyme-linked immune sorbent assay (indirect and “sandwich test”):

a. Characteristics of reagents;

b.  Stages of a test;

c.  Usage in laboratory practice.

6. Immunoblotting:

a. Main purpose and usage in medicine;

b. Necessary reagents, their characteristics

c. Usage in medicine and laboratory diagnostics

Lysins and the Lysis Reaction. Lysins are specific antibodies which cause the dissolution of bacteria, plant and animal cells.

Bacterial lysis takes place with the participation of two components: a specific antibody contained in the immune serum and a non-specific substance of any normal or immune serum — complement. The antibody together with complement causes bacterial lysis. Both systems are placed separately in a thermostat for half an hour. Then they are mixed, poured into one test tube, and the mixture is placed again in a thermostat for 30-60 minutes If the complement-fixation reaction proves to be positive, that is, if complement is bound to the antigen-antibody complex of the first system, then the second system (erythrocytes + haemolytic serum) does not change as no complement is left for it. Within a day the erythrocytes settle to the bottom, and the supernatant liquid is transparent and colourless. During a negative reaction the complement will not combine with the complex of the first system, while the liquid becomes pink (lacquered) without any precipitate of erythrocytes.

The complement-fixation reaction has a high specificity and a marked sensitivity.

According to the mechanism of action this reaction is the most complex in comparison to reactions of agglutination and precipitation and proceeds in two phases. In the first phase union of the antigen and antibody is formed and in the second, fixation of the complement by the antibody-antigen complex takes place.

Description. Complement participates in all immunological reactions, while in some reactions the presence of complement is obligatory (lysis, complement-fixation), in others it is non-obligatory (neutralization of toxin by antitoxin, precipitation, agglutination and opsonization).

Usage. The complement-fixation reaction is used in the diagnosis of glanders, syphilis (Wassermann reaction), etc. In recent years it has been used successfully in discerning typhus fever, Q fever and other rickettsioses and many viral diseases. 

Lysis Test. The term lysis reaction refers to dissolvement of the antigen conjugated with antibodies in the presence of a complement. Depending on the nature of antigens participating in the lysis reaction, it may be called spirochaetolysis, vibrionolysis, bacteriolysis, haemolysis, etc. Antibodies involved in the corresponding reactions are called spirochaetolysins, vibrionolysins, haemolysins, etc. Lysins exert their action only in the presence of a complement.

In carrying out the lysis reaction (Table 1), the immune serum is  heated for 30 min at 56 °C to inactivate the complement present in it. Suspension of microorganisms is prepared from their 24-hour culture (1 milliard per 1 ml). To the first test tube with 0.5 ml of the tested serum diluted 1:10 (or 1:20,1:40, etc.) 0.1 ml of the prepared suspension of microorganisms and 0.1 ml of undiluted complement are added. To the second tube serving as a control of complement in-activation in the immune serum no complement is added. In the third tube serving as a control of the complement for the absence of lysins the immune serum is replaced with isotonic sodium chloride solution.

Place the tubes into a 37 °C incubator for 2 hrs, then streak with the loop from each test tube onto Petri dishes with solid nutrient medium. Incubate the inoculated cultures at 37 °C for 24 hrs and acount the colonies.

If the serum to be tested contains lysins, the number of colonies on a nutrient medium inoculated with the material to be assayed will be many times lower than in dishes containing the material from the control tubes.

The haemolysis reaction is used as an indicator system in the complement-fixation test.

Table 1.

Schematic Representation of the Lysis Reaction

	 Ingredient, ml 
	Number of the tube

	
	1
	2
	3

	Serum in dilutions 1:10 or 1:20, etc.
	0.5
	0.5
	–

	Antigen
	0.1
	0.1
	0.1

	Complement
	0.1
	–
	0.1

	Isotonic sodium chloride solution
	1.3
	1.4
	1.8


Complement-Fixation Test (CFT)

The complement-fixation (CF) test belongs to complex serological reactions. It requires five ingredients to be performed; namely, an antigen, an antibody and complement (the first system), sheep red blood cells and haemolytic serum (the second system). Specific interaction of the antigen and antibody is attended by adsorption (binding) of the complement. But the Since the process of complement binding cannot be visualized. Haemolytic system (sheep erythrocytes plus haemolytic serum) can be used as which shows whether the complement is fixed by the antigen-antibody complex. If the antigen and antibody correspond to each other, the complement is bound by this complex and no haemolysis takes place. If the antibody does not correspond to the antigen, the complex fails to be formed and free complement combines with the other system causing haemolysis.

CFT, as other serological tests, may be used for identifying specific antibodies by a known antigen as well as for determining an antigen by known antibodies. 

1. Before the test, the serum (either obtained from a patient or the diagnostic one) is heated on a water bath at 56 C for 30 min in order to inactivate its inherent complement.

2. Cultures of variable killed microorganisms, their lysates, bacterial components, of abnormal and normal organs, and tissue lipids, as well as viruses and virus-containing materials may be used as antigens for CFT. Many antigens from microorganisms are available commercially.

3. Guinea pig serum collected immediately before a reaction is used as a complement; dry complement may also be employed. To obtain the basic solution for subsequent titration, the complement is diluted 1:10 with isotonic saline.

4. Sheep erythrocytes are employed as a 3 per cent suspension in isotonic sodium chloride solution 

5. Haemolytic serum for complement-fixation test is obtained by immunization of the rabbits with sheep erythrocytes.

 6. A haemolytic system consists of haemolytic serum (taken in a triple titre) and 3 per cent suspension of sheep erythrocytes, mixed in equal volumes. To sensitize the erythrocytes by haemolysins, incubate the mixture at 37 °C for 30 min. Before the test both haemolytic serum and complement must be titrated.

The titre of haemolytic serum is defined as its maximum dilution causing complete haemolysis. The serum is stored in the lyophilized form.

To perform the test, one takes the working dose of complement (contained in an 0.5-ml volume) exceeding the titre by 20-30 per cent.

Basic complement-fixation test. The total volume of ingredients involved in the reaction is 2.5 ml, the volume of the working dose of each of them is 0.5 ml. The diagram of the complement-fixation reaction shows (Table 4) that in the first test tube one introduces serum in the appropriate dilution, antigen and complement; into the second, serum in the appropriate dilution, complement and isotonic sodium chloride solution (serum control); into the third one, antigen, complement and isotonic saline (antigen control). 

Table 4

Schematic Representation of the Basic CF Test

	NN of system
	Ingredient, ml


	Number of the tube

	
	
	1

test
	2

serum control
	3

antigen control

	I
	Serum to be assayed in dilutions 1:5, 1:10, 1:20, 1:40, etc.
	0.5
	0.5
	–

	
	Antigen (working dose)
	0.5
	–
	0.5

	
	Complement (working dose)
	0,5
	0,5
	0,5

	
	Isotonic sodium chloride solution
	-
	0,5
	0,5

	Incubation at 37 (C for 1 h

	II
	Haemolytic system (haemolytic serum in triple titre + 3% suspension of sheep erythrocytes)
	1,0
	1,0
	1,0

	Incubation at 37 ºC for  45 min


Simultaneously, a haemolytic system is prepared by mixing 2-ml portions of haemolytic serum in a triple titre and 3 per cent suspension of sheep erythrocytes (with regard to the initial volume of blood). The test tubes are incubated at 37 0C for 1 h, then 1 ml of the haemolytic system (the second system) is added to each of the first three tubes (the first system). After thoroughly mixing the ingredients the test tubes are incubated at 37 °C for 1 h. The results of the reaction are read both preliminarily after removal of the tubes from the incubator and, finally, after they have exposed for 15-18 hrs in a refrigerator or at room temperature.

In the final reading of the results the intensity of the reaction is marked in pluses: (++++), a markedly positive reaction characterized by complete inhibition of haemolysis (the fluid in the tube is colourless, all red blood cells have settled on the bottom); (+++, ++), positive reaction manifested by the intensification of the liquid colour due to haemolysis and by a diminished number of red blood cells in the residue; (+), mildly positive reaction (the fluid is intensely colourful and there is only a small amount of erythrocytes collected on the bottom of the tube). If the reaction is negative (—), there is a complete haemolysis, and the fluid in the tube is intensely pink (varnish blood).

Despite its complexity, complement fixation is a sensitive and specific test, being used for these reasons for the diagnosis of many infectious diseases. Using the CFT, one can detect complement-binding antibodies in the blood serum obtained from patients with syphilis (Wassermann's reaction), glanders, chronic gonorrhoea, rickettsiosis, viral diseases, etc.

Complement-binding antibodies make their appearance in the first days of the infection, but their titre is relatively low. As a rule, antibodies reach the highest titre on the 7 th-10th-14 th day of the disease. Therefore, the most reliable  data obtained as a result of examining paired sera withdrawn at the onset of the disease and during convalescence.

П. Student Practical Activities:

1. To acquite with components of the CFT.

2.  To estimate result of the demonstrative CFT. 

IMMUNOFLUORESCENCE

Fluorescence is the property of absorbing light rays of one particular wavelength and emitting rays with a dif​ferent wavelength. Fluorescent dyes show up brightly under ultraviolet light as they convert ultraviolet into visible light. Coons and his colleagues (1942) showed that fluorescent dyes can be conjugated to antibodies and that such 'labelled' antibodies can be used to lo​cate and identify antigens in tissues. This 'fluorescent antibody' or immunofluorescence technique has sev​eral diagnostic and research applications.

In its simplest forms (direct immunofluorescence test), it can be used for the identification of bacteria, viruses or other antigens, using the specific antiserum labelled with a fluorescent dye. For example, direct immunofluorescence is routinely used as a sensitive method of diagnosing rabies, by detection of the ra​bies virus antigens in brain smears. A disadvantage of this method is that separate fluorescent conjugates have to be prepared against each antigen to be tested. The 'indirect immunofluorescence test' overcomes this difficulty by using an antiglobulin fluorescent conjugate. An example is the fluorescent anti-treponema antibody test for the diagnosis of syphilis. Here, a drop of the test serum is placed on a smear of T. palli​dum on a slide and after incubation, the slide is washed well to remove all free serum, leaving behind only antibody globulin, if present, coated on the sur​face of the treponemes. The smear is then treated with a fluorescent labelled antiserum to human gamma​globulin. The fluorescent conjugate reacts with anti​body globulin bound to the treponemes. After washing away all the unbound fluorescent conjugate, when die slide is examined under ultraviolet illumina​tion, if the test is positive the treponemes will be seen as bright objects against a dark background. If the se​rum does not have antitreponemal antibody, there will be no globulin coating on the treponemes and there​fore they will not take on the fluorescent conjugates. A single antihuman globulin fluorescent conjugate can be employed for detecting human antibody to any antigen.

The fluorescent dyes commonly used are fluores​cein isothiocynate and lissamine rhodamine, exhibiting blue-green and orange-red fluorescence, respectively. By combining the specificity of serology with the lo​calising capacity of histology, immunofluorescence helps in the visualisation of antigen-antibody reactions in situ. It is thus an immunohistochemical technique. The major disadvantage of the technique is the fre​quent occurrence of nonspecific fluorescence in tissues and other materials.

RADIOIMMUNOASSAY (RIA)

Besides fluorescent dyes, many other distinctive 'la​bels' also can be conjugated to antigens and antibodies. The most commonly used labels are radioisotopes and enzymes. A variety of tests have been devised for the measurement of antigens and antibodies using such labelled reactants. The term binder-ligand-assay has been used for these reactions. The substance (antigen) whose concentration is to be determined is termed the analyte or ligand. The binding protein (ordinarily, the antibody) which binds to the ligand is called the binder. The first reaction of this type was ra​dioimmunoassay (RIA) described by Berson and Yal-low in 1959. RIA permits the measurement of analyses up to picogram (1CT12 g) quantities. RIA and its modifications have versatile applications in various areas of biology and medicine, including the quantitation of hormones, drugs, tumour markers, IgE and viral antigens. The importance of RIA was acknowledged when the Nobel Prize was awarded to Yallow for its discovery in 1977.

RIA is a competitive binding assay in which fixed amounts of antibody and radiolabeled antigen react in the presence of unlabeled antigen. The labelled and unlabelled antigens compete for the limited binding sites on the antibody. This competition is determined by the level of the unlabelled (test) antigen present in the reacting system. After the reaction, the antigen is separated into 'free' and 'bound' fractions and their radioactive counts measured. The concentration of the test antigen can be calculated from the ratio of the bound and total antigen labels, using a standard dose response curve.

For any reacting system, the standard dose res​ponse or calibrating curve has to be prepared first. This is done by running the reaction with fixed amounts of antibody and labeled antigen, and varying known amounts of unlabelled antigen. The ratios of bound: total labels (B : T ratio) plotted against the analyze concentrations give the standard calibration curve. The concentration of antigen in the test sample is computed from the B : T ratio of the test by interpo​lation from the calibration curve.

ENZYME LINKED IMMUNOSORBENT ASSAYS (ELISA).

ELISA is so named because the technique in​volves the use of an immunosorbent - an absorbing material specific for one of the components of the re​action, the antigen or antibody. This may be particu​late, for example cellulose or agarose - or a solid phase such as polystyrene, polyvinyl or polycarbonate tubes or microwells — or membranes or discs of poly-acrylamide, paper or plastic. ELISA is usually done using 96-well microtitre plates suitable for automa​tion. The principle of the test can be illustrated by out​lining its application for the detection of rotavirus antigen in feces.

The wells of a microtitre plate are coated with goat antirotavirus antibody. After thorough washing, the fecal samples to be tested are added and incubated overnight at 4 °C or for two hours at 37 °C. Suitable positive and negative controls are also set up. The wells are washed and guinea pig antirotavirus antise​rum, labelled with alkaline phosphatase, added and in​cubated at 37 °C for one hour. After washing, a suitable substrate (paranitrophenyl phosphate) is add​ed and held at room temperature till the positive con​trols show the development of a yellow color. The phosphatase enzyme splits the substrate to yield a yel​low compound.

If the test sample contains rotavirus, it is fixed to the antibody coating the wells. When the enzyme labelled antibody is added subsequently, it is in turn fixed. The presence of residual enzyme activity, indicated by the development of yellow color, there​fore denotes a positive test. If the sample is negative, there is no significant color change. An ELISA reader provides quantitative colour record​ings.

The detection of antibody by ELISA can be illus​trated by the anti-HIV antibody test. Purified inacti​vated HIV antigen is adsorbed onto microassay plate wells. Test serum diluted in buffer is added to the well and incubated at 37 °C for 30 minutes. The well is then thoroughly washed. If the serum contains anti-HIV antibody, it will form a stable complex with die HIV antigen on the plate. A goat antihuman immu​noglobulin antibody conjugated with horse radish per​oxidase enzyme is added and incubated for 30 minutes. After thorough washing, the substrate O-phenylene diamine dihydrochlonde is added and after 30 minutes, the colour that develops is read using a microassay plate reader. Positive and negative con​trols should invariably be used with test sera.

IMMUNOELECTROBLOT TECHNIQUES

Immunoelectroblot or (electroimmunoblot) techni​ques combine the sensitivity of enzyme immunoassay with much greater specificity. The technique is a com​bination of three separate procedures - a) separation of ligand-antigen components by polyacrylamide gel electrophoresis,^) blotting of the electrophoresed lig-and fraction on nitrocellulose membrane strips, and c) enzyme immunoassay (or radio immunoassay) to 1) detect antibody in test sera against the various ligand traction bands, or 2) probe with known antisera asainst specific antigen bands. The Western Blot test, considered the definitive test for the serodiagnosis of HTV infection, is an example of the immunoelectroblot  technique.

II. Student practical activities:

1. To perform ELISA with test sera to reveal specific antibody. To estimate results of the test.

To perform ELISA, one should have polystyrene plates with flat-bottom wells and Pasteur pipettes. 

Procedure. 

1. The first stage of ELISA is sorption of the corresponding dilution of  antigen on a solid phase for 1-2 hrs at 37 °C and 10-12 hrs at 4 °C (sensitization). Then, the wells are washed (to remove antigen which has not been adsorbed on the carrier) with tap water and washing buffer containing 0.05 per cent Twin-20 for 5 min (twice) at room temperature.

2. After that add test serum collected from examined persons (in 0.2 ml aliquots) diluted with a phosphate-salt solution (pH 7,2) into each well. Each serum is added into one well and placed in a 37 °C incubator from 30-60 minites to 3 hrs (it depends on type of antigen). 

3. Then wash off the antibodies which have not reacted with the antigen with phosphate buffer several times.

4. Following this stage introduce 0.2-ml portions of enzyme-linked  antibodies against the human immunoglobulin (antiglobulin enzyme-linked serum) and incubate the mixture at 37 °C from 30 min to two hours. 

5. The unbound conjugate is washed off with buffer three times for 10 min.

6. Add into the each well 0.1 ml hydrogen peroxide (substrate) and 0.1 ml of chromogen (indicator).  Allow it to stand for 30 min in the dark at room temperature or 5-10 min in the dark into the thermostat. 

7. Read the results: at presence of specific antibody in the tested sera hydrogen peroxide will be split by peroxidase and oxygen radical will be released. Chromogen (orthophenylendiamine) will be stained yellow, but aminosalicylic acid (another chromogen) will be stained brown at positive result. At negative result hydrogen peroxide will not be split, and chromogen will stain colorless. 

8. To stop the reaction of substrate splitting, add 0.1 ml of 1 N H2SO4 (or 1 M NaOH) into the well.

2. Draw into the notebook the schemes of ELISA,  immunoblotting, and immunofluorescence test used for antibody revealing in the tested serum
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Lesson 18
Theme: specific prophylaxis and therapy of infectious diseases. 
Vaccines and toxoides.
I. INDEPENDENT STUDY  PROGRAM

1. Immunization, its significance for creating of the herd immunity.

2. Main groups of vaccines.

3. Live vaccines, methods of their  obtaining. Examples of live vaccines.

4. Killed vaccines. The main principles of their manufacture. Examples of inactivated vaccines. Autovaccines.

5. Comparative characteristics of efficacy of live and inactivated vaccines.

6. Subunit (chemical)  vaccines. Adjuvants, definition and function.

7. Toxoids. Their manufacture, properties, value, activity unit, examples.

8. Associated and synthetic vaccines. Examples.

9. Modern vaccines :

a. Vector vaccines.

b. Recombinant vaccines

c. Anti-idiotipic vaccines.

10. Immunoprophylaxis and vaccinotherapy: route of a vaccination, indication and contraindications.

1. Immunization (vaccination). The usefulness of immunization rests with its ability to render individuals resistant to a disease without actually producing the disease. This is accomplished by exposing the individual to antigens associated with a pathogen in a form that does not cause disease. This medical process of intentional exposure to antigens is called immunization or vaccination. Implementation of immunization programs has drastically reduced the incidence of several diseases and has greatly increased life expectancies. Many once widespread deadly diseases such as whooping cough and diphtheria are rare today because of immunization programs.

Scientific Basis of Immunization. There are several scientific principles underlying the use of immunization to prevent individuals from contracting specific diseases and for preventing epidemic outbreaks of diseases:

1. Any macromolecule associated with a pathogen can be an antigen—an antigen is not the entire pathogen. Hence, one can use specific target antigens associated with pathogens to elicit the immune response without causing disease.

2. After exposure to an antigen the body may develop an anamnestic (memory) response.  Subsequent exposure to the same antigen can then bring about a rapid and enhanced immune response that can prevent replication of the infecting microorganism and/or the effects of toxins it produces so that disease does not oc- cur In this manner, intentional exposure to an antigen through vaccination can establish an anamnestic response that renders the individual resistant to disease

3. When a sufficiently high proportion of a population is immune to a disease, epidemics do not occur. This is because individuals who are immune are no longer susceptible and thus no longer participate m the chain of disease transmission. When approximately 70% of a population is immune, the entire population generally is protected, a concept known as herd immunity.

Herd immunity can be established by artificially stimulating the immune response system through the use of vaccines, rendering more individuals insusceptible to a particular disease and thereby protecting the entire population.

2. Vaccines. Vaccines are preparations of antigens whose administration artificially establishes a state of immunity without causing disease. Vaccines are designed to stimulate the normal primary immune response. This results in a proliferation of memory cells and the ability to exhibit a secondary memory or anamnestic response on subsequent exposure to the same antigens. The antigens within the vaccine need not be associated with active virulent pathogens. The antigens in the vaccine need only elicit an immune response with the production of antibodies or cytokines. Antibodies and/or cytokine-producing T cells possess the ability to react with the critical antigens associated with the pathogens against which the vaccine is designed to confer protection.

Thus, vaccines are preparations of antigens that stimulate the primary immune response, producing memory cells and the ability to exhibit a memory response to a subsequent exposure to the same antigens without causing disease.

Vaccines may contain antigens prepared by killing or inactivating pathogenic microorganisms; vaccines also may use attenuated or weakened strains that are | unable to cause the onset of severe disease symptoms (Table 1). 

Some of the vaccines that are useful in preventing diseases caused by various microorganisms are listed in Table 2. Most vaccines are administered to children (Table 3), some are administered to adults (Table 4), and some are used for special purposes. Travellers receive vaccines against pathogens prevalent in the regions they are visiting that do not occur in their home regions (Table 5). In each of these cases the use of the vaccine is prophylactic and aimed at preventing diseases caused by pathogens to which the individual may be exposed.

Although vaccines are normally administered before exposure to antigens associated with pathogenic microorganisms, some vaccines are administered after suspected exposure to a given infectious microorganism. In these cases the purpose of vaccination is to elicit an immune response before the onset of disease symptoms. For example, tetanus vaccine is administered after puncture wounds may have introduced Clostridium tetani into deep tissues, and rabies vaccine is administered after animal bites may have introduced rabies virus. The effectiveness of vaccines administered after the introduction of the pathogenic microorganisms depends on the relatively slow development of the infecting pathogen before the onset of disease symptoms. It also depends on the ability of the vaccine to initiate antibody production before active toxins are produced and released to the site where they can cause serious disease symptoms.

3. Attenuated / Living Vaccines. Some vaccines consist of living strains of microorganisms that do not cause disease. Such strains of pathogens are said to be attenuated because they have weakened virulence (smallpox, anthrax, rabies, tuberculosis, plague, brucellosis, tularaemia, yellow fever, influenza, typhus fever, poliomyelitis, parotitis, measles, etc.). Pathogens can be attenuated, that is, changed into nondisease-causing strains, by various procedures, including moderate use of heat, chemicals, desiccation, and growth in tissues other than the normal host. Vaccines containing viable attenuated strains require relatively low amounts of the antigens because the microorganism is able to replicate after administration of the vaccine, resulting in a large increase in the amount of antigen available within the host to trigger the immune response mechanism. The principle disadvantage of living attenuated vaccines is the possible reversion to virulence through mutation or recombination. Also, even strains may cause disease in individuals who lack adequate immune responses, such as those with AIDS.

The Sabin polio vaccine, for example, uses viable polioviruses attenuated by growth in tissue culture. Three antigenically distinguishable strains of polioviruses are used m the Sabin vaccine.

 These viruses are capable of multiplication within the digestive tract and salivary glands but are unable to invade nerve tissues and thus do not produce the symptoms of the disease polio The vaccines for measles, mumps, rubella, and yellow fever similarly use viable but attenuated viral strains. Attenuated strains of rabies viruses can be prepared by desiccating the virus after growth m the central nervous system tissues of a rabbit or following growth m a chick or duck embryo.

The BCG (bacille Calmette-Guerm) vaccine is an example of an attenuated bacterial vaccine. This vaccine is administered in Britain to children 10 to 14 years old to protect against tuberculosis. It is used in the United States only for high-risk individuals. This mycobacterial strain was developed from a case of bovine tuberculosis. It was cultured for over 10 years in the laboratory on a medium containing glycerol, bile, and potatoes. During that time it accumulated mutations so that it no longer was a virulent pathogen. In over 70 years of laboratory culture the BCG mycobacterial strain has not reverted to a virulent form.

4. Killed / lnactivated Vaccines. Some vaccines are prepared by killing or inactivating microorganisms so they cannot reproduce or replicate within the body and are not capable of causing disease (enteric fever, paratyphoid, cholera, whooping cough, poliomyelitis and leptospirosis vaccines, etc.).. When microorganisms are killed  or inactivated by treatment with chemicals, radiation, or heat, the antigenic properties of the pathogen are retained. Killed/inactivated vaccines generally can be used without the risk of causing the onset of the disease associated with the virulent live pathogens. The vaccines used for the prevention of whooping cough (pertussis) and influenza are representative of the preparations containing antigens that are prepared by inactivating pathogenic microorganisms.

5. Comparative characteristic of the living and inactivated vaccines

	Vaccine
	Live vaccine 
	Inactivated vaccine 

	Advantages
	It is high immunogenic

It elicits long lasting immunity

A single dose of the vaccine is usually sufficient to obtain strong immunity

It may be administered by the route of the natural infection (orally, by inhalation)

Live vaccine elicit both local and generalized immunity
	Stability and safety. 

They elicit, as a rule, long and strong active immunity (months to years)

They may be administered for the immunization of the individuals with immunodeficiency 



	Disadvanteges
	It is possible attenuated microorganisms may reverse to virulent state through mutation and recombination

It may cause disease in a person who lack adequate immune response ( It can cause vaccine-associated disease)

It may be contaminated with potentially dangerous infection agents

They must be kept in refrigerators

It may cause local complications (inflammation, edema, and others )

Viral vaccine may be oncogenic


	Some additional components of the vaccine can produce allergic reactions (preservatives, antibiotics and white yolk in the viral vaccines)

They are less immunogenic than live vaccine in general.

Inadequate inactivated vaccine can cause vaccine-associated disease

Sometimes to create strong and continuous immunity inoculation of the booster dose is necessary 

Killed vaccines are administered parenteral, therefore they induce only generalized humoral immunity


6. In some cases the toxins responsible for a disease are inactivated and used for vaccination. Some vaccines, for example, are prepared by denaturing microbial exotoxins. The denatured proteins produced are called toxoids. Protein exotoxins, such as those involved in the diseases tetanus and diphtheria, are suitable for toxoid preparation. The vaccines for preventing these diseases employ toxins inactivated by treatment with formaldehyde. These toxoids retain the antigenicity of the protein molecules. This means that the toxoids elicit the formation of antibody and are reactive with antibody molecules but, because the proteins are denatured, they are unable to initiate the reactions associated with the active toxins that cause disease.

The activity of a toxoid is determinated in flocculation unit (international unit) – amount of toxoid which is connected with 1 IU of antitoxic serum in flocculation test. 

7. Subunit / Chemical Vaccines. Individual components of microorganisms can be used as antigens for immunization. For example, the polysaccharide capsule from Streptococcus pneumoniae is used to make a vaccine against pneumococcus pneumonia. This vaccine is used in high-risk patients, particularly individuals over 50 years old who have chronic diseases, such as emphysema. Another vaccine has been produced from the capsular polysaccharide of Haemophilus influenzae type b, a bacterium that frequently causes meningitis in children 2 to 5 years old. The Hib vaccine, as it is called, is being widely administered to children in the United States. This vaccine is not always effective in establishing protection in children under 2 years old. It is administered to children between 18 and 24 months old who attend day care centres because they have a greater risk of contracting H. influenzae infections. 

A polyvaccine against typhoid fever and tetanus is now manufactured and used. It consists of O- and Vi-antigens of the typhoid fever bacteria and purified concentrated tetanus anatoxin. The bacterial antigens and the tetanus anatoxin are adsorbed on aluminium hydroxide.

Thus Individual components of a microorganism can be used in a vaccine to elicit an immune response.

Adjuvant. Some chemicals, known as adjuvants, greatly enhance the antigenicity of other chemicals. The inclusion of adjuvants in vaccines therefore can greatly increase the effectiveness of the vaccine. When protein antigens are mixed with aluminium compounds, for example, a precipitate is formed that is more useful for establishing immunity than the proteins alone. Alum-precipitated antigens are released slowly in the human body, enhancing stimulation of the immune response. The use of adjuvants can eliminate the need for repeated booster doses of the antigen, which increases the intracellular exposure to antigens to establish immunity. It also permits the use of smaller doses of the antigen in the vaccine.

Some bacterial cells are effective adjuvants. The killed cells of Bordetella pertussis, used in the DPT vaccine, are adjuvants for the tetanus and diphtheria toxoids used in this vaccine. Similarly, mycobacteria are effective adjuvants. Freund's adjuvant, which consists of mycobacteria emulsified in oil and water, is especially effective in enhancing cell-mediated immune responses. This adjuvant, however, can induce issue damage and is not used for that reason. 

Chemical adjuvants are used in vaccines to increase the antigenicity of other chemical components and hence the effectiveness of the vaccine. They can eliminate the need for booster doses of the antigen.

8. Besides the above mentioned preparations associated vaccines are used for specific prophylaxis of infectious diseases: whooping cough-diphtheria-tetanus vaccine, diphtheria-tetanus associated  anatoxin, whooping cough-diphtheria.

Methods of preparing other associated vaccines are being devised which will provide for the production of antibacterial, antitoxic and antivirus immunity.

SYNTHETIC VACCINES. Another approach to the study of Ag structure has been to synthesize peptides with exactly the same sequence as portions of the Ag of interest and to determine whether Ab made to the intact protein will react with these peptides. Similarly, such peptides have been conjugated to a carrier protein (as described earlier for haptens) and used to induce Abs to the peptide Frequently, these latter Abs have been found to react with the native protein molecule as well.

This knowledge of the primary structure of viral proteins, combined with the algorithms for predicting antigenicity, may enable us to produce synthetic vaccines in situations in which the production of safe, effective vaccines by current methods is not yet possible.

9. Recombinant vaccines. The first vaccine to provide active immunization against hepatitis B (Heptavax-B) was prepared from hepatitis B surface antigen (HBsAg). This antigen was purified from the serum of patients with chronic hepatitis B. Immunization with Heptavax-B is about 85% to 95% effective in preventing hepatitis B infection. It was administered predominantly to individuals in high-risk categories such as health care workers. It has been replaced by a newer recombinant vaccine, Recombivax HB. To produce Recombivax HB, a part of the hepatitis B virus gene that codes for HBsAg was cloned into yeast. The vaccine is derived from HBsAg that has been produced in yeast cells by recombinant DNA technology,                  

Vector Vaccines.  Recombinant DNA technology has allowed us to infer the amino acid sequence of several viral proteins from their DNA coding sequences.

Recombinant DNA technology is being used to create vaccines containing the genes for the surface antigens for various pathogens. Such vector vaccines act as carriers for antigens associated with pathogens other than the one from which the vaccine was derived. The attenuated virus used to eliminate smallpox is a likely vector for simultaneously introducing multiple antigens associated with different pathogens, such as the chicken pox virus. Several prototype vaccines using the smallpox vaccine as a vector have been made (FIG. 4).

Figure 4. New vaccines can be formed by using recombinant DNA technology to form vector vaccines, for example, using vaccine virus as a carrier.

Other methods for producing novel vaccines also have been developed. For example, a recombinant vaccine virus that contains a gene for the immunogenic glycoprotein of rabies virus has been made. This recombinant virus expresses the rabies glycoprotein on its viral envelope in addition to its own  glycoprotein. Immunization of experimental animals with this recombinant virus has led to complete protection against disease following intracerebral injection of rabies virus.

More recently, the gene encoding pl20, the surface glycoprotein of the human immunodeficiency virus, has been cloned, and the protein has been expressed in insect cells. The use of this recombinant protein as a vaccine for acquired immunodeficiency syndrome is undergoing clinical trials.

Antiidiotypic vaccines. Idiotypes. Because of the high degree of variability in the aminoterminal regions of heavy and light chains of an Ab, the Ab combining site and adjacent variable regions often are unique to that Ab (or at least found infrequently in other Abs). Such V region associated structures are called idiotypes. It may help to think of idiotypes as being analogous to fingerprint patterns—few of either are the same.

The idiotype on Ab from one individual can be seen as foreign by another individual of the same species who has not, or cannot, form the same structure on his or her own Abs. If it is seen as foreign, this second individual can make an Ab that binds to the idiotype structure on the Ab from the first individual. The Ab made in the second individual is called an anti idiotype Ab.

Many different ammo acid sequence and structural combinations can form an Ab to a single site on an Ag. Each of these combinations results in a unique Ab binding site, and each unique Ab binding site can give rise to a unique idiotype. Thus, an Ab response to a single site on an Ag can give rise to many different Abs with many different binding sites and, thus, many different idiotypes. Although Abs can see the same site on an Ag in a variety of ways, there are limits to the variability that will allow the binding to occur. Therefore, among those Abs that do bind, some similarity in binding sites and, as a result, some similarity in idiotypes might be expected. These similar, or shared, idiotypes are called public idiotypes.

There also are idiotypes that are unique to a single Ab. These are called private idiotypes. For example, an Ab response to site 1 on an Ag molecule contains Abs with 10 different combining sites. Seven of the 10 binding sites, although different, are similar enough that antiidiotype Ab made to one reacts with all 7. These 7 Abs share a public idiotype. The other 3 Abs also are similar to each other, but are different from the first 7 Abs. These 3 Abs share an idiotype (public idiotype number 2) that is different from the idiotype (public idiotype number 1) shared by the other 7 Abs.

In addition, 1 or more (and perhaps each) of the 10 Abs can have a second V-region-associated structure that is not shared with any of the other 9 Abs. This would be a private idiotype

The antiidiotipic antibodies are “mirror reflection” of antigens and thus can induce antibodies formation  cytotoxic cells which interact with antigens. There are many experimental vaccines against different bacteria, viral, protozoan diseases. But interest to antiidiotipic vaccines are decreased, because it is difficult to receive necessary titre of the specific antibodies which can neutralize causing agents and durable immunity against them. Besides that antiidiotipic vaccine cause allergic reactions.

Booster Vaccines. Multiple exposures to antigens are sometimes needed to ensure the establishment and continuance of a memory response. Several administrations of the Sabin vaccine are needed during childhood to establish immunity against poliomyelitis. A second vaccination is necessary to ensure immunity against measles. Only a single vaccination, though, is needed to establish permanent immunity against mumps and rubella. 

In some cases, vaccines must be administered every few years to maintain the anamnestic response capability. Periodic booster vaccinations are necessary, for example, to maintain immunity against tetanus. A booster vaccine for tetanus is recommended every 10 years.

Routes of Vaccination. The effectiveness of vaccines depends on how they are introduced into the body. Antigens in a vaccine may be given via a number of routes: intradermally (into the skin), subcutaneously (under the skin), intramuscularly (into a muscle), intravenously (into the bloodstream), and into the mucosal cells lining the respiratory tract through inhalation, or orally into the gastrointestinal tracts. Killed / inactivated vaccines normally must be injected into the body, whereas attenuated vaccines often can be administered orally or via inhalation. The effectiveness of a given vaccine depends in part on the normal route of entry for the particular pathogen. For example, polioviruses normally enter via the mucosal cells of the upper respiratory or gastrointestinal tracts. 

The Sabin polio vaccine, therefore, is administered orally, enabling the attenuated viruses to enter the mucosal cells of the gastrointestinal tract directly. It is likely that vaccines administered in this way stimulate secretory antibodies of the IgA class in addition to other immunoglobulins. Intramuscular administration of vaccines, like the Salk polio vaccine, is more  likely to stimulate IgM and IgG production. IgG is particularly effective in halting the spread of pathogenic microorganisms and toxins produced by such organisms through the circulatory system.

Vaccination is carried out with due account for the epidemic situation and medical  contraindications. The contraindications include acute fevers, recent recovery from an infectious disease, chronic infections (tuberculosis, malaria), valvular diseases of the heart, severe lesions of the internal organs, the second half of pregnancy, the first period of nursing a baby at the breast, allergic conditions (bronchial asthma, hypersensitivity to any foodstuffs), etc.

Vaccines are stored in a dark and dry place at a constant temperature (+2 to +10 (C). The terms of their fitness are indicated on labels and the method of their administration in special instructions enclosed in the boxes with the flasks or ampoules.

Vaccinotherapy. For treating patients with protracted infectious diseases (furunculosis, chronic gonorrhoea, brucellosis) vaccines prepared from dead microbes and toxoids are used. The staphylococcal toxoid, the polyvalent staphylococcal and streptococcal, the gonococcal and antibrucellosis vaccines and the vaccine against disseminated encephalitis and multiple sclerosis produce a good therapeutic effect.

II. Students’  Practical Activities:

1. Make inactivated vaccine from the culture of staphylococci.

1. For preparing inactivated vaccine it is necessary to isolate virulent strain of staphylococci and streak  it on the slant agar in the test tubes. 

2. Next day prepare smears and stain them by the Gram’s method. Purity of the isolated culture must be controlled microscopically. Such characteristics as homogeneity of the growth, form, size, and staining of  microbes permit definite judgement  as to purity of the culture. 

3. If the culture is pure, wash it with 5-7 ml of the sterile isotonic solution  and then pour it into the bottle (tube).  The  suspension should be heated for 1-1.5 h at 56-58 (C into water bath to kill bacteria. 

4. After heating one or two ml of microbial suspension inoculate on liquid and solid nutrient media for control of successful inactivation. 

5. Determine the density of vaccine strain by the turbidity standards and dilute to a concentration of 1-3 milliards of bacterial cells per ml. 

6. Conserve vaccine by addition of the 5% carbolic acid in ratio of 1 to 10.

7. It is necessary to control prepared vaccine according its sterility and harmless, inoculated laboratory animals. 

8. Pour 1 ml of the vaccine in an ampoule and solder it.

Summary

Prevention of Diseases Using the Body's Immune Response 

Immunization (Vaccination)

• Epidemics cannot be transmitted from one person to another when a sufficiently high proportion of the population is immune to a disease.

• Vaccines are preparations of antigens designed to stimulate the normal primary immune response Exposure to the antigens in a vaccine results in a proliferation of memory cells and the ability to exhibit a secondary memory or anamnestic response on subsequent exposure to the same antigensVaccines may contain antigens prepared by killing or inactivating pathogenic microorganisms or may use  attenuated strains that are unable to cause the onset of severe disease symptoms.

Some vaccines are prepared by denaturing microbial exotoxins to produce toxoids, these toxoids can elicit the formation of antibody and are reactive with antibody molecules but are unable to initiate the biochemical reactions associated with the active toxins that cause disease conditions.

• Microorganisms used for preparing inactivated vaccines are killed by treatment with chemicals, radiation, or heat. They retain their antigenic properties but cannot cause the onset of the disease caused by the live virulent pathogen.

• Living but attenuated strains of microorganisms used in vaccines are weakened by moderate use of heat, chemicals, desiccation, and growth in tissues other than the normal host. Such vaccines can be administered in relatively low doses because the microorganism is still able to replicate and increase the amount of antigen available to trigger the immune response mechanism.

• Microbial components, such as capsules and pili, can be used to make vaccines.

• Recombinant DNA technology can be used to create vector vaccines that contain the genes for the surface antigens of various pathogens.

• Adjuvants are chemicals that enhance the antigenicity of other biochemicals. They are used in vaccines, often eliminating the need for repeated booster doses and permitting the use of smaller doses of the antigen. 

• Vaccine antigens may be introduced into the body intradermally, subcutaneously, intramuscularly, intravenously, or into the mucosal cells lining the respiratory and gastrointestinal tracts.

• Some vaccines are administered after suspected exposure to a given infectious microorganism to elicit an immune response before the onset of disease symptomatology. In such cases the development of the infecting pathogen must be slow and the vaccine must be able to initiate antibody production quickly before active toxins are produced and released.

TABLE 1

Comparison of Attenuated and Inactivated Vaccines

	FACTOR
	ATTENUATED/LIVING
	INACTIVATED/ NONLIVING

	Rout of administration
	Natural route, e.g., orally
	Injection

	Doses
	Single
	Multiple

	Adjuvant
	Not required
	Usually needed

	Duration of immunity
	Years to life
	Months to years

	Immune response
	IgG, IgA, IgM, cell mediated
	IgG, little or no cell mediated


TABLE 2

Descriptions of Widely Used Vaccines

	DISEASE
	VACCINE

	Antiviral vaccines

	Smallpox
	Attenuated live virus

	Yellow fever
	Attenuated live virus

	Hepatitis B
	Recombinant

	Measles
	Attenuated live virus

	Mumps
	Attenuated live virus

	Rubella
	Attenuated live virus

	Polio
	Attenuated live virus (Sabin)

	Polio
	Inactivated virus (Salk)

	Influenza
	Inactivated virus

	Rabies
	Inactivated virus

	Antibacterial vaccines

	Diphtheria
	Toxoid

	Tetanus
	Toxoid

	Pertussis
	Acellular extract from Bordetella pertussis or killed bacteria

	Meningococcal meningitis 
	Capsular material from 4 strains of Neisseria meningitidis



	Haemophilus ínfluenzae type b (Hib) infection
	Capsular material from Haemophilus influenzae type b conjugated to diphtheria protein

	Cholera
	Killed Vibrio cholera

	Plague
	Killed Yersinia pestis

	Typhoid fever
	Killed Salmonella typhi

	Pneumococcal pneumonia
	Capsular material from 23 strains of Streptococcus pneumonia


TABLE 3

Recommended Vaccination Schedule for Normal Children

	VACCINE
	ADMINISTRATION
	RECOMMENDED AGE
	BOOSTER DOSE

	Diphtheria, pertussis,
tetanus (DPT)


	Intramuscular injection
	2,4,6, and 15 months


	One intramuscular booster at 4-6 years, tetanus and diphtheria
booster at 14-16 years 

	Measles, mumps, rubella
(MMR)
	Subcutaneous injection
	15 months
	One subcutaneous booster of MMR or just the measles portion at 4-6 years 

	Haemophilus mfluenzae
type b (Hib) conjugate
	Intramuscular injection
	2,4,6, and 15 months


	None

	Hepatitis B

	Intramuscular injection
	2,6, and 18 months
	None

	Polio (Sabin)


	Oral
	2,4, and 15 months (also 6 months for children in high-risk areas) 
	One oral booster at 4-6 years



TABLE 4 

Recommended Vaccination Schedule for Adults

	VACCINE
	ADMINISTRATION
	RECOMMENDATIONS

	Tetanus, diphtheria (Td)
	Intramuscular Td injection
	Repeated every 10 years throughout life

	Adenovirus types 4 and 7
	Intramuscular
	For military population only

	Influenza
	Intramuscular
	For individuals over 65 years old, individuals with chronic respiratory or cardiovascular disease

	Pneumococcal
	Intramuscular or subcutaneous
	For individuals over 50 years old, especially those with chronic diseases

	Staphylococcal
	Subcutaneous, aerosol inhalation, oral
	For treatment of infections caused by Staphylococcus 


TABLE 5

Recommended Vaccinations for Travellers

	VACCINE
	ADMINISTRATION
	RECOMMENDATIONS

	Cholera
	Intradermal, subcutaneous, or intramuscular
	For individuals travelling to or residing in countries where cholera is endemic

	Plague
	Intramuscular
	Only for individuals at high risk of exposure to plague

	Typhoid
	Oral, (booster; intradermal)
	For individuals travelling to or residing in countries where typhoid is endemic; booster is recommended every 3 years 

	Yellow fever
	Subcutaneously
	For individuals travelling to or residing in countries where yellow fever is endemic, a booster is recommended every 10 years


Lesson 19
Theme: specific prophylaxis and therapy of infectious diseases. 
Immune sera and immunoglobulins.
I. INDEPENDENT STUDY  PROGRAM

1. Immunotherapy (specific therapy) of the infectious diseases. Immediate seroprophylaxis of the infections. 

2. Antibacterial and antiviral immune sera and immunoglobulin.

3. Antitoxic immune sera (antitoxins). The methods of the manufacture, determination of their activity.

4. Diagnostic antimicrobial and antiviral sera. The methods of obtaining and titration. Practical  use.

5. Monoclones. Hybridomas (myeloma hybrid) technology. The perspectives of usage of monoclones.

1. Passive immunity can be used to prevent diseases when there is not sufficient time to develop an acquired immune response through vaccination. The administration of sera, pooled gamma globulin that contains various antibodies, specific immunoglobulin, or specific antitoxins provides immediate protection (Table 1). 

TABLE 1

Substances Used for Passive Immunization

	SUBSTANCE
	USE

	Gamma globulin (human)


	Prophylaxis against various infections for high-risk individuals, such as those with immunodeficiencies; lessening intensity of diseases, such as hepatitis after known exposure

	Hepatitis B immune globulin
	To prevent infection with hepatitis B virus after exposure, such as via blood contaminated needles

	Rabies immune globulin
	Used in conjunction with rabies vaccine to prevent rabies after a bite from a rabid animal; used around wound to block entry of virus

	Tetanus immune globulin
	Used in conjunction with tetanus booster vaccine to prevent tetanus after a serious wound; used around wound to block entry of virus 

	Rh immune globulin (Rhogam)
	To prevent an Rh-negative woman from developing an anamnestic response to the Rh antigen of an Rh-positive fetus; administered during third trimester or after birth

	Antitoxin (various)


	To block the action of various toxins, such as those in snake venom, those from spiders, and those produced by microorganisms, including diphtheria toxin and botulinum toxin


Sera are injected in definite doses intramuscularly, subcutaneously, sometimes intravenously, with strict observation of all the rules of asepsis. A preliminary desensitization according to Bezredka's method is necessary. Sera are employed for treatment and for prophylaxis of tetanus, gas gangrene and  botulism. The earlier the serum is injected, the more marked is its therapeutic and prophylactic action. The length of protective action of sera (passive immunity) is from 8 to 14 days.

At present days sera and immunoglobulin are produced in a purified state. They are treated by precipitating globulins with ammonium sulphate, by fractionation, by the method of ultracentrifugation, electrophoresis and enzymatic hydrolysis which allow the removal of up to 80 per cent of unneeded proteins. These sera have the best therapeutic and prophylactic properties, contain the least amount of unneeded proteins, and have a less distinct toxic and allergic action.

Sera thus produced are subdivided into antitoxic and antimicrobial sera. Antitoxic sera include antidiphtheritic, antitetanic sera and sera effective against botulism, anaerobic infections, and snake bites.

Antimicrobial sera are used against anthrax, encephalitis and influenza in the form of globulins and gamma globulins.

Before the development of antibiotics, passive immunization – often using horse sera – was widely practiced. Unfortunately, precipitation from extensive antigen-antibody complex formation caused kidney damage when horse serum was routinely administered. Today the use of passive immunity to treat disease is limited to cases of immunodeficiency and to specific reactions to block the adverse effects of pathogens and toxins.

Various antitoxins (antibodies that neutralize toxins) can be used to prevent toxins of microbial or other origin from causing disease symptoms. The administration of antitoxins establishes passive artificial immunity. Antitoxins are used to neutralize the toxins in snake venom, saving the victims of snake bites. The toxins in poisonous mushrooms can also be neutralized by administration of appropriate antitoxins. The administration of antitoxins and immunoglobulin to prevent disease occurs after exposure to a toxin and/or an infectious microorganism. 

Antitoxins are antibodies that neutralize toxins and can be used to prevent toxins from causing disease symptoms.

Flocculation test is used for determination of antitoxic serum activity (table 7). This test is similar to precipitation test. Flocculation phenomenon is formation of turbidity  in the tube with toxin (toxoid) and antitoxic serum mixture. It is specific reaction which is used for determination of activity of toxin (toxoid) or antitoxic serum. 

The activity of antitoxic serum is determined in international unit (IU). This is amount of  serum which can neutralize certain amount of Dlm of bacterial toxins. 

Table 2

Schematic representation of the flocculation test

	Ingredients (ml)
	Tubes

	
	1
	2
	3
	4
	5
	6

	Diphtherial anatoxin (30 IU per ml)
	2.0
	2.0
	2.0
	2.0
	2.0
	2.0

	Tested serum
	0,1
	0,2
	0,3
	0,4
	0,5
	0,6


Incubate the tubes in water bath at 40 (C until initial flocculation will appear.  

For example, initial flocculation has been appeared in the 3 tubes. It means that 0.3 ml of tested serum connects 60 IU of anatoxins, and 1 ml of serum can connect 200 IU (1ml x 60 IU : 0.3 ml = 200 IU). Thus, antitoxic serum activity is 200 IU.

It is also possible to establish passive immunity by the administration of gamma globulin, which contains mainly IgG and some IgM and IgA .  It is important that the gamma globulin used for establishing passive immunity is pooled in order to combine the immune functions from many people. Passive immunity lasts for a limited period of time because IgG molecules have a finite lifetime in the body. The administration of IgG does not establish an anamnesis response capability. The administration of IgG is also particularly useful therapeutically in preventing disease in persons with immunodeficiency and other high-risk individuals.

Monoclonal Antibodies. Most proteins possess many different antigenic determinants. As a result, serum from an animal or human producing Abs to a protein or cellular constituent contains a complex mixture of Abs. This mixture contains Abs to all determinants as well as Abs that are heterogeneous with respect to heavy chain isotype, light chain type, allotype, variable region sequence, and idiotype. A long held dream of biomedical scientists was to isolate a single Ab producing cell and grow it in vitro to provide a source of homogenous Abs that  would bind to only a single antigenic determinant.

Normal cells producing the desired Ab from an immunized animal are fused with myeloma cells (malignant lymphocytes that can be propagated easily in vitro) in the presence of a chemical that promotes cell fusion (polyethylene glycol or Sendai virus). Such fused cells, called hybridomas, have the Ab producing capability of the normal cell parent and the in vitro growth properties of the malignant myeloma parent. The normal, nonfused spleen cells cannot survive in culture, whereas the unfused myeloma cells, which can grow in vitro, carry a mutant gene in a critical biosynthetic pathway (ie, a drug marker). The presence of this mutant gene allows the unfused myeloma cell to be killed by adding the appropriate drug in culture. The fused cell is protected from this drug, because the normal spleen cell provides the normal biosynthetic gene. The procedure used to produce hybridoma cell lines secreting monoclonal Abs is shown in Figure 3.

 Production or hybridoma cell lines secreting monoclonal antibodies .The procedure for producing monoclonal antibodies is shown. Activated B cells from an immunized individual (eg, spleen cells from an immunized mouse) are fused with malignant plasma cells isolated from plasmacytomas and adapted to tissue culture. The myeloma cell has a mutant gene that renders it sensitive to the drug aminopterin. The activated B cells, although resistant to aminopterin, have a limited lifetime in culture  and die naturally. The B cell—myeloma cell hybrid is resistant to aminopterin because the B cell provides the missing genes. Therefore, the B cell-myeloma cell hybrid (the hybridoma) is the only fusion product that can survive in the hypoxanthine, aminopterin, thymidine (HAT) selective culture medium used. The hybrids are distributed into many culture wells in the multiwell culture plates and are allowed to grow for a short period. The culture supernatant or these wells then is tested for the desired antibody. Those cultures that are positive are cloned, and the hybridoma cell producing the desired antibody is propagated and used as a source of the monoclonal antibody.

Monoclonal Abs are available for thousands of different determinants and are being used widely as research tools to study protein structure and virus and toxin neutralization, and to isolate specific proteins from complex mixtures. Moreover, many commercially available monoclonal Abs are being used in extremely sensitive and specific techniques for the diagnosis of various diseases and, as mentioned earlier, for the experimental treatment of several human diseases.

Summary: 

Artificial Passive Immunity 

• Passively acquired immunity comes about when antibodies produced in another organism are introduced into the body. Artificially acquired passive immunity is derived from the injection of antibodies into an individual to provide immediate protection against a pathogen or toxin.

II. Student practical activities

1. Finish the preparing of the inactivated vaccine (from 5 to 7 stage).

2. Acquaint with immune sera and immunoglobulun and diagnostic serum preparations.

Lesson 21
Theme: pathogenic Rickettsia. 
Biological properties. 
Laboratory diagnostics of the human epidemic thyphus and murine thyphus. 
Therapy and prevention. 
Coxiella burneti causing Q-fever.
THEORETICAL QUESTIONS

1. General characteristics of Rickettsia: morphology, antigen structure, resistance, cultivation and host range.

2. Classification of medical important Rickettsia.

3. Rickettsia prowazekii: biological properties and significance in human pathology.

4. Epidemiology and pathogenesis of louse-borne typhus.  Immunity.

5. Laboratory diagnostics of epidemic typhus and Brill-Zinsser Disease.

6. Rickettsia thyphi: biological properties and significance in human pathology.

7. Epidemiology and pathogenesis of murine (endemic) typhus.  Immunity.

8. Laboratory diagnostics of murine typhus.

9. Coxiella burnetii: biological feature and its pathogenecity for human.

10. Epidemiology and pathogenesis of Q-fever.  Immunity

11. Laboratory diagnostics of Q-fever.

12. Prevention and therapy of ricketsial diseases.

General Concepts

Rickettsiae

The rickettsiae are a diverse collection of obligately intracellular Gram-negative bacteria found in ticks, lice, fleas, mites, chiggers, and mammals. They include the genera Rickettsiae, Ehrlichia, Orientia, and Coxiella. These zoonotic pathogens cause infections that disseminate in the blood to many organs. 

Rickettsia 

Clinical Manifestations

Rickettsia species cause Rocky Mountain spotted fever, rickettsialpox, other spotted fevers, epidemic typhus, and murine typhus. Orientia (formerly Rickettsia) tsutsugamushi causes scrub typhus. Patients present with febrile exanthems and visceral involvement; symptoms may include nausea, vomiting, abdominal pain, encephalitis, hypotension, acute renal failure, and respiratory distress. 

Structure, Classification, and Antigenic Types

Rickettsia species are small, Gram-negative bacilli that are obligate intracellular parasites of eukaryotic cells. This genus consists of two antigenically defined groups: spotted fever group and typhus group, which are related; scrub typhus rickettsiae differ in lacking lipopolysaccharide, peptidoglycan, and a slime layer, and belong in the separate, although related, genus Orientia. 

Pathogenesis

Rickettsia and Orientia species are transmitted by the bite of infected ticks or mites or by the feces of infected lice or fleas. From the portal of entry in the skin, rickettsiae spread via the bloodstream to infect the endothelium and sometimes the vascular smooth muscle cells. Rickettsia species enter their target cells, multiply by binary fission in the cytosol, and damage heavily parasitized cells directly. 

Host Defenses

T-lymphocyte-mediated immune mechanisms and cytokines, including gamma interferon and tumor necrosis factor alpha, play a more important role than antibodies. 

Epidemiology

The geographic distribution of these zoonoses is determined by that of the infected arthropod, which for most rickettsial species is the reservoir host. 

Diagnosis

Rickettsioses are difficult to diagnose both clinically and in the laboratory. Cultivation requires viable eukaryotic host cells, such as antibiotic-free cell cultures, embryonated eggs, and susceptible animals. Confirmation of the diagnosis requires comparison of acute- and convalescent-phase serum antibody titers. 

Control

Rickettsia species are susceptible to the broad-spectrum antibiotics, doxycycline, tetracycline, and chloramphenicol. Prevention of exposure to infected arthropods offers some protection. A vaccine exists for epidemic typhus but is not readily available. 

Coxiella
Clinical Manifestations 

Coxiella burnetii causes Q fever, which may present as an acute febrile illness with pneumonia or as a chronic infection with endocarditis. 

Structure, Classification, and Antigenic Types

Coxiella burnetii varies in size and has an endospore-like form. This species has lipopolysaccharide and phage type diversity. 

Pathogenesis

Coxiella burnetii organisms are transmitted to the human lungs by aerosol from heavily infected placentas of sheep and other mammals and disseminate in the bloodstream to the liver and bone marrow, where they are phagocytosed by macrophages. Growth within phagolysosomes is followed by formation of T-lymphocyte-mediated granulomas. In the few patients who develop serious chronic Q fever, heart valves contain organisms within macrophages. 

Host Defenses

Host defense depends on T lymphocytes and gamma interferon. 

Epidemiology

Q fever is found worldwide. It is associated mainly with exposure to infected placentas and birth fluids of sheep and other mammals. 

Diagnosis

The disease is difficult to diagnose clinically, and cultivation poses a biohazard. Therefore, serology is the mainstay of laboratory diagnosis. 

Control

Antibiotics are effective against acute Q fever. A vaccine containing killed phase I organism shows promise in protecting against infection. 

Rickettsiae are small, Gram-negative bacilli that have evolved in such close association with arthropod hosts that they are adapted to survive within the host cells. They represent a rather diverse collection of bacteria, and therefore listing characteristics that apply to the entire group is difficult. The common threads that hold the rickettsiae into a group are their epidemiology, their obligate intracellular lifestyle, and the laboratory technology required to work with them. In the laboratory, rickettsiae cannot be cultivated on agar plates or in broth, but only in viable eukaryotic host cells (e.g., in cell culture, embryonated eggs, or susceptible animals). The diversity of rickettsiae is demonstrated in the variety of specific intracellular locations where they live and the remarkable differences in their major outer membrane proteins and genetic relatedness. 

Some organisms in the family Rickettsiaceae are closely related genetically (e.g., Rickettsia rickettsii, R akari, R prowazekii, and R typhi); others are related less closely to Rickettsia species (e.g., Ehrlichia and Bartonella); and others not related to Rickettsia species (e.g., C burnetii). Rickettsioses are zoonoses that, except for Q fever, are usually transmitted to humans by arthropods (tick, mite, flea, louse, or chigger). Therefore, their geographic distribution is determined by that of the infected arthropod, which for most rickettsial species is the reservoir host. Rickettsiae are important causes of human diseases around the world (Q fever, murine typhus, scrub typhus, epidemic typhus, boutonneuse fever, and other spotted fevers). 

Epidemic Typhus and Brill-Zinsser Disease

Epidemics of louse-borne typhus fever have had important effects on the course of history; for example, typhus in one army but not in the opposing force has determined the outcome of wars. Populations have been decimated by epidemic typhus. During and immediately after World War I, 30 million cases occurred, with 3 million deaths. Unsanitary, crowded conditions in the wake of war, famine, flood, and other disasters and in poor countries today encourage human louse infestation and transmission of R prowazekii. Epidemics usually occur in cold months in poor highland areas, such as the Andes, Himalayas, Mexico, Central America, and Africa. Lice live in clothing, attach to the human host several times daily to take a blood meal, and become infected with R prowazekii if the host has rickettsiae circulating in the blood. If the infected louse infects another person, rickettsiae are deposited on the skin via the louse feces or in the crushed body of a louse. Scratching inoculates rickettsiae into the skin. 

Between epidemics R prowazekii persists as a latent human infection. Years later, when immunity is diminished, some persons suffer recrudescent typhus fever (Brill-Zinsser disease). These milder sporadic cases can ignite further epidemics in a susceptible louse-infested population. 

Murine Typhus

Murine typhus is prevalent throughout the world, particularly in ports, countries with warm climates, and other locations where rat populations are high. Rickettsia typhi is associated with rats and fleas, particularly the oriental rat flea, although other ecologic cycles (e.g., opossums and cat fleas) have been implicated. Fleas are infected by transovarian transmission or by feeding on an animal with rickettsiae circulating in the blood. Rickettsiae are shed from fleas in the feces, from which humans acquire the infection through the skin, respiratory tract, or conjunctiva. Although the infection and clinical involvement affects the brain, lungs, and other visceral organs in addition to the skin, mortality in humans is less than 1 percent. 

Structure, Classification, and Antigenic Types

Rickettsia species include two antigenically defined groups that are closely related genetically but differ in their surface-exposed protein and lipopolysaccharide antigens. These are the spotted fever and typhus groups. The organisms in these groups are smaller (0.3 µm by 1.0 µm) than most Gram-negative bacilli that live in the extracellular environment. They are surrounded by a poorly characterized structure that is observed as an electron-lucent zone by transmission electron microscopy and is considered to represent a polysaccharide-rich slime layer or capsule. The cell wall contains lipopolysaccharides, a major component that differs antigenically between the typhus group and the spotted fever group. These rickettsiae also contain major outer membrane proteins with both cross-reactive antigens and surface-exposed epitopes that are species specific and easily denatured by temperatures above 54oC.  Spotted fever group rickettsiae generally have a pair of analogous proteins with some diversity of their molecular masses. 

Pathogenesis 

Rickettsiae are transmitted to humans by the bite of infected ticks and mites and by the feces of infected lice and fleas. They enter via the skin and spread through the bloodstream to infect vascular endothelium in the skin, brain, lungs, heart, kidneys, liver, gastrointestinal tract, and other organs. Rickettsial attachment to the endothelial cell membrane induces phagocytosis, soon followed by escape from the phagosome into the cytosol. Rickettsiae divide inside the cell. Rickettsia prowazekii remains inside the apparently healthy host cell until massive quantities of intracellular rickettsiae accumulate and the host cell bursts, releasing the organisms. In contrast, R rickettsii leaves the host cell via long, thin cell projections (filopodia) after a few cycles of binary fission. Hence, relatively few R rickettsii organisms accumulate inside any particular cell, and rickettsial infection spreads rapidly to involve many other cells. Perhaps because of the numerous times the host cell membrane is traversed, there is an influx of water that is initially sequestered in cisternae of cytopathically dilated rough endoplasmic reticulum in the cells more heavily infected with R rickettsii. 

The bursting of endothelial cells infected with R prowazekii is a dramatic pathologic event. The mechanism is unclear, although phospholipase activity, possibly of rickettsial origin, has been suggested. Injury to endothelium and vascular smooth muscle cells infected by R rickettsii seems to be caused directly by the rickettsiae, possibly through the activity of a rickettsial phospholipase or rickettsial protease or through free-radical peroxidation of host cell membranes. Host immune, inflammatory, and coagulation systems are activated and appear to benefit the patient. Cytokines and inflammatory mediators account for an undefined part of the clinical signs. Rickettsial lipopolysaccharide is biologically relatively nontoxic and does not appear to cause the pathogenic effects of these rickettsial diseases. 

The pathologic effects of these rickettsial diseases originate from the multifocal areas of endothelial injury with loss of intravascular fluid into tissue spaces (edema), resultant low blood volume, reduced perfusion of the organs, and disordered function of the tissues with damaged blood vessels (e.g., encephalitis, pneumonitis, and hemorrhagic rash). 

Diagnosis

Diagnosis of rickettsial infections is often difficult. The clinical signs and symptoms (e.g., fever, headache, nausea, vomiting, and muscle aches) resemble many other diseases during the early stages when antibiotic treatment is most effective. A history of exposure to the appropriate vector tick, louse, flea, or mite is helpful but cannot be relied upon. Observation of a rash, which usually appears on or after day 3 of illness, should suggest the possibility of a rickettsial infection but, of course, may occur in many other diseases also. Knowledge of the seasonal and geographic epidemiology of rickettsioses is useful, but is inconclusive for the individual patient. Except for epidemic louse-borne typhus, rickettsial diseases strike mostly as isolated single cases in any particular neighborhood. Therefore, clinico-epidemiologic diagnosis is ultimately a matter of suspicion, empirical treatment, and later laboratory confirmation of the specific diagnosis. 

Because rickettsiae are both fastidious and hazardous, few laboratories undertake their isolation and diagnostic identification. Some laboratories are able to identify rickettsiae by immunohistology in skin biopsies as a timely, acute diagnostic procedure, but to establish the diagnosis physicians usually rely on serologic demonstration of the development of antibodies to rickettsial antigens in serum collected after the patient has recovered. Currently, assays that demonstrate antibodies to rickettsial antigens themselves (e.g., the indirect fluorescence antibody test or latex agglutination) are preferable to the nonspecific, insensitive Weil-Felix test that is based on the cross-reactive antigens of OX-19 and OX-2 strains of Proteus vulgaris. 

Control 

Although early treatment with doxycycline, tetracycline, or chloramphenicol is effective in controlling the infection in the individual patient, this action has no effect on rickettsiae in their natural ecologic niches (e.g., ticks). Human infections are prevented by control of the vector and reservoir hosts. Massive delousing with insecticide can abort an epidemic of typhus fever. Prevention of attachment of ticks and their removal before they have injected rickettsiae into the skin reduces the likelihood of a tick-borne spotted fever. Control of rodent populations and of the access of rats and mice to homes and other buildings may reduce human exposure to R typhi and R akari. 

Vaccines against spotted fever and typhus group rickettsiae have been developed empirically by propagation of rickettsiae in ticks, lice, embryonated hen eggs, and cell culture. Vaccines containing killed organisms have provided incomplete protection. A live attenuated vaccine against epidemic typhus has proved successful, but is accompanied by a substantial incidence of side effects, including a mild form of typhus fever in some persons. The presence of strong immunity in convalescent subjects indicates that vaccine development is feasible, but it requires further study of rickettsial antigens and the effective anti-rickettsial immune response. T-lymphocyte-mediated immune mechanisms, including effects of the lymphokines, gamma interferon tumor necrosis factor, and interleukin-1, seem most important. 

Coxiella burnetii and Q Fever

Coxiella burnetii is sufficiently different genetically from the other rickettsial agents that it is placed in a separate group. Unlike the other agents, it is very resistant to chemicals and dehydration. Additionally, its transmission to humans is by the aerosol route, although a tick vector is involved in spread of the bacteria among the reservoir animal hosts. 

Clinical Manifestations

Q fever is a highly variable disease, ranging from asymptomatic infection to fatal chronic infective endocarditis. Some patients develop an acute febrile disease that is a nonspecific influenza-like illness or an atypical pneumonia. Other patients are diagnosed after identification of granulomas in their liver or bone marrow. The most serious clinical conditions are chronic C burnetii infections, which may involve cardiac valves, the central nervous system, and bone. 

Structure,Classification, and Antigenic Type

Coxiella burnetii is an obligately intracellular bacterium with some peculiar characteristics. It is small, generally 0.25 µm by 0.5 to 1.25 µm. However, there is considerable ultrastructural pleomorphism, including small- and large-cell variants and possible endospore-like forms, suggesting a hypothetical developmental cycle. Among rickettsiae, C burnetii is the most resistant to environmental conditions, is the only species that resides in the phagolysosome, is activated metabolically by low pH, and has a plasmid. The extensive metabolic capacity of C burnetii suggests that its obligate intracellular parasitism is a highly evolved state rather than a degenerate condition. The cell wall is typical of Gram-negative bacteria and contains peptidoglycan, proteins, and lipopolysaccharide. When propagated under laboratory conditions in embryonated eggs or cell culture, C burnetii undergoes phase variation analogous to the smooth to rough lipopolysaccharide variation of members of the Enterobacteriaceae. Phase I is the form found in nature and in human infections. The phase II variant contains truncated lipopolysaccharide, is avirulent, and is a poor vaccine. 

Pathogenesis

Human Q fever follows inhalation of aerosol particles derived from heavily infected placentas of sheep, goats, cattle, and other mammals. Coxiella burnetii proliferates in the lungs, causing atypical pneumonia in some patients. Hematogenous spread occurs, particularly to the liver, bone marrow, and spleen. The disease varies widely in severity, including asymptomatic, acute, subacute, or chronic febrile disease, granulomatous liver disease, and chronic infection of the heart valves. The target cells are macrophages in the lungs, liver, bone marrow, spleen, heart valves, and other organs. Coxiella burnetii is phagocytosed by Kupffer cells and other macrophages and divides by binary fission within phagolysosomes. Apparently it is minimally harmful to the infected macrophages.. Host-mediated pathogenic mechanisms appear to be important, especially immune and inflammatory reactions, such as T-lymphocyte-mediated granuloma formation. 

Epidemiology

Coxiella burnetii infects a wide variety of ticks, domestic livestock, and other wild and domestic mammals and birds throughout the world. Most human infections follow exposure to heavily infected birth products of sheep, goats, and cattle, as occurs on farms, in research laboratories, and in abattoirs. Coxiella burnetii is also shed in milk, urine, and feces of infected animals. Animals probably become infected by aerosol and by the bite of any of the 40 species of ticks that carry the organisms. 

Diagnosis

Clinical diagnosis depends upon a high index of suspicion, careful evaluation of epidemiologic factors, and ultimately, confirmation by serologic testing. Although C burnetii can be isolated by inoculation of animals, embryonated hen eggs, and cell culture, very few laboratories undertake this biohazardous approach. Likewise, the diagnosis is seldom made by visualization of the organisms in infected tissues. Acute Q fever is diagnosed by demonstration of the development of antibodies to protein antigens of C burnetii phase II organisms. Chronic Q fever endocarditis is diagnosed by demonstration of a high titer of antibodies, particularly IgG and IgA, against the lipopolysaccharide antigens of C burnetii phase I organisms in patients with signs of endocarditis whose routine blood cultures contain no organisms. 

Control 

Antibiotic treatment is more successful in ameliorating acute, self-limited Q fever than in curing life-threatening chronic endocarditis. Reduction in exposure to these widespread organisms is difficult because some serologically screened animals that have no detectable antibodies to C burnetii still shed organisms at parturition. Persons with known occupational hazards (e.g., Australian abattoir workers) have benefitted from a vaccine composed of killed phase I organisms. This vaccine is not readily available, but offers promise for development of safe, effective immunization. 

SHORT REVIEW: 

Classification: The family Rickettsiaceae consists of four genera: Rickettsia, Orientia, Coxiella, and Ehrlichia. Rickettsia contains the agents causing typhus fevers and spotted fevers.

Morphology: Rickettsia are pleomorphic Gram negative coccobacilli, non-motile, non-capsulated.

Cultivation: Rickettsia are unable to grow in cell free media. They are cultivated:

1) In yolk sac of chick embryo;
2) On HeLa, mouse fibroblast, Hep-2, Detroit 6 and other continuous cell lines. Growth occurs in the cytoplasm or in the nucleus of infected cells.

3) In organism of laboratory animals.  

Resistance: Rickettsia are destroyed at 560C and at room temperature when separated from host components. They become non-infectious with 1% lysol, 2% formaldehyde, 5% hydrogen peroxide, 70% ethanol and hypochlorite solution

Antigenic structure: Rickettsiae possess at least three types of antigens:

1) Group specific soluble antigen ;

2) Species specific antigen;

3) Alkali-stable polysaccharide antigen

Pathogenesis: Rickettsia are generally transmitted to humans by the bite or by the feces of an in infected arthropod vector. On entry into the human body, they multiply locally and enter the blood stream. The organisms become localisated in the vascular endothelial cells, which enlarge, degenerate and cause thrombosis of the vessels leading to rupture and necrosis. Rickettsia may have two types of toxicity. The first endotoxin – kills mice, this endotoxin activity is specifically neutralised by antiserum. The second toxicity is hemolysis of sheep and rabbit red blood cell. The role of endotoxin and haemolytic activity in human disease remains unclear. 

Typhus fever group

This group consist of:

1. Epidemic typhus and its recrudescent infection (Brill-Zinsser disease)

2. Endemic (murine) typhus 

Epidemic typhus  (Classical typhus)

It is the louse-borne epidemic typhus. The causative organism is R.prowazekii. Human body louse and head louse are vectors.

The lice become infected by ingesting the blood from a rickettsiamic patient.

Lice defecate while feeding and scratches by the host produce minute abrasions which act as portal of entry for the rickettsia present in the louse feces.

Patient develops headache, chills, generalized myalgia, high fever and vomiting.The patient develops cloudy state of consciousness (typhos, meaning smoke or cloud).

Brill-Zinsser disease

In some who recover from epidemic typhus, the rickettsia may remain latent in the lymphatic tissues or organs for years. Such latent infections may be reactivated leading to recrudescent typhus. Brill-Zinsser disease is a milder illness and the duration of the disease is shorter.

Endemic typhus (Murine typhus)

The disease is caused by  R.mooseri (R.typhi). Vector is rat flea. Man acquires the disease accidentally through the bite infected fleas or by recently contaminated food with infected rat urine or flea feces. 

Laboratory diagnosis

Laboratory diagnosis of rickettsial diseases may be carried out by:

1. Isolation of rickettsiae – their isolation should be attempted only in laboratories equipped with appropriate safety provisions.

2. Serology. Serological diagnosis may be done by: 
a. Weil-Felix reaction (heterophile agglutination test)

b. Specific serological tests: complement fixation test (CFT), latex agglutination test, ELISA

Prophylaxis

1. General measures such as control of vectors and animal reservoirs are useful to prevent rickettsial diseases.

2. Vaccination. There is no safe, effective vaccine for any of the rickettsial diseases. A live vaccine containing attenuated R. prowazekii grown in yolk sac has been found to be effective but a proportion of vaccines develop mild disease. 

Coxiella

Q fever is caused by Coxiella burnettii (after the names of Cox and Burnet who identified the same agent independently. Coxiella burnettii is an obligate intracellular pathogen. 

Morphology: It is pleomorphic, occuring as small bacilli, Gram negative, non-motile, non-sporeforming. Due to small size it is filtrable.

Resistance

It is resistant to physical and chemical agents. It is not inactivated at 600C or by 1% phenol, in one hour. In milk it may survive pasteurizations by the holder method. It can remain infections for months in milk, water, soil and on wool. It can be inactivated by 2% formaldehyde, 5% hydrogen peroxide and 1% Lysol.

Epidemiology and pathogenesis

Q fever is primarily a zoonosis. Infection is transmitted among animals by ixodid ticks.

Human infections have been traced to:

· Consumption of infected milk

· Handling of infected wool

· Contaminated soil

· Contaminated clothing.

Patient develops headache, chills, myalgia, pneumonia, endocarditis, hepatitis and neningoencephalitis.  

Laboratory diagnosis

Laboratory diagnosis is mainly by serology using CFT or indirect immunofluorescene assay.

Prevention 

Vaccines have been prepared from: a) formalin killed whole cells, b) attenuated strains 

trichloroacetic acid extracts.

They are not in general use.

II. Students’ practical activity:

1. To stain the prepared smear from rickettsia with acid fuchsine. To microscopy and draw the image.
2. To read the results of Weil-Felix reaction (heterophile agglutination test) have been made with patient’s serum with suspected epidemic typhus. Estimate the antibody titer and make a conclusion.

3. To estimate the antibody titer in the CFT has been made to diagnose Q-fever, make a serodiagnosis.

Lesson 22
Theme: pathogenic Cocci. Staphylococci. Streptococci. 
Morphology and biological properties. 
Laboratory diagnostics of diseases.
I. Theoretical questions

1. Classification of the staphylococci and their general properties (morphology, cultural characteristics, ecology, etc.) 

2. Classification of the streptococci and their general properties (morphology, cultural characteristics, antigen structure, ecology, etc.) Major pathogenic species (S.pyogenes, S.pneumoniae, S.agalactiae and others)

3. Factors of a pathogenicity of the staphylococci and streptococci (enzymes, exotoxins)

4. Value of the staphylococci and streptococci in human diseases.

5. Significance of S.pyogenes in appearance of rheumatic rheumatic heart disease, glomerulonephritis and scarlet fever.

6. Laboratory diagnostics of the diseases caused by staphylococci :

a. Cultural method

b. Biological method (detection of the enterotoxin)

c. Serological method

7. Laboratory diagnostics of the diseases caused by streptococci :

a. Cultural method

b. Serological method

8. Specific prophylaxis and treatment of the staphylococcal and streptococcal infections 

1. Classification: Bacteria in the genus Staphylococcus are pathogens of man and other mammals. Traditionally they were divided into two groups on the basis of their ability to clot blood plasma (the coagulase reaction). The coagulase-positive staphylococci constitute the most pathogenic species S aureus. The coagulase-negative staphylococci (CNS) are now known to comprise over 30 other species. The CNS are common commensals of skin, although some species can cause infections.At least 30 species of staphylococci have been recognized by biochemical analysis and in particular by DNA-DNA hybridization. Eleven of these can be isolated from humans as commensals. S aureus (nares) and S epidermidis (nares, skin) are common commensals and also have the greatest pathogenic potential. S saprophyticus (skin, occasionally) is also a common cause of urinary tract infection. S haemolyticus, S simulans, S cohnii, S warneri and S lugdunensis can also cause infections in man.
Morphology: Staphylococci are Gram-positive cocci about 0.5 -1.0 um in diameter. They grow in clusters, pairs and occasionally in short chains. The clusters arise because staphylococci divide in several planes. The configuration of the cocci helps to distinguish micrococci and staphylococci from streptococci, which usually grow in chains. They do not form capsule, endospore and do not have flagella

Cultivation They are facultative anaerobes. They grow readily on ordi​nary media within a temperature range of 10-42 °C, the optimum being 37 °C and pH 7.4-7.6. 
Cultural characteristics:

 On nutrient agar, after incubation for 24 hours, the colonies are large (2-4 mm diameter), circular, convex, smooth, shiny, opaque and easily emulsifiable. Most strains produce golden yellow pigment, though some may be white, orange or yellow. 

On nutrient agar slope, the confluent growth presents a characteristic "oil-paint" appearance. The colonies on blood agar are similar to those on nutrient agar. Most strains are hemolytic, especially pathogenic species. Hemolysis is marked on rabbit or sheep blood and weak on horse blood agar.
In liquid media, uniform turbidity is produced. 

Several selective media have been devised for isolat​ing Staph. aureus from specimens such as feces con​taining other bacteria. These include media containing 8-10 per cent NaCl (salt-milk agar, salt broth and salt-yolk agar). 

For primary isolation, sheep blood agar is recommended. Human blood should not be used as it may contain antibodies or
Biochemical reactions: They ferment a number of sugars, producing acid but no gas. Sugar fermentation is of no diagnostic value except for mannitol, which is usually fermented anaerobically by Staph. aureus but not by other species. 

They are catalase positive (un​like streptococci) and usually hydrolyse urea, reduce nitrates to nitrites and liquefy gelatin. Most strains are lipolytic and when grown on media containing egg yolk, pro​duce a dense opacity (lecitinase activity is a one of the character factor of S.aureus). Production of phosphatase can be demonstrated by culturing on nutrient agar contain​ing phenolphthalein diphosphate. When such a culture is exposed to ammonia vapour, colonies assume a bright pink colour due to the presence of free phenol​phthalein. This is a useful screening procedure for dif​ferentiating Staph. aureus from Staph. epidermidis in mixed cultures, as the former gives prompt phos​phatase reaction, while the latter is usually negative or only weakly positive.
Staph. aureus strains usually exhibit the fol​lowing characteristics: 

1) coagulase positive, 

2) greater biochemical activity, ferment mannite, 

3) produce α and β type of hemolysis on blood agar, 

4) usually produce a golden yellow pigment, 

5) lique​fy gelatin, 

6) produce phosphatase, 

7) in a medium containing potassium tellurite, reduce tellurite, black colonies, and 

8) produce thermostable nucleases which can be demonstrated by the ability of boiled cultures to degrade DNA in an agar diffusion test.
Resistance : Staphylococci are among the more resist​ant of nonsporing bacteria. Dried on threads, they retain their viability for 3-6 months. They have been isolated from dried pus after 2-3 months. They may withstand 60 °C for 30 minutes. Their thermal death point is 62 °C for 30 minutes. Some staphylococci require 80 °C for one hour to be killed. Heat resistant strains have the ability to grow at a higher tempera​ture, even at 45 °C. Most strains grow in the presence of 10% NaCl and some even in 15% NaCl. These fea​tures are of significance in food preservation.
They resist 1% phenol for 15 minutes. Mercury perchloride 1% solution kills them in 10 minutes. Many aniline dyes are strongly bactericidal, crystal violet being lethal at a concentration of one in five hundred thousand and brilliant green, one in ten mil​lion.

Staphylococci are uniformly resistant to lysozyme but some micrococci are sensitive to it. Sta​phylococci are generally sensitive to lysostaphin - a mixture of enzymes produced by a particular strain of Staph. epidermidis.

Multiple antibiotic resistance is increasingly common in S aureus and S epidermidis. Methicillin resistance is indicative of multiple resistance. Methicillin-resistant S aureus (MRS A) causes outbreaks in hospitals and can be epidemic.
Staphylococci also exhibit plasmid-borne resist​ance to erythromycins, tetracyclines, aminoglyco-sides and almost all clinically useful antibiotics except vancomycin.
2. Virulence factors:

a. adherence factor – fibronectin;

b. factor inhibiting phagocytosis – capsular polysaccharide produced by high virulent strains and into the human body only);
c. Protein A is a surface protein of S aureus which binds immunoglobulin G molecules by the Fc region;
d. leukocidin is a toxin that specifically acts on polymorphonuclear leukocytes (expressed by S aureus)
a. exotoxins :

b. α – toxin destroys platelets and monocytes

c. β – toxin is a sphingomyelinase which damages memebranes rich in this lipid (erythrocytes)

d. γ – toxin and leukocidin are expressed separately but act together to damage membranes of cells;

e. enterotoxins (six serotypes A,B,C,D,E, and G). Enterotoxins cause diarrhea and vomiting when ingested and are responsible for staphylococcal food poisoning.

f. toxic shock syndrome toxin (TSST). TSST and enterotoxins are superantigens.

g. Exfoliative (epidermolytic) toxin (ET). This toxin causes the scalded skin syndrome in neonates, with widespread blistering and loss of the epidermis

e. Enzymes:
a. deoxyribonuclease (DNase);

b. fatty acid modifying enzyme (FAME)

f. coagulase;

g. staphylocinase

3. Staphylococci produce two types of diseases - infections and intoxications. In the former  the cocci gain access to damaged skin, mucosal or tissue sites, colonise by adhering to cells or extracellular matrix, evade host defence mecha​nisms, multiply and cause tissue damage. In intoxi​cations, the disease is caused by the bacterial toxins produced either in the infected host or preformed in vitro.
Staphylococci can cause many forms of infection.

 {\)S aureus causes superficial skin lesions (boils, styes) and localized abscesses in other sites. (2) S aureus causes deep-seated infections, such as osteomyelitis and endocarditis and more serious skin infections (furunculosis). 

(3) S aureus is a major cause of hospital acquired (nosocomial) infection of surgical wounds and, with S epidermidis, causes infections associated with indwelling medical devices. 

(4) S aureus causes food poisoning by releasing enterotoxins into food. 

(5) S aureus causes toxic shock syndrome by release of superantigens (TSST) into the blood stream. 

(6) S saprophiticus causes urinary tract infections, especially in girls. 

(7) Other species of staphylococci (S lugdunensis, S haemolyticus, S warneri, S schleiferi, S intermedius) are infrequent pathogens.
4. Laboratory diagnostics: 

Microscopy: The presence of staphylococci in a lesion might first be suspected after examination of a direct Gram stain. Direct microscopy with Gram stained smears is useful in the case of pus, where cocci in clusters may be seen. This is of no value for specimens like sputum where mixed bacterial flora are normally present.

Cultural method (isolation of pure culture and its identification): Diagnosis may readily be made by culture.
Collection of the material :  The specimens to be collected depend on the type of lesion (for example, pus from suppurative lesions, sputum from respiratory infec​tions). In cases of food poisoning, feces and the remains of suspected food should be collected. For the detection of carriers, the usual specimen is the nasal swab. Swabs from the perineum, pieces of hair and umbilical stump may be necessary in special situa​tions.

The organism is isolated by streaking material from the clinical specimen (or from a blood culture) onto blood agar. Specimens likely to be contaminated with other microorganisms can be plated on salt agar containing 7.5% sodium chloride, which allows the halo-tolerant staphylococci to grow. 

Biochemical typing: Ideally a Gram stain of the colony should be performed and tests made for catalase and coagulase production, allowing the coagulase-positive S aureus to be identified quickly. Another very useful test for S aureus is the production of thermostable deoxyribonuclease. 

Serological identification: S aureus can be confirmed by testing colonies for agglutination with latex particles coated with immunoglobulin G and fibrinogen which bind protein A and the clumping factor, respectively, on the bacterial cell surface. These are available from commercial suppliers (e.g., Staphaurex). The most recent latex test (Pastaurex) incorporates monoclonal antibodies to serotype 5 and 8 capsular polysaccharide in order to reduce the number of false negatives. (Some recent clinical isolates of S aureus lack production of coagulase and/or clumping factor, which can make identification difficult.)

The association of S epidermidis (and to a lesser extent of other coagulase-negative staphylococci) with nosocomial infections associated with indwelling devices means that isolation of these bacteria from blood is likely to be important and not due to chance contamination, particularly if successive blood cultures are positive. Nowadays, identification of S epidermidis and other species of Staphylococcus is performed using commercial biotype identification kits, such as API Staph Ident, API Staph-Trac, Vitek GPI Card and Microscan Pos Combo. These comprise preformed strips containing test substrates.
Antibiotic sensitivity tests should be performed as a guide to treatment. This is important as staphylo​cocci readily develop resistance to drugs.
Bacteriophage typing may be done if the informa​tion is desired for epidemiological purposes. Other typing methods include antibiogram pattern, plasmid profile, DNA fingerprinting, ribotyping and PCR-based analysis for genetic pleomorphism.
Serological diagnostics: It is an additional method of diagnostics. Serological tests may sometimes be of help in the diagnosis of hidden deep infections. Antistaphylolysin (antialphalysin) titres of more than two units per ml, especially when the titre is rising, may be of value in the diagnosis of deep seated infections such as bone abscesses.
5. Treatment: Hospital strains of S aureus are often resistant to many different antibiotics. Indeed strains resistant to all clinically useful drugs, apart from the glycopeptides vancomycin and teicoplanin, have been described. The term MRS A refers to methicillin resistance and most methicillin-resistant strains are also multiply resistant. Plasmid-associated vancomycin resistance has been detected in some enterococci and the resistance determinant has been transferred from enterococci to S aureus in the laboratory and may occur naturally. S epidermidis nosocomial isolates are also often resistant to several antibiotics including methicillin. In addition, S aureus expresses resistance to antiseptics and disinfectants, such as quaternary ammonium compounds, which may aid its survival in the hospital environment.
As drug resistance is so common among staphylococci, the appropriate antibiotic should be chosen based on antibiotic sensitivity tests.

Vaccines and New Approaches to Combatting Nosocomial Infections

No vaccine is currently available to combat staphylococcal infections. Hyperimmune serum from human volunteer donors or humanized monoclonal antibodies directed towards surface components (e.g., capsular polysaccharide or surface protein adhesions) could both prevent bacterial adherence and also promote phagocytosis of bacterial cells. Indeed a prototype vaccine based on capsular polysaccharide from S aureus has been administered to volunteers to raise hyperimmune serum, which could be given to patients in hospital before surgery. A vaccine based on fibronectin binding protein induces protective immunity against mastitis in cattle and might also be used as a vaccine in humans.

Taxonomic position of streptococci:

Family: Streptococcaceae          Medical important genera and species : 

Streptococcus (S.pyogenes, S.pneumonia, S.agalactiae, and S.viridans );

Enterococcus (E.faecalis, E.faecium)

The nomenclature for streptococci, especially the nomenclature in medical use, has been based largely on serogroup identification of cell wall components rather than on species names. For several decades, interest has focused on two major species that cause severe infections: S pyogenes (group A streptococci) and Spneumoniae (pneumococci). In 1984, two members were assigned a new genus - the group D enterococcal species (which account for 98% of human enterococcal infections) became Enterococcus faecalis (the majority of human clinical isolates) and E. faecium (associated with a remarkable capacity for antibiotic resistance).

Some of the other medically important streptococci are S agalactiae (group B), an etiologic agent of neonatal disease; E faecalis (group D), a major cause of endocarditis, and the viridans streptococci. Particularly for the viridans streptococci, taxonomy and nomenclature are not yet fully reliable or consistent. Important members of the viridans streptococci, normal commensals, include S mutans and S sanguis (involved in dental caries), S mitis (associated with bacteremia, meningitis, periodontal disease and pneumonia), and "S milleri" (associated with suppurative infections in children and adults).
Morphology: Streptococci are Gram-positive, nonmotile, nonsporeforming cocci that occur in pairs or chains. S. pyogenes characteristically is a round-to-ovoid coccus 0.6-1.0 µm in diameter. They divide in one plane and thus occur in pairs, or (especially in liquid media or clinical material) in chains of varying lengths. 

S. pneumoniae appears as a 0.5-1.25 µm diplococcus, typically described as lancet-shaped but sometimes difficult to distinguish morphologically from other streptococci. Most streptococci are facultative anaerobes, and some are obligate (strict) anaerobes. Most require enriched media (blood agar). Group A streptococci have a hyaluronic acid capsule.

Cultural characteristics

Unlike Staphylococcus, all streptococci lack the enzyme catalase. Most are facultative anaerobes but some are obligate anaerobes. Streptococci often have a mucoid or smooth colonial morphology, and S pneumoniae colonies exhibit a central depression caused by rapid partial autolysis. Some group B and D streptococci produce pigment.

Classification and Antigenic Types
Streptococci are classified on the basis of colony morphology, hemolysis, biochemical reactions, and (most definitively) serologic specificity. 

1. They are divided into three groups by the type of hemolysis on blood agar: 

2. β-hemolytic (clear, complete lysis of red cells),

3. α- hemolytic (a partial or "greening" hemolysis associated with reduction of red cell hemoglobin), and 

4. γ- hemolytic (no hemolysis). 

Serologic grouping is based on antigenic differences in cell wall carbohydrates named Lancefield group antigen (groups A to V), in cell wall pili-associated protein, and in the polysaccharide capsule in group B streptococci.

For decades, the definitive identification of streptococci has rested on the serologic reactivity of cell wall polysaccharide antigens originally delineated by Rebecca Lancefield. Eighteen group-specific antigens were established. Some group antigens are shared by more than one species; no Lancefield group antigen has been identified for S. pneumoniae or for some other α- or γ-streptococci. With advances in serologic methods, other streptococci have been shown to possess several established group antigens. 

There are more than 85 antigenic types of S.pneumoniae, which are determined by capsule antigens. There is no Lancefield group antigen. The capsule of S.pyogenes is composed of hyaluronic acid, which is chemically similar to that of host connective tissue and is therefore nonantigenic. In contrast, the antigenically reactive and chemically distinct capsular polysaccharide of S.pneumoniae allows the single species to be separated into some serotypes. The antiphagocytic S.pneumoniae capsule is the most clearly understood virulence factor of these organisms; type 3 S.pneumoniae\ which produces copious quantities of capsular material, are the most virulent, unencapsulated S.pneumoniae are avirulent. The polysaccharide capsule in S agalactiae allows differentiation into types la, Ib, Ic, II and III.

The cell wall also consists of several structural proteins. In group A streptococci, the R and T proteins may serve as epidemiologic markers, but the M proteins are clearly virulence factors associated with resistance to phagocytosis. More than 50 types of S. pyogenes M proteins have been identified on the basis of antigenic specificity.
Epidemiology
Group A  β-hemolytic streptococci are spread by respiratory secretions and fomites. The incidence of both respiratory and skin infections peaks in childhood. Infection can be transmitted by asymptomatic carriers. Acute rheumatic fever was previously common among the poor; susceptibility may be partly genetic. Group B streptococci are common in the normal vaginal flora and occasionally cause invasive neonatal infection.

Pathogenesis

Streptococci are members of the normal flora. Virulence factors of group A streptococci include (1) M protein and lipoteichoic acid for attachment; 

(2) a hyaluronic acid capsule that inhibits phagocytosis; 

(3) other extracellular products, such as pyrogenic (erythrogenic) toxin, which causes the rash of scarlet fever; and 

(4) streptokinase, 

(5) streptodornase (DNase B), 

(6) streptolysins. 

The importance of the interaction of streptococcal products with mammalian blood and tissue components is becoming widely recognized. The soluble extracellular growth products or toxins of the streptococci, especially of S.pyogenes have been studied intensely. Streptolysin S is an oxygen-stable cytolysin; Streptolysin O is a reversibly oxygen-labile cytolysin. Both are leukotoxic, as is NADase. Hyaluronidase (spreading factor) can digest host connective tissue hyaluronic acid as well as the organism's own capsule. Streptokinases participate in fibrin lysis. Streptodornases A-D possess deoxyribonuclease activity; B and D possess ribonuclease activity as well. Protease activity similar to that in Staph aureus has been shown in strains causing soft tissue necrosis or toxic shock syndrome. Some strains are nephritogenic. Immune-mediated sequelae do not reflect dissemination of bacteria. 

S.pyogenes (a group A streptococcus) is the leading cause of uncomplicated bacterial pharyngitis and tonsillitis. S.pyogenes infections can also result in sinusitis, otitis, mastoiditis, pneumonia with empyema, joint or bone infections, necrotizing fasciitis or myositis, and, more infrequently, in meningitis or endocarditis. S pyogenes infections of the skin can be superficial (impetigo) or deep (cellulitis). Although scarlet fever was formerly a severe complication of streptococcal infection, because of antibiotic therapy it is now little more than streptococcal pharyngitis accompanied by rash. Similarly, erysipelas, a form of cellulitis accompanied by fever and systemic toxicity, is less common today.

S.pneumoniae is the leading cause of bacterial pneumonia beyond the neonatal period. Pleural effusion is the most common and empyema (pus in the pleural space) one of the most serious complications of S.pneumoniae. This organism is also the most common cause of sinusitis, acute bacterial otitis media, and conjunctivitis beyond early childhood. Dissemination from a respiratory focus results in serious disease: outpatient bacteremia in children, meningitis, and occasionally acute septic arthritis and bone infections in patients with sickle cell disease and, more rarely, peritonitis (especially in patients with nephrotic syndrome) or endocarditis.
Infection with S.pyogenes (but not S.pneumoniae) can give rise to serious nonsuppurative sequelae: acute rheumatic fever and acute glomerulonephritis. These sequelae begin 1-3 weeks after the acute illness, a latent period consistent with an immune-mediated rather than pathogen-disseminated etiology. Whether all S.pyogenes strains are rheumatogenic is still controversial; however, clearly not all are nephritogenic. These differences in pathogenic potential are not yet understood.
Acute glomerulonephritis results from deposition of antigen-antibody-complement complexes on the basement membrane of kidney glomeruli. The antigen may be streptococcal in origin or it may be a host tissue species with antigenic determinants similar to those of streptococcal antigen (cross-reactive epitopes for endocardium, sarcolemma, vascular smooth muscle).

Streptococcal groups B, C, and G initially were recognized as animal pathogens  and as part of the normal human flora. Recently, the pathogenic potential for humans of some of these non-group-A streptococci has been clarified. Group B streptococci, a major cause of bovine mastitis, are a leading cause of neonatal septicemia and meningitis, accounting for a significant changing clinical spectrum of diseases in both pregnant women and their infants. Mortality rates in full-term infants range from 2-8% but in pre-term infants are approximately 30%. Early-onset neonatal disease (associated with sepsis, meningitis and pneumonia at 6d life) is thought to be transmitted vertically from the mother; late-onset (from 7d to 3 mos age) meningitis is acquired horizontally, in some instances as a nosocomial infection. Group B organisms also have been associated with pneumonia in elderly patients. They are part of the normal oral and vaginal flora and have also been isolated in adult urinary tract infection, chorioamnionitis and endometritis, skin and soft tissue infection, osteomyelitis, meningitis, bacteremia without focus, and endocarditis. Infection in patients with HIV can occur at any age.
The biochemically and antigenically diverse group of organisms classified as viridans streptococci, as well as other non-groupable streptococci of the oral and gastrointestinal cavities and urogenital tract, include important etiologic agents of bacterial endocarditis. Dental manipulation and dental disease with the associated transient bacteremia are the most common predisposing factors in bacterial endocarditis, especially if heart valves have been damaged by previous rheumatic fever or by congenital cyanotic heart disease. S mutans and S sanguis are odontopathogens responsible for the formation of dental plaque, the dense adhesive microbial mass that colonizes teeth and is linked to caries and other human oral disease. S mutans is the more cariogenic of the two species, and its virulence is directly related to its ability to synthesize glucan from fermentable carbohydrates as well as to modify glucan in promoting increased adhesiveness.
Laboratory diagnosis:

Specimens For Direct Examination And Culture
S pyogenes is usually isolated from throat cultures. In cases of cellulitis or erysipelas thought to be caused by Spyogenes', aspirates obtained from the advancing edge of the lesion may be diagnostic. S pneumoniae is usually isolated from sputum or blood.

The basic method of laboratory diagnosis is a cultural one.  
Precise streptococcal identification is based on the Gram stain and on biochemical properties, as well as on serologic characteristics when group antigens are present. Hemolysis should not be used as a stringent identification criterion. Bacitracin susceptibility is a widely used screening method for presumptive identification of S pyogenes. Definitive identification of the streptococci is based on the Lancefield capillary precipitation test (the classical serologic method). S pneumoniae, which lacks a demonstrable group antigen by the Lancefield test, is conventionally identified by the quellung or capsular swelling test that employs type-specific anticapsular antibody.
For rapid diagnosis, organisms from throat swabs, incubated for only a few hours in broth, can be examined for the presence of S pyogenes using the direct fluorescent antibody or enzyme-linked immunosorbent technique.

Serologic Titers (serological diagnostics)
Antibodies to some of the extracellular growth products of the streptococci are not protective but can be used in diagnosis. The antistreptolysin O (ASO) titer which peak 2-4 wks after acute infection and anti-NADase titers (which peaks 6-8 weeks after acute infection) are more commonly elevated after pharyngeal infections than after skin infections. In contrast, antihyaluronidase is elevated after skin infections, and anti-DNase  B rises after both pharyngeal and skin infections. Titers observed during late sequelae (acute rheumatic fever and acute glomemlonephritis) reflect the site of primary infection. 
Antibiotic Treatment
Penicillin remains the drug of choice for Spyogenes. It is safe, inexpensive, and of narrow spectrum, and there is no direct or indirect evidence of loss of efficacy. Prior to the 1990's, S pneumoniae was also uniformly sensitive to penicillin but a recent abrupt shift in the usefulness of penicillin has occurred. The group D enterococci are resistant to penicillins, including penicillinase-resistant penicillins such as methicillin, nafcillin, dicloxacillin, and oxacillin, and are becoming increasingly resistant to many other antibiotics. Group B streptococci are often resistant to tetracycline but remain sensitive to the clinically achievable blood levels of penicillin.

Vaccination
As chemotherapeutic management becomes more difficult because of the threat of resistance, prevention becomes more important. With the introduction of antibiotics, previously successful pneumococcal vaccines fell into disuse. However, although prompt treatment with antibiotics has reduced the serious consequences of S pneumoniae infections (pre-antibiotic mortality rate of 30%), the disease incidence remains unchanged, and attention has been redirected to vaccines for S pneumoniae as well as for other streptococci. Pneumococcal vaccines (containing the pneumococcal polysaccharides of the most prevalent serotypes) have been licensed in several countries.

The population target of pneumococcal vaccines includes those at high risk for serious pneumococcal disease: the elderly (65 and older) and children (2 years of age and older) with sickle cell anemia, with an immunocompromised state (lymphoma, asplenia, myeloma, acquired immunodeficiency syndrome), with nephrotic syndrome, or with chronic cardiopulmonary disease. Vaccines for the other streptococci remain experimental.
Currently, no single agent is reliably bactericidal against enterococci. Serious infections with group D enterococci often require a classic synergistic regime combining penicillin or ampicillin with an aminoglycoside, designed to weaken the cell wall with the B-lactam and facilitate entry of the bacteriocidal aminoglycoside. Other B-lactam drugs with good activity against enterococci include piperacillin and imipenem. An alternate drug of choice is vancomycin, but vancomycin-resistant strains of enterococci have been isolated.

In group B neonatal disease chemoprophylaxis does not appear as practical as vaccine control. Passive immunity in group B streptococcal neonatal infection appears protective. Polyvalent hyperimmune gamma globulin and human monoclonal IgM antibody which reacts with multiple serotypes are undergoing efficacy studies. Active immunization of pregnant women with undegraded sialic acid-containing polysaccharide group B antigens is another important aspect of control.

II. Students practical activities:

1. Microscopy the prepared smears from pure culture of S.aureus. Estimate the morphology and sketch the image. Pay attention on the cocci arrangement (grape-like clusters).

2. Microscopy the prepared smears from pure culture of S.pyogenes. Estimate the morphology and sketch the image. Pay attention on the cocci arrangement (chains).

3. Prepare smear from the pus, stain by Gram and microscopy. Find the Gram-positive cocci, note the morphology and their arrangement. Sketch the image.

4. Estimate the cultural characteristics of S.aureus, have been grown on the blood agar, yolk-salt agar and nutrient agar. Determine the pigment color, features of colonies, hemolysis on the blood agar and lecitinase activity on the yolk agar. 

5. Estimate the cultural characteristics of streptococci, have been grown on the blood agar, detect the type of hemolysis. 

6. In the tube test determine the coagulase activity of the S.aureus and S.epidermidis. Write down the results.

Coagulase test is done by two methods - tube and slide coagulase tests. The tube coagulase test detects free coagulase. About 0.1 ml of a young broth culture or agar culture suspension of the isolate is added to about 0.5 ml of human or rabbit plasma in a narrow test tube. The tubes are incubated in a water bath at 37 °C for 3-6 hours. If positive, the plasma is clotted and does not flow when the tube is tilted.

7. Detect the susceptibility of the clinical strains S.pyogenes and S.aureus to antibiotics using demonstrative plates.

8. Write down the scheme of laboratory diagnostics of the streptococcal infections.

9. Write down the scheme of laboratory diagnostics of the staphylococcal infections.

Lesson 23
Theme: pathogenic gram-negative cocci. Neisseria. 
Morphology and biological properties. 
Laboratory diagnostics of gonococcal and meningococcal infections.
III. STUDENTS’ INDEPENDENT STUDY  PROGRAMME
9. Pathogenic Neisseria. Morphology, cultural characteristics, resistance and significance in human pathology. 

10. Neisseria gonorrhoeae. Factors of a pathogenicity. Epidemiology and pathogenesis of gonococcal infection.

11. Laboratory diagnostics of the gonococcal infection. Features of diagnostics in case of acute and chronic diseases.

12. Neisseria meningitidis. Factors of a pathogenicity. Epidemiology and pathogenesis of meningococcal infections.

13. Laboratory diagnostics of the meningococcal infection. Diagnostics of the nasopharingitis, meningitis, meningococcemia. 

a. Microscopy

b. Cultural method

c. Serological method

14. Revealing of the meningococcal carries. Specific prophylaxis and treatment of the meningococcal infections.

Taxonomy of medical important  Gram-negative cocci:

Family: Neisseriaceae. There are 4 genera into the family:

Genera: Neisseria, Moraxella, Acinetobacter, Kingella

Genus Neisseria includes about 14 species as pathogenic and non-pathogenic ones. 

Pathogenic species: N. gonorrhoeae and N. meningitides

Non-pathogenic species are constituent representatives of oral and pharynx microbiota  (N.flavus, N.subflavus, N.catarrhalis, N.lactamica).
Neisseria gonorrhoeae (Gonococcus)
N. gonorrhoeae causes the venereal disease gonor​rhea. The gonococcus was first described in gonor​rheal pus by Neisser in 1879.

Morphology: They  are Gram negative oval or spherical diplococci 0.6-0.8 μm in size, typically arranged in pairs, with the adjacent sides flattened. They are resemble to coffee corns or kidneys. Gonococci are non-motile, non-sporeforming, but they form microcapsules. In smears from the urethral discharge in acute gonorrhea, the organism appears as a diplococcus with the adjacent sides concave, being typically kidney shaped.

Cultural characteristics: Gonococci such as meningococci are auxotrophs. They require special media for cultivation and do not grow on ordinary media. Growth occurs on media enriched with blood, serum or ascitic fluid. They grow well on chocolate agar and Mueller-Hinton agar. A popu​lar selective medium is the Thayer-Martin medium (containing vancomycin, colistin and nystatin) which inhibits most contaminants including nonpathogenic neisseria.
 Gonococci are more diffi​cult to grow than meningococci. They are aerobic but may grow anaerobically also. Growth occurs best at pH 7.2-7.6 and at a temperature of 35-36 °C. It is es​sential to provide 5-10 per cent CO2. 

Colonies are small, round, translucent, convex or slightly umbonate, with finely granular surface and lobate margins. They are soft and easily emulsifiable.
Four types of colonies have been recognised - Tl to T4. Types 1 and 2 form small brown colonies. The cocci are piliated, autoagglutinable and virulent. Types 3 and 4 form larger, granular, nonpigmented colonies. T3 and T4 cocci are nonpiliated, form smooth suspensions and are avirulent. Fresh isolates from acute cases of gonorrhea generally form Tl and T2 colonies.

Biochemical reactions: They possess weak enzymatic activity. Unlike to meningococci, gono​cocci ferment only glucose and not maltose. They can liquefy gelatin. 
Antigenic properties: Gonococci are antigenically heterogeneous. Their superficial proteins have antigenic properties. Nowadays there are about 40 serotypes are recognized into species which have no cross reactive antigens. The trilaminar outer membrane of gonococci con​tain many different proteins. Protein I is the major constituent and shows antigenic diversity, which helps in typing gonococcal strains.

Virulent factors:

1. Pili (adhesins) which are hair-like structures several mi​crometres long, act as virulence factors by promoting attachment to host cells and inhibiting phagocytosis.

2. Proteins I acts as ligands attaching the coc​cus to the host cells.
3. Protein II is related to the opacity of the gonococ​cal colonies and so is called the 'opacity associated' (OPA) outer membrane protein. Strains with the OPA protein form opaque colonies and those lacking it transparent colonies. OPA may be responsible for attachment to the host cells and also for the clumping of cocci seen in urethral ex​udate smears.
4. The outer membrane also contains lipopolysaccharide (endotoxin) which may be responsible for the toxicity in gonococcal infections
5. IgA – protease inhibits protective secretory immunoglobulins and weakens local immunity
 Resistance: The gonococcus is a very delicate organ​ism, readily killed by heat, drying and antiseptics. It is a strict parasite and dies in 1-2 hours in exudates out​side the body. Formerly, it was highly susceptible to sulphonamides, penicillin and many other antibiotics. However, gonococci have developed resistance to one antibiotic after another.
Pathogenicity: Gonorrhea is a venereal disease which are transmitted by sexual intercourse. The only source of infection is a human - carrier or less often a patient. The first step in infection is adhesion of gonococci to the urethra or other mucosal surfaces. Pili are involved in this adhesion. 

The cocci penetrate through the intercellular spaces and reach the subepithelial connective tissue by the third day after infection. The incubation period is 2-8 days. In men, the disease starts as an acute ure​thritis with a mucopurulent discharge containing gonococci in large numbers. The infection extends along the urethra to the prostate, seminal vesicles and epididymis. Chronic urethritis may lead to stricture formation.

In women, the initial infection involves the ure​thra and cervix uteri. The vaginal mucosa is not usu​ally affected in adults because the stratified squamous epithelium is resistant to infection by the cocci and also because of the acid pH of vaginal secretions. The in​fection may extend to Bartholin's glands, endometri​um and fallopian tubes. Pelvic inflammatory disease and salpingitis may lead to sterility. Rarely, peritonitis may develop with perihepatic inflammation.

Clinical disease is as a rule less severe in women, many of whom may carry gono​cocci in the cervix without developing any clinical symptoms. Asymptomatic carriage of gonococci is rare in men.
. Conjunctivitis may occur, usually due to autoinoculation by the patient's fingers. Blood invasion may occur from the primary site of infection and may lead to metastatic lesions such as arthritis, ulcerative endocarditis and very rarely meningitis.

A nonvenereal infection is gonococcal ophthalmia in the newborn, which results from direct infec​tion during passage through the birth canal. It has been controlled by the practice of instilling 1% silver nitrate solution into the eyes of all newborn babies 

Gonococcal bacteremia leads to skin lesions, especial​ly hemorrhagic papules and pustules on the hands, forearm, feet and legs, and to tenosynovitis and sup​purative arthritis, usually of the knees, ankles and wrists.

Laboratory diagnosis: In the acute stage, diagnosis can be established readily but chronic cases some​times present great difficulties. In acute gonorrhea the urethral discharge contains gonococci in large num​bers. That is why microscopy of stained smears is reliable to diagnose acute cases.

In chronic infections, there may not be any ure​thral discharge. The 'morning drop' of secretion may be examined or some exudate may be obtained after prostatic massage. The collected specimens are stained by Gram or by simple staining with methylene blue.

The demonstration of intracellular Gram negative diplococci in stained smears provides a presumptive evidence of gonorrhea in men.

The use of fluorescent antibody techniques for the identifica​tion of gonococci in smears has increased the sensitiv​ity and specificity of diagnosis by microscopy.
For culture, specimens should be inoculated on prewarmed plates, immediately on collection. In acute gonorrhea, cul​tures can be obtained readily on chocolate agar or Mueller-Hinton agar incubated at 35-36 °C under 5-10 per cent CO2. In chronic cases, where mixed infection is usual, however, it is better to use a selective medi​um such as the Thayer-Martin medium. The growth is identified by morphology and biochemical reactions. It may not be possible to obtain gonococci in culture from some chronic cases or from patients with metastatic lesions such as arthritis.
Serological tests: The complement fixation test becomes positive only some weeks after the infection is established and may remain positive for months or years after the disease has been cured. So, serological method is more often used for diagnostics of chronic infections.

Therapy and prophylaxis: The Centers for Disease Control and Prevention, USA in 1993 recommended the following schedule for uncomplicated gonorrhea: Ceftriaxone 125 mg single IM dose or Ciprofloxacin 500 mg (or Ofloxacin 400 mg) single oral dose, plus Doxycycline 100 mg twice daily for 7 days or Erythromycin 1 g single oral dose. The regimen is The Centers for Disease Control and Prevention, USA in 1993 recommended the following schedule for uncomplicated gonorrhea: Ceftriaxone 125 mg single IM dose or Ciprofloxacin 500 mg (or Ofloxacin 400 mg) single oral dose, plus Doxycycline 100 mg twice daily for 7 days or Erythromycin 1 g single oral dose. 

Control of gonorrhea consists of early detection of cases, contact tracing, health education and other general measures. As even clinical disease does not confer any immunity, vaccination has no place in prophylaxis.
Neisseria meningitidis (Meningococcus)
Meningococcus was first described and isolat​ed in 1887 by Weichselbaum from the spinal fluid of a patient.
N. meningitidis causes meningococcal meningitis (formerly also known as cerebrospinal fever) which may occur sporadically, as localised outbreaks or as epidemics, and also septicemia. 

Morphology: Meningococci are Gram negative oval or spherical cocci 0.6-0.8 μm in size, typically arranged in pairs, with the adjacent sides flattened. In smears from lesions, the cocci are more regular and generally intracellular. They are nonmotile. Most fresh isolates are capsulated.

Cultural characteristics: Such as gonococci meningococci have exact​ing growth requirements and do not grow on ordinary media. They are strict aerobes, no growth occurring anaerobically. The optimum temperature for growth is 35-36 °C. No growth takes place below 30 °C. Opti​mum pH is 7.4-7.6. Growth is facilitated by 5-10 per cent CO2 and high humidity.
On solid media, after incubation for 24 hours, the colonies are small (about 1 mm in diameter) translu​cent, round, convex, bluish grey, with a smooth glis​tening surface and with entire edges. Weak hemolysis occurs on blood agar. Growth is poor in liquid media, producing a granular turbidity with little or no surface growth.
Blood agar, chocolate agar and Mueller-Hinton starch casein hydrolvsate agar are the media common​ly used for culturing meningococci. Modified Thayer -Martin (with vancomycin, colistin and nystatin) is a useful selective medium.
Biochemical reactions: They are catalase and oxidase positive. The prompt oxidase reaction helps the iden​tification of neisseria (both meningococcus and gonococcus) in mixed cultures. When freshly prepared 1% solution of oxidase reagent (tetramethyl paraphenylene diamine hydrochloride) is poured on the cul​ture media, the neisseria colonies turn deep purple.

Glucose and maltose are fermented, but not sucrose or lactose, producing acid but no gas (gonococci ferment glucose but not mal​tose).

Antigenic properties and classification: Meningo​cocci are capsulated, unlike other neisseriae. Based on their capsular polysaccaride antigens, meningococci are classified into at least 13 serogroups, of which Groups A, B and C are the most important. Group A is usually associated with epidemics and Group C mostly with localised outbreaks, while Group B causes both epidemics and outbreaks. Groups 29-E, W-135 and Y also frequently cause meningitis.

Resistance: Meningococci are very delicate organ​isms, being highly susceptible to heat, dessication, alterations in pH and to disinfectants. They were uniformly sensitive to penicillin and other antibiotics, but resistant strains have emerged and become com​mon in many areas.
Virulent factors:

1. Endotoxin (LPS)is released by auto​lysis. The vascular endothelium is particularly sensi​tive to the endotoxin.

2. Pili (adhesins) are responsible to attachment to nasophayngeal epithelium.
3. Capsule protects from phagocytosis.
Pathogenicity: Cerebrospinal meningitis and menin​gococcal septicemia are the two main types of menin​gococcal disease. Meningococci are strict human parasites inhabiting the nasopharynx. Infection is usu​ally asymptomatic. In some, local inflammation en​sues, with rhinitis and pharyngitis. The manner in which the cocci spread from the nasopharynx to the meninges is controversial. On reaching the central nervous system, a suppurative le​sion of the meninges is set up, involving the surface of the spinal cord as well as the base and cortex of the brain. The cocci are invariably found in the spinal flu​id, both free and within the leucocytes. Case fatality is variable but in untreated cases may be as high as 80 per cent.

Meningococcemia presents as acute fever with chills, malaise and prostration. Typically a petechial rash occurs early in the disease. A few develop fulminant meningococcemia (for​merly called Waterhouse-Friderichsen syndrome) which is an overwhelming and usually fatal condition, characterised by shock, disseminated intravascular coagulation and multisystem failure.
Epidemiology: The human nasopharynx is the only reservoir of the meningococcus. Asymptomatic na​sopharyngeal carriers rarely contract the illness but serve to infect their contacts. Transmission is essen​tially by airborne droplets or less often by fomites.  Meningitis is common in children between 3 months and 5 years of old. Epidemics usually occur in semi-closed communities living in crowded conditions, as in jails and ships formerly, and in army camps in re​cent times.
Laboratory diagnosis: In meningo​coccal meningitis, the cocci are present in large num​bers in the spinal fluid and, in the early stage, in the blood as well. Demonstration of meningococci in the nasopharynx helps in the detection of carriers.

Examination of CSF: 

1. Microscopy. The fluid will be under pres​sure and turbid, with a large number of pus cells. Under microscopy CSF contains a large number of meningococci inside polymorphs but often extracellularly al​so.

2. Detection of capsular antigen with serological tests. They may be demonstrated by latex agglutination, precipitation or counterimmunoelectrophoresis using meningococcal antisera.
3. Culture method: CSF is inoculated on blood agar or chocolate agar plates and incubated at 35-36 °C under 5-10 per cent. CO2. Colonies appear after 18-24 hours and may be identified by morphol​ogy and biochemical reactions.
Blood culture: In meningococcemia and in early cases of meningitis, blood culture is often positive.Cultures should be incubated for 4-7 days.
Nasopharyngeal swab: This is useful for the detection of carriers. Collected specimens are cultivated and identified as it is described for CSF culture.

 Retrospective diagnose of meningococcal infection may be obtained by detection of antibodies with complement fixation test.

Treatment and prophylaxis. Intravenous penicillin G is the treatment of choice. Chloramphenicol is equally effective. One of the later cephalosporins (Ceftriaxone, Ceftazidime) may be used for the initiation of treatment before the etiology of meningitis is known.
Monovalent and polyvalent vaccines are availa​ble containing the capsular polysaccharides of groups A, C, W-135 and Y. The vaccines induce good immu​nity after a single dose in older children and adults but are of little value in infants. The immunity is group specific. There is no Group B vaccine available at present. As attack rates are very high in the households or close contacts of meningococcal patients, they should be provided with chemoprophy​laxis.
II.Students practical activities:

3. Microscopy the prepared smears from pure culture of N.meningitidis stained by Gram. Estimate the morphology and sketch the image. 

4. Microscopy the prepared smears of pus from urethra stained with methylene blue. Sketch the image.

5. Familiarize with specific media for cultivation of pathogenic neisseria.

6. Write down the scheme of laboratory diagnostics of the gonococcal and meningococcal infections.

Lesson 24
Theme: pathogenic Enterobacteriaceae. Escherichia coli. Shigella.  
Morphology and biological properties. 
Laboratory diagnostics of enteritis and bacterial dysentery.
I. THEORETICAL QUESTIONS
1. General characteristics of family Enterobacteriaceae. Morphology, cultural characteristics, antigen structure, resistance, and significance in human pathology. 

2. Escherichia coli and Shigella spp. Morphology, cultural features, antigen structure and serological classification.

3. Classification of E.coli according to pathogenicity. Virulent factors of E.coli. 

4. Epidemiology and pathogenesis of diarrhea caused by E.coli.

5. Laboratory diagnostics of the coli-enteritis.  

6. Cultural method

7. Prevention and control of the diarrhea provoked E.coli.

8. Epidemiology and pathogenesis of bacterial dysentery. Laboratory diagnostics of the bacterial dysentery

i. Culture method 

ii. Serological method 

9. Specific prophylaxis and treatment of shigelosis.

The family Enterobacteriaceae includes many Gram-nega​tive, as a rule, motile, nonspore-forming, facultative bacilli with simple growth requirements. 

The majority of Enterobacteriaceae are normal gastrointestinal flora. In the gastrointestinal tract they exist in a symbiotic relationship with the host. They synthesize vitamin K, and spleat bile salts and sex hormones for recirculation to the liver. They also prevent the colonization of intestinal mucosa by primary pathogens. Colonization is inhibited by colicin/bacteriocin synthesis and receptor competition. 

The normal flora of Enterobacteriaceae, which include Escherichia, Citrobacter, Klebsiella, Enterobacter, Serratia, and Proteus, generally lack the virulence factors of the pathogenic species. They act as opportunistic pathogens when they invade the normal anatomic barriers or the host is severely immunocom​promised.

Opportunistic Enterobacteriaceae are the most common cause of intra-abdominal sepsis, and the most common cause of urinary tract infections, A subset of Enterobacteriaceae are considered primary pathogens because they contain virulence factors capable of overcoming normal host defences. They are not part of the normal flora. This subset includes Shigella species, Salmonella species, Yersinia species, and some strains of Escherichia coli.
A.
Morphology: The Enterobacteriaceae are Gram-negative bacilli that are motile with peritrichous flagella or non- motile (Klebsiella and Shigella are nonmotile), 2-4 x 0.6 μm in diameter, non-sporeforming, a few of them are capsulated (Klebsiella). 
B.
Cultural characteristics and biochemical activity.
1. The Enterobacteriaceae are facultative anaerobs, easily cultivated on the simple media.
2. Members of the most genera form circular, 1-3 mm in diameter, low convex, smooth surfaced colonies with entire edges, colourless to grayish, and semitranslucent.
3. All members of Enterobacteriaceae ferment glucose and reduce nitrates to nitrites.

4. All are oxidase negative 
5. Genera may differ in lactose metabolism, an important property used during identification. Lactose fermentation may be determined on the special media which contain lactose and indicator. Fermentation lactose is accompanied with acid formation; therefore colonies of lactose-positive enterobacteria will be colored after overnight incubation. Lactose-negative colonies will stay uncolored or   pale..

Enterobacteriaceae can be divided into lactose fermenters and nonlactose fermenters by their colony appearance on. The most commonly used such selective/differential media are eosin methylene blue agar (EMB), Endo and MacConkey's agar. If the lactose is fer​mented, the colony changes color.
a.
Important lactose fermenters are Escherichia coli, Citrobacter,  Klebsiella,  Serratia, and Enterobacter.
b.
Important non-lactose fermenters include Shigella, Salmonella, Proteus, and Yersinia.
Resistance:

 Enterobacteriaceae are easily destroyed by heat and by common disinfectants or germicides. They are sensitive to drying or desiccation. In contrast, they survive best in a high moisture environment. Respiratory care or anesthesia equipment is common source of nosocomial infections. Contaminated ice machines or water supplies may harbor these organisms, causing epidemics.
Antigenic structure:
1. K antigens are polysaccharide capsular antigens. They are antiphagocytic by blocking the access of complement or antibodies to the organism. The K1 antigen of nephritogenic E. coli strains is associated with adherence to lectins of the GU epithelium. K1 is also associated with neonatal meningitis since it is antiphagocytic, anticomplementary, and resembles sialic acid. As a rule, K-antigen is responsible for type specifity.
H antigens are the flagellar proteins and are present only in motile organisms. They are typospecific antigens. H antigen may exist in one of two phases in Salmonella.

O antigen or somatic heat stable antigen is a polymer of repeating oligosaccharide units of three or four monosaccharides. These antigens are part of the LPS found in the outer membrane. Certain O antigens promote adherence to gastrointestinal or genitourinary epithelium. It is a group specific antigen.

Vi antigen is revealed in some genera. It is superficial antigen, polymers of glucuronic acid, termolabile.

Pathogenicity is due primarily to endotoxin (also called LPS; the lipopolysaccharide portion of the cell wall) pre​sent in all Enterobacteriaceae.

Virulent factors: 

1. Endotoxins. Toxicity lies in the lipid A portion. LPS may cause endotoxic shock when the enteric bacilli enter the bloodstream (septic shock). Endotoxic shock is characterized by blood pools forming in the microcirculation resulting in hypotension. Vital organs lack adequate blood supply, leading to decreased tissue perfusion, acidosis, ischemia, and cellular hypoxia. DIC may also occur to further compromise the patient.
Enterotoxins are produced by some members of the family (some f. coli, Shigella) that exert their toxic effects on the small intestine. Enterotoxins cause secretion of fluid into the lumen, resulting in secretory diarrhea.

Pili or fimbriae promote adhesion to tissues.

Escherichia coli.

E. coli are motile, lactose-positive (which helps differentiate E. coli from Shigella and Salmonella), and will form colored colonies EMB or MacConkey's agar. The gastro-intestinal tract is a natural reservoir for E. coli.

Morphology and cultural characteristics are common with family features. They have three types of antigens (somatic, capsular and flagella) which are revealed with agglutination test. Serotyping of  the clinical isolates are used for identification of E.coli.

Pathogenicity is related to the presence of the capsular antigen, which inhibits phagocytasis and is frequently found in bacteremia and meningitis. Nephropathogenicity is associated with plamid-mediated hemolysin production. Enterotoxins (also encoded by plamids) stimulate secretion of water and ions into the lumen of the gut, resulting in diarrhea. Heat-labile toxin, like cholera toxin, activates adenyl cyclase by ribosylation of G proteins. 
E.coli causing diarrhea is divided into five groups according to their pathogenecity and clinical appearance of diseases. 

1. 
Enteropathogenic E.coli (EPEC) – they cause enteritis in infants. EPEC adhere tightly to enterocytes, leading to inflammatory reactions and epithelial degenerative changes. Enteropathogenic Escherichia coli causes non-inflammatory diarrhea. Infants, especially in the developing world, are very susceptible.  It is more invasive than ETEC or EAggEC, but less invasive than the pathogens causing dysentery.This bacteria has no known toxins, but several kinds of adhesins.

2. Enterotoxigenic E.coli (ETEC) – these are the strains that form a enterotoxin. ETEC cause a diarrhoea similar to that produces by V.cholerae. Enterotoxigenic Escherichia coli (ETEC) is a major cause of infant death in developing countries, and is the most common cause of "traveler's diarrhea."




 More than 100 serotypes of E. coli cause this non-inflammatory, secretory diarrhea which is similar to cholera, but less severe. The organism is acquired through the ingestion of feces-contaminated food or water. Disease is noninvasive and occurs in the small intestine. Major virulence factors are plasmid encoded including enterotoxins and pili-termed colonization factor antigens (CFA) that act as adhesions

(1)  Heat-labile toxin (LT) ADP ribosylates G stimulatory (Gs) protein, destroying its GTPase activity. Without it, the alpha subunit of Gs constantly stimulates adenylate cyclase to produce
cyclic-AMP, leading to a loss of electrolytes and water.

(2)  Heat-stable (ST) toxin is a small peptide toxin that mimics the peptide hormone guanylin. It binds to the guanylate cyclase receptor and increases the celluar cGMP level causing mucosal cells to release fluids.

3.  Enteroinvasive E.coli (EIEC) – some strains of E.coli invade the intestinal epithelial cells as do dysentery bacilli and produce disease clinically indistinguishable from shigella dysentery. 
It lacks Shiga toxin, but contains a virulence plasmid that is essentially identical to those of Shigella. The organism is acquired through the ingestion of
contaminated food. It produces a severe, but self-limited dysentery in most  adults,   but  is  often  fatal   in  young children.
4.  Enterohaemorrhagic E.coli (EHEC) – these strains haemorrhagic colitis and haemolytic uraemic syndrome. It causes bloody diarrhea, similar to dysentery.
Its reservoir is livestock, especially beef cattle. The organism is acquired by ingestion of poorly-cooked ground beef. Epidemics associated with fast-food chains or processed food has occurred, although the organisms has also been transmitted in milk, cider and water. One serotype, O157:H7, is the predominant cause of disease. It is not significantly invasive, causing local mucosal​
disease only. Virulence factors include adhesins that efface the
microvili and a bacteriophage-encoded Shiga-like
cylotoxin.
5. Enteroaggregative E.coli (EAggEC) – these strains are so named because they appear aggregated in a “stacked brick” formation on Hep-2 cells or glass. Enteroaggregative Escherichia coli (EAggEC) causes persistent watery diarrhea in children and traveler's diarrhea. The organism is acquired by ingestion. Virulence factors include pili, an enterotoxin, anda cytotoxin. The pili promote adherence. The enterotoxin is similar to ST toxin
Other clinical manifestations of E. coli infection
a.
E. coli is the most common causative organism in urinary tract infections (UTIs).
b.
Neonatal pneumonia is usally the result of nosocomial infection due to aspiration during the birth process. Sepsis may also occur.
c.
Neonatal meningitis is also caused by exposure during birth. It is a serious infection resulting in 40-80% mortality.
Therapy and prevention. Antibiotic therapy is based on the site, severity, and sensitivity of the infectious organism.
a.
UTI is usually treated with Bactrim (sulfa + TMP) or a fluoroquinolone.
b.
Pneumonia, meningitis, and sepsis are commonly treated with a third-generation cephalosporin such as cefotaxime and/or an aminoglycoside.
c. Diarrheal syndrome is usually treated with fluids and electrolytes only. Bismuth subsalicylate activates and binds enterotoxins.

d. To recover intestinal microbiota after enteritis some microbial medicine should be administered (so named eubiotics)

Laboratory diagnostics is based on culture (bacteriological) method only. Collected specimens such as feces, vomiting, food, polluted water are cultivated on the diagnostic lactose media. Pure culture is identified according to biochemical features (E.coli breaks down lactose, glucose, maltose, mannitol, but does not split succhrose. It produces H2S but not indol). Serotyping is the last step of identification.
Shigella

Structure, Classification, and Antigenic Types:  Organisms of the genus Shigella belong to the tribe Escherichia in the family Enterobacteriaceae. The genus Shigella is differentiated into four species: S dysenteriae (serogroup A, consisting of 12 serotypes); S flexneri (serogroup B, consisting of 6 serotypes); S. boydii (serogroup C, consisting of 18 serotypes); and S sonnei (serogroup D, consisting of a single serotype). Shigellae are Gram-negative, nonmotile, facultatively anaerobic, non-spore-forming rods. Shigella are differentiated from the closely related Escherichia coli on the basis of pathogenicity, physiology (failure to ferment lactose or decarboxylate lysine) and serology. The genus is divided into four serogroups with multiple serotypes: A (S dysenteriae, 12 serotypes); B (S flexneri, 6 serotypes); C (S boydii, 18 serotypes); and D (S sonnei, 1 serotype). The division is based on the O-antigen structure (group-specific and type specific fractions).

Cultivation : They scanty grow onto the differential enteric media (Endo, Ploskirev, EMB agar) with colorless colony formation due to inability to break down lactose. Sometimes for shigella isolation from the feces it is necessary to use enrichment media (selenite broth or agar). The biochemical properties are used to identify species of Shigella. The S. dysenteriae splits only glucose with acid formation, the S flexneri splits glucose, mannose and maltose as the S. boydii does, but S sonnei is the most biochemically active and it splits all sugars from the short Hiss media row (lactose and sucrose are broken down  slowly after 48 hrs )
Epidemiology and pathogenesis: The source of infection is either ill person or carrier. The bacteria are shed with feces and contaminate the water, food and soil. The healthy person is infected by ingestion or due to poor sanitation. Shigellosis is endemic in developing countries were sanitation is poor. In developed countries, single-source, food or water-borne outbreaks occur sporadically, and pockets of endemic shigellosis can be found in institutions and in remote areas with substandard sanitary facilities.

Infection is initiated by ingestion of shigellae (usually via fecal-oral contamination). An early symptom, diarrhea (possibly elicited by enterotoxins and/or cytotoxin), may occur as the organisms pass through the small intestine. The hallmarks of shigellosis are bacterial invasion of the colonic epithelium and inflammatory colitis. Colitis in the rectosigmoid mucosa, with malabsorption, results in the characteristic sign of bacillary dysentery: scanty unformed stools tinged with blood and mucus.

Clinical Presentation: Shigellosis has two basic clinical presentations: (1) watery diarrhea associated with vomiting and mild to moderate dehydration, and (2) dysentery characterized by a small volume of bloody, mucoid stools, and abdominal pain (cramps and tenesmus). Shigellosis is an acute infection with onset of symptoms usually occurring within 24-48 hours of ingestion of the etiologic agent. The average duration of symptoms in untreated adults is 7 days, and the organism may be cultivated from stools for 30 days or longer.

Host Defenses and Immunity: Inflammation, copious mucus secretion, and regeneration of the damaged colonic epithelium limit the spread of colitis and promote spontaneous recovery. Serotype-specific immunity is induced by a primary infection, suggesting a protective role of antibody recognizing the lipopolysaccharide (LPS) somatic antigen. Other Shigella antigens include enterotoxins, cytotoxin, and plasmid-encoded proteins that induce bacterial invasion of the epithelium. The protective role of immune responses against these antigens is unclear. Immunity is type-specific, weak and short-lasting.

Laboratory diagnosis: Culture method: Although clinical signs may evoke the suspicion of shigellosis, diagnosis is dependent upon the isolation and identification of Shigella from the feces. Positive cultures are most often obtained from blood-tinged plugs of mucus in freshly passed stool specimens obtained during the acute phase of disease. Rectal swabs may also be used to culture. Isolation of shigellae in the clinical laboratory typically involves an initial streaking for isolation on differential/selective media with aerobic incubation to inhibit the growth of the anaerobic normal flora. Commonly used primary isolation media include MacConkey, Endo Agar, and Salmonella-Shigella (SS) Agar. These media contain bile salts to inhibit the growth of other Gram-negative bacteria and pH indicators to differentiate lactose fermenters (Coliforms) from non-lactose fermenters such as shigellae. Following overnight incubation of primary isolation media at 37° C, colorless, non-lactose-fermenting colonies are streaked and stabbed into tubed slants of Kligler's Iron Agar or Triple Sugar Iron Agar. In these differential media, Shigella species produce an alkaline slant and an acid butt with no bubbles of gas in the agar. This reaction gives a presumptive identification, and slide agglutination tests with antisera for serogroup and serotype confirm the identification.

Molecular method: Sensitive and rapid methodology for identification of both EIEC and Shigella species utilizes DNA probes that hybridize with common virulence plasmid genes or DNA primers that amplify plasmid genes by polymerase chain reaction (PCR). Enzyme-linked immunosorbent assay (ELISA) using antiserum or monoclonal antibody recognizing Ipa proteins can also be used to screen stools for enteroinvasive pathogens. These experimental diagnostic techniques are useful for epidemiological studies of enteroinvasive infections, but they are probably too specialized for routine use in the clinical laboratory.

Treatment : Effective antibiotic treatment reduces the average duration of illness from approximately 5-7 days to approximately 3 days and also reduces the period of Shigella excretion after symptoms subside. Absorbable drugs such as ampicillin (2 g/day for 5 days) are likely to be effective when the isolate is sensitive. Trimethoprim (8 mg/kg/day) and sulfamethoxazole (40 mg/kg/day) will eradicate sensitive organisms quickly from the intestine, but resistance to this agent is increasing. Ciprofloxacin (1 g/day for 3 days) is effective against multiple drug resistant strains. Shigellosis can be correctly diagnosed in most patients on the basis of fresh blood in the stool. Neutrophils in fecal smears is also a strongly suggestive sign. Nonetheless, watery, mucoid diarrhea may be the only symptom of many S sonnei infections, and any clinical diagnosis should be confirmed by cultivation of the etiologic agent from stools.

Control : Prevention of fecal-oral transmission is the most effective control strategy. Severe dysentery is treated with ampicillin, trimethoprim-sulfamethoxazole, or, in patients over 17 years old, a 4-fluorquinolone such as ciprofloxacin. Vaccines are not currently available, but some promising candidates are being developed.

II.Students practical activities:

1. Prepare smear from pure culture of E.coli, stain with Gram and microscopy. Estimate the morphology and sketch the image. Microscopy the smears prepared from Shigella culture

2. Familiarize with diagnostic media for cultivation of E.coli. Indicate the colonies of lactose-positive and lactose-negative enterobacteria.

3. Detect the biochemical features of E.coli  and Shigella spp. according to growth results into the Hiss media. Note them in protocol.

4. Write down the scheme of laboratory diagnostics of the diarrhea caused by E.coli and bacterial dysentery caused by Shigella spp...

Lesson 25
Theme: Salmonella. 
Biological characteristics of salmonella, causing typhoidal infections. 
Pathogenesis of enteric fever and laboratory diagnosis
Salmonellae—causative agents of food toxinfections
I. THEORETICAL QUESTIONS
1. General characteristics of the genus Salmonella. Taxonomic position of salmonella.

2. Morphology and  cultural charactestics.

3. Biochemical reactions and antigenic structure. Classification of the Salmonella. Kauffmann-White scheme.

4. Epidemiology and pathogenesis of enteric fever and paratyphoid fever. Factors of a pathogenecity. 

5. Laboratory diagnostics of the enteric fever

6. Specific prophylaxis and treatment of the enteric fever.

7. Morphology and  cultural charactestics Salmonella – causative agents of food toxinfections.

8. Biochemical reactions and antigenic structure. Classification of the Salmonella. Kauffmann-White scheme.

9. Epidemiology and pathogenesis of food toxinfections.

10. Laboratory diagnostics of food toxinfections 

11. Prophylaxis and treatment of food toxinfections.

The genus Salmonella consists of bacilli that parasitise the intestines of a large number of vertebrate species and infect human beings, leading to enteric fever, gastroenteritis, septicemia with or without focal suppuration, and the carrier state. The most important member of the genus is Salmonella typhi, the causative agent of typhoid fever. 

Morphology
Salmonellae are Gram negative rods, about 1-3 μm x 0.5-8 μm in size. They are motile with peritrichate flagella, except for one type, S.gallinarum, S. pullorum, which are always nonmotile. Nonmotile mutants of other types may sometimes be found. They do not form capsules or spores but may possess fimbriae.

Cultural characteristics
Salmonellae are aerobic and facultatively anaerobic, growing readily on simple media over a range of pH 6-8 and temperature 15°- 41°C (optimum 37°C).

Colonies are large, 2-3 mm in diameter, circular, low convex and smooth. They are more translucent than coliform colonies. On MacConkey and deoxycholate citrate media, colonies are colourless due lo the absence of lactose fermentation. On Wilson and Blair bismuth sulphite medium, jet black colonies with a metallic sheen are formed due to production of H2S.  S. paratyphi A and other species that do not form H2S produce green colonies. 

Selenite F and tetrathionate broth are commonly employed as enrichment media.

Biocemical rections

Salmonellae ferment glucose, mannitol and maltose, forming acid and gas. An important exception is S. typhi which is anaerogenic. Lactose, sucrose and salicin are not fermented. Indol is not produced.  S. typhi and few other salmonellae do not grow in Simmons’ citrate medium as they need tryptophan as the growth factor. Urea is not hydrolysed. H2S is produced, except by S.paratyphi. The enteric fever group may be separated biochemically. 

Resistance
The bacilli are destroyed at 55°C in one hour or at 60°C in 15 minutes. Boiling or chlorination of water and pasteurisation of milk destroy the bacilli. In polluted water and soil, they survive for weeks and in ice for months. Cultures may be viable for years if prevented from drying. They are killed within five minutes by mercuric chloride (1 : 500) or 5% phenol.

Antigenic structure

Salmonellae possess the following antigens based on which they are classified and identified 

1) flagellar antigen H

2) somatic antigen O 

3) a surface antigen Vi, found in some species.

 H antigen: This antigen present on the flagella is a heat labile protein. It is destroyed by boiling or by treatment with alcohol but not by formaldehyde. When mixed with antisera, H suspensions aggluti​nate rapidly, producing large, loose, fluffy clumps. The H antigen is strongly immunogenic and induces antibody formation rapidly and in high titres following infection or immunization. The flagellar antigen is of a dual nature, occurring in one of two phases. 

О antigen: The somatic О antigen is a phospho-lipid-protein-polysaccharide complex which forms an integral part of the cell wall. It is identical to endotoxin. It can be extracted from the bacterial cell by treatment with trichloracetic acid. Treatment with phenol splits off the protein moiety, removing the antigenicity but retaining the toxicity of the complex.

The О antigen is unaffected by boiling, alcohol or weak acids. When mixed with antisera, О antigen suspensions form compact, chalky, granular clumps О agglutination takes place more slowly and at a higher temperature optimum (5O°-55°C) than H agglutination (37°C). The О antigen is less immunogenic than the H antigen and the titre of the О antibody induced after infection or immunisation is generally lower than that of the H antibody. Salmonellae are classified into a number of groups based on the presence of characteristic О antigens on the bacterial surface. 

Vi antigen: Many strains of S.typhi fail to agglutinate with the О antiserum when freshly isolated. This is due to the presence of a surface antigen enveloping the О antigen. It is analogous to the К antigens of coliforms. It is heat labile. Bacilli inagglutinable with the О antiserum become agglutinable after boiling or heating at 60°C for one hour. It is also destroyed by HCl and NaOH. It is unaffected by alcohol 0.2% formol. The Vi antigen is poorly immunogenic and only low titres of antibody are produced following infection. No Vi antibody is induced by the phenolised vaccine though low titres are produced by the alcoholised vaccine. Detection of the Vi antibody is not helpful for the diagnosis of cases and hence the Vi antigen is not employed in the Widal test. Its persistence indicates the development of the carrier state. The Vi antigen affords a method of epidemiological typing of the S.typhi strains based on specific Vi bacteriophages.

Kauffman-White’ scheme

It forms the basis of serotyping of salmonellae based on identification of O and H antigens by agglutination. Salmonellae are classified into groups based on distinctive O antigen factors. (Salmonellae are divided into 67 O-groups, each is designated by letters A to Z).Within each group, further identification and differentiation is by phase 1 and phase 2 H antigens.( Salmonella are divided into serotypes).

In Kauffman-White’ scheme each serotype is given a species status. There are about 2300 serotypes of salmonella. The Salmonella species were originally named after the place of isolation (e.g. S.panama, S.newport), after the disease caused by them (e. g. S.typhi), after the name of the person from whom the first strain was isolated (e.g. S.thompson) and animal source (e.g. S.gallinarum).

Pathogenicity

Salmonellae are strict parasites of animals or human beings. S. typhi, S. paratyphi and usually, but not invariably, S. schottmulleri are confined to human beings. Other salmonellae are parasitic in various animals - domestic animals, rodents, reptiles - and birds.

Salmonellae cause the following clinical syndromes in human beings: 

1) enteric fever 

2) septicemia, with or without local suppurative lesions

3) gastroenteritis or food poisoning.

ENTERIC  FEVER

The term enteric fever includes typhoid fever and paratyphoid fever. The infection is acquired by ingestion through contaminated food and water. On reaching the small intestine the bacilli attach to the epithelial cells of the intestinal villi and penetrate to the lamina propria and submucosa. 

They enter the mesenteric lymph nodes, multiply there and, via the thoracic duct, enter the blood stream. A transient bacteriaemia follows and internal organs like liver, gall bladder, spleen, bone marrow, lungs, lymph nodes and kidneys are infected. A massive bacteriaemia occurs from these sites of multiplication and clinical disease sets in. These bacteria are discharges continuously into the intestine involving the Peyer’s patches and lymphoid follicles of the ileum. These become inflamed, necrosed and slough off, leaving behind the typhoid ulcers. These ulcers may lead to two major complications – intestinal perforation and haemorrhage. The incubation period is usually 7-14 days but may range from 3-56 days and appears to be related to the dose of infection. The clinical course may. vary from a mild undifferentiated pyrexia (ambulan: typhoid) to a rapidly fatal fulminating disease. The onset is usually gradual, with headache, malaise, anorexia, a coated tongue and abdominal discom​fort with either constipation or diarrhea. The typic features are step-ladder pyrexia, with bradycarcia and toxemia. A soft, palpable spleen is a constant finding. Hepatomegaly is also common. 'Rose spots' that fade on pressure appear on the skin dur​ing the second or third week but are seldom notice -able in dark skinned patients. The most important complications are intestinal perforation, hemorrhage and circulatory collapse, some degree of bronchitis or bronchopneumonia is always found. Some develop psychoses, deafness or meningitis. Cholecystitis, arthritis, abscesses, periosteitis, nephritis, hemolytic anemia, venous thromboses and peripheral neuritis are other com plications found. Osteomyelitis is a rare sequel. Convalescence is slow. In about 5-10 per cent of cases, relapse occurs during convalescence. The relapse rate is higher in patients treated with chloramphenicol (15-20 per cent). S. paratyphi A and В cause paratyphoid fever which resembles typhoid fever but is generally milder. S.paratyphi С may also cause paratyphoid fever but more often it leads to a frank septicemia with suppura tive complications. Other salmonellae have on occasion been reported to cause enteric fever.

Laboratory diagnosis

Bacteriological diagnosis of enteric fever consists of the isolation of the bacilli from the patient and the demonstration of antibodies in his serum. A positive blood culture is diagnostic, while the same significance cannot be attached to isolation from feces or urine. Demonstration of antibodies is not conclusive evidence of current infection. A third method consists of the demonstration of typhoid bacillus antigen in blood or urine.

 Blood culture: Bacteriaemia occurs early in the disease and blood cultures are positive in approxi​mately 90 per cent of cases in the first week of fever. The popular belief that blood culture for diagnosis of typhoid fever is useful only in the first week is erroneous. 

About 5-10 ml of blood is collected by vene puncture and inoculated into a culture bottle containing 50-100 ml of 0.5 per cent bile broth. Blood contains substances that inhibit the growth of the bacilli and hence it is essential that the broth be taken in sufficient quantity to provide at least fourfold dilution of blood. The addition of liquid (sodium polyanethol sul-phonate) counteracts the bactericidal action of blood.

After incubation overnight at 37°C, the bile broth is subcultured on agar with lactose. Pale nonlactose fermenting colonies that may appear on this medium are picked out for biochemical tests and motility. Salmonellae will be motile, indole and urease negative and ferment glucose, mannitol and maltose but not lactose or sucrose. The typhoid bacillus will be anaerogenic, while paratyphoid bacilli will form acid and gas from sugars. Identification of the isolate is by slide agglutination. A loopful of the growth from an agar slope is emulsified in two drops of saline on a slide. One emulsion acts as a control to show that the strain is not autoagglutinable. If S.typhi is suspected (i.e., when no gas is formed from glucose), a loopful of typhoid О antiserum (factor 9) is added to one drop of bacterial emulsion on the slide, and agglutination looked for after rocking the slide gently. Prompt indicates that the isolate belongs to group D. Its identity as S.typhi is established by agglutination with the flagellar antiserum. 

Feces culture: Salmonellae are shed in the feces throughout the course of the disease and even in convalescence, with varying frequency. Hence fecal cultures are almost as valuable as blood cultures in diagnosis. A positive fecal culture, however, may occur in carriers as well as in patients. Isolation from feces is successful from the early stage of the disease right up to convalescence when enrichment and selective media are used. Repeated sampling increases the rate of isolation. Fecal culture is particularly valuable in patients on antibiotics as the drug does not eliminate the bacilli from the gut as rapidly as it does from the blood.

As salmonellae are greatly outnumbered in feces by the normal flora, successful culture depends on the use of enrichment and selective media. Rectal swabs are not satisfactory. Fecal samples are plated directly on MacConkey, DCA and Wilson-Blair media. The last is highly selective and should be plated heavily.  On MacConkey and DCA media, salmonellae appear as pale colonies. On the Wilson-Blair medium, S.typhi forms large black colonies, with a metallic sheen. S.paratyphi A produces green colonies due to the absence of H2S production.

For enrichment, specimens are inoculated into one tube each of selenite and tetrathionate broth, which are incubated for 12-18 hours before subculture onto plates.

Urine culture: Salmonellae are shed in the urine irregularly and infrequently. Hence urine culture is less useful than the culture of blood or feces. Cultures are generally positive only in the second and third weeks and then only in about 25 per cent of cases. Repeated sampling improves the rate of isolation. Clean voided urine samples are centrifuged and the deposit inoculated into enrichment and selective media as for fecal culture. Other materials for culture: Isolation may be obtained from several other sources but t

They are not of much practical importance except in special situations. Bone marrow culture is positive in most cases even when blood cultures are negative. Culture of bile obtained by duodenal aspiration is usually positive and may be employed for the detection of carriers. Other materials which may yield isolation at times are rose spots, pus from suppurative lesions, CSF and sputum. At autopsy, cultures may be obtained from the gall bladder, liver, spleen and mesenteric lymph nodes.

Widal reaction: This is a test for the measurement of H and О agglutinins for typhoid and paratyphoid bacilli in the patient's sera. Two types of tubes are generally used for the test - a narrow tube with a conical bottom (Dreyer's agglutination tube) for the H agglutination, and a short round bottomed tube (Felix tube) for the О agglutination. Equal volumes (0.4 mi) of serial dilutions of the serum (from 1/10 to 1/640) and the H and О antigens are mixed in Dreyer's and Felix agglutination tubes, respectively, and incubated in a water bath at 37°C overnight. Some workers recommend incubation at 50°-55°C for two hours, followed by overnight incubation at room temperature. Control tubes containing the antigen and normal saline are set to check for auto-agglutination. The agglutination titres of the serum are read. H agglutination leads to the formation of loose, cotton woolly clumps, while О agglutination is seen as a disc-like pattern at the bottom of the tube. In both, the supernatant fluid is rendered clear.

The antigens used in the test are the H and О anti​gens of S.typhi and the H antigens of S.paratyphi A and B. The paratyphoid О antigens are not em​ployed as they cross react with the typhoid О anti​gen due to the sharing by them of factor 12. The H agglutinable suspension is prepared by adding 0.1 per cent formalin to a 24-hour broth culture or sa​line suspension of an agar culture. For preparing the О suspension, the bacillus is cultured on phenol agar (1:800) and the growth scraped off in a small volume of saline. It is mixed with 20 times its vol​ume of absolute alcohol, heated at 40°-50°C for 30 minutes, centrifuged and the deposit resuspended in saline to the appropriate density. Chloroform may be added as a preservative. It is important to use standard smooth strains for antigen preparation. The strains used usually are the S.typhi 901, 'O' and 'H' strains. Each batch of antigen should be compared with a standard.

The results of the Widal test should be interpreted taking into account the following:

1. The agglutination titre will depend on the stage of the disease. Agglutinins usually appear by the end of the first week, so that blood taken earlier may give a negative result.  The titre increases steadily till the third or the fourth week, after which it declines gradually.

2. Demonstration of a rise in titre of antibodies, by testing two or more serum samples, is more meaningful than a single test. If the first sample is taken late in the disease, a rise may not  be demonstrable. Instead, a fall in titre may be seen in some cases.

3. The results of a single test should be interpreted with caution. It is difficult to lay down levels of significance though it is generally stated that titres of 1/100 or more for О agglutinins and 1/200 or more for H agglutinins are significant. It is necessary to obtain informationon the distribution of agglutinin levels in 'normal sera' in different areas

4. Agglutinins may be present on account of priordisease, inapparent infection or immunisation.  H agglutinins persist longer than О agglutinins. Serum from an individual immunised with TAB vaccine will generally have antibodies to S.typhi, S.paratyphi A and B, while in case of infection antibodies will be seen only against the infecting species.

5. Persons who have had prior infection or immunisation may develop an anamnestic response during an unrelated fever. This may be differentiated by repetition of the test after a week. The anamnestic response shows only a transient rise, while in enteric fever the rise is sustained.

6. Bacterial suspensions used as antigens should be free from fimbria. Otherwise false positive results may occur. 

7. Cases treated early with chloramphenicol may show a poor agglutinin response. The popularity of the Widal test in the diagnosis of enteric fever is undeserved, considering its falla​cies and shortcomings.

Other serological methods of diagnosis include indirect hemagglutination, CIE and ELISA.

Prophylaxis

· General measures

· Typhoid fever can be effectively controlled by sanitary measures for disposal of sewage, clean water supply and supervision of food processing and handling.

· Vaccine is indicated for travelers or who live in endemic areas.

1. TAB vaccine – it is heat-killed whole cell vaccine. Protection: it varies from 3-7 years with an efficacy of 60-80%.

2. Live oral typhoid vaccine – it is avirulent mutant strain of S.typhi. Protection: it gives 65-96% protection for 3-5 years and is safe.

3. Purified Vi polysaccharide vaccine – it contains purified Vi antigen. The efficacy is about 75%.
Treatment

Specific antibacterial therapy for enteric fever became available only in 1948 with the introduction of chloramphenicol. Though S.typhi is susceptible in vitro to many antibiotics such as streptomycin and tetracycline, they are ineffective in vivo. Am-picillin, amoxycillin, furozolidone, and cotrimoxazole have been found useful in the treatment of typhoid fever.

While antibacterial therapy has been so effective in the treatment of cases, it has been disappointing in the treatment of carriers. A combination of antibacterial therapy along with the vaccine has been tried in the eradication of carrier state. This combination has also been used to prevent relapses. Elimination of the carrier state may require heroic measures such as cholecystectomy, pyelolithotomy or nephrectomy.

II Students practical activities 

1. Prepare smear from pure culture of salmonella, stain by Gram and microscopy. Find the Gram-negative bacilli, note the morphology and their arrangement. Sketch the image.

2. Familiarize with diagnostic media for cultivation of Salmonella.  To estimate the cultural characteristics of salmonella, have been grown on the media with lactose. Compair the lactose positive colonies of E.coli and lactose negative ones of Salmonella sp.

3. Detect the biochemical features of Salmonella according to growth results into Hiss media. Note them in protocol.

4. To estimate result of the demonstrative Widal’s test.

5. To estimate result of the demonstrative haemagglutination test which is used for detection of carries. 

6. Write down the scheme of laboratory diagnostics of the typhoid paratyphoid fevers. 

The genus Salmonella comprises many species and types of bacteria which possess properties similar to those of Salm. paratyphi B.

In 1885 in America D. Salmon isolated the bacterium S. choleraesuis, which was long considered the causative agent of plague in pigs. Later it was shown to be in association with the causative agent of this disease and the cause of human toxinfections.

In 1888 during a large-scale outbreak of toxinfections in Saxony A. Gartner isolated S. enteritidis bacteria from the flesh of a cow which had to be killed, and also from the spleen of a dead person. The organisms proved to be pathogenic for mice, guinea pigs, rabbits, sheep, and goats.

In 1896 in Breslau K. Kensche and in 1898 in Ertrike G. Nobel discovered S. typhimurium in cases of food poisoning and isolated a pure culture of the organism.

It is now known that among the large number of organisms which comprise the salmonella group, about twenty species and types are pathogenic for humans and are the cause of food poisoning (toxinfections).

Morphology. Morphologically salmonella organisms possess the general characteristics of the family Enterobacteriaceae. They are motile and peritrichous.

Cultivation. The organisms are facultative aerobes, the optimum temperature for growth being 37°C. They grow readily on ordinary nutrient media.

Fermentative properties. Salmonellae do not liquefy gelatin and do not produce indole. The majority of species produce hydrogen sulphide and ferment glucose, maltose, and mannitol, with acid and gas formation.

Toxin production. Salmonellae produce no exotoxin. Their ability to produce diseases in animals and humans is associated with an endotoxin which is a glucolipoprotein complex and is characterized by its high toxicity.

Antigenic structure. As was mentioned above, all Salmonellae are divided into 35 groups according to their serological properties. Thus, according to the Kauffmann-White Scheme, S. enteritidis belongs to group D, S. typhimurium to group B, and S. choleraesuis to group C.

Classification. The organisms are classified according to their antigenic, cultural, and biological properties.

Resistance. Salmonellae are relatively stable to high temperatures (60-75°C), high salt concentrations, and to certain acids. They withstand 8-10 per cent solution of acetic acid for 18 hours, and survive for 75-80 days at room temperature. The endotoxins remain active within large pieces of meat for long periods (even after the meat has been cooked) as well as in inadequately fried rissoles and other foods.

A characteristic feature of foodstuffs contaminated by salmonellae is that they show no changes which can be detected organolep-tically.

Pathogenicity for animals. Salmonellae, the causative agents of toxinfections, are pathogenic microorganisms which may give rise to paratyphoid in calves, typhoid and paratyphoid in newly-born pigs, typhoid in fowls and pullorum disease in chickens, typhoid in mice and rats, and enteritis in adult cattle. Among laboratory animals, white mice are most susceptible to the organisms (S. typhimurium, S. enteritidis, S. choleraesuis, etc.). Enteral and parenteral inoculations result in septicaemia in these animals.

Pathogenesis and diseases in man. Ingestion of food contaminated by salmonellae is the main cause of disease. Most frequently food poisoning is due to meat prepared from infected animals and waterfowls without observance of culinary regulations. Eggs of infected waterfowls are also sources of infection. Seabirds are frequent salmonellae carriers. Meat may be infected while the animal is alive or after its death.

As distinct from typhoid fever and paratyphoids A and B, salmonella toxinfections are anthropozoonotic diseases. Intoxication develops in a few hours following infection. Masses of microbes ingested with the food are destroyed in the gastrointestinal tract and in the blood. This results in the production of large amounts of endotoxin which, together with the endotoxin entering the body with the ingested food, gives rise to intoxication. Salmonellae are known to be highly infective. Bacteraemia usually becomes manifest in the first hours after the onset of the disease.

The disease course is characterized by clinical manifestation of toxinfectional, gastroenteric, and typhoid- and cholera-like symptoms.

Along with typical zoonotic salmonella diseases, there are salmonelloses which occur as a result of infection from sick people and carriers. Such cases are predominant in newborn and prematurely born children, convalescents, and individuals with chronic diseases. In children's institutions, maternity hospitals, somatic departments of pediatric clinics, and among children suffering from dysentery in departments for contagious diseases the main sources of infection are sick children and bacteria carriers. Children suffering from salmonelloses display symptoms of dyspepsia, colitis (enterocolitis), and typhoid fever, and often these conditions are accompanied by septicaemia and bacteraemia. The diseases are of long duration or become chronic and are sometimes erroneously diagnosed as chronic dysentery.

Immunity acquired after salmonellosis is of low grade and short duration. Low titres of agglutinins (from 1:50 to 1:400 and, rarely, up to 1:800) appear in the blood of convalescents during the second week.

Laboratory diagnosis. Specimens of food remains, washings from objects, stools, vomit, sewage water, blood, urine and organs obtained at autopsy are carefully collected and examined systematically. In the beginning, the specimens are inoculated into nutrient media employed for diagnosis of typhoid fever and paratyphoids A and B. Then the cultural, serological, and biological properties of the isolated cultures are examined.

In some cases the biological test is performed not only with the cultures, but also with remains of the food which caused the poisoning.

For retrospective diagnosis blood of convalescents is examined for the presence of agglutinins on the eighth-tenth day after the onset of disease. This is performed by the Widal reaction with suspensions of the main diagnostic bacterial species which cause food toxinfections.

Differential laboratory diagnosis between S. typhimurium and S. schotmuelleri is particularly difficult since they have group, somatic, and flagellar phase 2 antigens in common. Pathogenicity for white mice and appearance of mucous swellings and daughter colonies on agar serve as differential criteria.

Treatment. Therapeutic measures include antibiotics (synthomycin, levomycetin, chlortetracycline, oxytetracycline and tetracy-cline). Good effects are also obtained with stomach lavage, injections of glucose and physiological solution, and cardiac drugs.

Prophylaxis of salmonellae toxicoinfections is ensured by veterinary and sanitary control of cattle, slaughter-houses, meat factories and fish industries, laboratory control of meat intended for sale, and sterilization of meat which otherwise may not be sold. The medical hygiene service identifies carriers among people working in food factories, catering houses, and other food-processing establishments and controls the sanitary regulations at food enterprises, shops, store-houses, and in catering houses.

II. Students practical activities 

7. Prepare smear from pure culture of salmonella, stain by Gram and microscopy. Find the Gram-negative bacilli, note the morphology and their arrangement. Sketch the image.

8. Familiarize with diagnostic media for cultivation of Salmonella.  To estimate the cultural characteristics of salmonella, have been grown on the media with lactose. 

9. Detect the biochemical features of Salmonella according to growth results into Hiss media.
Lesson 26
Theme: gram-negative rods causing opportunistic infections. 
Biological characteristics of genera Proteus, Klebsiella and Pseudomonas. 
Bacteriological diagnostics of  hospital infections.
I. THEORETICAL QUESTIONS

1. General characteristics of the genus Klebsiella. Taxonomic position of Klebsiella.

2. Morphology and cultural characteristics. Biochemical reactions and antigenic structure. 

3. General characteristics of the genus Proteus. Taxonomic position of Proteus.

4. Morphology and cultural characteristics. Biochemical reactions and antigenic structure. 

5. General characteristics of the genus Pseudomonas. Taxonomic position of Pseudomonas.

6. Morphology and cultural characteristics of Pseudomonas aeruginosa.

7. Epidemiology and pathogenesis of hospital infections caused by opportunistic microorganisms.

8. Laboratory diagnostics of opportunistic infections.

9. Prophylaxis and treatment of the diseases. 

The family Enterobacteriaceae, genus Klebsiella, includes bacteria which are capable of producing capsules when present in the host's body or on nutrient media.

Morphology  

The Klebsiella organisms are thick short bacilli 0.6-6.0 μm in length and 0.3-1.5 μm in breadth. They have rounded ends, are non-motile and devoid of spores. They occur mainly in pairs but may be seen frequently as single organisms, and are normally sur​rounded by a capsule. They stain readily with all aniline dyes and are Gram-negative. K. pneumoniae and K. ozaenae have fimbriae. 

Cultural characteristics

The klebsiellae are facultative anaerobes, which grow readily on common nutrient media at pH 7.2 and at a temperature of 35-37° C. No growth is shown below 12° C or above 37° C. The organisms are capable of synthesizing all amino acids essential for their growth. They form turbid mucus colonies on agar and produce intense turbidity in broth. After 2 or 4 hours the capsulated bacteria show a characteristic arrangement in the young colonies. The young colonies are studied with a dry lens in pieces of agar taken from Petri dishes. The agar-microscopy method is used for differ​entiation of capsulated bacteria.

The klebsiellae may lose their capsules by prolonged subculture on 50 per cent bile broth, and acquire them again by passage through white mice. The organisms dissociate into S- and R-forms when they are exposed to the action of low temperatures, bacteriophage, chemical substances, bile, and antiserum or when they are frequently subcultured.

Biocemical rections

The Klebsiella organisms do not liquefy gela​tin and produce no indole or hydrogen sulphide. They reduce nitrates to nitrites and decompose urea. Milk is not always curdled. The organisms ferment carbohydrates, producing both acid and gas or, sometimes, only acid. Glucose and urea fermentation is usually a constant property.

Virulent factors of Klebsiella spp. are endotoxins and capsules. Some strains of K. pneumoniae produce thermostable exotoxin, their toxicity being associated with an endotoxin.

Antigenic structure

Capsulated bacteria contain three types of antigens: capsular (K-antigen), smooth somatic (O-antigen), and rough somatic (R-antigen). The K- and O-antigens are carbohydrates, and the R-antigen is a protein. The O-antigen is subdivided into three groups: O-group 1, O-group 2, and O-group 3. The O-group 1 and the coli bacilli possess common antigens. Bacteriocines and phages have been discovered in Klebsiella organisms.

The organisms are differentiated by the presence of O- and K-antigens. An agglutination reaction with the non-capsulated strain which contains O-antigens and the complement-fixation reaction with the capsular antigen are performed for antibody detection.

Resistance 

Klebsiella organisms survive at room temperature for weeks and even months. When heated to a temperature of 65° C they are destroyed in one hour. The organisms are susceptible to treatment with solutions of chloramine, phenol, citral, and other disinfectants.

Pathogenicity for animals. 

Among the experimental animals white mice are most susceptible. They die in 24-48 hours following inoculation, displaying symptoms of septicemia. Severe inflammation and enlargement of the spleen and liver are found at autopsy. 

Capsulated bacteria are found in abundance in smears made from organs and blood. The pathogenecity of capsulated bacteria is associated with the capsule, and bacteria which have lost their ability to produce capsules become non-pathogenic and are rapidly exposed to the action of phage when injected into the animal body.

Pathogenesis and diseases in man. Three species of capsulated bacteria play a most important role in human pathology: the causative agents of pneumonia, ozaena, and rhinoscleroma.

 Klebsiellae pneumoniae

Klebsiella pneumoniae grow readily on solid media, producing opaque mucilaginous colonies. In young colonies grown on agar they occur in loops and are serologically heterogeneous. Infected guinea pigs and white mice exhibit septicemia. 

	Bacteria
	Macroscopical structure of colonies on agar
	Growhth in bile or in 50% bile broth
	lactose
	glucose
	dulcitol
	urease

	K. pheumoniae         
	Form loops
	+
	A
	AG
	A
	+

	K. ozaenae
	
	
	
	
	
	

	K. rhinoscleromatis
	
	
	
	
	
	


The causative agents are found in the blood and tissues, types A and B being most virulent. K. pneumoniae is responsible for pneumonia. Pneumonia (bronchopneumonia) involves one or several lung lobes, sometimes producing fused foci and lung abscesses. The death rate is quite high. In some cases the organisms may be responsible for meningitis, appendicitis, pyemia, mastoiditis, and cystitis. They may also cause inflammation in cases of mixed infections.

Klebsiella ozaenae 
The morphological characteristics are given above. In young colonies the organisms are concentrically scat​tered. It is assumed that they are responsible for rhinitis which is char​acterized by an offensive nasal discharge. K. ozaena affects the mucous membranes of the nose, nasal sinuses, and conchae. This results in pro​duction of a viscid discharge which dries up and forms thick scabs with an offensive odor. These scabs make breathing difficult.

Ozaena is mildly contagious disease and is transmitted by the air-droplet route. It is possible that other factors (trophic and endocrine disturbances, etc.) also contribute to its development. The disease is prevalent in Spain, India, China, and Japan and occurs sporadically in the Ukraine.

Klebsiellae rhinoscleromatis

Klebsiella rhinoscleromatis are differentiated by their growth on agar and other properties. In young colonies they are arranged concentri​cally.

The rhinoscleroma bacteria occur in tissue nodes (infectious granulomas) in the form of short capsulated microbes. They are localized intra- and extracellularly.

The organisms are responsible for chronic granulomatosis of the skin and mucous membranes of the nose, pharynx, larynx, trachea, and bronchi, with the formation of granulomas. Rhinoscleroma is a mildly contagious disease. It prevails in Austria and Poland and occurs some​times in Belorussia, the Ukraine, Siberia, and Central Asia. Treatment is a matter of great difficulty and involves complex therapeutic meas​ures which must be carried out over a long period of time.

Immunity. Diseases caused by capsulated pathogenic bacteria leave low-grade immunity. Agglutinins and complement fixing antibodies are present in the blood of ozaena and rhinoscleroma patients, but their defence role is negligible. The absence of an infectious immunity is probably the reason for the chronic nature of these diseases.

Laboratory diagnosis includes the following methods.

· Microscopic method. Microscopic examination of smears made from sputum (from patients with pneumonia), nasal mucus discharge (from patients with ozaena), and tissue specimens (from patients with rhinoscleroma). Pathohystological examination of infiltrates reveals a great number of peculiar giant Mikulicz's cells which contain capsulated bacteria in a gelatin-like substance. The material is collected with a loop or cotton-wool swab, having previously scarified the mucosa surface.

· Culture method. Isolation of the pure culture and its identification by cultural, biochemical (see in table), phagocytolytic, and serological properties.

· Serological meSerological method. CFT with patients' sera and capsular antigen. This reaction yields positive results most frequently. Sera diluted in ratios from 1 : 5 to 1 :400 are used for the agglutination reaction with non-capsulated strains.

· Allergic method. The allergic skin test is employed as an additional test, but is less specific than the agglutination reaction or the complement-fixation reaction.

Treatment. 

Patients are treated with streptomycin, chloramphenicol, tetracycline, and antimony preparations (solusurmin). Autovaccine therapy is also employed. The vaccine is prepared from capsulated bacteria trains which have been killed by heat treatment.

Prophylaxis is ensured by recognition of the early stages of ozaena and rhinoscleroma, active antibiotic therapy, and prevention of healthy individuals from being infected by the sick.

General characteristics of the genus Proteus.

Proteus is a polymorphous, motile (the O-form is non-motile), peritrichous Gram-negative rod. The organism does not form either spores or capsules, grows at temperatures between 25 and 37° C, liquefies gelatin and coagulates serum. Produces hydrogen sulphide, ammonia, and indole. Reduces nitrates to nitrites and ferments levulose, glucose, galactose, saccharose, and maltose, with acid and gas formation. Proteus is a facultative anaerobe and grows readily on common media. The H-form is characterized by creeping growth. Proteus plays an important role in putrefactive processes owing to its ability to produce proteolytic enzymes.

Genus Proteus includes the following three species: P. vulgar is, P. mirabilis,   and Pr.inconstans. The species are differentiated by studying their fermentative properties.

Numerous investigators consider the bacterium to be a conditionally pathogenic organism, although this is as yet not definitely proven. It is possible that not all the bacterial strains but only the pathogenic variations are responsible for diseases. 

P. vulgaris occurs in humans in association with other bacteria in cystitis and pyelitis, and is recovered from wound pus. It is also believed to be the cause of food poisoning. Apparently, Proteus is of epidemiological importance in diarrhoea in children.

Treatment is earned out with antibiotics (chloramphenicol, streptomycin, etc.). Prophylaxis consists in protecting water and foodstuffs from contamination with faeces and purulent discharge.

General characteristics of the genus Pseudomonas

The genus Pseudomonas consists of aerobic, nonsporing Gram negative bacilli, motile by polar flagella. Members of the genus are mostly saprophytic, being found in water, soil or wherever decomposing organic matter is found. Some of them are pathogenic to plants, insects and reptiles. The genus contains two groups of strains - those which form a greenish yellow fluorescent pigment (the fluorescent pseudomonas) and those which do not. Of medical importance are Ps. aeruginosa in the former group and Ps. mallei and Ps. pseudomallei in the latter.

Ps. aeruginosa
Morphology 

 It is a slender Gram negative bacillus, 1.5-3 |μm x 0.5 μm, actively motile by a polar flagellum. Occasional strains have two or three flagella. Clinical isolates are often piliated. It is non-capsulated but many strains have a mucoid slime layer. Mucoid strains, particularly isolates from cystic fibrosis patients have an abundance of extracellular polysaccharides composed of alginate polymers. This forms a loose capsule (glycocalyx) in which microcolonies of the bacillus are en​meshed and protected from host defences. 
Cultural characteristics

It is an obligate aerobe. Growth occurs at a wide range of temperatures, 6°-42°C, the optimum being 37°C. It grows well on ordinary media, producing large, opaque, irregular colonies, with a distinctive, musty, mawkish or earthy smell. Iridescent patches with a metallic sheen are seen in cultures on nutrient agar. Crystals are seen beneath the patches. It grows on MacConkey  and DCA media, forming nonlactose-fermenting colonies. Many strains are hemolytic on blood agar. In broth, it forms a dense turbidity a surface pellicle.

Ps. aeruginosa produces a number of pigments,. the best known being pyocyanin and fluorescin. Pyocyanin is a bluish green phenazine pigment-soluble in water and chloroform.  Fluorescin (pyoverdin) is a greenish yellow pigment soluble water but not in chloroform. In old cultures it may be oxidised to a yellowish brown pigment. Pyocyanin is produced only by Ps. aeruginosa but fluorecin may be produced by many other species ■ Other pigments produced are pyorubin and pyomelanin lanin in various combinations. Some strains may nonpigmented. It is not known whether the pigments have any role in pathogenesis. Some of  the pigments particularly pyocyanin, inhibit the growth of many other bacteria and may therefore contntribute to Ps. aeruginosa emerging as the dominant bacteriumr in mixed infections.

Biocemical activity

The metabolism is oxidative and nonfermentative. Peptone water sugars unsuitable for detecting acid production, since this weak and gets neutralised by alkali produce-: from  peptone.  An  ammonium  salts medium which the sugar is the only carbon source is the best. Glucose is utilised oxidatively, forming a only. Indole, MR, VP and H2S tests are negative. Nitrates are reduced to nitrites and  further gaseous nitrogen. Catalase, oxidase and arginine dihydrolase are positive.

Resistance

The bacillus is not particularly heat resistant, being killed at 55°C in one hour but exhibits a high degree of resistance to chemical agents. It is resistant to the common antiseptics and disinfectants such as quaternary ammonium compounds, chloroxylenol and hexachlorophane and may even grow profusely in bottles of such antiseptic lotions kept for use in hospitals. Indeed, selective media have been devised for Ps. aeruginosa incorporating dettol or cetrimide. It is sensitive to acids, beta glutaraldehyde, silver salts and strong phenolic disinfectants. Its susceptibility to silver has been applied clinically in the use of silver sulphonamide compounds as topical cream in burns.

Ps. aeruginosa possesses a considerable degree of natural resistance to antibiotics. Examples of clinically effective antibiotics are aminoglycosides (gentamicin, amikacin), cephalosporins (ceftazidime, cefoperazone), fluoroquinolones (norfloxacin, cipro-floxacin). For localised infection, topical colistin, polymyxin В or 1 % acetic acid may be useful.
Pathogenicity: 'Blue pus' was known as a surgical entity long before Gessard (1882) isolated Ps. aeruginosa from such cases. Both the specific names of the bacillus refer to its capacity to cause 'blue pus', the term aeruginosa, meaning verdigris which is bluish green in colour and pyocyanea, being a literal translation of 'blue pus'.

The pathogenic importance of the bacillus was not adequately recognised till recently, when it has established itself as one of the most troublesome agents causing nosocomial infections. In the community outside the hospital, the commonest infection caused by Ps. aeruginosa is suppurative otitis, which is chronic though not disabling. In the hospital, it may cause localised or generalised infections. Localised lesions are commonly infections of wounds and bedsores, eye infections and urinary infections following catheterisation. Ps. aeruginosa is the commonest and most serious cause of infec​tion in burns. It is also one of the commonest agents responsible for iatrogenic meningitis following lumbar puncture. It frequently causes post-tracheostomy pulmonary infection. Septicemia and endocarditis may occur in patients who are debilitated due to concomittant infection, malignancy or immunosuppressive therapy. Ecthyma gangrenosum and many other types of skin lesions have been de​scribed occurring either alone or as part of generalised infection, mainly in patients with leukemia and other types of malignancy. Infection of the nail bed is not uncommon following excessive exposure of hands to detergents and water. Ps. aeruginosa has been described as one of the agents responsible for infantile diarrhea. Evidence has now been presented that strains isolated from outbreaks of diarrhea may form a heat labile enterotoxin and give a positive rabbit ileal loop reaction. Ps. aeruginosa has been reported to cause a self-limited febrile illness (Shanghai fever) resembling typhoid fever in some tropical areas.

The preeminent role of Ps. aeruginosa in hospital infection is due to its resistance to common antibiotics and antiseptics, and its ability to establish itself widely in hospitals. Being an extremely adaptable organism it can survive and multiply even with minimal nutrients, if moisture is available. Equipment such as respirators, articles such as bed pans and medicines such as lotions, ointments and eye drops and even stocks of distilled water may be frequently contaminated. Ps. aeruginosa is present on the skin of the axilla and perineum in some persons. Fecal carriage is not very common but is frequent following oral antibiotic treatment or hospitalisation.

The mechanisms of pathogenesis are not clearly understood. It has been claimed that the pathological processes seen in infection are caused by the extracellular products of the bacterium. Several extracellular products have been identified in the culture filtrates. Exotoxin A is a lethal toxin which functions as NADase, acting like the diphtheria toxin. Good antibody response to exo-toxin A is considered, a favourable sign in severe infections with Ps. aeruginosa. Several proteases are produced by the bacillus. Elastases may be responsible for hemorrhagic lesions in skin infec​tions and the destruction of corneal tissue in eye infections. Two hemolysins are produced, one a phospholipase and the other a glycolipid. The former acts on the lung tissue, causing atelectasis and necrosis, facilitating invasion of the lung in pneumonia. The enterotoxin causes diarrheal disease. The slime layer acts as a capsule in enhancing virulence.

Laboratory diagnosis 

The isolation of the bacillus from clinical specimens is an easy procedure. It may be necessary to use selective media such as cetrimide agar for isolation from feces or other samples with mixed flora. As Ps. aeruginosa is a frequent contaminant, isolation of the bacillus from a specimen should not always be taken as proof of its etiological role. Repeated isolations and demonstration of agglutinins in the patient's serum would help to confirm the diagnosis.

Control: Prevention of Ps. aeruginosa cross infection in hospitals requires constant vigilance and strict attention to asepsis. Antibiotic treatment is not always satisfactory. Animals with experimentally infected burns have been protected by prior immunisation with the homologous strains. Immunotherapy in human burns cases with antiserum to Ps. aeruginosa is under investigation. Pseudomonas vaccines are being tried in burns on the rationale that colonisation with the bacillus occurs only a few days after the burns, so that prior vaccination might afford some protection.

Specific antibacterial therapy constitutes only one aspect of the management of serious Pseudomonas infections. Treatment of the underlying diseases, correction of granulopenia and appropriate supportive therapy need attention.

II Students practical activities 

10. Prepare smear from pure culture of klebsiellae, stain by Burri-Hins and microscopy. Find the bacteria, which are capable of producing capsules. Sketch the image.

11. Prepare smear from pure culture of Proteus and Pseudomonas, stain by Gram and microscopy. Find the bacteria and sketch the image.

12. To estimate the cultural characteristics of Klebsiella pneumonia, Proteus vulgaris and Pseudomonas aeruginosa, have been grown on the common nutrient media. 

13. Detect the susceptibility of the clinical strains K.pneumonia, P. vulgaris and P.aeruginosa to antibiotics using demonstrative plates.

14. Write down the principal scheme of laboratory diagnostics of diseases caused by Klebsiella spp., Proteus spp. and Pseudomonas aeruginosa. 

Lesson 27
Theme: Vibrio cholerae biological characteristics of genera Vibrio. 
Biological diagnostics, control and treatment of the cholerae.
I. THEORETICAL QUESTIONS

12. General characteristics of the genus Vibrio.

13. Morphology and cultural characteristics.

14. Biochemical reactions and antigenic structure. 

15. Epidemiology and pathogenesis of the cholerae.

16. Laboratory diagnostics of disease.

17. Prophylaxis and treatment of the disease. 

TAXONOMIC POSITION OF THE PATHOGENIC VIBRIOS

Family Vibrionaceae, genus Vibrio; medical important species: V.cholerae, V.parahaemolyticus, V.vulnificus, V.alginolyticus

Classification of the vibrios: Biochemical classification by Heiberg (1934): Heiberg (1934) classified vibrios into six groups based on the fermentation of mannose, sucrose and arabinose. Cholera vibrios belong to Group I (man+, suc+, ara -) 

Serological classification: All  vibrios possess common H-antigen and group-specific O-Ag. Cholera vibrios possessing a common flagellar (H) antigen were classified as Group A vibrios, and the rest as Group B vibrios comprising a heterogeneous collection. Based on the major somatic (O) antigen, Group A vibrios were classified into 'subgroups' (now called O serogroups or serovars), 139 of which are currently known.

VIBRIO CHOLERAE

Morphology. The cholera vibrio is a short, slightly curved rod about 1.5 μm x 0.2-0.4 μm in size, with rounded or slightly pointed ends (the cell is typically comma shaped) In stained films of mucous flakes from acute cholera cases, the vibrios are seen arranged in parallel rows, as the 'fish in stream' appearance. It is actively motile, with a single polar flagellum. The vibrios stain readily with aniline dyes and are Gram negative and nonacid fast

Cultural characteristics : The cholera vibrions is strongly aerobic. It grows within a temperature range of 16-40 °C (optimum 37 °C).Growth is better in an alkaline medium the range of pH being 6.4-9.6 (optimum 8.2)  

It grows well on ordinary media. On nutrient agar, after overnight growth, colonies are moist, translucent, round disks, about 1-2 mm in diameter, with a bluish tinge in transmitted light. In peptone water, growth occurs in about six hours as a fine surface pellicle, which on shaking breaks up into membranous pieces. 

Special media.  They may be classified as follows:

1) Alkaline peptone water at pH 8.6;

 2) Monsur's taurocholate  tellurite peptone water at pH 9.2. 

3) Alkaline bile salt agar (BSA) pH 8.2. This simple medium has stood the test of time and is still widely used. The colonies are similar to those on nutrient agar. 

4) Monsur's gelatin taurocholate trypticase tellurite agar (GTTA) medium: Cholera vibrios produce small, translucent colonies with, a greyish black centre and a turbid halo. The colonies become 3-4- mm in size in 48 hours. 

5) TCBS medium: This medium, containing thiosulfate, citrate, bile salts and sucrose, is available commercially and is very widely used at present. Cholera vibrios produce large yellow convex colonies which may become green on continued incubation.

Resistance Cholera vibrios are susceptible: to heat, drying and acids.It resists high alkalinity. They are destroyed at 55 °C in 15 minutes. Dried on linen or thread, they survive for 1-3 days but die in about three hours on cover slips. Survival in water is influenced by its pH, temperature, salinity, presence of organic pollution and other factors. They are killed in a few minutes in the gastric juice of normal acidity but they may survive for 24 hours in achlorhydric gastric juice.  

Classification of the V. cholerae. According to their biological properties V.cholerae is divided into 2 biovars:

V. cholerae b/v classical, V. cholerae b/v El-Tor.

The classical and El Tor vibrios share  the same O-Ag and is agglutinated by O1- antiserum (O-1 serogroup).

According to structure of the O1-Ag species V. cholerae is subdivided into 3 serotypes:

Ogawa (AB)

Inaba (AC)

Hikojima (ABC)

All isolates from epidemic cholera (till 1992) belonged to serogroup 0-1. Other vibrio isolates which were not agglutinated by the 0-1 antiserum came to be called nonagglutinable or NAG vibrios. (nonpathogenic and hence also called non-cholera vibrios (NCV).

Factors of virulence. 1. Exotoxin (choleragen, cholera enterotoxin, cholera toxin, CT, or CTX). The toxin molecule, consists of one A and  B subunits. The B (binding) units attach to the ganglioside receptors on the surface of jejunal epithelial cells. The A (active) unite causes prolonged activation of cellular adenylate cyclate and accumulation of cAMP, leading to outpouring into the small intestinal lumen, of large quantities of water and electrolytes and the consequent watery diarrhea. 

2. Endotoxin. Cholera vibrios also possess the lipopolysaccharide O antigen (LPS, endotoxin), as in Gram negative intestinal bacilli. This apparently plays no role in the pathogenesis of cholera but is responsible for the immunity induced by killed vaccines.

3. Adherence factors (pili)

4. Proteolytic enzymes (gelatinase, mucinase)

Epidemiology and pathogenesis Cholera is an exclusively human disease. Infection is acquired through fecally contaminated water or food. Direct person-to-person spread by contact may not be common but hand contamination of stored drinking water has been shown to be an important method of domestic spread of infection. 

Pathogenesis

In the small intestine, vibrios are enabled to cross the protective layer of mucus and reach the epithelial cells by chemotaxis, motility, mucinase and other proteolytic enzymes. Adhesion to the epithelial surface and colonisation may be facilitated by special fimbria such as the 'toxin co-regulated pilus' (TCP). 

The massive loss of water and electrolytes by action of enterotoxin, leads to

1. dehydration causing hemoconcentration, anuria and hypovolaemic shock

2. base-deficience acidosis

3. muscle cramps due to hypokalaemia.

Laboratory diagnosis. Specimens: Watery stool, rectal swab, water, food, vomiting

Microscopy

a. Stained smears by Gram

b. Wet drop smears to determine vibratory motility . 

Bacteriological method . It is the most reliable to make diagnosis. 

The major steps are:

Inoculation of the collected samples into alkaline peptone water and spread a large loop of feces over a plate of  TCBS medium.

After incubation for 5 h subculture from first peptone water is transmitted into second alkaline PW and on the second plate of TCBS agar. Microscopy of wet smears from PW, make a agglutination with O-1 antiserum.

After  incubation for 12 h grown colonies from TCBS are investigated with agglutination test, microscopy of stained smear. Suspected colony is transferred onto slant alkaline MPA.

Identification of vibrio pure culture (biochemical typing, serological  and phage typing)

Serological method: detection vibriocidal antibody or agglutinins

For rapid diagnosis, the characteristic motility of the vibrio and its inhibition by antiserum can be demonstrated under the dark field or phase contrast microscope, using cholera stool from acute cases

Prophylaxis includes general measures (purification of water supplies, better provision for sewage disposal, microbiological control of sewage and drinking water). Infected patients should be isolated, their excreta disinfected. Contacts and carriers are followed up.

Specific measures

Killed parenteral vaccine – composed of equal number of Inaba and Ogava strains

Killed oral vaccine – B subunit whole  cell vaccine. The vaccine contains cholera toxin B subunit, heat killed classical vibrio and formalin killed El- Tor vibrio

Live oral vaccine – recombinant DNA vaccine

Treatment. Oral rehydration therapy, antibiotics

Vibrio parahaemolyticus is an enteropathogenic halophilic vibrio originally isolated in 1951 in Japan as the causative agent of an outbreak of food poisoning due to sea fish. 

Morphology is resembles the cholera vibrio, except that it is capsulated, it shows bipolar staining and has a tendency to pleomorphism, especially when grown on 3% salt agar and in old cultures.

Culture properties. It grows only in media containing NaCl. It can tolerate salt concentration up to 8 per cent but not 10 per cent. The optimum salt concentration is 2-4 per cent. On TCBS agar, the colonies are green with an opaque, raised centre and flat translucent periphery.

Not all strains of V. parahaemolyticus are pathogenic for human beings. It has been found that strains isolated from environmental sources (such as water, fish, crabs or oysters). No enterotoxin has been identified. 

The vibrio is believed to cause enteritis by invasion of the intestinal epithelium.V. parahaemolyticus causes food poisoning associated with marine food. It also causes acute diarrhea, unassociated with food poisoning. 

Laboratory diagnostics made with microscopy and pure culture isolation. Treatment is like at cholera. 

II Students practical activities 

15. Microscopy smear prepared from pure culture of vibrio. Sketch the image.

16. To estimate the cultural characteristics of NAG vibrio has been grown onto the alkaline nutrient media. 

17. Write down the principal scheme of cholera and cholera-like diarrhea laboratory diagnostics. 

LESSON 32
THEME: Microorganisms causing zoonotic infections.
Biological properties of medical important Yersinia. 
Causative agents of plague

morphology and biological properties of francisella tularensis.
BACILLUS ANTHRACIS.  
Pathogenesis, laboratory diagnostics and prophylaxis of infections.
I. THEORETICAL QUESTIONS

1. General characteristics of the genus Yersinia. Medical important species, their morphology and cultural characteristics.

2. Morphology and cultural characteristics Y. pestis. Virulent factors.

3. Epidemiology and pathogenesis of the plague. Laboratory diagnostics.

4. Prophylaxis and treatment of the plague. 

5. General characteristics of the genus Francisella. Taxonomic position of F. tularensis.

6. Morphology and cultural characteristics. Antigen structure. Virulent factors.

7. Epidemiology and pathogenesis of tularemia. Laboratory diagnostics.

8. Prophylaxis and treatment of tularemia.

9. Morphology and cultural characteristics of B.anthracis.


10. Epidemiology and pathogenesis of the anthrax. Immunity.

11. Laboratory diagnostics of the anthrax: 

12. Control and prevention of the anthrax.

Yersinia pestis 

The plague bacillus was discovered independently and simultaneously by Yersin and Kitasato (1894) in Hong Kong at the beginning of the last pandemic of the disease.
Morphology. Y.pestis  is a short, plump, ovoid, Gram negative bacillus, about 1.5 μm x 0.7 μm in size, with rounded ends and convex sides, arranged singly, in short chains or in small groups. In smears stained with Giemsa or methylene blue, it shows bipolar staining (safety pin appearance) with the two ends densely stained and the central area clear. Pleomorphism, is very common and in old cultures, involution forms are seen - coccoid, club shaped, filamentous and giant forms. Pleomorphism is characterically enhanced in media containing 3% NaCl. 

Cultural characteristics: The plague bacillus is aerobic_and facultatively anaerobic.

Growth occurs over a wide range of pH (pH 5 - 9.6, optimum pH 7.2) and temperature (range 2° - 45°C). The optimum temperature for growth (unlike most pathogens) ) is 27°C but the envelope develops best at 37°C. It is not nutritionally exacting and grows on ordi​nary media. On nutrient agar, colonies are small, delicate, transparent discs, becoming opaque on continued incubation.

Colonies on blood agar or other hemin containing media are dark brown due to the absorption of the hemin pigment. Colourless colonies are formed on MacConkey agar. In broth, a flocculent growth occurs at the bottom and along the sides of the tube, with little or no turbidity. A delicate pellicle may form later. If grown in a flask of broth with oil or ghee (clarified butter) floated on top (ghee broth) a characteristic growth occurs which hangs down into the broth from the surface, resembling stalactites (stalactite growth)

Biochemical reactions: Glucose, maltose and mannitol but not lactose, sucrose or rhamnose are fermented with the production of acid but no gas. Indole is not produced. It is MR positive and VP and citrate negative, catalase positive and aesculin positive and oxidase and urease negative. Gelatin is not liquefied. Based on the fermentation of glycerol and reduction of nitrate, Devignat has distinguished three physiological varieties of Y.pestis. This typing appears to be of epidemiological significance be cause of the different geographical distribution of the types.

Resistance: The plague bacillus is easily destroyed by exposure to heat, sunlight, drying and chemical disinfectants. It is destroyed by heat at 55°C or by phenol in 15 minutes. It remains viable for long periods in cold, moist environments. It can survive for several months, and even multiply, in the soil of rodent burrows. All strains are lysed by a specific antiplague bacteriophage at 220C.
Antigens, toxins and other virulence factors:
Plague bacilli are antigenically homogeneous and serotypes do not exist. The antigenic structure is complex. At least 20 antigens have been detected by gel diffusion and biochemical analysis. Many of them have been claimed to be virulence factors. 

They include the following: 

1. A heat labile protein envelope antigen (FractionI or F-I) best formed in cultures incubated at 37°C. It inhibits phagocytosis and is generally presentonly in virulent strains. This antigen has thereforebeen considered a virulence determinant but occasional strains deficient in Fraction I antigen havebeen isolated from fatal human cases. The antibodyto this antigen is protective in mice. 

2. Two antigens designated _V and W and alwaysproduced together have been considered to be thevirulence factors as they inhibit phagocytosis andintracellular killing of the bacillus. Production of Vand W antigens is plasmid mediated. 

3. Virulent strains produce a bacteriocin (PesticinI), coagulase and fibrinolysin. Pesticin I inhibitsstrains of Y.pseudotuherculosis ,Y.enterocolitica and E.coli.\
The term 'plague toxins' refers to at least two classes of toxins found in culture filtrates or cell lysates. The first is the endotoxin, a lipopolysaccharide similar to the endotoxins of enteric bacilli. The second class of toxins is protein in nature, pos​sessing some properties of both exotoxins and endotoxins. They are thermolabile and may be toxoided but do not diffuse freely into the medium and are released only by the lysis of the cell. They are called 'murine toxins' as they are active in rats and mice but not in guinea pigs, rabbits and primates. On injection into experimental animals, plague toxins produce local edema and necrosis with systemic effects on the peripheral vascular system and liver. The role of plague toxins in natural disease in human beings is not known.
4. Virulence also appears to be associated with an unidentified surface component which absorbs hemin and basic aromatic dyes in culture media to form coloured colonies.

5. Virulence has also been associated with the ability for purine synthesis. 

Epidemiology: Plague is a zoonotic disease. The plague bacillus is naturally parasitic in rodents. Infection is transmitted among them by rat fleas. The blood, mixed with the bacteria is regurgitated into the bite, transmitting the infection. Infection may also be transferred by contamination of the bite wound with the feces of infected fleas. When a diseased rat dies (rat fall), the fleas leave the carcass and in the absence of another rat, may bite human beings, causing bubonic plague. 
In enzootic foci, plague may persist for long periods. Infected fleas may survive for over a year. The bacilli can remain alive and even multiply in the soil of abandoned rodent burrows. They can infect new rodents that may reoccupy such burrows. This may account for the long period of quiescence and subsequent re-emergence characteristic of plague. Attenuated strains of plague bacilli have been isolated from natural foci. They may regain virulence, when plague becomes active. Eradication of plague is an unlikely prospect as it is a disease of the earth - of rodents that live in burrows and of the fleas that live on them. Only when human beings or domestic animals trespass on these natural foci do human infections set in.
Laboratory diagnosis: The laboratory should be able to diagnose plague not only in human beings but in rodents also, as timely detection of infection in rats may help to prevent epidemic spread.
A rat which died of plague may carry infected fleas and should be handled with care. Pouring kerosene oil over the carcass is a simple method of eliminating the fleas. In the laboratory, the carcasses should be dipped in 3% lysol to destroy ectoparasites.
During epizootics, it is easy to diagnose plague in rats. Buboes are present usually in the cervical region. They are hard and can be moved under the skin. On section, the bubo may show congestion, hemorrhagic points or grey necrosis. Smears from the bubo stained with methylene blue show the bipolar stained bacilli. The fluorescent antibody technique may be of use in identifying plague bacilli in the impression films of the tissues. Bacilli in bubo show considerable pleomorphism. The liver is mottled, with red, yellow or grey stippling. The spleen is enlarged, and moulded over the stomach with granules or nodules on the surface. A characteristic feature is pleural effusion which may be clear, abundant and straw coloured or, less often bloodstained. Bacilli may be demonstrated microscopically in spleen smears and heart blood also. Cultures may be made from the buboes, splee-heart blood and particularly, from bone marrov. decomposed carcasses.

 In badly putrified carcasses, microscopy and culture may not be successful. The putrified tissue may be rubbed on the shaven abdomen of a guinea pig. The plague bacillus is able to penetrate through the minute abrasions caused by shaving and initiate lethal infection. Diagnosis in such cases may also be established by the thermoprecipitation test. The tissue, mixed with 5-10 parts of distilled water is boiled for five minutes, filtered and the clear filtrate layered on antiplague serum in a narrow test tube. In positive cases, a precipitate appears at the interface after five minutes incubation at 37°C, increasing to a maximum in two hours.

Diagnosis of sporadic plague in rats may be difficult. Success is achieved by a combination of culture and animal inoculation, using pooled organs. The bacillus may also be isolated from pooled fleas. The only serological test recommended is passive hemagglutination, using tanned sheep erythrocytes sensitised with Fraction I antigen.

In human bubonic plague, a small vesicle may be present at the site of entry of the bacillus in early cases and bacilli may be demonstrated in the vesicle fluid. Bacilli may be readily demonstrated in buboes by microscopy, culture or animal inoculation. Blood cultures are often positive.

In pneumonic plague, the bacilli can be demon​strated in the sputum by microscopy, culture or animal inoculation.

Serological tests are sometimes useful in diagnosis. Antibodies to the F-l antigen may be detected by agglutination or complement fixation tests. The latter test may be used also for detecting the antigen in tissues. Complement fixing antibodies decrease rapidly during convalescence. The passive hemagglutination test, using tanned erythrocytes coated with the F-l antigen or murine toxin is useful for identifying plague foci, as the test remains positive for several years after recovery, from plague.

 Prophylaxis: In the prevention of domestic plague, general measures such as control of fleas and rodents are of great importance. Specific protection may be provided by vaccines. Two types of vaccines have been in use - killed and live attenuated vaccines. 

The vaccine is given subcutaneously, two doses at an interval of 1-3 months, followed by a third six months later. Vaccination gives some protection against bubonic plague but not against pneumonic plague. The protection does not last for more than six months. In contrast, an attack of plague provides more lasting immunity. A vaccinated person exposed to definite risk of infection should be given chemoprophylaxis - cotrimoxazole or tetracycline orally for at least five days.

The vaccine is recommended only in those exposed occupationally or otherwise to infections, such as plague laboratory or hospital personnel and troops deployed in known plague areas. It is of no value in plague outbreaks and mass vaccination is not advised. Live plague vaccines cause severe reactions and are not in use now. 

Treatment: Early treatment with antibiotics has reduced plague mortality from 30-100 per cent to 5-10 per cent, streptomycin, tetracyclin, chloramphenical and gentamicin are effective.

F.tularensis

F.tularensis is the cause of tularaemia, a plague-like disease of rodents and other small mammals. It is tick-borne among the natural hosts and transmissible to man as a typical zoonosis, either through direct or indirect contact with infected animals, or through handling laboratory cultures without strict safety precautions. The disease is widespread in North America but in Europe it is limited to certain countries and has not yet been identified in the UK. The so-called 'lemming fever' in Norway results from the consumption of water polluted with the classes or excreta of infected lemmings or water rats. Water-borne or airborne infections tend to produce influenza-like, pulmonary or typhoid-like illnesses, but in persons such as butchers or trappers who become infected through handling the tissues of animals such as rabbits or hares, there may be ulceroglandular or oculoglandular manifestations

Morphology: Small coccobacillus which on primary isolation does not exceed 0.7 x 0.2 μm; in culture pleomorphic. capsulate, non-motile and non-sporing; Grarn-negative showing bipolar staining; stains best with dilute (10%) carbol fuchsin as counter-stain. Smears from post-mortem material may require gentle heating to allow penetration of the stain.

Cultural characteristics: Strict aerobe. Fresh isolates cannot be cultured on ordinary medium but require a complex medium confining blood or tissue extracts and cystine. Optimum temperature is 37°C. Minute droplet-like colonies develop in 72 h. Growth in liquid culture medium may be obtained using casein hydrolysate with added thiamine and cystine.

Sensitivity: Killed by moist heat at 55-60°C in 10 min. May remain viable for many years in cultures kept at 10°C and in humid soil and water for 30 and 90 days respectively. It is very sensitive to chlorampheficol; sensitive to streptomycin. Tetracycline is bacteriostatic and only effective in large doses, 2 g/day for 14 days; it is used for prophylaxis and therapy when the infecting strain is streptomycin resistant.

Biochemical activity: Under suitable conditions acid is formed from glucose and maltose. Indole and urease tests are negative. 

Laboratory diagnosis

Isolate and identify the organism from material taken from the lesions, and demonstrate specific antibodies in the patient's serum.

1.  Culture the discharge from local lesionsor glands on special medium, e.g. blood agar enriched with 0.1% cystine, or inspissated egg yolk medium. Incubate in air with 10% CO: at 37°C for 72 h or more. Small mucoid colonies are characteristic.

2. Inoculate exudates from ulcers and glands into guinea-pigs and mice. Culture the liver and spleen of the infected animals post mortem on special medium.

3. Obtain pure cultures for identification of F.tularensis.
4. Perform slide agglutination tests on animal serum and fluorescent antibody tests on spleen imprints.

5.  Test patient's serum for specific antibodies by slide and tube agglutination tests, haemag-glutination, complement fixation and anti-human globulin (Coombs) test (see Chs 10 and 33), using antigens prepared from suspensions of F. tularensis grown on solid medium). Serum of cases of brucellosis may cross-react with F. tularensis. Diagnostic antigens and antisera for use in slide and tube agglutination tests are available from Difco.

II Students practical activities 

1. Prepare smear from pure culture of Y.pseudotuberculosis and Y.enterocolitica, stain by Gram and microscopy. Find the bacteria and sketch the image.

2. Microscopy the prepared smears from pure culture of Y. pestis stained by Gram and with methylene blue. Estimate the morphology and sketch the image.

3. Microscopy the prepared smears from pure culture of F. tularensis stained by Gram. Sketch the image.

4. To estimate the cultural characteristics of Y.pseudotuberculosis and Y.enterocolitica, have been grown on the nutrient agar. 

5. Familiarize with specific media for cultivation of Francisella tularensis.

6. Detect the biochemical features of Y.enterocolitica and Y.pseudotuberculosis  . Note them in protocol.

7. Write down the principal scheme of laboratory diagnostics of plague and tularemia.
Taxonomy
Family Bacillacea
Genus Bacillus
Pathogens for humans: B.anthracis (causative agent of anthrax),B.cereus (causative agents of food poisoning infection; sometimes it is isolated from blood of injected addicts with septicemia)
Morphology of B.anthracis
B.anthracis is a sporeforming rod, 4-8 x 1-1.5 µm in size, square-ended; they are arranged in chains in culture, but single or in pairs in animal's blood. Spore is central, oval and non-bulging; it is not formed in animal tissues. Causative agent of anthrax is non-flagellate and non-motile. Capsule formed in the animal body, but in culture only on media with serum or bicarbonate in the presence of excess CO2.

Staining reactions . It is Gram-positive, especially in tissues. B.anthracis is blue bacillus with irregular, purple granular surround when stained with polychrome methylene blue by McFadyean's method. It is purple bacillus with red capsule when stained with Giemsa's stain. It is non-acid-fast. Spores are seen as unstained spaces in Gram-stained bacilli and, brightly red, when it has been stained with Aujesky's or Ziel-Neelsen's methods. 

Cultural characteristics

B.anthracis is aerobe and facultative anaerobe. Growth temperature range is 12-45°C, optimum is 37°C. It grows on all ordinary media. Sporulation requires aerobic conditions and is optimal at 25-30°C. Germination of spores requires fresh nutrients and aerobic conditions.

On nutrient agar, colonies are greyish, granular disks, 2-3 mm in diameter after 24 h at 37°C, with an uneven surface and wavy margin which gives them the "medusa head" appearance. Each is a continuous, convoluted chain of bacilli and has a sticky, membranous consistency making it difficult to emulsify. Colonies of capsulate bacilli on bicarbonate media are smooth and mucoid. Colonies on blood agar produce very slight hemolysis.

In broth, growth develops as silky strands, a surface pellicle and a floccular deposit. In a gelatin stab, there is growth down the stab line with lateral spikes that are longest near the surface, giving the "inverted fir tree" appearance; liquefaction is late and starts at the surface. Coagulated serum is partially liquefied by B.anthracis.

Resistance: In the dry state or in soil the spores may survive for many years.With moist heat, the vegetative bacilli are killed at 60°C in 30 min and the spores at 100°C in 10 min.With dry heat the spores are killed at 150°C in 60 min. The spores are also killed by 4% (w/v) formaldehyde or 4% (w/v) potassium permanganate in a few minutes.The bacilli are sensitive to benzylpenicillin, streptomycin, tetracyclines, chloramphenicol and sulphonamides.

Antigens and virulent factors: There are three main antigens observed in serological tests:

1. the toxin complex (protein),

2. the capsular polypeptide (of D-glutamic acid) and

3. a somatic polysaccharide (N-acetylglucosamine and galactose).

Two virulence factors have been identified:

1) the capsular polypeptide and

2) the anthrax toxin, each of which is encoded by a separate plasmid.

The capsular polypeptide aids virulence by inhibiting phagocytosis. Loss of the plasmid which controls capsule production leads to loss of virulence. This is how the live attenuated anthrax spore vaccine (Sterne strain) was obtained. The toxin is a complex of three fractions:

1. the edema factor (EF or Factor 1),

2. the protective antigen factor (PA or Factor II) and

3. the lethal factor (LF or Factor HI).

They are not toxic individually but the whole complex produces local edema and generalised shock. PA is the fraction which binds to the receptors on the target cell surface, and in turn provides attachment sites for EF or LF, facilitating their entry into the cell. Antibody to PA is protective because it blocks the first step in toxin activity, namely, its binding to target cells.

EF is an adenyl cyclase which is activated only inside the target cells, leading to intracellular accumulation of cyclic AMP. This is believed to be responsible for the edema and other biological effects of the toxin. Entry of LF into the target cell causes cell death but the mechanism of action is not known.

Epidemiology and pathogenesis
Anthrax is a zoonosis. Animals are infected by ingestion of the spores present in the soil. Direct spread from animal to animal is rare. The disease is generally a fatal septicemia but may sometimes be localized, resembling the cutaneous disease in human beings.

Infected animals shed in the discharges from the mouth, nose and rectum, large numbers of bacilli, which sporulate in soil and remain as the source of infection.

Cattle, sheep, goats, pigs and other herbivores are naturally affected. Mice, guinea pigs, rabbits, hamsters and monkeys are susceptible to experimental infection. There is usually septicaemia with marked spleen enlargement.

Human anthrax is contracted from animals, directly or indirectly. The disease may be

1. cutaneous,

2. pulmonary, or

3. intestinal,

4. all types leading to fatal septicemia.

Cutaneous anthrax follows entry of the infection through the skin. The face, neck, hands, arms and back are the usual sites. The lesion starts as a papule 1 -3 days after infection and becomes vesicular, containing fluid which may be clear or bloodstained. The whole area is congested and edematous, and several satellite lesions filled with serum or yellow fluid are arranged round a central necrotic lesion which is covered by a black scar. (The name anthrax, which means coal, comes from the black colour of the scar.) The lesion is called a "malignant pustule". Cutaneous anthrax generally resolves spontaneously, but 10-20 per cent of untreated patients may develop fatal septicemia or meningitis.

Pulmonary anthrax is called the "wool sorter's disease" because it used to be common in workers in wool factories, due to inhalation of dust from infected wool. This is a hemorrhagic pneumonia with a high fatality rate.

Intestinal anthrax is rare and occurs mainly in primitive communities who eat the carcasses of animals dying of anthrax. A violent enteritis with bloody diarrhea occurs, with high case fatality.

Immunity after disease is strong and long-lasting, antibacterial and antitoxic. Cell-mediated hypersensitivity is formed after disease and may be diagnosed with skin test.

Laboratory diagnosis
Anthrax may be diagnosed by microscopy, culture, animal inoculation and serological demonstration of the anthrax antigen in infected tissues. Acute and convalescent phase sera should be obtained, since antibodies to the organism can be demonstrated by gel diffusion, complement fixation, antigen coated tanned red cell agglutination and ELISA techniques. The type of test to be employed depends on the nature of the material available.

Laboratory diagnostics at different forms of disease:

Malignant pustule
Microscopy : The best specimen is fluid from an unbroken vesicle at the edge of the lesion.

Smears of the material  are stained by Gram's method and by  Romanovsky-Giemsa's

technique. Provisionally identify as anthrax bacilli any large Gram-positive bacilli in the former

smear and any blue-stained bacilli surrounded  by  irregular,   red-purple  capsular material

in the latter.

Culture method: the exudate is inoculated onto the nutrient agar and blood agar, and also in broth. Culture is incubated for 18 h at 37°C, then the plates are examined for the "medusa-head" colonies characteristic of B. anthracis. In the broth a pellicle and a deposit are typical; the latter stirs up in a silky whirl when the tube is rotated.

Experimental method: The anthrax bacillus can often be isolated from contaminated tissues by applying them over the shaven skin of a guinea pig. The animal dies in 24-72 h, showing a local, gelatinous, hemorrhagic edema at the site of inoculation, extensive subcutaneous con​gestion and characteristically, an enlarged, dark red, friable spleen. The blood is dark red and coagulates less firmly than normally. The bacilli are found in large numbers in the local lesion, heart blood and spleen (more than 108 bacilli/ml).

Immunofluorescent microscopy can confirm the identification and is used as rapid specific diagnostic test.

Serological diagnosis It is not always possible to isolate B. anthracis from patients with cutaneous anthrax. The pres​ence in patient's serum of antibodies to the anthrax toxin may be demonstrated by a gel diffusion test or an in vivo neutralization test in the rabbit.

ELISA can also detect antibody in the serum of animals surviving anthrax infection.

Rapid diagnostics at cattle fall: Diagnosis may be established by Ascoli's thermoprecipitin test
by demonstration of the anthrax antigen in tissue extracts.

The original thermoprecipitin test devised by Ascoli (1911) was a ring precipitation by letting the boiled tissue extract in a test tube react with the anthrax antiserum. With the availability of purified anthrax toxin antigen, Ascoli's test has been replaced by highly sensitive and specific immunoassays.

To diagnose other clinical forms of anthrax the such methods are usually done.

Prophylaxis: Prevention of human anthrax is mainly by general methods such as improvement of factory hygiene and proper sterilisation of animal products like hides and wool. Carcasses of animals suspected to have died of anthrax are buried deep in quicklime or cremated to prevent soil contamination.

The Sterne vaccine contained spores of a noncapsulated avirulent mutant strain is used to prevent anthrax in humans. The spore vaccines have been used extensively in animals and in humans with good results. They give protection for a year following a single injection. Alum precipitated toxoid prepared from the protective antigen has been shown to be a safe and effective vaccine for human use. It has been used in persons occupationally exposed to anthrax in​fection. Three doses intramuscularly at intervals of six weeks between first and second, and six months between second and third doses induce good immunity, which can be reinforced if necessary with annual booster injections.

Treatment1. Antibiotic therapy is effective in human cases but rarely succeeds in animals as therapy is not started sufficiently early. Antibiotics have no effect on the toxin once it is formed. With penicillin and streptomycin treatment, case fatality in malignant pustule has fallen from 20 per cent to five per cent

ILStudents practical activities:
1. Microscopy the demonstrative smear from pure culture of B.anthracis stained with Gram's. Pay attention on morphological features and sketch the image.

2. Microscopy the smears prepared from sporulated form of B.anthracis, stained with Ziel-Neelsen's method. Estimate the localization and size of spore.

3. Microscopy the demonstrative smear from pure culture of B.abortus stained with Gram. Pay attention on morphological features and sketch the image.
4. Read the results of tube agglutination test and CFT to diagnose the brucellosis.

5. To  make  a rapid  slide  agglutination test  for  screening diagnose of brucellosis.

6. Describe the colonies of B.anthracoides have been grown on the nutrient agar. Study colonies under small magnification and draw the "medusa head " appearance.

7. Carry out the thermoprecipitation test, used to reveal anthracis antigen in the infected tissue.

8. Write down the scheme of laboratory diagnostics of the anthrax and brucellosis, depended on the form and period of disease.

Lesson 29
Theme: medical-important Clostridia. 
Biological characteristics Clostridia tetani and Clostridia botulinum. 
Pathogenesis, laboratory diagnostics and specific prevention of tetanus and botulism.
I. THEORETICAL QUESTIONS

18. General characteristics of the C. tetani. Taxonomic position.

19. Morphology and cultural characteristics.

20. Biochemical reactions and antigenic structure. 

21. General characteristics of the C. botulinum. Taxonomic position.

22. Morphology and cultural characteristics.

23. Biochemical reactions and antigenic structure.

24. Epidemiology and pathogenesis of diseases caused by them.

25. Laboratory diagnostics of diseases.

26. Prophylaxis and treatment of the diseases. 

Taxonomy

· Family Bacillaceae.Genus Clostridia.

· C. tetani

· C.botulinum


C.tetani is causative agent of tetanus (wound infections)

C.botulinum is causative agent of botulism (food poisoning infection) 

Clostridium tetani
Morphology:

Gram-positive, slender bacilli, about 4-8x0.5 µm. The spore is spherical, terminal, giving the bacillus the characteristic “drumstick” appearance. Bacilli are non-capsulated and motile.

Cultural characteristics

· On the blood agar colonies have tendency to swarm over the surface; they are surrounded with α-hemolytic zone

· In deep agar culture colonies are like spherical fluffy balls, about 1-3mm, and radial filamentous edges

· In Robertson's  cooked meat broth (CMB) C.tetani produces turbidity and gas formation.

Classification C.tetani

· According to structure H-Ag C.tetani is divided into 10 serotypes

· But all serotypes form the same exotoxin

Virulent factors

Major virulent factor is exotoxin. 2 types of exotoxin are revealed.

· Tetanolysin (hemolysin)

· Tetanospasmin (neurotoxin)

Tetanospasmin.

 It is a powerful neurotoxin, responsible for all clinical signs of tetanus. It acts on inhibitory neurons of central nervous system and blocks the release of the glycine and γ-butric acid (neurotransmitters).Tetanospasmin can also acts on the autonomic nervous system causing sweating and respiratory failure.

Epidemiology and pathogenesis
Neurotoxin of C.tetani causes tetanus, a severe wound infection characterized by tonic muscular spasms,  clenching of the jaw (trismus) and arching of the back (opistotonus). Disease follows the injury such as puncture or battle wounds, septical abortion, surgery operation carried out with non-sterile instruments, etc. Incubation period may vary from 2 days to several weeks, depending on the site of the wound and infectious dose.

Pathogenesis of tetanus
Sporulation in the wound may appear only under strictly (!) anaerobic conditions. Vegetative cells produce exotoxins into the necrotic tissue. Tetenospasmin enters the nervous system through neuromuscular junction By retrograde acsonal transport it reaches central presynaptic inhibitory cells. In inhibitory neurons tetanospasmin blocks transmission a nervous impulse. The absence of inhibitory influence permits to simultaneous spasms of muscles, producing muscle rigidity and convulsions (lockjaw and descending muscles painful spasms from the neck to the trunk and limbs).

Clinical forms of tetanus

· Wounded tetanus (localized, generalized, cephalic)

· Umbilical tetanus (tetanus neonatorum)

· Postabortive tetanus

· Cryptic tetanus

Immunity is not produced after disease, but strong and long-term immunity is formed after immunization with toxoid.

Laboratory diagnostics of tetanus.
It used only for confirmation of clinical diagnose. Laboratory diagnose may be made by:

· Microscopy of wound exudates and C.tetani demonstration (presumptive diagnose) 

· Culture and identification of isolated from wound clostridia 

· Tetanospasmin detection in the wound discharge with neutralization test in animals.

 Prophylaxis and treatment

· Adequate surgery prophylaxis (non-specific) is directed to wound cleaning and removing necrotized tissue and foreign bodies

· Specific prophylaxis may be: 

· By plane immunization of children with toxoid due to schedule (DPT-vaccine)

· By immediate immunization of wounded adults with either only toxoid (TT) or toxoid and equine antitoxin

Treatment.

The main point of therapy is administration of either specific horse antitoxin or human antitetanus immunoglobulin

Closridium botulinum
Morphology:

 it is a Gram-positive bacillus about 5x1µm, with subterminal oval spore, giving the bacillus typical “tennis racket” form; it is uncapsulated and motile.

Cultural characteristics
On the blood agar they form large, irregular, semitransparent surface 

colonies with fimbriate border. Optimal temperature is 350C, but some strains can grow at 1-50C.

Classification of C.botulinum
According to botulotoxin antigen structure C.botulinum may be divided into 8 serogroups (A, B, C1, C2, D, E, F, G). Different serotypes of the toxin same act on the nervous system but they are neutralized only with specific antitoxin. 

Virulent factors
Neurotoxin (botulotoxin) is the most toxic biological poison known (lethal dose for human is about 1-2 μg). It is inactivated by heating at 800C after 30-40 min or at 1000C after 10 min. It is released from bacteria as inactive protein that must be cleaved by either microbial or human protease to expose the active site. It acts on the cranial and peripherical motor neurons and blocks production and releasing of acetylcholine at the synapses.

Epidemiology and pathogenesis
Botulism is the food-poisoning infection caused by neurotoxin of C.botulinum that appears with symmetrical descending paralysis. There are 3 clinical forms of botulism:

· Food poisoning, resulting from ingestion

· Wound botulism, resulting from wound contaminated with soil

· Infant botulism, resulting from germination of spores in the gut.

Pathogenesis of food borne botulism
Food borne botulism is due to ingestion of preformed toxin, usually, in home-canned vegetables, fungi, meat. Incubation period is about 12-36 hours. Toxin is absorbed in the small intestine; then it reaches to nervous system with blood stream, and binds to receptor site at the neuromuscular synapses of cranial and peripheral motor neurons, resulting in blocking nerve impulse transmission.

Clinical symptoms: nausea, vomiting, thirst (enteric symptoms), double or blurred vision, dilatated pupils, slurred speech, dryness and pain in the throat, severe weakness, and symmetric descending paralysis. Death may be due to respiratory or cardiac failures.
Other forms of botulism
Wound botulism: toxin is absorbed at the site of infected wound. The symptoms are the same with food-borne botulism except for gastrointestinal symptoms

Infant botulism: It is due to germination of the spores in the infant gut. Clinical symptoms are illness, constipation, inability to suck. Infant sleeps more than usually and has difficulties with suck and gag reflexes.

Laboratory diagnostics
Clinical diagnose may be confirmed by:

· Microscopic demonstration bacilli in the food

· Detection of botulotoxin in the food, vomitus, blood or feces with neutralizing test in animals.

Prophylaxis and therapy

· Proper  food  canning and preservation. All canned food must be heated before eating (nonspecific prophylaxis)

· At outbreaks specific prophylaxis (passive immunization with polyvalent antitoxin) may be administered for all persons who have eaten contaminated food

· Therapy includes removing unabsorbed toxin from the gut and administration of the polyvalent horse antitoxin

II.Students practical activities:

a. Microscopy the prepared smears from pure culture of C.tetani stained by Gram. Estimate the morphology and sketch the image.

b. Microscopy the prepared smears from pure culture of C.botulinum stained by Gram. Estimate the morphology and sketch the image.

c. Familiarize with diagnostic media for cultivation of anaerobs.

         4. Write down the principal scheme of laboratory diagnostics of diseases caused by them.
Lesson 30
Anaerobic rods causing purulent wound infections. 
Pathogenesis, laboratory diagnostics and specific prevention of gas gangrene.
I. THEORETICAL QUESTIONS

1. General characteristics of the Clostridium causing gas gangrene. Taxonomic position.

2. Morphology and cultural characteristics.

3. Biochemical reactions and antigenic structure. 

4. Epidemiology and pathogenesis of the gas gangrene.

5. Laboratory diagnostics of the disease.

6. Prophylaxis and treatment of the disease. 

Morphology

All of Clostridia are: Gram (+), spore-forming bacilli, about 2-10 x 1-2 μm in size. As a rule, motile (exception is C.perfringens). The most species are non-capsulated (exception is C.perfringens). They are pleomorphic in old culteres. May produce long filamentous forms in human body. During sporulation typical rod-shaped form of cell is changed (the spore is wider than diameter of bacillus (swollen rod).

Spore may be:

· Central, giving bacillus a spindle shape (C.perfringens)

· Subterminal, the bacillus appearing club shaped (C.perfringens)

· Oval and subterminal, resembling a tennis racket (C.botulinum)

Spherical and terminal, the bacillus is like drumstick (C.tetani).

Cultivation

Clostridia are strictly obligate anaerobic to aerotolerant. The optimum temperature is 370 C, optimum pH is 7-7.4. Clostridia are cultivated on special media for anaerobs as following:

1. Robertson´s cooked meat broth (the growth appears turbidity, gas production; some species make meat pink due to sacharolytic features; proteolytic species make the meat black and produce foul and pervasive odour)

2. Litmus milk media. Clostridia can clot milk with acid an gas production. Acid formation leads to change the color of litmus from blue to red

3. Kitt-Tarocci´s media is a broth with boiled pieces of liver, kidneys or another parenchimatic organs, glucose; it is covered liquid sterile vaselin oil to prevent contact with air. The growth of Clostridia is with turbidity and gas production.

4. Blood sugar agar. Clostridia form smooth or rough colonies surrounded with clear zone of hemolysis.

Resistance

Vegetative cells of clostridia are high sensitive to heating, oxygen, disinfectants. Under unfavorable conditions clostridia produce spores which are characterized with high resistance to heating. Spores survive about 1-4 hours at 1000C. But all of them are destroyed by autoclaving at 1210C within 20 minutes.

Spores can survive in dried soil for several decades. They withstand desinfectants in ordinary concentration within some hours, can survive into the 700C ethanol, 1%  iodine solution, 2% phenolic acid solution from 3 hours to 5 days.

Ecology

Clostridia are found worldwide in the soil, in water, in dust, on the plants (ubiquitous saprophites) as well as in normal intestinal flora of man and animals.Biological role of clostridia: Intestinal clostridia can invade host ischemic tissues after death and take part in decomposition cadaver. Virulent factors

The major virulent factors of pathogenic clostridia are exotoxins.  They are responsible for pathogenesis and clinical signs of infections (!). Sometimes enzymes and capsule enhance virulent abilities of clostridia. 

C.perfringens is causative agent  of gas gangrene and food poisoning infection

C. hystolyticum                    additional agents

C.novyi                                 causing

C. septicum                           gas

C.sporogenes                        gangrene 

C.difficile (also cause pseudomemranous enterocolitis (enteric infection) under specific conditions. C.perfringens.

Features of morphology: It is large, brick-shaped rod, 4-6x1-2 µm in size, with central or sub-terminal spore. It is capsulated and non-motile (!).

Cultural characteristics Robertson's CMB: It produces gas and a sour odor; the meat is turned pink. Blood agar: it is cultivated at 450C (to isolate C.perfringens from mixed culture); colonies are surrounded with hemolysis. Litmus milk: “stormy fermentation” is proper sign of C.perfringens (milk is clotted, clot will be disrupted by gas, litmus is turn from blue to red).

Classification of C.perfringens As some causative agents of gas gangrene C.perfringens is divided into serotypes based on the range of prodused toxins. Serotype is detected with toxin-neutralizing test in animals and marked with capitalized letter of Latin alphabet (A,B,C, D, E).

Virulent factors

· Exotoxins: C.perfringens may form at least 12 distinct exotoxins, which possess hemolytic, lethal and dermonecrotic properties

· 4 major toxins (α, β, ε, ι) are predominantly responsible for pathogenecity

· Additional toxins (γ,δ, η, κ, λ) have lethal and necrotizing properties

· Enzymes (proteolytic) are collagenase, proteinase, gelatinase, deoxyribonuclease, etc.

· Capsule (antiphagocytic properties)
Pathogenesis. 

1. Initial trauma (muscle damage, blood supply impairment and contamination of the soil);

2. sporulation of clostridia;

3.  releasing exotoxins 

4. Necrotyizing of  tissue 

5. toxic products of tissue fermentation and toxemia cause severe shock and renal failure (main reasons of death). 

Clinical signs: edematous and discolored muscles in the wound, foul-smelling bubbled exudates, crepitation of cellular tissue, severe intoxication. Incubation period is about 1-6 days.

Laboratory diagnostics Diagnosis is based on clinical symptoms coupled with :

· Microscopy: there are a large number of Gram-positive bacilli, but no leucocytes in the smear

· Culture method: it allows to identify causative agents of gas gangrene, detect their serotypes that important for specific therapy

· Type of exotoxin may be reveal with toxin-neutralazing test in animals

Prophylaxis and therapy of gas gangrene

· Surgery prophylaxis is the most important prophylactic measure. All damaged, necrotic tissues, foreign bodies and blood clots must be removed from the wound

· Passive immunization with anti-gas gangrene serum is rare in use

· Therapy with corresponding antitoxin is necessary to prevent spreading of gas gangrene

· The major point of therapy is adequate local treatment of the wound (antiseptics, antibiotics, oxygenation).

II.Students practical activities:

d. Microscopy the prepared smears from pure culture of Clostridium stained by Gram. Estimate the morphology and sketch the image.

e. Familiarize with diagnostic media for cultivation of anaerobs.

f. Detect the biochemical features of Clostridium accoding to growth results into the Hiss media. Note them in protocol.

       4. Write down the principal scheme of laboratory diagnostics of the gas gangrene.
Lesson 31
Corynebacterium diphtheria. 
Biological characteristics. Pathogenesis, laboratory diagnostics, specific therapy and prevention of diphtheria.
Bordetella. 
Biological characteristics of bordetella pertussis and bordetella parapertussis. 
Pathogenesis, laboratory diagnostics, specific therapy and prevention of whooping cough.
I. THEORETICAL QUESTIONS

1. Classification of the Corynebacterium and their general properties (morphology, cultural characteristics, ecology, etc.) 

2. Virulent factors of  the C. diphtheria. 

3. Value of the corynebacterium in the human diseases. Epidemiology, pathogenesis and clinical signs of diphteria

4. Laboratory diagnostics of the diphtheria :

a. microscopy

b. culture method

5. Specific prophylaxis and treatment of the diphtheria 

6. General characteristics and classification of bordetella, pathogenic for human 

a. morphology;

b. cultivation and cultural characteristics (nutrient media and typical growth);

c. antigenic structure and classification;

d. resistance of bordetella. 

7. Virulent factors of  B. pertussis. 

8. Value of Bordetella spp. in the human diseases. Epidemiology, pathogenesis and clinical signs of whooping cough and parapertussis.

9. Laboratory diagnostics of infections caused bordetella:

a. serological method

b. culture method

10. Specific prophylaxis of whooping  cough, schedule of vaccination, characteristics of vaccines.

CORYNEBACTERIUM DIPHTHERIAE
Morphology: The diphtheria bacillus is a slender rod with a tendency to clubbing at one or both ends, measuring approximately 3-6 μm x 0.6-0.8 μm . The bacilli are pleomorphic. They are nonsporing, non capsulated and nonmotile. Cells often show septa, and branching is infrequently observed. They are Gram positive but tend to be decolorised easily. 

Granules composed of polymetaphosphate are seen in the cells.  Stained with Loeffler's methylene blue, the granules take up a bluish purple color and hence they are called metachromatic granules. They are also called volutin or Babes Ernst granules. They are often situated at the poles of the bacilli and are called polar bodies. Special stains, such as Neisser's and Ponder's have been devised for demon​strating the granules clearly. The bacilli are arranged in a characteristic fashion in smears. They are usually seen in pairs, palisades (resembling stakes of a fence) or small groups, the bacilli being at various angles to each other, resembling the letters V or L. This has been called the Chinese letter or cuneiform arrange​ment. This is due to the incomplete separation of the daughter cells after binary fission.

Cultural characteristics: Growth is scanty on ordinary media. Enrichment with blood, serum or egg is necessary for good growth. The optimum temperature for growth is 37 °C (range 15-40 °C) and optimum pH 7.2. It is an aerobe and a facultative anaerobe. The usual media employed for cultivation of the diphtheria bacillus are Loeffler's serum slope and tellurite blood agar. 

1. Diphtheria bacilli grow on Loeffler’s serum slope very rapidly and colonies can be seen in 6-8 hours, long before other bacteria grow. Colonies are at first small, circular white opaque discs but enlarge on continued incubation and may acquire a distinct yellow tint. 

2. Several modifications tellurite_blood agar have been utilised, such as McLeod's and Hoyle's media. Tellurite (0.04 per cent) inhibits the growth of most other bacteria, acting as a selective agent. Diphtheria bacilli reduce tellurite to metallic tellurium, which is incorporated in the colonies giving them a grey or black color. The growth of diphtheria bacilli may be delayed on the tellurite medium and colonies may take two days to appear. Based on colonial morphology on the tellurite medium and other .properties. McLeod classified diphtheria bacilli into three types – gravis, intermedius and mitis. The names were originally proposed to relate to the clinical severity of the disease produced by the three types -gravis, causing the most serious, and mitis the mildest variety, with intermedius being responsible for disease of intermediate severity. However, this association is not constant. The necessity for typing an isolate in the laboratory has been superseded by the need to know whether the strain is toxigenic or not. Certain biological characteristics of these individual types have some value.

The gravis and intermedius types are associated with high case fatality rates, while mitis infections are less lethal. In general, mitis is the predominant strain in endemic areas, while gravis and intermedius tend to be epidemic. Table lists the characteristics of the three types. 

The distinguishing characteristics of diphtheria bacilli biovariants

	
	Var. gravis
	Var. mitis
	Var.intermedius

	Morphology
	Usually short rods with uniform staining, containing a few granules
	long, curved, with small amount of granules
	Long barred forms, pleomorphic, with clubbed ends

	Colony on the tellurite blood agar
	Colony is 2-4 mm in diameter, with greyish black center, paler, semi-translucent flat edges; after 24-48hrs colony become flat with raised center and radial striated edges (“daisy head”)
	Colony is 1-3 mm in diameter, smooth, shiny black, with regular edges
	Small colony, till 1 mm in diameter, smooth, black 

	Hemolysis
	variable
	usually
	absent

	Growth in the serum broth
	Surface pellicle
	turbidity
	Turbidity and deposit

	Enzymatic activity (starch and glycogen fermentation)


	Positive 
	Negative
	Negative


Diphtheria bacilli ferment with the production of acid (but no gas) glucose, galactose, maltose and dextrin (but not lactose, mannitol or sucrose.) Some strains of virulent diphtheria bacilli have been found to ferment sucrose. It is necessary to employ Hiss's serum water for testing sugar fermentation. Proteolytic activity is absent. They do not hydrolyze urea or form phosphatase. 

Toxin: Virulent strains of diphtheria bacilli produce a very powerful exotoxin. The pathogenic effects of the bacillus are due to the toxin. 

The diphtheria toxins a protein and has been crystallised. It has a molecular weight of about 62,000.  It consists of two fragments A and B.  Both fragments are necessary for the toxic effect. When released by the bacterium, the toxin is inactive because the active site on fragment A is masked. Activation is probably accomplished by proteases present in the culture medium and infected tissues. All the enzymatic activity of the toxin is present in fragment A. Fragment B is respon​sible for binding the toxin to the cells. 

The toxigenicity of the diphtheria bacillus depends on the presence in it of corynephages (tox+), which act as the genetic determinant controlling toxin production. Nontoxigenic strains may be rendered toxigenic by infecting them with beta phage or some other tox+ phage. This is known as lysogenic or phage conversion. The toxigenicity remains only as long as the bacillus is lysogenic. 

The diphtheria toxin acts by inhibiting  protein synthesis. Specifically, fragment A inhibiting polypeptide chain elongation in the presence of nicotinamide adenine dinucleotide by inactivating the elongation factor, EF-2. It has a special affinity for certain tissues such as the myocardium, adrenals and nerve endings.

Resistance: Cultures may remain viable for two or more weeks at 25-30 °C. It is readily destroyed by heat in 10 minutes at 58 °C and in a minute at 100 °C. It is more resistant to the action of light, desiccation and freezing than most nonsporing bacilli. It has been cultured from dried bits of pseudomembrane after 14 weeks. It remains fully virulent in blankets and floor dust for five weeks. It is easily destroyed by antiseptics. It is susceptible to penicillin, ervthromycin and broad spectrum antibiotics. 

Antigenic structure: Diphtheria bacilli are antigenically heterogeneous. By agglutination, gravis strains have been classified into 13 types, intermedius into 4 types and mitis into 40 types. No connection has been established between type specificity and other characters.

Pathogenesis and clinical features: The incubation period in diphtheria is commonly 3-4 days but may on occasion be as short as one day. The site infection may be 1) faucial, 2) laryngeal, 3) nasal, 4) otitic, 5) conjunctival, 6)genital-vulval, vaginal or prepucial, and 7) cutaneous, which is usually a secondary infection on pre-existing skin lesions. Sometimes diphtheritic whitlow or ulcer may occur. Cutaneous infections are commonly caused by nontoxigenic strains of diphtheria bacilli.

Faucial diphtheria is the commonest type and may vary from mild catarrhal inflammation to very widespread involvement. According to the clinical severity, diphtheria may be classified as:

1) Malignant or hypertoxic in which there is severe toxemia with marked adenitis (bullneck). Death is due to circulatory failure. There is high incidence of para​lytic sequel in those who recover.

2)  Septic, which leads to ulceration, cellulitis and even gangrene around the pseudomembrane; and

3) Hemorrhagic, which is characterised by bleeding from the edge of the membrane, epistaxis, conjunctival hemorrhage, purpura and generalised bleeding tendency.

The common complications are:

1) Asphyxia due to mechanical obstruction of the respiratory passage by the pseudomembrane for which an emergency tracheostomy may become necessary.

2) Acute circulatory failure, which may be peripheral or cardiac.

3) Postdiphtheritic paralysis, which typically occurs in the third or fourth week of the disease; palatine and ciliary but not pupillary paralysis is characteristic, and spontaneous recovery is the rule.

4) Septic such as pneumonia and otitis media. Relapse may occur in about one per cent of cases.

Diphtheria is a toxemia. The bacilli remain confined to the site of entry, where they multiply and form the toxin. The toxin causes local necrotic changes and the resulting fibrinous exudate, together with the disintegrating epithelial cells, leucocytes, erythrocytes and bacteria, constitute the pseudomembrane, which is characteristic of diphtheritic infection. The mechanical complications of diphtheria are due to the membrane, while the systemic effects are due to the toxin.

Nontoxigenic strains of diphtheria bacilli may cause infection even in immunised individuals, as immunity with the toxoid does not confer antibacterial immunity. Such infection is mild though pseudomembrane formation may sometimes occur.

Diphtheria does not occur naturally in animals but infection can be produced experimentally. Susceptibility varies in different species. Subcutaneous inoculation of a guinea pig with a culture of virulent diphtheria bacillus will cause death in 1—4 days. At autopsy, the following features can be observed:

1) gelatinous, hemorrhagic edema and, often, necrosis at the site of inoculation, .

2) swollen and congested draining lymph nodes,

3) peritoneal exudate which may be clear, cloudy or bloodstained,

4) congested abdominal viscera,

5) enlarged hemorrhagic adrenals, which pathognomonic feature

6) clear, cloudy or bloodstained pleural exudates, and

7) sometimes, pericardial effusion.

Laboratory diagnosis: Laboratory confirmation of diphtheria is necessary for the initiation of control measures and for epidemiological purposes but not for the treatment of individual cases. Specific treatment should be instituted immediately on suspicion of diphtheria without waiting for laboratory tests. Any delay may be fatal.

 Laboratory diagnosis consists of isolation of the diphtheria bacillus and demonstration of its toxicity. One or two swabs from the lesions are collected under vision, using a tongue depressor. Diphtheria bacilli may not always be demonstrable in smears from the lesion, nor can they be confidently differentiated from some commensal corynebacteria normally found in the throat. Hence smear examination alone is not sufficient for diagnosing diphtheria but is important in identifying Vincent's angina. For this, a Gram stained smear is examined for Vincent’s spirochetes and fusiform bacilli. Toxigenic diphtheria bacilli may be identified in smears by immunofluorescence. 

For culture, the swabs are inoculated on Loeffler's serum slope, tellurite blood agar and a plate of ordinary blood agar, the last for differentiating streptococcal or staphylococcal pharyngitis, which may simulate diphtheria. The serum slope may show growth in 4-8 hours but if negative, will have to be incubated for 24 hours. Smears stained with methylene blue or one of the special stains (Neisser or Albert stain) will show the bacilli with metachromatic granules and typical arrangement. Tellurite plates will have to be incubated for at least two days before being considered negative, as growth may sometimes be delayed. The tellurite medium is particularly important in the isolation of diphtheria bacilli from convalescents, contacts and carriers as in these cases they may be outnumbered by other bacteria.

Virulence tests: Any isolate of the diphtheria bacillus should be tested for virulence or toxigenecity. Virulence testing may be by in vivo or in vitro methods, the former by the subcutaneous or intradermal test and the latter by the precip​itation test or the tissue culture test. 

In vivo tests: Subcutaneous test: The growth from an overnight culture on Loeffler's slope is emulsified in 2-4 ml broth and 0.8 ml of the emulsion injected subcutaneously into two guinea pigs, one of which has been protected with 500 units of the diphtheria antitoxin 18-24 hours previously. If the strain is virulent, the unprotected animal will die within four days, showing the autopsy appearance described earlier. The method is not usually employed as it is wasteful of animals.

Intracutaneous test: The broth emulsion of the cul​ture is inoculated intracutaneously into two guinea pigs (or rabbits) so that each receives 0.1 ml in two different sites. One animal acts as the control and should receive 500 units of antitoxin the previous day. The other is given 50 units of antitoxin intraperitoneally four hours after the skin test, in order to prevent death. Toxigenicity is indicated by inflammatory reaction at the site of injection, progressing to necrosis in 48-72 hours in the test animal and no change in the control animal. An advantage in the intracutaneous test is that the animals do not die. As many as 10 strains can be tested at a time on a rabbit. In vitro test: 1) Elek's gel precipitation test: A rectangular strip of filter paper impregnated with the diphtheria antitoxin (1000 units/ml) is placed on the surface of a 20% normal horse serum agar in a Petri dish while the medium is still fluid. When the agar has set, the surface is dried and narrow streaks of the strains are made at right angles to the filter paper strip. A positive and negative control should be put up. The plate is incubated at 37 °C for 24-48 hours. Toxins produced by the bacterial growth will diffuse in the agar and where it meets the antitoxin at optimum concentration will produce a line of precipitation. The presence of such arrowhead lines of precipitates indicates that the strain is toxigenic. No precipitate will form in the case of nontoxigenic strains. 

Prophylaxis: Diphtheria can be controlled by immunisation. Three methods of immunisation are available: active, passive and combined. Of these, only active immunisation can provide herd immunity and lead to eradication of the disease. Passive and combined immunisation can only provide emergency protection to susceptible individuals exposed to risk. The objective of immunisation is to increase protective levels of antitoxin in circulation. The availability of safe and effective toxoid preparations has made susceptibility tests unnecessary. If, for any special reason, the circulating antitoxin level is to be assayed, it can now be done by serological tests such as passive hemagglutination or by neutralisation in cell culture. Antitoxin level of 0.01 unit or more per ml of blood is considered as index of immunity.
Active immunisation: 
Only two preparations are used for immunisation - Formol toxoid (also known as fluid toxoid) and adsorbed toxoid. Formol toxoid is prepared by incubating the toxin with formalin at pH 7.4-7.6 for three to four weeks at 37 °C until the product is devoid of toxicity while retaining immunogenicity. Adsorbed toxoid is purified toxoid adsorbed onto insoluble aluminium compounds -usually aluminium phosphate, less often the hydroxide. Adsorbed toxoid is much more immunogenic than the fluid toxoid. It is advisable to give adsorbed toxoid by intramuscular injections as subcutaneous injection may be painful.
Diphtheria toxoid is usually given in children as a trivalent preparation containing tetanus toxoid and pertussis vaccine also, as the DTP, DPT or triple vaccine. A quadruple vaccine containing in addition the inactivated poliovaccine is also available. 
The schedule of primary immunisation of infants and children consists of three doses of DPT given at intervals of at least four weeks, and preferably six weeks or more, followed by a fourth dose about a year afterwards. A further booster dose is given at school entry.
Treatment: Specific treatment of diphtheria consists of antitoxic and antibiotic therapy. Antitoxin should be given immediately when a case is suspected as diphtheria, as the fatality rate increases with delay in starting antitoxic treatment. The dosage recommended is 20,000 to 1,00,000 units for serious cases, half the dose being given intravenously. Antitoxin treatment is generally not indicated in cutaneous diphtheria as the causative strains are usually nontoxigenic.

C. diphtheriae is sensitive to penicillin and can be cleared from the throat within a few days by penicillin treatment. Diphtheria patients are given a course of penicillin though it only supplements and does not replace antitoxin therapy. Erythromycin is more active than penicillin in the treatment of carriers.

BORDETELLA

The genus Bordetella is named after Jules Bordet, who along with Gengou identified the small ovoid  bacillus causing whooping cough, in the sputum of chil​dren suffering from the disease (1900) and succeeded  in cultivating it in a complex medium (1906). The bacillus is now  known as Bordetella pertussis (pertus​sis, meaning intense cough). A related bacillus, Bordetella  parapertussis, was isolated from mild cases of whoop​ing cough (1937). Bord. bronchiseptica originally iso​lated from dogs with bronchopneumonia (1911) may occasionally infect human beings, producing a condi​tion resembling pertussis.

Bordetella pertussis  (Bordet-Gengou   bacillus)

Morphology. Bord. pertussis is a small, ovoid coccobacillus , about  0.5 µm. In primary cultures,

cells are of uniform size and shape but on subculture they may become longer and thread like. 

It is nonmotile and nonsporing. It is capsulated but tends to lose the capsule on repeated cultivation. The capsule can be demonstrated by special stains but does not swell in the presence of the antiserum. In culture films, the bacilli tend to be arranged in loose clumps, with clear spaces in between giving a 'thumb print' appearance. 

Freshly isolated strains of Bord. pertussis have fimbriae.

It is Gram negative. Bipolar metachromatic gran​ules may be demonstrated on staining with toluidine blue.

Cultural characteristics: It is aerobic. No growth occurs anaerobically. It grows best at 35-36 °C.

Complex media are necessary for primary isolation. It does not grow on simple media like nutrient agar The most common media are the Bordet-Gengou glycerine-potato-blood agar and charcoal blood agar Blood and charcoal are required to neutralise inhibitory materials formed during bacterial growth..

Growth is slow. After incubation for 48-72 hours, colonies on Bordet-Gengou medium are small, dome shaped, smooth, opaque, viscid, greyish white, refractile and glistening, resembling 'bisected pearls' or 'mercury drops'. Colonies are surrounded by a hazy zone of hemolysis. 

Confluent growth presents an 'aluminium paint' appearance. 

Bord. pertussis undergoes a smooth to rough variation. All fresh isolates are in the smooth form (Phase I). On subculture, they undergo progressive loss of surface antigens, and pass through phases II and III, finally becoming phase IV which is the rough, avirulent form.

Biochemical reactions: It is biochemically inactive. It does not ferment sugars, form indole, reduce nitrates, utilise citrate or split urea. It produces oxidase and usually catalase also.

Resistance: It is a delicate organism, being killed readily by heat (55 °C for 30 minutes), drying and disinfectants. But unlike H. influenzae it retains viability at low temperatures (0-4 °C).

Outside the body, Bord. pertussis in dried droplets survives for five days on glass, three days on cloth and a few hours on paper.

Antigenic constituents and virulence factors: Several antigenic fractions and putative virulence factors have been described. They include the following:

1. Agglutinogens: Bordetellae possess genus specific and species specific surface agglutinogens associated with the capsular K antigens or fimbriae. By agglutination tests, 14 agglutinating factors have been identified. Bordetellae are classified into various types based on the agglutinogens they carry.

a. Factor 7 is common to all three mammalian species of bordetellae. 

b. Factor 12 is specific for Bord. bronchiseptica. 

c. Factor 14 for Bord. parapertussis. 
d. Factors 1 to 6 are found only in strains of Bord. pertussis, all of which carry Factor 1 and one or more of die other factors. 

2. Pertussis toxin (PT): This is present only in Bord.pertussis. It is believed to have an important role in the pathogenesis of whooping cough. 

a. The toxin exhibits diverse biological and biochemical activities, which formerly had been believed to be caused by different substances that had been named accordingly. Examples are the lymphocytosis producing factor or LPF causing profound lymphocytosis in pertussis patients as well as in experimental animals; and two effects seen only in experimental animals, but not in patients, such as the
histamine sensitising factor or HSF responsible for heightened sensitivity to histamine in experimental animals, and the islet activating protein or IAP inducing excessive insulin secretion by the pancreatic islet cells. 
b. PT is an 117,000 molecular weight hexamer protein composed of six subunits with an A-B. It can be toxoided. PT toxoid is die major component of acellular pertussis vaccines.

3. Filamentous hemagglutinin (FHA): This is one of the three hemagglutinins produced by Bord. pertussis, the others being PT and a lipid factor. 

a. Purified FHA appears as a filamentous structure in the electron microscope and hence the name. It is present on the bacillary surface and is readily shed. 

b. It adheres to the cilia of respiratory epithelium and to erythrocytes. Besides facilitating adhesion of Bord. pertussis to respiratory epithelium, FHA and PT hemagglutinins also promote secondary infection by coating other bacteria such as Haemophilus influenzae and pneumococci and assisting their binding to respiratory epithelium. This phenomenon has been termed piracy of adhesins.
c.  FHA is used in acellular pertussis vac​cines along with PT toxoid.

4. Heat labile toxin (HLT): It is a cytoplasmic protein present in all bordetellae. 
a. It is inactivated in 30 minutes at 56 °C. 
b. It is dermonecrotic and lethal in mice. Its padiogenic role is not known.
5. Tracheal cytotoxin (TCT): It is a low molecular weight peptidoglycan produced by all bordetellae. 

It induces ciliary damage in hamster tracheal ring cultures and inhibition of DNA synthesis in epithelial cell cultures. Its role in disease is not known.

6. Lipopolysaccharide (LPS) or the heat stable toxin is present in all bordetellae and exhibits features of Gram negative bacterial endotoxins. It is present in the whole cell pertussis vaccine but is not considered to be a protective antigen.

Epidemiology: 
Bord. pertussis is an obligate human parasite but infection can be produced experimentally in several species of animals Whooping cough is predominantly a pediatric disease, the incidence and mortality being highest in the first year of life. Maternal antibodies do not seem to give protection against the disease. Immunisation should, therefore, be started early. 

The source of infection is the patient in the early stage of the disease. Infection is transmitted by droplets and fomites contaminated with oropharyngeal secretions. 

In adolescents and adults the disease is often atypical and may present as bronchitis. They may serve as a source of infection in infants and children. Chronic carriers are not known. 

Bord. pertussis causes 95 per cent of whooping cough cases. About 5 per cent of the cases are caused by Bord. parapertussis. This is generally a milder disease. Very infrequently whooping cough may be caused by Bord bronchiseptica. 
Pathogenesis and clinical signs:
In human beings, after an incubation period of about 1-2 weeks, the disease takes a protracted course comprising three stages - the catarrhal, paroxysmal and convalescent - each lasting approximately two weeks. 

The infection is limited to the respiratory tract and the bacilli do not invade the bloodstream. In the initial stages, the bacilli are confined to the nasopharynx, trachea and bronchi. Clumps of bacilli may be seen enmeshed in the cilia of the respiratory epithelium. As the disease progresses, inflammation extends into the lungs, producing a diffuse bronchopneumonia with desquamation of the alveolar epithelium.

The onset is insidious, with low grade fever, catarrhal symptoms and a dry irritating cough. 

Clinical diagnosis in the catarrhal stage is difficult. This is also the stage of maximum infectivity. As the catarrhal stage advances to the paroxysmal stage, the cough increases in intensity and comes on in distinctive bouts. During the paroxysm, patient suffers from violent spasms of continuous coughing, followed by a long inrush of air into me almost empty lungs, with a characteristic whoop (hence the name). 

During convalescence, the frequency and severity of coughing gradually decrease.

The disease usually lasts 6-8 weeks though in some it may be very protracted. 

Complications may be 

1) due to pressure effects during the violent bouts of coughing (subconjunctival hemorrhage, subcutaneous emphysema), 

2) respiratory (bronchopneumonia, lung collapse),  

3) neurological (convulsions, coma). 

Laboratory diagnosis'. It is based on culture method, informative first three weeks, and serological investigation, revealing agglutinins, complement-fixing antibody after third week of disease

The bacilli are present in the upper respiratory tract most abundantly in the early stage of the disease. They may be demonstrated by microscopy or more reliably by culture. In the paroxysmal stage, the bacilli are scanty and during convalescence they are not demonstrable. 

1. Microscopic diagnosis depends on demonstration of the bacilli in respiratory secretions by the fluorescent antibody technique.

2. For culture, specimens may be collected by different methods: 

a.. The cough plate method: Here a culture plate is held about 10-15 cm in front of me patient's mouth during a bout of spontaneous or induced coughing so that droplets of respiratory exudates impinge directly on the medium. 

b. The postnasal (peroral) swab: Secretions from the posterior pharyngeal wall are collected with a cotton swab on a bent wire passed through the mouth. 

d. The pernasal swab: Here a swab on a flexible nichrome wire is passed along the floor of the nasal cavity and material collected from the pharyngeal wall. This is the best method, yielding highest percentage of isolations.
The swabs are to be plated without delay. The medium employed is the glycerine-potato-blood agar of Bordet and Gengou or one of its modifications. 

Incorporation of diamidine fluoride and penicillin (Lacey's DFP medium) makes it more selective. Plates are incubated in high humidity at 35-36 °C. Colonies appear in 48-72 hours. Identification is confirmed by microscopy and slide agglutination. 

Immunofluorescence is useful in identifying the bacillus in direct smears of clinical specimens and of cultures. 

4. Serological diagnosis. Rise in antibody titre may be demonstrated in paired serum samples by agglutination, PHAT or complement fixation tests. As antibodies are late to appear, the second sample of serum should be collected some weeks after the onset of the disease.  The fourfold  rising of antibody titer in the paired sera  confirms diagnosis.

Prophylaxis:

 Specific immunisation with inactivated Bord. pertus​sis vaccine has been found very effective. It is of ut​most importance to use a smooth phase I strain for vaccine production. The alum absorbed vaccine produced better and more sustained protection and less reaction than the pure vaccines. 

Pertussis vaccine is usually administered in combination with diphtheria and tetanus toxoid (triple vaccine). 

In view of the high incidence and severity of the disease in the newborn, it is advisable to start immunization as early as possible. Three injections at intervals of 4-6 weeks are to be given at age from three to six months, followed by a booster in an year (about at 1.5 year of life). Last booster dose is administered at three years.

Nonimmunised contacts should receive erythromycin prophylaxis for ten days after contact with the patient has ceased. 

Routine pertussis vaccination is not advisable after the age of seven years as adverse reactions are likely and the risk of severe disease is low. 

Acellular vaccines containing the protective components off the pertussis bacillus (PT, FHA, agglutinogens 1, 2, 3), first developed in Japan, are now used in some other countries also as they cause far fewer reactions, par​ticularly in older children. Both whole cell and acellu​lar vaccines have a protection rate of about 90 per cent..

Treatment: 

Bord. pertussis is susceptible to several antibiotics (except penicillin) but antimicrobial therapy is beneficial only if initiated within the first ten days of the disease. Erythromycin or one of the newer macrolides is the drug of choice. Chloram​phenicol, cotrimoxazole and ampicillin are also useful.

II.Students practical activities:

5. Microscopy the prepared smears from pure culture of C.diphtheria, stain by Loeffler's and Neisser's. Estimate the morphology and sketch the image. Pay attention on the corynebacterium arrangement (V, W).

2. Microscopy the prepared smears from pure culture of B.pertussis stained by Gram. Estimate the morphology and sketch the image.

3. Familiarize with diagnostic media for cultivation of bordetella.

6. Detect the biochemical features of Corynebaacterium according to growth results into Hiss media, media with urea and cystine. Note them in table.

	Organism
	Glucose
	Maltose
	Sucrose
	Starch/

glycogen
	Cystinase
	Urease

	C.diphthetia
	
	
	
	
	
	

	gravis
	
	
	
	
	
	

	intermedius
	
	
	
	
	
	

	mitis
	
	
	
	
	
	

	C.ulcerans
	
	
	
	
	
	

	C.xerosis
	
	
	
	
	
	

	C.pseudo-diphtericum
	
	
	
	
	
	


g. Fill the blanks in the table

	Tests for differentiation of bordetella
	Bordetella pertussis
	Bordetella parapertussis

	Visible growth on the culture media 
	After                         days
	After                        days

	Urease activity
	
	

	Oxydase
	
	

	Catalase
	
	

	Formation of the brown pigment on the medium with tyrosine
	
	


7. Write down the scheme of laboratory diagnostics of the diphtheria and whooping cough.

4. Write down the name of vaccines and schedule of vaccination at whooping cough prevention.

Lesson 32
Mycobacteria. 
Biological characteristics of medical important Mycobacteria. 
Causative agents of tuberculosis and leprae. 
Laboratory diagnostics, specific prophylaxis and etiotropic therapy of tuberculosis. 
Atypical mycobacteria, their significance in human`s pathology.
I. THEORETICAL QUESTIONS

1. General characteristics, taxonomy and classification of mycobacteria, pathogenic for humans. 

2.Value of Mycobacterium spp. in the human diseases. Species, causing tuberculosis, their characteristics:

a. morphology;

b. cultivation and cultural characteristics (nutrient media and typical growth);

c. antigenic structure and virulent factors;

d. resistance of mycobacteria.

3. Epidemiology, pathogenesis and clinical signs of tuberculosis.

4. Laboratory diagnostics of tuberculosis:

a) microscopy

b) culture method

c) allergic skin test (Mantoux test)

d) biological method

e) serological method

5. Specific prophylaxis of tuberculosis, schedule of vaccination, characteristics of vaccines (BCG and chemical).

6. Mycobacterium leprae, its biological features. Epidemiology and pathogenesis of leprae.

7. Laboratory diagnostics of leprosy:


a. microscopy;


b. allergic skin test (Mitsuda test)


c. biological method

Taxonomy and classification of mycobacteria:

Family Mycobacteriacea; 

Genus Mycobacterium includes about 40 species

Classification of medical important mycobacteria:

1. Pathogenic mycobacteria:
a. Species causing tuberculosis are M.tuberculosis (human type) and M.bovis (bovine or cattle type) 

b. Species causing leprosy is M.leprae

2. Conditionary pathogenic mycobacteria (atypical mycobacteria) may provoke different diseases of immune-compromised persons:  M.africanum, M.microtii, M.kansasii, M.avium, M.intracellulare

3. Saprophytic mycobacteria are isolated from smegma (M.smegmatis), from butter (M.butiricum), from dung (M.stercoris) and other sources.

Mycobacteria provoking  tuberculosis

Morphology: 

M.tuberculosis is a straight or slightly curved rod, about 3 µm x 0.3 µm, arranged singly or at small clumps. M.bovis is short, thin rod

They are pleomorphic, often producing long filamentous, club shaped and branching forms

They are acid fast bacilli, non-sporeforming, non-capsulated, non-motile

Their cell walls are resemble more to Gram-positive ones but they are poorly stained by Gram's

That is why, they are revealed with Ziehl-Neelsen staining technique (once stained with hot fuchsine it resists decolourization with alcohols, acids, alkalis )

Cultivation:

They are obligate aerobes with the slowest growth in culture among pathogenic for human microorganisms (generation time is about 14-18 hrs)

Optimum temperature is 370C, growth range is between 250C and 400C. Optimum pH is 6.4-7.0

They are fastidious microorganisms, requiring growth factors into the culture media. They also do not grow on the ordinary media because they are high sensitive to toxic substances, accumulating into the media during metabolism

Specific culture media for tubercle bacilli

1. Solid media: 

a. Containing egg: Lowenstein-Jensen (LJ), Petragnini, Dorset

b. Containing blood: Trashis

c. Containing serum: Loeffler

e. Containing potato: Pawlowsky

2. Liquid media: potato-glycerol broth, Dubos, Middlebrook, Proskauer and Beck, Sauton, nutrient broth for L-form of tubercle bacilli, citrate blood

Colonies of M.tuberculosis arise after 4-6 weeks of incubation, but growth of M.bovis appears within 6-10 weeks

Cultural characteristics of tubercle bacilli:

1. On solid media

a. M.tuberculosis forms creamy white, dry, rough, raised, irregular colonies with a wrinkled surface which become yellowish in old cultures. Colonies are resemble to cauliflower, tenacious and poorly emulsified

b. M.bovis grows producing white, flat, smooth, moist and easily emulsified colonies

2. On liquid media mycobacteria produce yellowish surface tuberous-wrinkled hydrophobic pellicle which may extend along the sides above the medium. After several days pellicle may sick on the bottom. The broth remains transparent 

Resistance of tubercle bacilli

Due to high amount of lipids, waxes, fatty acids (hydrophobic properties and low permeability of the cell wall ) mycobacteria are :

Relatively resistant to phenol disinfectants, alcohols in routine concentrations, but sensitive to aldehydes, iodine solutions

Relatively resistant to desiccation and ultraviolet radiation (in dried sputum they survive within some weeks)

Enough sensitive to heating and dye at 600C after 15-20 min and at boiling after 5-7 min

Antigenic properties:

1. Group specific antigens are polysaccharides and phosphatides

2. Type specific antigens are proteins

M.tuberculosis is antigenically similar to M.bovis and M.microtii, but distinct from other mycobacteria

3. Cell walls of mycobacteria include a lot amount of allergens which induce hypersensitivity reactions.

4. Protein fraction (tuberculin) provokes delayed cell-mediated hypersensitivity which may be revealed with skin test (Mantoux test )

Virulent factors of tubercle bacilli

1. Cord –factor is a major virulent factor. Strains with high amount of cord factor may be estimated by cultivation into the citrate blood (grown bacteria is arranged into the long plaint-like serpentine cords)

2. Toxic for tissues fatty acids (phtioid, mycolic acids) provoke multiplying of epithelioid cells; fats and waxes provoke polymorphic reactions in tissues and giant cells formation

3. Antiphagocytic action of lipid components 

4. Protein allergens induce delayed type of hypersensitivity

Epidemiology of tuberculosis

M tuberculosis is contagious, but only 5-10 percent of infected normal individuals develop active disease. Tuberculosis is most common among the elderly, poor, malnourished, or immunocompromised, especially persons infected with human immunodeficiency virus (HIV). Persistent infection may reactivate after decades owing to deterioration of immune status; exogenous reinfection also occurs. 

M.tuberculosis causes chronic respiratory infections in humans, dogs, primates

M.bovis is pathogenic for cattle, humans, carnivores.

Experimentally M.tuberculosis is high pathogenic for guinea pigs and mice, in spite of M.bovis which is high virulent for rabbits

Depending on time of infection, type of response and localization of infecting bacilli tuberculosis may be:

1) primary (after recent exogenous infection) and 

2) post-primary (more often by endogenous infection)

The source of tubercle bacilli may be:

1) Humans with open case of either pulmonary or extra pulmonary tuberculosis

2) Animals, especially ill cattle, shedding tubercle bacilli with urine, milk and sputum 

Tuberculosis is air-borne infection. The mode of transmission is by direct inhalation of aerosolized bacilli contained in droplet nuclei of sputum. But the more often humans are infected by inhalation of dried sputum contained in the dust

Infection with M.bovis arises by ingestion of contaminated non-pasteurized milk and dairy products

Post-primary tuberculosis is due to reactivation of tubercle bacilli localized in the lung of have infected person

Pathogenesis of primary tuberculosis

After inhalation the most part of bacilli are arrested in the upper respiratory tract. Those bacilli which reach to alveoli will be ingested by alveolar macrophages. Tubercle bacilli withstand phagocytosis (due to a lot amount of lipids into the cell wall) and multiply into the macrophages

Accumulating mycobacteria stimulate an inflammatory focus and cell-mediated hypersensitivity. Activated macrophages release cytokines which are responsible for specific tissue lesion, named tubercle. 

Tubercle is an avascular granuloma, composed of a central zone with giant cells (Pirogov-Langhans cells) and peripheral zone with lymphocytes and fibroblasts (epithelioid cells).

In immune compromised person mycobacteria multiply in such lesion resulting in formation of Ghon focus.

From Ghon focus mycobacteria spread to hilar lymph nodes and cause their specific inflammation and enlargement (they are named together “primary complex”)  

At best case, primary complex heals spontaneously in 2-6 months leading to a calcified nodule (a few bacteria may survive in such nodule)

At worst case, Ghon focus undergoes caseation with development of specific pneumonia and even generalised infection due to spreading of bacilli from lesion 

Primary tuberculosis occurs in children from endemic region. The single tubercle lesion is localized in the middle or lower right lobe with enlargement of the draining lymph nodes

Secondary tuberculosis is diagnosed in adults. It appears due to reactivation of latent infection or rarely due to exogenous reinfection. It affects mainly upper lobes of the lungs.

The multiple lesions are necrotized resulting in either cavity formation or miliary pneumonic focuses. Also tubercle bacilli spread from lungs via lymph and blood to other organs such as spleen, liver, kidneys, bones, joints and others (extrapulmonary hematogenous dissemination)

Main clinical signs of tuberculosis:

A person with active TB will have the following symptoms that get more severe over time: dry cough or cough with scanty sputum, weakness,  night sweating, subfebrile temperature, loss the weight.
Immunity

Humans, as a rule, possess a high level of natural defense against tubercle bacilli. Only 1-10% of infected persons fall ill with tuberculosis. It depends on number and virulence of the infecting bacilli and host factors such as nutrition, immunocompetence, genetic factors, presence of coexisting illness, stress and others.

In infected persons cell-mediated immunity with delayed hypersensitivity (allergy) develops.

Immunity is not sterile and disappears after elimination of mycobacteria from the host.

Laboratory diagnostics:


Tuberculosis may be diagnosed with several methods, depending on the forms of infection and ability of tubercle bacilli to shed in the environment from the human host (so named, open or close form of infection)
1. Microscopy :

a. Direct microscopy of smears from sputum stained with Ziehl-Neelsen technique (acid fast bacilli are bright red, other cells are blue). It is reliable method of presumptive diagnostics when the number of shedding bacilli is about 10 000 per ml. 

b. Microscopy of smears from sputum after homogenisation and flotation (enriched methods). Homogenisation is carried out with alkali solutions, flotation is used with hydrocarbons

c. Fluorescent microscopy of smears stained with auramine or rodamine fluorescent dyes

2. Culture method: 

It allows to reveal from 10 to 100 bacilli per  ml (high sensitive). Before culture collected sputum is homogenisated and concentrated with alkali and acid.

Material is inoculated into two media as following: glycerol-potato broth and LJ medium

Cultures are observed for visible growth within 8-12 weeks.

Identification is based on:

1) Microscopy and speed of growth

2) Niacin test: (+) for M.tuberculosis and (-) for M.bovis

3) Nitrate reduction test: (+) for M.tuberculosis and (–) for M.bovis)

3. Biological method (experimental infection)

The concentrated material is inoculated both into the guinea pig (for M.tuberculosis revealing) and rabbit (M.bovis)

Infected animals dye within 2-4 weeks. At autopsy a positive animal will show a caseous lesions at the site of inoculation, into lymph nodes and spleen

Biological method may also used for detection of L-form in the sputum

4. Serological testing is rarely used. Complement fixation test, ELISA, precipitation tests, immunobloting and other have low diagnostic significance

5. Allergic skin test (Mantoux test) is carried out by intradermal inoculation of PPD-tuberculin (purified protein derivate). It is used for detection recent infected persons. 

5 TU is injected intradermally on the flexor aspect of the forearm raising a wheal

The site of injection is examined after 48-72 hrs

Induration is measured and depending on size a conclusion is made as following: more then 10 mm will be positive result and less then 5 mm is negative results

After BCG vaccination allergic test will be positive some years but size of induration is decreasing. After infection size of lesion is more then in previous year (conversion of tuberculin test). Convert persons must be examined to diagnose primary tuberculosis.

Infected persons without any signs of tuberculosis should be prophylactic treated with phtivasid (isoniasid) during 3-6 months in endemic region.

Persons with negative test must be vaccinated with BCG vaccine

Prophylaxis

Immunoprophylaxis is with alive attenuated BCG vaccine (Bacillus Calmette-Guerin is attenuated by serial subcultures of M.bovis on the glycerol-bile- potato broth over a 13 years)

It is administered to babies at third day after birth. Post-vaccinal immunity lasts some years (5-7 years).

HIV-positive newborns are not vaccinated (alive vaccine in persons with immunodeficiency may cause disease!)

Buster vaccination is employed according to results of Mantoux test (negative persons). Infected persons are not revaccinated.

Therapy

Specific antituberculous chemotherapeutic drugs are used:

Isoniasid

Ethambutol

Pyrazinamide

Rifampicin

Streptomycin

Therapy should be complex with at least two or more antituberculous preparations because in recent years a great number of multiresistant forms of tubercle bacilli cause infections in humans

Epidemiology 

A crucial difference between M tuberculosis and nontuberculous mycobacteria is the lack of transmission of the latter from patient to patient. There is no evidence that infections caused by nontuberculous mycobacteria are contagious. Rather, the organisms exist saprophytically in the soil or water, occasionally in association with some infected-animal reservoir (e.g., poultry infected with M avium). Inhalation or ingestion of viable mycobacteria or introduction of bacilli through skin abrasions initiates the infection. In endemic areas many subclinical infections may occur. The ubiquity of nontuberculous mycobacteria makes them ideal opportunists for immunocompromised hosts. Up to 30 percent of patients with acquired immune deficiency syndrome (AIDS) may suffer disseminated mycobacterial infections, most of which are caused by members of the M avium-intracellulare complex. Such infections, which are associated with shortened survival, result from environmental exposure. In fact, nontuberculous mycobacteria have been cultured directly from tap water in several hospitals. 

Laboratory diagnostics is based on culture method, allowing identifying mycobacteria. Diagnostics of skin lesions may be done with microscopy and culture method. Infections is high suspected in patients with AIDS, suffering from tuberculosis-like infection.

Treatment and Control 

Many nontuberculous mycobacteria are resistant to the drugs commonly used successfully in the treatment of tuberculosis (e.g., isoniazid, pyrazinamide, and streptomycin). Antibiotic regimens may require several (five or six) drugs including rifampin, which is quite effective against M kansasii, or clarithromycin, which has marked activity against the M avium-intracellulare complex. Surgical resection is occasionally recommended with or without chemotherapy. In treating disseminated infections in AIDS patients, a regimen of five or six drugs, including clarithromycin, ethambutol and perhaps rifabutin, should be considered. 

Mycobacterium leprae 

Leprosy is an infection of the skin, peripheral nerves, and mucous membranes, leading to lesions, hypopigmentation, and loss of sensation (anesthesia), particularly in the cooler areas of the body. 

Morphology and cultivation:

Mycobacterium leprae is similar to other mycobacteria; the cell wall contains unique phenolic glycolipids. It cannot be cultivated in vitro: it multiplies very slowly in vivo (12-day generation time). 

Epidemiology 

Transmission requires prolonged contact and occurs directly through intact skin, mucous membranes, or penetrating wounds. Natural infections have been documented in mangabey monkeys, and in wild armadillos. Several human infections have been reported following contact with armadillos, but their role in the epidemiology of this disease is controversial. Armadillos experimentally infected with M leprae serve as an important source of bacilli for researchers.

More than 10 million cases of leprosy are estimated to exist worldwide, predominantly in Asia (two-thirds) and Africa (one-third). Human-to-human transmission requires prolonged contact and is thought to occur via intact skin, penetrating wounds or insect bites, or by inhalation of M leprae and deposition on respiratory mucosa. The source of the organism in nature is unknown. 

Pathogenesis 

The spectrum of leprosy (Hansen's disease) ranges from lepromatous (disseminated, multibacillary, with loss of specific cell-mediated immunity) to tuberculoid (localized, paucibacillary, with strong cell-mediated immunity). The clinical spectrum of Hansen's disease reflects variations in three aspects of the illness: bacterial proliferation and accumulation, immunologic responses to the bacillus, and the resulting peripheral neuritis. 

The disease affects peripheral nerves, skin, and mucous membranes. Skin lesions, areas of anesthesia, and enlarged nerves are the principal signs of leprosy. The disease manifestations fall on a continuum from lepromatous leprosy to tuberculoid leprosy. The polar lepromatous leprosy patient presents with diffuse or nodular lesions (lepromas) containing many acid-fast M leprae bacilli cells (multibacillary lesions). These lesions are found predominantly on the cooler surfaces of the body, such as the nasal mucosa and the peripheral nerve trunks at the elbow, wrist, knee, and ankle. Sensory loss results from damage to nerve fibers. 

Since M leprae has never been cultured in vitro, it appears to be an obligate intracellular pathogen that requires the environment of the host macrophage for survival and propagation. The bacilli resist intracellular degradation by macrophages, perhaps by escaping from the phagosome into the cytoplasm, and accumulate to high levels (1010 bacilli/g of tissue) in lepromatous leprosy. The peripheral nerve damage appears to be mediated principally by the host immune response to bacillary antigens. Tuberculoid leprosy is characterized by self-healing granulomas containing only a few, if any, acid-fast bacilli. 

Immunity

Host defenses are similar to those against other mycobacteria. The successful host response in tuberculoid leprosy involves macrophage activation and recruitment by T lymphocytes that recognize M leprae antigens. Very little circulating antibody against the bacillus is present in tuberculoid leprosy. In contrast, lepromatous leprosy is associated with profound specific anergy (lack of T cell-mediated immunity against M leprae antigens) and high levels of circulating antibodies. 

These antibodies play no protective role and may actually interfere with effective cell-mediated immunity.

Laboratory diagnosis 

Diagnosis is based on acid-fast stain and cytologic examination of affected skin and response to the lepromin skin test;

The diagnosis of leprosy is based on the clinical signs previously discussed, and histologic examination of biopsy specimens taken from lepromas or other skin lesions. A consistent pattern of inflammation plus the presence of acid-fast bacilli is presumptive evidence of infection with M leprae. 

Although M leprae cannot be grown in vitro, bacteriologic cultures of clinical material should be done to rule out the presence of other mycobacteria. 

The lepromin skin test, in which a heat-killed suspension of armadillo-derived M leprae is injected into the skin of the patient, has little diagnostic value but will provide information of prognostic importance about the immune status of the individual.  
Treatment 

A variety of combinations of the following drugs (so-called multidrug therapy or MDT) are used to treat leprosy: dapsone, rifampin, clofazimine, and either ethionamide or prothionamide. Paucibacillary cases (tuberculoid and borderline tuberculoid) can be treated in 6 months. Therapy for patients with lepromatous or borderline lepromatous leprosy may require primary treatment for 3 years, with dapsone alone continued for the rest of the patient's life. 

Vaccination with M bovis BCG has been effective in some endemic areas. 

II.Students practical activities:

a. Microscopy the prepared smears from BCG vaccine and collected sputum from patient with tuberculosis stained by Ziel-Neelsen`s. Estimate the morphology of tubercle bacilli and sketch the image.

b. Familiarize with specific media for cultivation of mycobacteria.

c. Write down the name of vaccine and schedule of vaccination preventing tuberculosis.

d. Write down the principal scheme of laboratory diagnostics of diseases caused by mycobacteria (tuberculosis and leprosy)
Lesson 33
Pathogenic Spirochetes, their biological characteristics. 
Treponema. 
Epidemiology, pathogenesis, and laboratory diagnostics of syphilis.
I. THEORETICAL QUESTIONS 

1. General characteristics and classification of spirochetes, pathogenic for human 

a. features of morphology and staining methods;

b. classification of spirochetes due to their pathogenecity.

2. Treponema pallidum and its biological features:

a. morphology;

b. possibility of cultivation and characteristic of cultural treponemas;

c. antigenic structure, characteristics of lipid antigen, its significance in laboratory diagnostics of syphilis;

d. resistance of T.pallidum. 

3. Value of T.pallidum in human diseases. Subspecies of T.pallidum causing syphilis and tropical treponematosis.

4. Epidemiology and pathogenesis of the syphilis. Stages of the syphilis and their clinical signs 

5. Laboratory diagnostics of syphilis according to the stage of disease:

a)microscopy

b) serological method : 

Reagin tests (STS) : Wasserman, Kahn, VDRL, RPR tests and others

  Group specific treponemal tests: RPCF

Specific T.pallidum tests: TPI, FTA, TPHA


6. Prevention and antibiotic therapy of syphilis and tropical treponematosis.

Classification of spirochetes

Order: 
Spirochaetalis

Families: Spirochaetaceae (1) and Leptospiraceae (2)

Genera:  Borrelia
and 
Treponema (1)


    Leptospira (2)


Medical important species:

Genus Treponema 

Species T. pallidum is divided onto following subspecies:
· Subsp. pallidum – causative agent of syphilis (worldwide distribution)

· Subsp. pertenue – causative agent of yaws (Africa, South America, India, Indonesia, and the Pacific Islands)
· Subsp. endemicum – causative agent of endemic syphilis (Middle East and Central and South Africa)
· Subsp. carateum – causative agent of pinta (Central and South America, equatorial Africa, South Asia)

Genus Borrelia: 



Species:

· B. reccurentis – causative agent of relapsing fever

· B.caucasica, B.persica and others – causative agents of endemic tick-borne borreliosis
· B.burgdorferi group– causative agents of Lyme disease (about 10 species)
Genus Leptospira:
Species L.interrogans (about 200 serotypes) – causative agent of leptospirosis

Morfhology of Treponema pallidum

It was discovered by Schaudinn and Hoffmann in 1905. It is helically coiled, motile, non-capsulated corkscrew-shaped organism. It has 8-12 regular spirals, is 6-15 µm long and 0.1 - 0.2 µm wide. 

T.pallidum does not form spores, but can form cysts in the host. 

It differs from other motile bacteria with typical arrangement of flagella. They are localized into cell wall, between peptidoglycan layer and outer membrane and named endoflagella.

In the host it may arise as L-forms and granular forms

Staining methods: It is stained poorly with aniline dyes. It is pale pink by Gram`s. T.pallidum may be revealed in the staining smears from tissue lesions by silver impregnation methods.

Live treponemes can be visualized by using dark-field microscopy. It exhibits characteristic motility that consists of rapid rotation about its longitudinal axis and bending, flexing, and snapping about its full length. 

Cultivation

Treponema pallidum subsp pallidum is a fastidious organism that exhibits narrow optimal ranges of pH (7.2 to 7.4), and temperature (30 to 37°C). 

Traditionally this organism has been considered a strict anaerobe.  It has not been successfully cultured in vitro. Viable organisms can be maintained for 18 to 21 days in complex media, while limited replication has been obtained by co-cultivation with tissue culture cells. 

The non-pathogenic treponema, showing antigenic and morphological similarities with T.pallidum, so-named Reiter treponema or cultural treponema, grows well into the thioglycollate serum medium

Nichol's strain of T.pallidum is cultivated by inoculation into rabbit testis and named tissue treponema. Antigenically Nichol’s strain is similar to virulent T.pallidum, isolated from patients.

Resistance

It can not survive a long time in the environment. It is rapidly inactivated by mild heat, cold, desiccation, and most disinfectants.

It is inactivated by contact with oxygen, distilled water, soap

T.pallidum is sensitive to arsenicals, mercurials, bismuth, common antiseptic agents and antibiotics (penicillines). 

Antigen structure

Antigenic structure of T. pallidum is complex. The most important for serological diagnostics of syphilis following antigens:

1. Lipid haptens. They are similar to lipid extracts from the beef heart (cardiolipin). It induces formation of reagin antibody in the host that reacts in the nonspecific tests for syphilis, such as Wassermann, Kahn and VDRL

2. Group antigen is found in T. pallidum as well as in nonpathogenic cultivable treponemas like the Reiter treponema.

3. Polysaccharide antigen is species specific. The antibody to this antigen is demonstrated by the specific T. pallidum tests (immobilization test and indirect immunofluorescence) which are positive only with sera of patients infected with pathogenic treponemas.

Epidemiology of syphilis

The source of infection is human suffered from primary or secondary syphilis. Infection occurs:

Through sexual contact (venereal disease); 

Through placenta (congenital syphilis);

Rarely with direct contact and with infected blood during transfusion

Incubation period is about a month (10 - 90 days)

Pathogenesis 

During disease some stages with different clinical manifestation are diagnosed:

· Primary syphilis (chancre, enlarged inguinal lymph nodes) lasts about 3 months

· Secondary syphilis (skin rash, condylomata on mucocutaneous junctions) lasts 2-3 years

· Latent syphilis (without clinical manifestation) is about 5-8 years

· Tertiary syphilis (cardiovascular lesions, neurological syphilis, gumma formation in the soft, chondral (cartilaginous) tissue, and bornes) appears after infection in some decades

Primary syphilis

The organisms penetrate mucous membranes or enter through the very tiny cuts on the skin.

Treponema multiplies in the site of entry causing formation of the primary specific lesion, named “hard chancre”. 

Chancre is painless, circumscribed, indurated, superficially ulcerated lesion

 Treponema disseminates away from the site of initial entry to regional lymph nodes and provokes their specific inflammation (syphilitic buboes). Lymph nodes are swollen, discrete, indurated, and rubbery. 

The chancre heals spontaneously (!) in 10-40 days, leaving a thin scar

Secondary syphilis

It sets in 3 months after primary stage. The secondary lesions are due to dissemination through the blood and wide-spread multiplication of the spirochetes.

It may appear with roseolar or papular rashes, mucous patches, and condylomata. Spirochetes are abundant in the lesions and patient is the most infectious during secondary stage. Lesions heal spontaneously (!) but during first 4-5 years may be relapses of rashes

Latent and tertiary syphilis

Latent syphilis may be diagnosed only by serological tests. After several years tertiary syphilis appears with cardiovascular lesions (aneurysms), chronic gummata and neurological manifestation (tabes dorsalis or dementia)

Gummas are highly destructive lesions (necrotizing granulomas ) that usually occur in skin and 

bones but may also occur in other tissues. Gumma includes few treponemes

Immunity and treatment

Immunity is weak, non-sterile, and cell-mediated. Antibodies which are formed during infection are not protective, but they have diagnostic significance. 

Patient after primary syphilis may be infected with treponemas  again (superinfection) but due to “shancre immunity” person has no primary signs

Therapy of syphilis is usually with prolonged penicillin preparations. 

Laboratory diagnostics

1. During primary and secondary stages of disease microscopy may be used for diagnostics:

Dark-field microscopy of native smears

Direct fluorescent antibody test for T.pallidum (DFA-TP) (immunofluorescence method)

2. Detection of antibody in the patient serum (serological method) is done for diagnostics after 2-3 weeks from chancre appearance. 

Serological tests may be classified as follow:

a. Reagin tests (standard test for syphilis: STS) allow to detect antibody, reacting with cardiolipin (Wasserman, Kahn, VDRL, RPR tests and others)

b. Group specific treponemal tests: Reiter protein complement fixation test (RPCF)

c. Specific T.pallidum tests:  T.palidum immobilisation (TPI), Fluorescent Treponemal Antibody (FTA), T.pallidum Hemagglutination Assay (TPHA) are used to confirm or to exclude diagnosis (mentioned above tests may be false-positive at some diseases)

II.Students practical activities:

h. Microscopy of demonstrative smears prepared from spirochetes, study morphology of Treponema. 

i. Write down the necessary ingredients for Wassermann’s test. Read the results with plus system. 

Lesson 34
Actynomycetes spp. Candida spp. 
General characteristics, biological properties. 
Epidemiology, pathogenesis, laboratory diagnostics of diseases caused by them.
THEORETICAL QUESTIONS:

1. General characteristics of Actynomyces: morphology, cultivation, antigen structure, medical important species.

2. Epidemiology, pathogenesis, clinical appearance of actynomycosis.

3. Laboratory diagnostics of actynomycosis, immunity and treatment.

4. General characteristics of Candida: morphology, cultivation, ecology, medical important species.

5. Candidomycoses: epidemiology, clinical forms of disease, and its laboratory diagnostics.

6. Antifungal therapy: common drugs, mode of administration according to type and localization of infection. 

Actinomyces spp are members of a large group of pleomorphic Gram-positive bacteria, many of which have some tendency toward mycelial growth. They are members of the oral flora of humans or animals. Actinomyces species are major components of dental plaque. A israelii, A gerencseriae (previously A israelii serotype II cause actinomycosis in humans and animals. Other species of Actinomyces can be involved in mixed anaerobic and other infections, where they may not always play an obviously pathogenic role. In addition, some coryneform bacteria (diphtheroids) isolated from clinical samples, which had been placed into the Centers for Disease Control Coryneform groups 1, 2 and E, have been identified as new species of Actinomyces. 

Morphology: Despite their name, which means "ray fungus," Actinomyces are typical bacteria. Actinomyces are Gram-positive filamentous irregular, nonspore-forming rods that are not acid fast and are nonmotile. Most strains of A viscosus and A naeslundii bear well-developed long, thin surface fibrils. Pili (fimbriae) on A viscosus and A naeslundii are of two types. Type 1 pili are involved in attachment of the bacteria to hard surfaces in the mouth, whereas type 2 pili are involved in coaggregation reactions with other bacteria. 

Actinomyces contains 19 species, of which A israelii and A gerencseriae are the most common human pathogens. 

Cultivation: Actinomyces grow well on most rich culture media. They are best described as aerotolerant anaerobes. The species vary in oxygen requirements: A viscosus and A naeslundii for example, grow best in an aerobic environment with carbon dioxide, whereas A israelii requires anaerobic conditions for growth. Actinomyces obtain energy from the fermentation of carbohydrates.

Antigen structure and classification: The chemical composition and cellular location of some Actinomyces antigens are known. One group of carbohydrate antigens is cell-wall associated, protease resistant, and heat stable. The pili of A viscosus and A naeslundii are of two antigenic types, which correlate with the different functions of type 1 and 2 pili (see above). All the Actinomyces species that have been examined serologically can be separated from the other species. A naeslundii, A viscosus, A odontolyticus, and A bovis each have at least two serotypes.

Virulent factors: With the exception of A pyogenes, which produces a soluble toxin and a hemolysin that can be neutralized by antiserum, Actinomyces do not produce exotoxins or significant amounts of other toxic substances. Factors that would aid in tissue invasion and abscess formation have not been demonstrated. 

Epidemiology and pathogenesis: Actinomyces israelii, A gerencseriae, A georgiae, A naeslundii, A odontolyticus, A meyeri, possibly A pyogenes are normal inhabitants of the human mouth and are found in saliva, on the tongue, in gingival crevice debris, and frequently in tonsils in the absence of clinical disease. Some data suggest that A israelii may also be a common inhabitant of the female genital tract.

Actinomycosis occurs worldwide. No relationship to race, age, or occupation has been noted, but the disease appears more often in men than in women. Except for human bite wounds, no evidence exists to support person-to-person or animal-to-human transmission of Actinomyces. Compromised patients may be infected by the more recently described Actinomyces. 

Actinomyces bovis is not found in humans and, to date, the other species described from animals, with the exception of A pyogenes, have not been found in human specimens. Among the animal pathogens, A bovis causes lumpy jaw in cattle; A viscosus and A hordeovulneris infect dogs; A pyogenes causes infections in a range of domestic animals, including cattle, sheep and goats; and A suis and A hyovaginalis produce infections in swine. Other species appear to be relatively non-pathogenic, A denticolens, A howellii and A slackii in cattle; A viscosus in rodents and both A naeslundii and A viscosus in zoo animals, including primates.

Clinical manifestation: Actinomycosis is a chronic disease characterized by the production of suppurative abscesses or granulomas that eventually develop draining sinuses. These lesions discharge pus containing the organisms. In long-standing cases, the organisms are found in firm, yellowish granules called sulfur granules. The disease is usually divided into three major clinical types, cervicofacial, thoracic, and abdominal, but primary infections may involve almost any organ. Secondary spread of the disease is by direct extension of an existing lesion without regard to anatomic barriers. Hematogenous secondary spread of the organisms, except from thoracic lesions, is not common. 

Actinomycosis is almost always a mixed infection; a variety of other oral bacteria can be found in the lesion with Actinomyces.

Cervicofacial infections involve the face, neck, jaw, or tongue and usually occur following an injury to the mouth or jaw or a dental manipulation such as extraction. The disease begins with pain and firm swelling along the jaw and slowly progresses until draining sinuses are produced. 

Thoracic actinomycosis results from aspiration of pieces of infectious material from the teeth and may involve the chest wall, the lungs, or both. The symptoms are similar to those of other chronic pulmonary diseases, and the disease is often difficult to diagnose. 

Abdominal actinomycosis is often associated with abdominal surgery, accidental trauma, or acute perforative gastrointestinal disease. Persistent purulent drainage after surgery or abdominal masses resembling tumors may be the first sign of infection. 

Host defenses and immunity: An intact mucosa is the first line of defense, because Actinomyces, like other anaerobes in the normal flora, must gain access to tissue with an impaired blood supply to establish an infection. Once the organisms have gained access to tissues, the cell-mediated immune response of the host may limit the extent of the infection, but may also contribute to tissue damage. Humoral responses could play a role in infections with some of the other Actinomyces sp, such as A bernardiae and A neuii, which have been isolated from blood cultures. After infection immunity will be weak and  short. 

Laboratory diagnostics is based onto 3 major methods. Rapid diagnostics may be done with direct demonstration of the organisms in clinical samples with immunofluorescence test.  

Microscopy: Specimens are first examined for the presence of granules. If present, the granules are crushed, Gram stained, and examined for Gram-positive rods or branching filaments.

Pure culture isolation: Washed, crushed granules or well-mixed pus in the absence of granules is cultured on a rich medium, such as brain heart infusion blood agar and incubated anaerobically and aerobically with added carbon dioxide. Plates are examined after 24 hours and after 5 to 7 days for the characteristic colonies of A israelii, A gerencseriae. Colonies of other Actinomyces spp. can take a variety of forms, including smooth domed or flat colonies of various sizes. Isolates morphologically resembling Actinomyces are identified by determining the metabolic end products by gas-liquid chromatography and by performing a series of biochemical tests.

Serology:  Specific antibody may be revealed in the paired test sera with CFT, IHA test and indirect immunofluorescence. Four-fold raising of antibody titer confirms diagnosis. 

Treatment: Due to the mixed nature of the infection and the presence of granules (see above) successful treatment of actinomycosis requires long-term antibiotic therapy combined with surgical drainage of the lesions and excision of damaged tissue. Actinomyces spp are susceptible to penicillins, the cephalosporins, tetracycline, chloramphenicol, and a variety of other antibiotics. Penicillin is the drug of choice for infections with all species of Actinomyces; significant drug resistance is unknown. 

 Candida belongs to yeast-like fungi. Fungi are eukaryotic microorganisms that differ from bacteria in many ways:

1. They possess rigid cell wall containing chitin, mannan and other polysaccharides

2. Their CPM contains ergosterols

3. They have true nuclei with nuclear membrane and paired chromosomes

4. They may be unicellular and multicellular 

5. Their cells show various degree of specialization

6. They divide asexually, sexually or by both processes

Morphology of yeasts and yeast-like fungi: They are unicellular fungi. Their cells are spherical or ellipsoidal. They are reproduce by budding and sporulation.

Yeast-like fungi may appear as elongated cells arranged in the chains that is resemble to mycelium (pseudomycelium). Yeast-like fungi may form blastospores and chlamydospores. Blastospores are formed by budding of hypha cells. Chlamidospores are thick walled formations formed by rounding up and thickenning of the hyphal segments and including spores.

Candida are stained blue-violet with Gram technique, they non-motile and non-capsulated cells.

Cultivation of Candida spp. Fungi are aerobs or facultative anaerobs. They are cultivated on the special media with glucose at pH 5.5-6.5. Nutrient media for fungi cultivation and isolation: Sabouraud`s glucose agar (pH 5.4), Sabouraud`s glucose broth, Czapek-Dox medium, cornmeal agar

Cultures are routinely incubated at room temperature (220C) for weeks and at 370C for day in the same time.

Cultural characteristics: Yeast-like fungi  form colonies resemble to bacterial ones: smooth, creamy, with entire edges, colored in white, beige, and yellowish.

Resistance:  Candida are sensitive to heating (they are destroyed by boiling in a 15 min), acids (3-7% acetic acid, 2-3% salicylic acid and benzoic acid), disinfectants (5% chloramines and 10% formaldehyde). Chlamidospores of Candida are relatively resistant to desiccation and UFR.

Candidiasis

Candidosis (candidiasis, moniliasis) is an endogenous opportunistic mycosis of the skin, mucosa and rarely of the internal organs, caused by C.albicans, C.tropicalis, C.glabrata, C.krusei and other species

Candida species are normal inhabitants of the skin and mucosa. Candidosis may arise after durational antibiotic therapy. Diabetes, immunodeficiency and pregnant state predispose candidiasis.

Clinical forms of candidiasis

1. Cutaneous candidosis (intertriginous, paronycheal, onycheal)

2. Mucosal candidosis (oral thrush, vaginitis)

3. Intestinal candidosis

4. Bronchopulmonary candidosis

5. Systemic infections (septicemia, endocarditis  and meningitis)

Oral thrush is demonstrated with creamy white patches on the tongue or buccal mucosa, that leave a blooding lesions after removal.

Cutaneous candidosis arises with erythematous moist lesions with sharply demarcated borders at left figure and typical papular lesions at right one.

Laboratory diagnostics of candidosis

1. Microscopy.  

Gram stained smears from lesions or exudates demonstrate budding Gram-positive oval cells, which produce pseudomycelium

2. Culture method 

On the Sabouraud`s media they form creamy white smooth colonies with yeasty odor. Enzymatic saccharolytic activity is detected to identify Candida spp. onto the Hiss media.

3. Skin allergic test with candidin

4. Serological method 

Agglutination test, CFT with paired test sera are used to diagnosis systemic and visceral candidosis

Therapy of candidosis

Prophylactive antifungal antibiotics nystatin and levorin are administered to prevent candidosis after antibacterial therapy with antibiotics

Per oral or parenteral treatment with fluconazole, clotrimazole,  5-fluorocytosine 

Local therapy with imidazole preparations (bufanazole, ketokonazole and others)

At chronic long-lasting candidiasis it is allowed autovaccine administration

II.Students practical activities:

j. Microscopy the prepared smears from pure culture of C.albicans and Actinomyces stained by Gram. Estimate the morphology (budding cells, pseudomycelium of Candida and branching forms of Actinomyces) and sketch the image.

k. Familiarize with diagnostic media for cultivation of Candida spp..

l. Write down the scheme of laboratory diagnostics of candidosis and actimycoses.

Lesson 35
Medical important protozoa. 
General characteristics. Toxoplasma gondii. 
Protozoa causing intestinal infections.

Trichomonas vaginalis.

Biological properties, medical importance, epidemiology, 
pathogenesis and laboratory diagnostics. 
THEORETICAL QUESTIONS:

1. General characteristics of Protozoa: their structure, classification, reproduction and medical important species.
2. Toxoplasma gondii: structure, life cycle and hosts.
3. Epidemiology, pathogenesis and clinical manifestation of toxoplasmosis. 
4. Laboratory diagnostics of toxoplasmosis: features of microscopy and serology. Allergic skin test. Therapy and prophylaxis of the disease.
5. Entamoeba histolitica: biological features, epidemiology and clinical manifestations of amebiasis. Laboratory diagnostics, therapy and prophylaxis.

6. Trichomonas vaginalis: biological features, epidemiology and clinical manifestations of trichomoniasis. Laboratory diagnostics, therapy and prophylaxis.
The Protozoa are considered to be a subkingdom of the kingdom Protista, although in the classical system they were placed in the kingdom Animalia. More than 50,000 species have been described, most of which are free-living organisms; protozoa are found in almost every possible habitat. `
Virtually all humans have protozoa living in or on their body at some time, and many persons are infected with one or more species throughout their life. Some species are considered commensals, i.e., normally not harmful, whereas others are pathogens and usually produce disease. Protozoan diseases range from very mild to life-threatening. Individuals whose defenses are able to control but not eliminate a parasitic infection become carriers and constitute a source of infection for others. `Many protozoan infections that are inapparent or mild in normal individuals can be life-threatening in immunosuppressed patients, particularly patients with acquired immune deficiency syndrome (AIDS). 

The lack of effective vaccines, the paucity of reliable drugs, and other problems, including difficulties of vector control, prompted the World Health Organization to target six diseases for increased research and training. Three of these were protozoan infections malaria, trypanosomiasis, and leishmaniasis. Although new information on these diseases has been gained, most of the problems with control persist. 

Structure 

Most parasitic protozoa in humans are less than 50 µm in size. The smallest (mainly intracellular forms) are 1 to 10 µm long, but Balantidium coli may measure 150 µm. Protozoa are unicellular eukaryotes. As in all eukaryotes, the nucleus is enclosed in a membrane. The ciliates have both a micronucleus and macronucleus, which appear quite homogeneous in composition. 

The organelles of protozoa have functions similar to the organs of higher animals. The plasma membrane enclosing the cytoplasm also covers the projecting locomotory structures such as pseudopodia, cilia, and flagella. The outer surface layer of some protozoa, termed a pellicle, is sufficiently rigid to maintain a distinctive shape, as in the trypanosomes and Giardia. In most protozoa the cytoplasm is differentiated into ectoplasm (the outer, transparent layer) and endoplasm (the inner layer containing organelles); the structure of the cytoplasm is most easily seen in species with projecting pseudopodia, such as the amebas. Some protozoa have a cytosome or cell "mouth" for ingesting fluids or solid particles. Many protozoa have subpellicular microtubules; in the Apicomplexa, which have no external organelles for locomotion, these provide a means for slow movement. The trichomonads and trypanosomes have a distinctive undulating membrane between the body wall and a flagellum. Many other structures occur in parasitic protozoa, including the Golgi apparatus, mitochondria, lysosomes, food vacuoles, conoids in the Apicomplexa, and other specialized structures. 

Classification 

In 1985 the Society of Protozoologists published a taxonomic scheme that distributed the Protozoa into six phyla. Two of these phyla the Sarcomastigophora and the Apicomplexa--contain the most important species causing human disease. This scheme is based on morphology as revealed by light, electron, and scanning microscopy. Table 77-1 lists the medically important protozoa. 

Life Cycle Stages 

During its life cycle, a protozoan generally passes through several stages that differ in structure and activity. Trophozoite (Greek for "animal that feeds") is a general term for the active, feeding, multiplying stage of most protozoa. In parasitic species this is the stage usually associated with pathogenesis. In the hemoflagellates the terms amastigote, promastigote, epimastigote, and trypomastigote designate trophozoite stages that differ in the absence or presence of a flagellum and in the position of the kinetoplast associated with the flagellum. A variety of terms are employed for stages in the Apicomplexa, such as tachyzoite and bradyzoite for Toxoplasma gondii. Other stages in the complex asexual and sexual life cycles seen in this phylum are the merozoite (the form resulting from fission of a multinucleate schizont) and sexual stages such as gametocytes and gametes. Some protozoa form cysts that contain one or more infective forms. Cysts passed in stools have a protective wall, enabling the parasite to survive in the outside environment for a period ranging from days to a year, depending on the species and environmental conditions. Cysts formed in tissues do not usually have a heavy protective wall and rely upon carnivorism for transmission. Oocysts are stages resulting from sexual reproduction in the Apicomplexa. Some apicomplexan oocysts are passed in the feces of the host, but the oocysts of Plasmodium, the agent of malaria, develop in the body cavity of the mosquito vector. 

Reproduction and nutrition

Reproduction in the Protozoa may be asexual, as in the amebas and flagellates that infect humans, or both asexual and sexual, as in the Apicomplexa of medical importance. The most common type of asexual multiplication is binary fission, in which the organelles are duplicated and the protozoan then divides into two complete organisms. In schizogony, a common form of asexual division in the Apicomplexa, the nucleus divides a number of times, and then the cytoplasm divides into smaller uninucleate merozoites. In Plasmodium, Toxoplasma, and other apicomplexans, the sexual cycle involves the production of gametes (gamogony), fertilization to form the zygote, encystation of the zygote to form an oocyst, and the formation of infective sporozoites (sporogony) within the oocyst. Some protozoa have complex life cycles requiring two different host species; others require only a single host to complete the life cycle. 

The nutrition of all protozoa is holozoic; that is, they require organic materials, which may be particulate or in solution. Amebas engulf particulate food or droplets through a sort of temporary mouth, perform digestion and absorption in a food vacuole, and eject the waste substances. Many protozoa have a permanent mouth, the cytosome or micropore, through which ingested food passes to become enclosed in food vacuoles. Pinocytosis is a method of ingesting nutrient materials whereby fluid is drawn through small, temporary openings in the body wall. The ingested material becomes enclosed within a membrane to form a food vacuole. 

The rapid multiplication rate of many parasites increases the chances for mutation; hence, changes in virulence, drug susceptibility, and other characteristics may take place. Chloroquine resistance in Plasmodium falciparum and arsenic resistance in Trypanosoma rhodesiense are two examples. 

TOXOPLASMA GONDII. 

Toxoplasma gondii is an intestinal coccidium that parasitizes members of the cat family as definitive hosts and has a wide range of intermediate hosts. Infection is common in many warm-blooded animals, including humans. In most cases infection is asymptomatic, but devastating disease can occur. 

Epidemiology, mode of transmission and life cycle. 

The life cycle of T gondii was described only in 1970, when it was discovered that the definitive hosts are members of the family Felidae, including domestic cats. Various warm-blooded animals serve as intermediate hosts. Toxoplasma gondii is transmitted by three known modes: congenitally, through the consumption of uncooked infected meat, and via fecal matter. Cats acquire Toxoplasma by ingesting any of three infectious stages of the organism: the rapidly multiplying forms called tachyzoites, the quiescent bradyzoites that occupy cysts in infected tissue, and the oocysts shed in feces. Successful infection of the cat is revealed by the shedding of oocysts in the feces. 

When a cat ingests meat containing tissue cysts, the cyst wall is dissolved by the proteolytic enzymes in the stomach and small intestine, releasing the bradyzoites. The bradyzoites, which are a slow multiplying stage, penetrate the epithelial cells of the small intestine and initiate the formation of numerous asexual generations before the sexual cycle (gametogony, the production of gametes) begins. After the male gamete fertilizes the female gamete, two walls are laid down around the fertilized zygote to form the oocyst, which is excreted in the feces in an unsporulated stage. Oocysts measure approximately 10 by 12 µm. Sporulation occurs outside the body, and the oocyst becomes infectious 1 to 5 days after excretion. Each sporulated oocyst contains two sporocysts and each sporocyst contains four sporozoites. Sporulated oocysts are remarkably resistant and can survive in soil for several months. 

At the same time that some bradyzoites enter the surface epithelial cells of the feline intestine and multiply there to produce oocysts, other bradyzoites penetrate the lamina propria and begin to multiply as tachyzoites. Tachyzoites are about 6 X 2 µm in size and generally lunate. Within a few hours of infection, tachyzoites may disseminate to extraintestinal tissues through the lymph and blood. Tachyzoites can enter almost any type of host cell and multiply until the host cell is filled with parasites and dies. The released tachyzoites enter new host cells and multiply. This cycle may result in microfoci of tissue necrosis. The host usually overcomes this phase of infection, and the parasite then enters the "resting" stage in which bradyzoites are isolated in tissue cysts. Tissue cysts are formed most commonly in the brain, liver, and muscles. Tissue cysts usually cause no host reaction and may remain for the life of the host. Figure 2 shows the life cycle of T gondii. 

Epidemiology 

Toxoplasma gondii infection in humans is widespread throughout the world. Approximately half a billion humans have antibodies to T gondii. The incidence of infection in humans and animals may vary in different parts of a country. The relative frequency with which postnatal toxoplasmosis is acquired by eating raw meat and by ingesting food contaminated by oocysts from cat feces is unknown and difficult to investigate. Both modes of infection are reported to cause clinical toxoplasmosis. Toxoplasma gondii infection occurs commonly in many animals used for food (for example, sheep, goats, pigs, and rabbits). Infection is less prevalent in cattle than in sheep or pigs.

Life cycle of Toxoplasma gondii. Cats, the definitive hosts of T gondii, can become infected by ingesting sporulated oocysts or (most often) infected animals. The oocysts are infectious to most mammals and birds. Toxoplasma can be transmitted to intermediate hosts through oocysts, by carnivorism, or transplacentally. Transplacental transmission is most important in humans and sheep

Clinical Manifestations 

Toxoplasma gondii usually parasitizes both definitive and intermediate hosts without producing clinical signs. In humans, severe disease is usually observed only in congenitally infected children and in immunosuppressed individuals, including patients with acquired immune deficiency syndrome (AIDS). Postnatally acquired infections may be local or generalized and are rarely severe in immunocompetent individuals. Lymphadenitis is the most common manifestation in humans. Any node can be infected, but the deep cervical nodes are the most commonly involved. Infected nodes are tender and discrete but not painful; the infection resolves spontaneously in weeks or months. Lymphadenopathy may be accompanied by fever, malaise, fatigue, muscle pains, sore throat, and headache. 

Prenatally acquired T gondii often infects the brain and retina and can cause a wide spectrum of clinical disease. Mild disease may consist of slightly diminished vision, whereas severely diseased children may exhibit a classic tetrad of signs: retinochoroiditis, hydrocephalus, convulsions, and intracerebral calcifications. Hydrocephalus is the least common but most dramatic lesion of congenital toxoplasmosis. Ocular disease is the most common sequela.

Diagnosis 

Diagnosis of toxoplasmosis can be aided by serologic or histocytologic examination. Many serologic tests have been used to detect antibodies to T gondii. The most reliable of these is the Sabin-Feldman dye test. The indirect fluorescent antibody test (IFAT) is another test to diagnose. Other serologic tests include  the indirect hemagglutination test, the latex agglutination test, modified agglutination test, and the enzyme-linked immunoabsorbent assay (ELISA). A single positive serum sample proves only that the host has been infected at some time in the past. Serologic evidence for an acute acquired infection is obtained when antibody titers rise by a factor of 4 to 16 in serum taken 2 to 4 weeks after the initial serum collection, or when specific IgM antibody is detected.

Diagnosis can be made by finding T gondii in host tissue removed by biopsy or at necropsy. Well-preserved T gondii organisms are crescent-shaped and stain well with any of the Romanowsky stains.  Tissue cysts are usually spherical and have silver-positive walls; the bradyzoites stain strongly with periodic acidSchiff stain. Immunohistochemical staining and polymerase chain reaction (PCR) can be used to identify T gondii tissue cysts or tachyzoites in tissues, even those fixed in formalin.

Control 

Sulfonamides and pyrimethamine (Daraprim) are two drugs widely used to treat toxoplasmosis in humans.

II.Students practical activities:

m. Microscopy the thick and thin blood smears at suspected malaria. Sketch the image. Try to recognize Plasmodium sp., based onto the microscopic appearance.

n. Microscopy the smear of Toxoplasma, draw it into the protocol.

o. Write down the schemes of the malaria and toxoplasmosis laboratory diagnostic.

Entamoeba histolytica

 Amebas are unicellular organisms common in the environment: many are parasites of vertebrates and invertebrates. Relatively few species inhabit the human intestine and only Entamoeba histolytica is identified as a human intestinal pathogen.

Morphology: E. histolytica has a relatively simple life cycle that alternates between trophozoite and cyst stages. The trophozoite is the actively metabolizing, mobile stage, and the cyst is dormant and environmentally resistant. Diagnostic concern centers on both stages. Trophozoites vary remarkably in size-from 10 to 60 µm or more in diameter, and when they are alive they may be actively motile. The finely granular endoplasm contains the nucleus and food vacuoles, which in turn may contain bacteria or red blood cells. The parasite is sheathed by a clear outer ectoplasm. Nuclear morphology is best seen in permanent stained preparations. The nucleus has a distinctive central karyosome and a rim of finely beaded chromatin lining the nuclear membrane. 

The cyst is a spherical structure, 10-20 µm in diameter, with a thin transparent wall. Fully mature cysts contain four nuclei with the characteristic amebic morphology. Rod-like structures (chromatoidal bars) are present variably, but are more common in immature cysts. 

Multiplication and life cycle of E histolytica. Amebas multiply in the host by simple binary fission. Most multiplication occurs in the host, and survival outside the host depends on the desiccation-resistant cyst form. Encystment occurs apparently in response to desiccation as the ameba is carried through the colon. After encystment, the nucleus divides twice to produce a quadrinucleate mature cyst. Excystment occurs after ingestion and is followed by rapid cell division to produce four amebas which undergo a second division. Each cyst thus yields eight tiny amebas.

Epidemiology : Fecal-oral transmission occurs when food preparation is not sanitary or when drinking water is contaminated. Contamination may come directly from infected food handlers or indirectly from faulty sewage disposal. Endemic or epidemic disease may result. The prevalence of amebiasis in underdeveloped countries reflects the lack of adequate sanitary systems. 

Clinical Manifestations The clinical manifestations vary with the extent of involvement. Mucosal erosion causes diarrhea, which increases in severity with increasing area and depth of involvement. Rectal bleeding is only slightly less common than diarrhea and is usually, but not invariably, associated with diarrhea. Such bleeding may be grossly apparent or may be occult and demonstrable only by chemical testing for blood. Urgency, tenesmus, cramping abdominal pain and tenderness may be present. Extraintestinal amebiasis begins with hepatic involvement. A focal amebic abscess in the liver represents metastasis from intestinal infection. Symptomatic intestinal infection need not be present.

Laboratory diagnostics: Microscopy: Amebic infections are diagnosed definitively by identifying the ameba in stool or exudates. Amebas may be identified in direct smears, but specific diagnosis usually depends upon obtaining a fixed stained preparation. 

Serologic studies may be useful, particularly when direct diagnosis is not possible. Such methods include gel diffusion, immunoelectrophoresis, countercurrent electrophoresis, indirect hemagglutination, indirect fluorescent antibody, enzyme-linked immunosorbent assay (ELISA) and latex agglutination. In areas of high prevalence a single positive antibody test is less significant. The physician rarely observes the patient long enough to measure a rising titer as evidence of active ongoing invasive infection. 

Testing with monoclonal antibodies demonstrates ameba in the stool.  
Allergic skin tests are rare used for diagnosis. Culture method: Amebas may be cultured from the stool. It is essential for virulence testing.

Therapy and prophylaxis: Preventive measures are limited to environmental and personal hygiene. Treatment depends on drug therapy, which in the case of some abscesses must be supplemented with drainage, either open or by aspiration. Effective drugs are available for liver abscess but intestinal infection is less successfully treated. No single drug is completely effective in eradicating amebas from the gut, so reliance is often placed on combination therapy. Acute intestinal disease is best treated with metronidazole at a dose of 750 mg three times a day orally for 10 day. In children the dose is 40 mg/kg/day divided into three doses and given orally for 10 days. There are two choices for a drug to clear amebas from the lumen of the gut: iodoquinol at an adult dose of 650 mg orally three times daily for 20 days or diloxanide furoate at an adult dose of 500 mg orally three times daily for 10 days.

Trichomonas vaginalis Of the three trichomonads that commonly colonize humans, only one, T vaginalis, causes disease. T vaginalis inhabits the vagina in women, the prostate and seminal vesicles in men, and the urethra in both sexes. 

Structure: All the trichomonads are morphologically similar, having a pear-shaped body 7 to 23 µm long, a single anterior nucleus, three to five forward-directed flagella, and a single posteriorly directed flagellum that forms the outer border of an undulating membrane. A hyaline rod-like structure, the axostyle, runs through the length of the body and exits at the posterior end.

Multiplication and Life Cycle: Trichomonads have the simplest kind of protozoan life cycle, in which the organism occurs only as a trophozoite. Division is by binary fission. Because there is no resistant cyst, transmission from host to host must be relatively direct. 

Epidemiology: Trichomoniasis is a common, worldwide infection. Although sexual intercourse is believed to be the usual means of transfer, some infections probably are acquired through fomites such as towels, toilet seats, and sauna benches; the organisms may spread through mud and water baths as well.

Clinical Manifestations: Although the incidence of T. vaginalis infections varies widely, trichomoniasis is one of the commonest, if not the most common, of the sexually transmitted diseases. More women than men are infected with T vaginalis. In both sexes, most infections are asymptomatic or mild. Symptomatic infection is common in women, rare in men. Trichomoniasis in women is frequently chronic and is characterized by vaginitis, a vaginal discharge, and dysuria. The inflammation of the vagina is usually diffuse and is characterized by hyperemia of the vaginal wall (with or without small hemorrhagic lesions) and migration of polymorphonuclear leukocytes into the vaginal lumen.  

Laboratory diagnostics: A wet mount preparation of discharge from the patient should be examined microscopically as a first step in diagnosing T vaginalis infection. The presence of typical pear-shaped trophozoites, usually 7 to 23 µm in length, with "bobbling" motility and, on careful examination, the wavelike movement of the undulating membrane, are usually sufficient to identify T. vaginalis. 

Culture method: Material that is negative by wet mount examination should be cultured because culturing is a considerably more sensitive, although time-consuming, method of diagnosis. 

Therapy: A number of 5-nitroimidazole compounds are effective antitrichomonal agents. The chemical in this group that is approved for treating trichomoniasis is metronidazole.

II.Students practical activities:

p. Microscopy of demonstrative smears prepared from blood specimens, feces and vaginal discharge,  study morphology and sketch the images. 

Lesson 36
Normal microflora of the human body. 
Dysbacteriosis, the causes of its beginning,

Prophylaxis, and treatment
I. THEORETICAL QUESTIONS

1. The concept of constant (obligate, resident, indigenous, autochtonous) human microflora.

3. The concept of transient (temporary, facultative, allochtonous) human microflora.

4. The main representatives of constant microflora of the skin. Their positive and negative role. The methods of studying of the microflora of the skin.

5. The microflora of the mouth cavity. Its role. The methods of its studying.

6. The microflora of the  mucous membranes of the respiratory tract, eyes, Its role. The methods of its investigation.

7. The microflora of the gastrointestinal tract. Its role. The methods of its studying.

8. The microflora of urogenital tract. The degrees of vaginal secretion cleanness and their assessment. Methods of learning of a microflora of the genitourinary system.

9. The importance of the microflora of the man. The concept of colonization resistance.

10. Dysbacteriosis, causes of beginning. The methods of their prophylaxis and treatment.

11. The note of gnotobiology and its importance in normal and pathological conditions.

Microbiocenosis is microbial community of different bacterial populations, which colonize certain biotope.  

Biotope is an area with relatively homogenous conditions where microbial population can survive.

Ecological niche is the  place  or status of microbes in their biotic environment.   

Constant (obligate, resident, indigenous, autochthonous) microflora is native flora. 

Transient (temporary, facultative, allochthonous) microflora is acquired flora, which is accidentally taken from enviroment.

Our normal flora can be categorized is helpful (mutualutic symbionts), harmless (commensals) or potentially harmful (opportunists) 

In a mutualistic relationship the microbe and the host benefit one another. Probably the only good example of mutualism in humans is found in the normal flora of the large intestine where enteric organisms synthesize vitamin K and the vitamins of the B complex,  enabling them to be absorbed through the intestinal wall and contribute to human nutrition. However considering that our normal flora provides us with protection by interfering with the growth of potentially harmful organisms much of our normal flora could be considered mutualistic symbionts.

The microbe that lives on its host without either benefiting or harming the host is called a commensal. Most of the organisms that make up the normal flora of a healthy individual could be categorized as commensals.

Opportunists (microbes that are potential pathogens) seem to lack the ability to invade and cause disease in healthy individuals but may be able to colonize as pathogens in ill or injured persons. Staphylococcus aureus is a good example of an opportunist. Many people (about 25 %) carry staphylococci in their nasopharynx without suffering any illness. However if these people acquire respiratory tract infections such as measles or influenza the staphylococci can invade the lung and cause severe pneumonia. Also, the examples of opportunistic infections are associated with the viral infection known as acquired immunodeficiency syndrome (AIDS). This syndrome is caused by a virus that destroys certain subsets of T cells inhibiting the body's ability to mount in immune response. As a result infection by the virus causing AIDS is characterized by severe and eventually fatal infections or malignancies that do not occur in individuals with functional immune systems.

Another group of bacteria that is not really part of our normal flora consists of pathogenic organisms that can exist in a large percentage of the population without causing disease. Many individuals carry this organism in their respiratory tracts without exhibiting of illness, yet they can spread the bacterium to nonimmune individuals and cause disease. These persons are known as carriers.

Thus, although our normal flora can be beneficial by preventing the growth of potential pathogens, it also can be a reservoir from which endemic and epidemic diseases are spread.

A diverse microbial flora is associated with the skin and mucous membranes of every human being from shortly after birth until death. 
The normal microbial flora is relatively stable, with specific genera populating various body regions during particular periods in an individual's life. 
Significance of normal microflora:

1. Microorganisms of the normal flora may aid the host
a. by producing nutrients the host can use;

b. by antagonism to pathogenic microorganisms;

c. by capability of secreting digestive enzymes;

d. by produsing the vitamins essential for the human body (B1, B2, B12, K).

2. Representatives of normal flora may harm the host (by causing dental caries, abscesses, or other infectious diseases)
There are different methods of human microbiocenosis studying. Among them, biopsy, pad method, impression method, sticky film method, swab-washing method, scrub-washing technique etc. After receiving of tested material it should be inoculated on different nutrient media. 

Microflora of the skin. Staphylococci, streptococci, moulds and yeasts, diphtheroids, and also certain pathogenic and conditionally pathogenic bacteria live on the surface of the skin. The total number of microbes on the skin of one person varies from 85000000 to 1212000000.

When the human body comes into contact with the soil, the clothes and skin are seeded with spores of different species of microbes (organisms responsible for tetanus, anaerobic infections, etc.).

Most frequently the exposed parts of the human body are infected, e. g. the hands

Microbes of the mouth cavity. In the mouth cavity there are more than 100 species of microbes. There are the natural inhabitants (acidophilic bacillus, Treponema microdentium, diplococci, Streptococcus salivarius, Entamoeba gingivalis, etc.). Besides, in the mouth cavity there are foreign microbes or those which have been carried in from the environment together with food, water, and air.

Pathogenic and conditionally pathogenic microbes (staphylococci, streptococci, diphtheria bacilli, diphtheroids, Borrelia organisms, spindle-shaped bacteria), protozoa (amoebae and trichomonads) are found on the mucous membrane of the mouth.

The mouth cavity is a favourable medium for many microbes; it has an optimal temperature, a sufficient amount of food substances, and has a weakly alkaline reaction.

The greatest amount of microbes can be found at the necks of the teeth and in the spaces between teeth. Streptococci and diplococci are found on the tonsils. The presence of carious teeth is a condition for increasing the microflora in the mouth cavity, for the appearance of decaying processes and unpleasant odours.

The microflora of the gastrointestinal tract. When the stomach functions normally, it is almost devoid of microflora due to the marked bactericidal properties of gastric juice.

The gastric Juice is considered to be a reliable defense barrier against the penetration of  pathogenic and conditionally pathogenic microbes into the intestine. However, the degree of acidity of the gastric juice is not always constant. It varies according to the character of the food and the amount of water consumed. 

Together with food, lactic acid bacteria, Sarcina ventriculi. hay bacillus, yeasts, etc., enter the stomach from the mouth. 

Enterococci, fungi, and various other microbes are relatively rarely found in the duodenum. There are few microbes in the small intestine. Enterococci are found more often than others. In the large intestine there are large amounts of microorganisms. Almost one-third of the dry weight of the faeces of certain animal species is made up of microbes. 

The intestinal microflora undergoes essential changes with the age of man. 

Intestinal flora of babies. The intestinal tract of the newly-born baby in the first hours of life is sterile. During the first days it becomes inhabited by temporary microflora from the environment, mainly from breast milk. Later on, in the intestine of the newly-born baby a specific bacterial flora is established consisting of lactic acid bacteria (biphidobacteria, acidophilic bacillus), which is retained during the year. It has antagonistic properties in relation to many microbes capable of causing intestinal disorders in breastfed children, and remains during the whole period of breast feeding. After breast feeding is stopped the microflora of the child's intestine is completely replaced by a microflora typical of adults (E. coli, Clostridium perfringens, Clostridium sporogenes, Streptococcus faecalis. Proteus vulgaris, etc.).

Anaerobic bacteria which do not produce spores, the so-called bacteroids, inhabit mainly the lower part of the large intestine in human. They are found during acute appendicitis, postpartum infection, pul-
monary abscesses, septicaemia of different aetiology, postoperative infectious complications in the peritoneal cavity, inflammatory processes of the gastrointestinal tract, respiratory tract, and on the skin

I.I. Metchnikoff considered some species of intestinal bacteria to be harmful, causing chronic intoxications. I.I. Metchnikoff recommended a diet of vegetables and fruit, rich in sugar for stimulation acid-lactic flora. 

Microflora of the respiratory tract. People breathe in a large number of dust particles and adsorbed micro-organisms. Most of them are trapped in the nasal cavity and only a small amount enters the bronchi. The pulmonary alveoli and the terminal branches of bronchi are usually sterile. The upper respiratory tract (nasopharynx, pharynx) contains relatively constant species (Staphylococcus epidermidis, streptococci, diphtheroids, Gaffkya tetragena, etc.).

The nasal cavity contains a small amount of microbes. It has a relatively constant microflora (haemolytic or nasal micrococcus, diphtheroids, non-haemolytic staphylococci, haemolytic staphylococci, saprophytic Gram-negative diplococci, capsular Gram-negative bacteria, haemoglobinophilic bacteria of influenza, Proteus, etc). 

Table 

BACTERIA FOUND IN THE LARGE INTESTINE OF HUMANS

	PRIVATE
BACTERIUM
	RANGE OF

	
	INCIDENCE (%)

	Bacteroides fragilis
	100

	Bacteroides melaninogenicus
	100

	Bacteroides oralis
	100

	Lactobacillus
	20-60

	Clostridium perfringens
	25-35

	Clostridium septicum
	5-25

	Clostridium tetani
	1-35

	Bifidobacterium bifidum
	30-70

	Staphylococcus aureus
	30-50

	Streptococcus faecalis
	100

	Escherichia coli
	100

	Salmonella enteritidis
	3-7

	Salmonella typhi
	0.00001

	Klebsiella species
	40-80

	Enterobacter species
	40-80

	Proteus mirabilis
	5-55

	Pseudomonas aeruginosa
	3-11

	Peptostreptococcus
	common

	Peptococcus
	moderate

	Methanogens
	common


Microflora of the vagina. In the first 2 days after birth the baby's vagina is sterile. Sometimes it contains a small amount of Gram-positive bacteria and cocci. After 2-5 days of life the coccal microflora becomes fixed and remains constant until puberty, when it is replaced by Dodderlein's lactic acid bacilli.

The vaginal contents of the healthy woman have a relatively high concentration of sugar and glycogen, and a low content of the diastatic enzyme and proteins. The pH is 4.7 during which all other microbes except for Doderlein's lactic acid bacilli, cannot develop.

Vaginal bacteria have antagonistic properties; because of this, normal microflora should be protected and should not be exposed to the harmful effect of medicines (antibiotics, sulphonamide preparations, rivanol, osarsol. potassium permanganate, etc.) to which Doderlein's lactic acid bacilli are more sensitive than the bacteria against which these substances are employed.

Microflora of the urinary tract. In men in the anterior part of the urethra there are Staphylococcus epidermidis. diphtheroids and Gram-negative non-pathogenic bacteria. Mycobacterium smegmatis and mycoplasmas are found on the external parts of the genitalia, and also in the urine of men and women.

The female urethra is usually sterile, in some cases it contains a small amount of non-pathogenic cocci.

The bacteria of the mucous membranes of the eyes include Staphylococcus epidermidis, Corynebacterium xerosis, mycoplasmas, etc

The normal microflora is not constant but depends on the age, nutrition and general condition of the macro-organism. The microflora of the human body undergoes profound changes, especially during various diseases.

Disturbances in the species composition of the normal microflora occurring under the influence of infectious and somatic diseases, and long-term and irrational use of antibiotics bring about the state of dysbacteriosis. The disorders of intestinal microflora appear a whole series of complications: intestinal dyspepsia, intoxication, diarrhoea etc. In dysbacteriosis the number of lactic acid bacteria is diminished, the number of anaerobes increased, Gram-positive bacteria change to Gram-negative and Gram-negative to Gram-positive, etc.

A new branch of biology, gnotobiology, studies the microbe-free organisms. Amicrobic chicks, rats, mice, guinea pigs, sucking pigs and other animals have been reared.

Amicrobic animals, or gnotobiotes, are subdivided into several groups, monobiotes. (absolutely microbe-free animals), dibiotes (animals infected with one microbial species), polyobiotes (animals har-
bouring more than one species of microbes in their body).

Germ-free (gnotobiotic) animals are good experimental models for investigating the interactions of animals and microorganisms. Germ-free animals develop abnormalities of the gastrointestinal tract. They are more susceptible to disease than animals with normal associated microbiota. Germ-free animals are more susceptible to bacterial infection. Likewise, tooth decay is no problem to germ-free animals, even those on high sugar diets, because they do not have lactic acid bacteria — the bacteria that cause tooth decay — in their oral cavities.

Scientists focused their attention at gnotobiotes because it was necessary to study deeply the role of normal microflora in the mechanisms of infectious pathology and immunity. As compared to the
commonly encountered animals, gnotobiotes have a larger caecum, underdeveloped lymphoid tissue, internal organs of lesser weight, smaller blood volume, a reduced content of water in the tissue and of antibodies in blood serum.

ІI. Students Practical activities

1. Prepare a smear from the neck of the tooth, to stain it by Grams’ method and to make microscopic investigation.

It is necessary to have a little sterile cotton tampon and take material tested from the neck of the tooth. To prepare a smear on a glass slide and stain it by Gram’s technique. Examine the smear and find different morphological types of bacteria and make a comparison with data of table.

2. To stain the smears from neonatal and adult faeces by Gram’s and to make microscopic investigation. Compare images with table data.

3. Investigate microscopically the smears with different degrees of vaginal secret cleanness. Make a conclusion, determine the degrees of cleanness. Sketch the images into album.

4. Familiarize with eubiotic preparations, that are used for correction of an intestine dysbacteriosis. Write some of them into protocol.

Lesson 37
Microbes ecology. 

Microflora and sanitary-indicative bacteria of soil, water, air. 

The methods of studying
I. 
theoretical questions

1. The main representatives of  microflora of soil. The diseases transmitted by soil. Sanitary - exponential species. Methods for studying of soil microflora.

2. The main representatives of  microflora of the water. The diseases transmitted by water. Sanitary - exponential species. 

3. The methods of studying of microbial number and coli-index of the water. The specifications of state standard.

4. The main representatives and sanitary - exponential species microflora of the air. The diseases transmitted by air.

5. The methods of studying of air microflora (methods of sedimentation and aspiration).

Microbes are distributed everywhere in the environment surrounding us. They are found in the soil, water, air, in plants, animals, food products, various utensils, in the human body, and on the surface of the human body.

The relationship of micro-organisms with the environment has been named ecology (Gr.  oikos home, native land, logos idea, science). 

Soil Microflora

Soil fertility depends not only on the presence of inorganic and organic substances, but also on the presence of various species of micro-organisms which influence the qualitative
composition of the soil. Due to nutrients and moisture in the soil the number of microbes in 1 g of soil reaches a colossal number — from 200 million bacteria in clayey soil to 5 thousand million in black soil. One gram of the ploughed layer of soil contains 1-10 thousand million bacteria.

Soil microflora consists algae (nitrifying nitrogen-fixing, denitrifying), cellulose-splitting  and sulfur bacteria, pigmented microbes fungi, protozoa, etc.

The greatest amount of microbes (1 000000 per cu cm) is found in the top layer of soil at a depth of 5-15 cm. In deeper layers (1.5-5 m) individual microbes are found. However, they have been discovered at a depth of 17.5 m in coal, oil, and artesian water.

The number of microorganisms in the soil depends on the extent of contamination with faeces and urine, and also on the nature of treating and fertilizing the soil. 

Saprophytic spores (B. cereus. B, meguterium, etc.) survive for long periods in the soil.

Pathogenic bacteria which do not produce spores due to lack of essential nutrients, and also as a result of the lethal activity of light, drying, antagonistic microbes, and phages do not live long in the soil (from a few days to a few months) 

Usually the soil is an unfavourable habitat for most pathogenic species of bacteria, rickettsiae, viruses, fungi, and protozoa. The survival period of some pathogenic bacteria is shown in Table 2. However, the soil as a factor of transmitting a number of causative agents of infectious diseases is quite a complex substrate. Thus, for example, anthrax bacilli after falling on the soil produce spores which can remain viable for many years. 

As is known, the spores of clostridia causing tetanus, anaerobic infections, and botulism, and of many soil microbes survive for long periods in the soil. The cysts of intestinal protozoa (amoeba, balantidium, etc.) spend a certain stage in the soil. The soil plays an important role in transmitting worm invasions (ascarids, hook-worms, nematode worms, etc.). Some fungi live in the soil. Entering the body they cause fusariotoxicosis, ergotism, aspergillosis, penicilliosis mucormycosis, etc.

Taking into consideration the definite epidemiological role played by the soil in spreading some infectious diseases of animals and man, sanitary-epidemiological practice involves measures directed at protecting the soil from pollution and infection with pathogenic species of microorganisms.

A valuable index of the sanitary condition of the soil is the discovery of the colibacillus and related bacteria, also enterococci, and Clostridium perfringens. The presence of the latter indicates an earlier faecal contamination.
Microbiological investigation of soil. For this purpose it is necessary to select most typical area not more then 25 m2. The samples are taken from different places of the are field along the diagonal, the angles and the center 10 — 20 cms deep. The weight of each sample must be 100 – 200 g. The total weight of the soil 0,5 – 1 kg.

After careful mixing take an average sample of weight 100 – 200 g. Put the samples of soil in the sterile banks, mark and deliver to the laboratory. The soil specimens for plating are grinded in sterile mortar, make serial dilutions in an isotonic solution of sodium chloride 1: 10, 1:100, 1: 1000 etc. Plate 0,1 – 1 ml of specimens into special media for aerobic and anaerobic microbes. After incubation at optimal temperature count the  colonies on the plates.

Microflora of the Water

Pseudomonas fluorescens, Micrococcus roseus, etc., are among the specific aquatic  aerobic microorganisms. Anaerobic bacteria are very rarely found in water.

The microflora of rivers depends on the degree of pollution and the quality of purification of sewage waters flowing into river beds. Micro-organisms are widespread in the waters of the seas and oceans.  They have been found at different depths (3700-9000 m).

The degree of contamination of the water with organisms is expressed as saprobity which designates the total of all living matter in water containing accumulations of animal and plant remains. Water is subdivided into three zones:

1. Polysaprobic zone is strongly polluted water, poor in oxygen and rich in organic compounds. The number of bacteria in 1 ml reaches 1 000000 and more. Colibacilli and anaerobic bacteria predominate which bring about the processes of  putrefaction and fermentation. 

2. In the mesosaprobic zone (zone of moderate pollution) the mineralization of organic substances with intense oxidation and marked nitrification takes place. The number of bacteria in 1 ml of water amounts to hundreds of thousands, and there is a marked decrease in the number of colibacilli. 

3. The oligosaprobic zone is characteristic of pure water. The number of microbes is low, and in 1 ml there are a few tens or hundreds; this zone is devoid of the colibacillus.

Tap water is considered clean if it contains a total amount of 100 microbes per ml, doubtful if there are 100-150 microbes, and polluted if 500 and more are present. In well water and in open reservoirs the amount of microbes in 1 ml should not exceed 1000. Besides, the quality of the water is determined by the presence of E. coli and its variants.

The degree of faecal pollution of water is estimated by the colititre or coli-index. The coli-titre is the smallest amount of water in millilitres in which one E. coli is found. The coli-index is the number of individuals of E.coli found in 1 litre of water. Tap water is considered good if the coli-titre is within the limits of 300-500. Water is considered to be good quality if the coli-index is 2-3.

Due to the fact that Str. faecalis (enterococci) are constant inhabitants only of the intestine in man and warm-blooded animals, and are highly resistant to temperature variations and other environmental factors, they are taken into account with the coli-titre and coli-index for the determination of the degree of faecal pollution of water, sewage waters,  soil, and other objects. 

Water is an important factor for the transmission of a number of infectious diseases (enteric fever, paratyphoids, cholera, dysentery, leptospiroses, etc.).

Due to the enormous sanitary-epidemiological role of water in relation to the intestinal group of diseases, it became necessary to work out rapid indicator methods for revealing colibacillus and pathogenic bacteria in water.

These include the methods of luminescent microscopy for the investigation of water for the presence of pathogenic microbes and the determination of the increase of the titre of the phage. Upon the addition of specific phages to liquids containing a homologous microbe in 6-10 hours a considerable increase in the amount of phage particles can be observed.

Microbiological investigation of water. The sanitary - bacteriological investigation of water includes determination of total number of microbes in 1 ml of water, determination of a coli-index or coli-titer, and detection of pathogenic microbes, and Bacteriophages of Е. соli.

Quantitative Analysis. The employed method is the plate count. A measured volume of water is serially diluted (see below), following which 1 mL from each dilution tube is seeded in nutrient agar and the then colonies counted. 

A typical example of serial dilution should be made by following way. One millilitre of the water sample is aseptically transferred by pipette to 9 mL of sterile water. (For obvious reasons, this is also known as the "10–1" dilution). The process is repeated serially until a dilution is reached that contains between 30 and 300 colony-forming cells per millilitre. Several samples (1-mL of appropriative dilution) are plated in a nutrient medium. Since the original sample may have contained up to 1 million (106) viable bacteria, it is necessary to dilute all the way to 10–5, plate 1-mL samples from each dilution tube, and then count the colonies only on plates containing 30-300 colonies. 

The drinking water should not have more than 100 microbes in 1 ml. The microbial number in water of wells and open reservoirs can be up 1000. 

Qualitative Analysis. 

2. Membrane filtration method. A large measured volume of water is filtered through a sterilized membrane. Filter retains bacteria on its surface (fig.1). The membrane is then transferred to the surface of an agar plate containing a selective differential medium for coliform bacteria (fig. 2). Upon incubation, coliform bacteria give rise to typical colonies on the surface of the membrane. 

 Water samples (100 ml)  are passed through bacteriological filters (0,2 to 0,45 (m pore size) to trap bacteria The filters with trapped bacteria are placed on a medium containing lactose as a carbon source, an inhibitor to suppress growth of noncoliforms and indicator substances to facilitate differentiation of coliforms. Coliform bacteria form distinct colonies on Endo medium

During determination of a coli-index and coli-titre of water it is necessary to take into consideration the ability of Е. coli  of the man and animal to grow at 43 (C

Microflora of the Air

The composition of the microbes of the air is quite variable. Then more dust, smoke, and soot in the air, the greater the number of microbes. Each particle of dust or smoke is able to adsorb on its surface numerous microbes. 

The number of microbes in the air varies from a few specimens to many tens of thousands per 1 cu m. Pathogenic species of microbes (pyogenic cocci, tubercle bacilli, anthrax bacilli, bacteria of tularaemia, rickettsiae of Q-fever, etc.) may be found in the surroundings of sick animals and humans, infected arthropods and insects, and in dust.

At present Streptococcus viridans serves as sanitary indices for the air of closed buildings, and haemolytic streptococci and pathogenic staphylococci are a direct epidemiological hazard.

Depending on the time of the year, the composition and the amount of microflora change. If the total amount of microbes in winter is accepted as 1, then in spring it will be 1.7, in summer— 2 and in autumn — 1.2.

The total amount of microbes in an operating room before operation should not exceed 500 per 1 cu m of air, and after the operation not more than 1000. There should be no pathogenic staphylococci and streptococci in 250 litres of air. In operating rooms of maternity hospitals before work the number of saprophyte microflora colonies isolated from the air by precipitating microbes on meat-peptone agar within 30 minutes should not exceed 20. 

The number of microbes in factories and homes is associated closely with the sanitary hygienic conditions of the building. At poor ventilation and natural lighting and if the premises are not properly cleaned, the number of microbes increases. 

The causative agents of influenza, measles, scarlet fever, diphtheria, whooping cough, meningococcal infections, tonsillitis, acute catarrhs of the respiratory tract, tuberculosis, smallpox, pneumatic plague, and other diseases can be transmitted through the air together with droplets of mucus and sputum during sneezing, coughing, and talking.

The air is an unfavourable medium for microbes. The absence of nutrient substances, the presence of moisture, optimal temperature, the lethal activity of sunlight, and desiccation do not create conditions for keeping microbes viable and most of them perish. However, the relatively short period during which the microbes are in air is quite enough to bring about the transmission of pathogenic bacteria and viruses from sick to healthy persons, and to cause extensive epidemics of diseases such as influenza.

The laboratory investigation of air is carried out to determine the qualitative and quantitative composition of its microflora. This is achieved by using simple and complex methods. For a more accurate investigation of microbial contents of the air special apparatus are used.

Microbiological investigation of the air. The sanitary - hygienic investigation of the microflora of the air includes determination both the total number of microbes in 1 m3 of the air and revealing of pathogenic staphylococci and streptococci. For taking the samples sedimentation and aspiration methods are used. 

Plate method (sedimentation method). The Petri’s dishes with meat-peptone agar or another special nutrient media for staphylococci and streptococci, for example blood agar, yolk-salt agar are used. They are opened and are stayed in investigated room. Term of exposition depends on prospective quantity of microbes in the air. With a plenty of microorganisms a plate is opened for 5 – 10 minutes, with a little – for 20 — 40 minutes.

Then the dishes put into thermostat at 37 (C for 24 hrs. After incubation all colonies are accounted (for determination of total number of  microorganisms). 

According to Omeliansky’s data in 5 minutes on a surface of 100 cm2 so many microbes sedimentate, as they present in 10 L of air. For example, on the dish surface with MPA after 5 minute exposure 32 colonies have grown. It is necessary to calculate amount of microbes which are present in 1 m3 of the air, applying the Omeliansky’s formula. The plate has 63 cm2 (S = (r2 =3,14 • 4.52 = 63 см2). Thus, it is possible to determine, what quantity of microbes (х) would grow at the given exposure on a surface of medium in 100 см2, 

x = (32 • 100) : 63 = 51

This quantity of microbes contains in 10 L of the air, and in 1 m3 (1000 л) there will be –                  (51 • 1000) : 10 = 5100.  

For determination of  microbial dissemination degree quantity of the colonies on the dish surface which have been counted should be multiplied with one of multiplier. 

Aspiration method. Krotov’s apparatus is used for this purpose. It give us the possibility to let pass 50 –100 L of air with a speed of 25 L per minute through clinoid chink in the special glass above the open dish with MPA. The rotation of Petry’s dish (1 rotation/sec) provides uniform dispersion of microorganisms on all surface of a medium. Then dish is incubated in a thermostat at 37 (C for 18-24 hrs. 

For example, 250 colonies are revealed on the surface of dish after 2-minutes exposure with a 25 l/min speed. Thus the number of microbes (x) in 1 l of the air is: x = (250 • 1000) : 50 = 5000.
There are temporary standards
of a sanitary - hygienic state of the air: in operating room the   total number of microbes prior to the beginning of the operation must be no more than 500 in 1 m3, after the operation – 1000.

In preoperative and dressing rooms limiting number of microbes prior before the beginning of work – 750 microbes in 1 m3, after work – 1500. In birth wards the total number of microbes is about 2000 in 1 m3 of the air, and staphylococci and streptococci  are not higher then 24 in 1 m3, and in newborn rooms  – about 44 in 1 m3. 

ІI. Students Practical activities

1. Determine the total number of microorganisms in water. 

Account the colonies on the surface and within MPA. 

Recording dilution determine the total number of microbs in 1 ml of seeding water. 

Make a conclusion about saprobity of water.

2. Determine the total number of microorganisms in 1 m3 of the air (exposure time is 5 minutes, speed is 25 l/min). Compare with normative data and make a conclusion.
3. Determine the number of bacteria in 1 m3 of the air by sedimentation method.

Account the colonies that have growth on the surface of MPA. 

Account the total number of microorganisms in air using Omeliansky’s formula (exposure is 5 min).

Compare with normative data and make a conclusion.

4. Determine a coli-titer and coli-index of water using method of membrane filters.



Account coliform colonies on the filter.



Determine a coli-titer and coli-index of water (the volume of water passed through the filter is 500 ml (sample 1); is 100 ml (sample 2); is 1000 ml (sample 3))



Compare with normative data for tap water and make a conclusion about quality of water.

Lesson 39

Theme: Virology. 

Morphology and structure of the viruses. 

Methods of their cultivation. 

METHODS OF THEIR indication AND IDENTIFICATION. 

lABORATORY DIAGNOSTICS OF THE VIRAL DISEASES
I. STUDENTS’ INDEPENDENT STUDY  PROGRAM

1. Classification, structure and chemical composition of viruses:

2. Main methods of cultivation of viruses:

3. Types of interaction of viruses and sensitive cells.

4. Replicative cycle  of  a virus in the host cell:

5. Prions and viroids as causative agents of different diseases. Their biological properties. 

6. Indication of the viruses: 

7. Identification of the viruses:

8. Methods of the laboratory diagnostics of the viral diseases:

Viruses are the smallest infectious agents (20-300 nm in diameter), containing of the one kind of nucleic acid (RNA or DNA) as their genome, usually as single molecule. The nucleic acid is enclosed in a protein shell, and the entire infectious unit is termed a virion. Viruses replicate only into the living cells. 

Some Useful Definitions in Virology

Capsid: The symmetric protein coat (shell) that encloses the nucleic acid genome. 

Nucleocapsid: The capsid together with the enclosed nucleic acid.

Capsomeres: Capsomeres represent clusters of polypeptides, which form the capsid.

Virion: The complete infective virus particle, which in some instances  (adenoviruses, papovaviruses, picornaviruses) may be identical with the nucleocapsid. In more complex virions (herpesviruses, myxoviruses) it in​cludes the nucleocapsid plus a surrounding envelope.

Defective virus: A virus particle that is function​ally deficient in some aspect of replication. Defective virus may interfere with the replication of normal virus. 

Evolutionary origin of viruses. The origin of viruses is not known. Three hypotheses have been proposed:


(1) Viruses became parasites of primitive cells, and they evolved together. Many viruses today cause no host cell damage and remain latent in the host.


(2) Viruses evolved from parasitic bacteria. While this possibility exists for other obligatory intracellular organisms, eg, chlamydiae, there is no evidence that viruses evolved from bacteria.


(3) Viruses may be components of host cells that became autonomous. They resemble genes that escape the regulatory control of the host cell. There is evidence that some tumour viruses exist in host cells as unexpress genes. On the other hand, large viruses of the pox or herpes groups show very limited resemblance to host cell DNA.


CLASSIFICATION OF VIRUSES.  

Basis of Classification.  The following properties, listed in the order of the importance, have been used as a basis for the classification of viruses. 

(1) Nucleic acid type: RNA or DNA; single-stranded or double-stranded; strategy of replication. 

(2) Size and morphology, including type of symmetry, number of capsomeres, and presence of an envelope.  

(3) Presence of specific enzymes, particularly RNA and DNA polymerases concerned with genome, and neuraminidase necessary for release of certain virus particles (influenza) from the cells in which they were formed. 

(4) Susceptibility to physical and chemical
agents, especially ether.

(5) Immunologic properties.

(6) Natural methods of transmission.

(7) Host, tissue, and cell tropisms.


(8) Pathology; inclusion body formation.

(9) Symptomatology.

Classification by Symptomatology. The oldest classification of viruses is based on the diseases they produce, and this system offers certain conveniences for the clinician. 

A. Generalized Diseases: Diseases in which virus is spread throughout the body via the blood​stream and in which multiple organs are affected. Skin rashes may occur. These include smallpox, vaccinia, measles, rubella, chickenpox, yellow fever, dengue, enteroviruses, and many others.

B. Diseases Primarily Affecting Specific Or​gans: The virus may spread to the organ through the bloodstream, along the peripheral nerves, or by other routes.

1. Diseases of the nervous system – Poliomy​elitis, aseptic meningitis (polio-, coxsackie-, and ECHO viruses), rabies, arthropod-borne encephalitis, lymphocytic choriomeningitis, herpes simplex, meningoencephalitis of mumps, measles, vaccinia, and "slow" virus infections.

2. Diseases of the respiratory tract – Influenza, parainfluenza, respiratory syncytial virus caused pneumonia and bronchiolitis, adenoviruses, common cold caused by many viruses.

3. Localized diseases of the skin or mucous membranes – Herpes simplex type 1 (usually oral) and type 2 (usually genital), herpes zoster, and others.

4. Diseases of the eye – Adenovirus con​junctivitis, Newcastle virus conjunctivitis, herpes keratoconjunctivitis, and epidemic hemorrhagic con​junctivitis (enterovirus-70).

5. Diseases of the liver-Hepatitis type A (infec​tious hepatitis) and type B (serum hepatitis), yellow fever, and, in the neonate, enteroviruses, herpesviruses, and rubella virus.

6. Diseases of the salivary glands – Mumps and cytomegalovirus.

7. Diseases of the gastrointestinal tract – Rotavirus, Norwalk type virus.

8. Sexually transmitted diseases –It is now recognized that herpes simplex virus, hepatitis B virus, papilloma virus, molluscum contagiosum virus, and probably cytomegalovirus are all venereal pathogens.

Classification by Biologic, Chemical, and Physical Properties.

Viruses can be clearly separated into families on the basis of the nucleic acid genome and the size, shape, substructure, and mode of replication of the virus particle. Table 1 shows one scheme used for classification. However, there is not complete agree​ment among virologists on the relative importance of the criteria used to classify viruses.

Within each family, genera are usually based on an antigenicity. 

DNA-Containing Viruses

A. Parvoviruses
B. Papovaviruses. 

C. Adenoviruses. 

D. Herpesviruses. 

E. Poxviruses. 

RNA-Containing Viruses
A. Picornaviruses 

B. Reoviruses. 

C. Togaviruses 

D. Arenaviruses.

E.  Coronaviruses. 

F. Retroviruses

G Bunyaviruses 

H. Orthomyxoviruses

J. Paramyxoviruses: 

K. Rhabdoviruses

Subviral agents: 
Viroids: Small infectious agents causing diseases of plants and possibly animals and humans. They are nucleic acid molecules (MW 70,000-120,000) without a protein coat. Viroid is a protein-free, low molecular weight RNA, resistant to heat and organic solvents but sensitive to nucleasis. 

Prions are infectious proteins first discovered in the 1980s. They are heat stable and resistant to radiation 


Prion diseases, such as CJD and mad cow disease, all involve degeneration of brain tissue.


Prion diseases are due to an altered protein; the cause can be a mutation in the normal gene for PrP or contact with an altered protein (PrpSc). 

STRUCTURE AND SIZE OF VIRUSES

Virus Particles

Virus architecture can be grouped into 3 types based on the arrangement of morphologic subunits. (1) those with helical symmetry, eg, paramyxo- and orthomyxovimses, (2) those with cubic symmetry, eg, adenoviruses, and (3) those with complex structures, eg, poxviruses All cubic symmetry observed with animal viruses to date is of the icosahedral pattern. 

CHEMICAL COMPOSITION OF VIRUSES

Viral Protein. The structural proteins of viruses have several important functions. They serve to protect the viral genome against inactivation by nucleases, participate in the attachment of the virus particle to a susceptible cell, and are responsible for the structural symmetry of the virus particle. Also, the proteins determine the antigenic characteristics of the virus.

Virus structural proteins may be very specialized molecules designed to perform a specific task: (1) vaccinia virus carries many enzymes within its particle to perform certain functions early in the infectious cycle; (2) some viruses have specific proteins for at​tachment to cells, eg, influenza virus hemagglutinin;

and (3) RNA tumor viruses contain an enzyme, reverse transcriptase, that makes a DNA copy of the virus RNA, which is an important step in transformation by these viruses.

Viral Nucleic Acid. Viruses contain a single kind of nucleic acid, either DNA or RNA, that encodes the genetic informa​tion necessary for the replication of the virus. The RNA or DNA genome may be single-stranded or double-stranded,  the type of nucleic acid, and the molecular weight are major characteristics used for classifying viruses into families
Viral Lipids. A number of different viruses contain lipids as part of their structure. Such lipid-containing viruses are sensitive to treatment with ether and other organic solvents (Table 1), indicating that disruption or loss of lipid results in loss of infectivity. Non-lipid-containing viruses are gener​ally resistant to ether.

Viral Carbohydrates. Virus envelope contains glycoproteins. The glycopro​teins are important virus antigens. As a result of their position at the outer surface of the virion, they are frequently involved in the interaction of the virus with neutralizing antibody.

Viral multiplication

The genetic information necessary for viral replication is contained in the viral nucleic acid

 Viruses do not contain enzymes for energy production or protein synthesis.

For a virus to multiply, it must invade a host cell and use the host's metabolic machinery to produce viral enzymes and components.

The viral multiplication cycle can be divided into six sequential phases, as following:

A. Adsorption or attachment

B. Penetration

C. Uncoating

D. Biosynthesis

E. Maturation

F. Release

The time taken for a single cycle of replication is about 15-30 hrs for animal and human viruses
Viral multiplication (short description)

1. Viruses attach to the plasma membrane of the host cell. The cell surface should contain specific receptor sites

2. Penetration occurs by endocytosis or fusion. Virus particles may be engulfed  by a mechanism resembling phagocytosis, a process known as “viropexis”

3. Viruses are uncoated by viral or host cell enzymes.

4. Biosynthesis consists essentially of the following steps:


a. Transcription of the messenger RNA (mRNA) from the viral nucleic acid


b. Translation of the mRNA into “early proteins” (enzymes)


c. Replication of the viral nucleic acid


d. Synthesis of “late” or structural proteins, which are the components of daughter virion capsids

· Multiplication of DNA viruses occurs in the nucleus of the host cell. 

· Multiplication of RNA viruses occurs in the cytoplasm of the host cell. 

5. Maturation occurs in the cytoplasm of the host cell

6. Release of the progeny virions may take place by budding or by cell lysis . Nonenveloped viruses are released through ruptures in the host cell membrane.

Type of the interaction of the virus and host cell
· Productive type can cause lytic infection (virus cause cell death or cytolysis)

· Integrative type causes latent or persistent infection (virus nucleic acid may be incorporated into host genome; host cell survives long time). It is also known as virogeny

· Some viruses can cause malignant transformation or proliferation of the host cell due to integration viral nucleic acid into host genom

· Abortive type: virus can not multiply in the host cell due to its defectiveness

REACTION TO PHYSICAL & CHEMICAL AGENTS

Heat and Cold. Virus infectivity is generally destroyed by heating at 50-60 °C for 30 minutes, although there are some notable exceptions (eg, hepatitis virus, adeno-associated satellite virus, priones). 

Viruses can be preserved by storage at subfreezing temperatures, and some may withstand lyophilization and can thus be preserved in the dry state at 4 °C or even at room temperature. 

PH. Viruses are usually stable between pH values of 5.0 and 9.0. In hemagglutination reactions, variations of less than one pH unit may influence the result.

Radiation. Ultraviolet, x-ray, and high-energy particles inac​tivate viruses. The dose varies for different viruses.

Ether Susceptibility. Ether susceptibility can distinguish viruses that possess a lipid-rich envelope from those that do not. The following viruses are inactivated by ether: herpes-, orthomyxo-, paramyxo-, rhabdo-, corona-, retro-, arena-, toga-, and bunyaviruses. The following viruses are resistant to ether: parvo-, papova-, adeno-, picorna-, and reoviruses. Poxviruses vary in sensitiv​ity to ether.

Antibiotics. Antibacterial antibiotics and sulfonamides have no effect on viruses. However, rifampin can inhibit pox virus replication.

Cultivation of the viruses

As viruses are obligate intracellular parasites, they cannot be grown on any inanimate culture medium without living cells
Viruses may be cultivated :

A. in the laboratory animals (mice, guinea pigs, rats and others). Growth of virus in animals is still used for the primary isolation of certain viruses and for the study of pathogenesis of viruses and of viral oncogenesis.

B. in embryonated eggs by inoculation on the chorioallantoic membrane (CAM), into the allantoic or amniotic cavity. Virus growth in an embryonated egg may result in the death of the embryo (eg, encephalitis virus), the production of the pocks or plaques on the chorioallantoic membrane (eg, herpes, smallpox, vaccinia), the development of hemagglutinins in the embryonic fluids or tissues (eg, influenza), or the development of infective virus (eg, polio virus type 2).

C. In the cell cultures. They are cells growing in culture media in the laboratory.

Cell cultures

Cell cultures may be divided into:

· Primary cell lines are normal cells freshly taken from the body and cultured. They have limited growth in vitro

· Diploid cell strains are developed from the human or animal embryonic tissue. They can divide about 50 times in  vitro
· Continuous cell lines   usually derived from cancer cells. They can be maintained in vitro indefinitely.

ІI. Students Practical activities

1. Microscopy cell cultures, inoculated by the viruses and  estimate cytopathic effect of a virus.

1. Virus  indication 

1. Viral growth can cause cytopathic effects (CPE) in the cell culture. 

Cytopathic effects in the host cell may include:

A.  degenerative change or lysis; 

B. the formation of inclusion bodies (into either cytoplasm or nucleus); 

Intracellular inclusions occur when certain viruses are reproduced in cell nuclei and cytoplasm (variola, rabies, influenza, herpes viru​ses, etc.). They are detected by light microscopy after staining a monolayer-carrying slide with the Romanowsky-Giemsa solution or with other dyes, or by the luminescent microscopy, using acridine orange (1:20000).

Depending on a virus type, solitary virions or their crystalloid clusters can be visualized in cell nuclei and cytoplasm with the electron microscope.

C. A specific virus antigen can be detected in virus-infected cell cul​tures using the direct immunofluorescence test.

D. cell fusion (syncytium or symplast formation); 

E. antigenic changes; 
F. transformation.
2. Hemadsorption (Hads).  If hemagglutinating viruses are multiplying in the culture, the erythrocytes will adsorb onto the surface of infected cells

Haemadsorption test makes it possible to reveal the virus before the onset of CPE due to the appearance of the virus-specific antigen (haemagglutinin) on the surface of an infected cell. After a peri​od of incubation appropriate for a virus, 0.2 ml of 0.5 per cent erythro​cyte suspension is added to the cell culture (both control and virus-infected) so that the monolayer is covered, and the culture is stored for 15-20 min at 4°, 20° or 37 (C (depending on virus properties). Then, the test tubes are shaken in order to remove unadsorbed erythrocytes, and erythrocyte clusters are counted on single cells or throughout the monolayer by low-magnification microscopy. Uninfected cells should carry no erythrocytes.

3. Hemagglutination (HA). Some viruses can agglutinate erythrocytes with hemagglutinin spikes on their surface. When erythrocytes are added to such kind virus suspension hemagglutination can be observed 

Haemagglutination test is based on the ability of certain viruses to clump (agglutinate) red blood cells obtained from animals of definite species. Influenza and some other enveloped viruses contain the surface antigen hemagglutinin which is responsible for the erythrocyte agglutination.

4. Metabolic inhibition of the culture cells: color test. It can be revealed by color test: due to metabolism of the living cells acid products are released and indicator in the cell medium change color (making the medium or​ange-coloured). Inoculation of the cell culture with cytopathogenic viruses (enteroviruses, reoviruses, etc.) leads to inhibition of cell metabolism. As a result, the pH of the medium undergoes no change and the medium remains red.

5. Plaque formation in the monolayer cell culture under a solid gel. Plaque is produced due to desquamation or lysis of the infected cells Plaque formation. Plaques, or negative virus colonies, are sites of virus-destroyed cells in the agar-coated monolayer. Infective virus activity is quantified by counting these colonies.

Since one infective viral particle (virion) produces one plaque, the plaque formation test accurately measures both the number of infective units in the specimen and the neutralizing activity of virus antibodies.

6. Pock formation on the CAM. Some viruses (for example, herpesviruses) can form pocks after inoculation on the CAM. The pocks look as white opaque spots on the injected CAM.  Since one infective viral particle (virion) produces one pock, the pock formation test accurately measures both the number of infective units in the specimen and the neutralizing activity of virus antibodies.

2. Viral Identification

Most of the relevant identification techniques rely on the interaction between virus antigens and homologous antibodies: neutralization test (NT), complement-fixation test (CFT), haemagglutination inhibition (HAI) test, indirect or passive haemagglutination (IHA) test, radioimmunoassay (RIA), or in gel (the test of precipitation in gel (PG), radial hemolysis (RH) test, immunoelectrophoresis (IEP) test, enzyme-linked immunosorbent assay (ELISA), radioimmunoassay (RIA), immunofluorescence (IF) test, and haemadsorption inhibition (HadsI) test. 

Haemagglutination inhibition is based on blocking viral haemagglutinin by antibodies. The test is performed on plexiglass plates and interpreted as positive if virus fail to agglutinate erythrocytes on presence of the specific serum. 
Haemadsorption inhibition test is used for identifying haemagglutining viruses (as so as for determination of the serum antibody titres. Specific serum is placed in test tubes with a culture of virus-infected tissue and following its incubation for 30-60 min  erythrocyte suspension is added. Nonimmune serum from the same animal species and erythrocytes are instilled in the control test tubes. The tubes are incubated for 20-30 min at a temperature which is optimal for the haemadsorption of the virus to be isolated. A conclusion about a species of the virus is based oil the  absence of erythrocyte adsorption in the test tubes in the presence of typical haemadsorption in the  control test tubes.

Neutralization test for an infective and cytopathic effect of viruses is performed in virus-sensitive live systems. A virus-containing specimen is serially diluted, and specific serum, is added. The mixture is incubated for 30-60 min at 37 °C and is used to infect tissue culture, chicken embryos, or laboratory animals. A sensitive system inoculated with the virus treated in normal serum serves as control.

Neutralization test is considered positive if the cell culture displays no CPE, chicken embryos show no changes, and the animals live without exhibiting any signs of disease. 

The most sensitive version of the NT is inhibition of virus plaque formation by virus-specific antiserum (virus plaque reduction test). For this test, a virus-containing specimen  is supplemented with antiserum (diluted to a speci​fied titre), and, after 30-60-min incubation in a heating block, the mixture is applied onto monolayers of sensitive cell cultures. Match​ing of the virus to the employed antiserum is expressed in reduced plaque formation as compared with control. The NT helps to ascertain the  virus species and type (variant).

Enzyme-linked immunosorbent assay (ELISA) or the immunoenzymic test relies on the capacity of the enzyme antibody label to break down the substrate with the formation of stained products. Antibodies linked to the enzyme regain their ability to conjugate with antigens. The number of formed enzyme-antigen-antibody complexes corresponds to the intensity of substrate staining. Peroxidase and alkaline phosphatase are commonly utilized as enzymes.

There are numerous methodological variants of immunoenzymic detection of antigens; in most cases the antigen is caught by anti​bodies absorbed to the solid phase. Following incubation with the ma​terial, the antigen tested attaches to the antibody and thus to the solid phase. Then the "linked" antigen is demonstrated by means of enzyme-labelled antibodies against this antigen (the direct variant of ELISA)   ELISA is distinguished by a fairly high sensitivity and rapidity of obtaining the results (within 2 hours).

Radioimniunoassay (RIA). The antibody for RIA is labeled with radioactive isotopes, most commonly with 125I. RIA is very sensitive and allows the detection of 1-2 ng of the sub​stance tested, or even less. Special radiometric equipment is ne​cessary to perform this assay.

Variable RIA modifications are available, with the solid phase variant being the one most frequently utilized in practice. As in the case of solid phase ELISA, antibody is absorbed on a solid phase carrier [on the surface of plates with wells). Adsorbed (immobilized) antibody preserve their capacity to participate in serological reactions for a long time.

Immunofluorescence test, both direct and indirect, is used to demonstrate viruses in clinical specimens, inoculated cell cultures, and in animals

3. Laboratory diagnostics of the viral diseases

· Microscopic methods:

· Observation CPE in the host cell with light microscope

· Immunofluorescence (for rapid presumptive diagnosis)

· Immune electron microscopy (detection of the viruses covered with specific antibody)

· Viral cultivation and identification (virological method)

· Collection of the samples from the patient. Bacteria are killed with antibiotics. Viruses are separated by filtration or ultracentrifugation

· Cultivation and indication of a virus

· Identification of a virus: 

· Serological tests are most often used to identify viruses. The most widely used tests are neutralization test (NT), CFT, passive/ indirect hemagglutination test (PHT or IHT), ELISA, and RIA.
For identification of the hemagglutinating viruses such tests as inhibition of hemagglutination (HAI)  or  inhibition of hemadsorption (HadI)  are applied.

 Viruses also may be identified by PCR.

· Serological method (detection antiviral antibody in the patient's serum)

· Biological method (animal infection)

According to the nature of the material to be tested and the proce​dures utilized, the methods for diagnosing viral infections may be categorized into rapid, viroscopic, virological, and serological (Table 1).

Table 1

 Methods of the Diagnosis of Viral Infections

	Method
	Purpose of examination

	Rapid diagnosis
	Detection and identification of the virus-specific antigen arid diagnosis      viral particles in the patient's material within 2-3 hrs, which is done with the aid of such methods as EM, IEM, IF, RIHA, ELISA, RIA, PG, and HadsSM.

 Detection and identification of the virus-specific antigen and viral particles in the patient's material or in biological sys​tems following the preliminary cultivation of the virus with the help of EM, IEM, IF, RIHA, ELISA, RIA, PG. HA, HAI, and CF

	Virological
	Isolation of the virus through its cultivating in sensitive sys​tems, enrichment for the virus, serological identification, and investigation of the biological properties of the virus by means of such reactions as N, CF, PG, HAI, IF, RIA, ELISA, Hads, and Hadsl

	Serological
	Determination of the growth in the anti-virus antibodies and identification of immunoglobulins by the CF, HAI, N, RH, IF, IHA, RIA, and ELISA tests


Most of the relevant diagnostic techniques rely on the interaction between virus antigens and homologous antibodies in a fluid medium (complement-fixation (CF) test, haemagglutination inhibition (HAI) test, indirect haemagglutination (IHA) test, reversed indirect haem​agglutination (RIHA) test, reversed indirect hemagglutination inhibition (RIHAI) test, radioimmunoassay (RIA), or in gel (the test of precipitation in gel (PG), radial hemolysis (RH) test, immunoelectrophoresis (IEP) test, or during fixation of any ingre​dient in a solid medium (enzyme-linked immunosorbent assay (ELISA), radioimmunoassay (RIA), haemadsorption on a solid-medium (HadsSM) test, immunofluorescence (IF) test, haemadsorp​tion (Hads) test, and haemadsorption inhibition (Hadsl) test). In order to improve test sensitivity, antigens or antibodies are adsorbed on erythrocytes (IHA, RIHA, RIHAI, HadsSM, RH) or linked to enzymes (ELISA), isotopes (RIA, PG), and fluorochromes (IF); an alternative principle is erythrocyte lysis induced by the antigen-antibody interaction in the presence of complement (CF, RH).

The appropriate test procedures are described in detail in chapters dealing with serological diagnosis and with virus detection and identification in cell cultures. This chapter is devoted to the specific features of these tests and modifications which are used in the diagno​sis of viral infections.

Haemagglutination test is based on the ability of certain viruses to clump (agglutinate) red blood cells obtained from animals of definite species. Influenza and some other viruses with supercapsid membrane contain the surface antigen haemagglutinin responsible for the erythrocyte agglutination.

The HA test is performed in test tubes, on special plexiglass plates, and in a Takata apparatus. A virus-containing specimen is double-diluted in 0.5 ml of isotonic saline. Half a millilitre of 1 % erythrocyte suspension thrice washed in isotonic saline is added into all test tubes and 0.5 ml of erythrocyte suspension is mixed with an equal volume of virus-free isotonic sodium chloride solution, to be used as control. The mixture may be incubated at 37°, 20° or 4 °C, depending on the properties of the tested virus.

Test results are assessed at 30-60 min after complete erythrocyte sedimentation in the control, with the findings reading as follows: (++++), intense and rapid erythrocyte agglutination with a star-like, marginally festooned sediment ("umbrella"}; (+++), residue of erythrocytes has clearings; (++), a less marked residue; (+), a floccular sediment surrounded with lumps of agglutinated erythro​cytes, and (—), a markedly localized erythrocyte sediment, as in the control.

Using HA, one can detect the presence of an agglutinating virus in the specimen and determine its titre. The virus titre is defined as the maximum virus dilution at which erythrocyte agglutination still occurs. This dilution is accepted as containing one haemagglutinating unit of the virus.

Haemagglutination inhibition is based on blocking viral haemagglutinin by antibodies. The test is performed on plexiglass plates and interpreted as positive if erythrocytes fail to agglutinate on adding them to mixture of the virus and specific serum. In order to remove or destroy non-specific haemagglutinaton inhibitors, test sera are pretreated with potassium periodate, kaolin, bentonite, acetone, or other agents. Then, the sera are diluted two-fold in isotonic podi​um chloride solution, and every dilution is supplemented with an equal amount of virus-containing fluid which has four haemagglutinating units. The  mixture is incubated for 30-60 min at a tempera​ture optimal for a given virus (0(, 4(. 20°, 37 (C), and an equal volume of 0.5-1 per cent erythrocyte suspension is added. The mixture is reincubated for 30-45 min, and the results of the test are read. The  serum titre is defined as the  greatest serum dilution at which haemaglutination is inhibited.

Microhaemagglutination inhibition test using Takata's micro-panel and loop is also widely employed.
Haemadsorption test makes it possible to reveal the virus before the onset of CPE due to the appearance of the virus-specific antigen (haemagglutinin) on the surface of an infected cell. After a peri​od of incubation appropriate for a virus, 0.2 ml of 0.5 per cent erythro​cyte suspension is added to the cell culture (both control and virus-infected) so that the monolayer is covered, and the culture is stored for 15-20 min at 4°, 20° or 37 (C (depending on virus properties). Then, the test tubes are shaken in order to remove unadsorbed erythrocytes, and erythrocyte clusters are counted on single cells or throughout the monolayer by low-magnification microscopy. Uninfected cells should carry no erythrocytes.

Haemadsorption inhibition test is used for identifying haemadsorbing viruses and determining serum antibody titres. Specific serum (0.2 ml) diluted 1:5 is placed in test tubes with a culture of virus-infected tissue and following its incubation for 30-60 min. 0.2 ml of 0.5 per cent erythrocyte suspension is added. Nonimmune serum from the same animal species and erythrocytes are instilled in the control test tubes. The tubes are incubated for 20-30 min at a temperature which is optimal for the haemadsorption of the virus to be isolated. A conclusion about a species of the virus is based oil the  absence of erythrocyte adsorption in the test tubes in the presence of typical haemadsorption in the  control test tubes.

Neutralization test for an infective and cytopathic effect of viruses is performed in virus-sensitive live systems. A virus-containing specimen is serially diluted, and specific serum, diluted to a titre indicated on the ampoule label, is added. The mixture is incubated for 30-60 min at 37 °C and is used to infect tissue culture, chicken embryos, or laboratory animals. A sensitive system inoculated with the virus treated in normal serum serves as control.

Neutralization test is considered positive if the cell culture displays no cpe, chicken embryos show no changes, and the animals live without exhibiting any signs of disease. The findings obtained are used to determine a neutralization index which is a ratio of the virus titre in the control (where cpe is observed) to the test titre. The test is considered negative if the neutralization index is below 10, am​biguous if it varies from 11 to 49, and positive with an index of 50 or higher (significant virus-antiserum correlation).

The most sensitive version of the N test is inhibition of virus plaque formation by virus-specific antiserum (virus plaque reduction test). For this test, a virus-containing specimen (50-100 plaque-forming units) is supplemented with antiserum (diluted to a speci​fied titre), and, after 30-60-min incubation in a heating block, the mixture is applied onto monolayers of sensitive cell cultures. Match​ing of the virus to the employed antiserum is expressed in reduced plaque formation as compared with control. The N test helps to ascertain the  virus species and type (variant).

Color test (colorimetric neutralization test). Cell activity in the nutrient medium results in accumulation of acid products, which induces a corresponding change in the  pH (making the medium or​ange-coloured). Inoculation of the  cell culture with cytopathogenic viruses (enteroviruses, reoviruses, etc.) leads to inhibition of cell metabolism. As a result, the pH of the medium undergoes no change and the medium remains red.

0.25-ml portions of the working virus dilution (100-1000 CPE50) and the respective serum dilution are pipetted into the  test tubes. Let the mixture stand for 30-60 min at room temperature, and, after adding 0.25 ml of the cell suspension into each test tube, stopper them with rubber plugs, or pour sterile vaseline oil into them. The mixture is incubated at 37 (C for 6-8 days. The results are inter​preted colorimetrically: pH equal to or above 7.4 (red-coloured me​dium) indicates virus reproduction, whereas pH of 7.2 or less (orange-coloured medium) suggests virus neutralization by antibodies.

Enzyme-linked immunosorbent assay (ELISA) or the immunoenzymic test relies on the capacity of the enzyme antibody label to break down the substrate with the formation of stained products. Antibodies linked to the enzyme regain their ability to conjugate with antigens. The number of formed enzyme-antigen-antibody complexes corresponds to the intensity of substrate staining.

Peroxidase and alkaline phosphatase are commonly utilized as enzymes while 5-aminosalicylic acid, orthophenylendiamine, and other substances are used as the substrate for peroxidase.

Currently, a solid phase modification of ELISA is most often employed in microbiology. The essence of this variant consists in the fact that at first antigens (or antibodies) are sorbed on a solid material and only after that the remaining ingredients of the serological reaction are added. Plastic plates, beads, films or tubes made of various synthetic inert materials (polystyrene, methacrylate, etc.) are usually used as a solid phase carrier of antibodies or anti​gens. Being adsorbed on the surface of such materials, antibodies or antigens, even in a dry state, retain their immunological specificity and ability to participate in serological reactions for a long time.

There are numerous methodological variants of immunoenzymic detection of antigens; in most cases the antigen is caught by anti​bodies bound to the solid phase. Following incubation with the ma​terial, the antigen tested attaches to the antibody and thus to the solid phase. Then the "linked" antigen is demonstrated by means of enzyme-labelled antibodies against this antigen, the direct variant of ELISA- In an indirect variant anti-species (antiglobulin) enzyme-labelled sera are used. The amount of enzyme linked to the solid phase is equal to the amount of the antigen. Activity of the enzyme is determined quantitatively by the intensity of post-incubation staining with the appropriate substrate. This analysis can be made by means of an automatic device, with the results being registered by a special spectrophotometer.

ELISA is distinguished by a fairly high sensitivity and rapidity of obtaining the results (within 2 hours). Improvement in the sensitiv​ity of the solid phase ELISA modification requires the use of anti​bodies with a high degree of specificity. Despite their relatively low-affinity, monoclonal antibodies appear promising in this regard. Hence, the  development of methods for obtaining highly affinitive monoclonal antibodies is one of the top priorities facing modern microbiologists.

Procedure. The first stage of ELISA is sorption of the corresponding dilution of antibodies or antigen (in concentration of 10-20u.g/ml)on carbonate-bicarbon​ate buffer in a 0.2-ml portion on a solid phase for 1-2 hrs at 37 °C and 10-12 hrs at 4 °C (sensitization). Then, the wells are washed (to remove the antibody or antigen which has not been sorbed on the carrier) with tap water and washing buffer containing 0.05 per cent Twin-20 for 5 min (twice) at room temperature. After that place into each well (solid phase) 0.2 ml of 1 per cent solution of bo​vine serum albumin in CBB and incubate for 1 hr at 37 (C to ensure covering of those sites of the well surface, which have remained free after sensitization, sorption of the first component of the reaction on the solid carrier- Wash the well to remove the unbound bovine serum albumin and introduce the material to be tested (antigen or antibodies) (in 0.2 ml aliquots) diluted with a phosphate-salt solution (pH 7,2) containing 0.05 per cent Twin-20. Each dilution of the material is pipetted into two wells and placed in a 37 °C incubator for 1-3 hrs. Wash off the antigens or antibodies which have not reacted in the immune test and introduce 0.2-ml portions of conjugated antibodies against the test antigen or antibodies in a working dilution on a phosphate-salt solution containing 0.05 per cent Twin-20. Then, incubate the mixture at 37 °C for two hours. The unbound conjugate is washed off with buffer three times for 10 min.

Put 0.1 ml of substrate (chromogen) solution into the well and allow it to stand for 30 min in the dark at mom temperature. In the process of incubation in the presence of peroxidase orthophenylendiamine is stained yellow and aminosalicylic acid, brown.

To stop the reaction of substrate splitting, add 0.1 ml of 1 N H2SO4 (or 1 M NaOH) into the well.

Control of the reaction: the test antigen or antibodies are replaced with a ho​mologous component of the reaction.

Control of the conjugate:  0.2 ml of 1 per cent bovine serum albumin per CBB + 0.2 ml of conjugated antibodies in the working dilution.

The results of the reaction are read either visually or instrurnentally. In the first case, one looks for the  greatest dilution of the material tested in which the staining is more intense than in the  control (by bovine serum albumin). In read​ing the results of the  test with the  help of a spectrophotometer, a positive dilu​tion is the greatest dilution of the material tested at which the level of extinc​tion exceeds by at least two times the level of extinction of the corresponding dilution of the  heterologous component of the reaction.

To obtain antibodies, conjugated with the enzyme, one needs highly active precipitating sera against the antigen or against animal or human globulins from which the gamma-globulin fraction is isolated by precipitation with poly​ethylene glycol, ammonium sulphate, and by means of the rivanol-alcohol technique. Immunoglobulins are conjugated by the enzyme with the help of glutaraldehyde. Non-conjugated enzyme is removed by dialysis or chromatography on Sefadex. To prevent bacterial growth, merthiolate in a volume of up to 0.01 per cent of the mixture is added to the conjugates and the latter are kept at 4 (C or in the frozen state.

Radioimniunoassay (RIA). The antigen or antibodies for RIA are labelled with radioactive isotopes, most commonly with 125I. RIA is very sensitive and allows the detection of 1-2 ng of the sub​stance tested, or even less. Special radiometric equipment is ne​cessary to perform this assay.

Variable RIA modifications are available, with the solid phase variant being the one most frequently utilized in practice. As in the case of solid phase ELISA, antibodies (antigen) are sorbed on a solid phase carrier [on the surface of plates with wells, beads, and films from polystyrene or other polymer synthetic ma​terials). Adsorbed (immobilized) antigens and antibodies preserve their capacity to participate in serological reactions for a long time.

Figure 1 presents the diagrams of conducting RIA by three methods, viz., competitive, reverse, and indirect.

In the competitive method of RIA antibodies specific in relation to the antigen tested are sorbed on the surface of polystyrene wells. Then, the antigen-containing material to he assayed is placed into the wells and after a definite period of time sufficient for the spe​cific interaction of the antigen with immobilized antibodies to take place, the purified antigen labelled with a radioactive isotope is added. With regard to antigenic specificity, it should correspond to the antibodies immobilized on the surface of wells.

If the material to be examined contains the antigen correspond​ing to immobilized antibodies, some of the active centres of the latter are blocked. In this case the labelled antigen placed into the -wells will conjugate with immobilized antibodies to a lesser degree (as compared to the  control), the difference being expressed in varying levels of radioactivity in the liquid part of the reacting mixture .

In performing reversed RIA purified unlabelled antigen homologous to the antigen tested is sorbed on the surface of the wells. The antigen-containing material is conjugated in a separate test tube with labelled antibodies specific with regard to the antigen immobilized on the surface of the wells. If the material studied contains the an​tigen capable of interacting with labelled antibodies, the active cen​tres of the latter are blocked either partially or completely. In this case following the introduction of this mixture into the wells with the sorbed antigen, the labelled antibodies will be fixed on their surface in lower amounts (as compared with the control), which can be judged by the degree of radioactivity of the well contents (Fig. 1, b).

The conduction of solid-phase RIA appears most convenient when an indirect method with anti-species labelled antibodies (the method of double antibodies) is used . 
Indirect RIA may be employed for detecting both antibodies (serological diagnosis) and unknown antigens. In both cases an anti-species labelled serum containing the antibodies against gamma globulins is used. To carry out the serological diagnosis by indirect RIA. the antigen is sorbed on the well surface and then the patient's diluted serum is added. If it contains the corresponding antibodies, the antigen-antibody complex is formed on the well surface. Upon the subsequent introduction into the wells of the anti-species radio-labelled serum, the antibodies present in it are adsorbed on the formed antigen-antibody complex, with human antibodies (gamma globulins) playing the role of an antigen in the given case. The greater the number of antibodies in the patient's serum, the larger the level of the radioac​tive label linked to the well surface. Measurement of radioactivity in the liquid phase of the well contents gives evidence about the number of antibodies in the patient's serum.

Complement-fixation test is used in virology for the retrospective diagnosis of numerous viral infections by demonstrating specific antibodies in paired human sera and for the evaluation of various clinical specimens for virus-specific antigens.

Virological application of the complement-fixation test is peculiar in that it is performed in the cold (for 12 hours, at 4 °C) and that an additional control with the so-called normal antigen is used (antigens from cells which are known to have reproduced the virus). This anti​gen is used in the same dilution as the viral one. A working comple​ment dilution is prepared ex tempore. Immunofluorescence test, both direct and indirect, is used to demonstrate viruses in clinical specimens, inoculated cell cultures, and in animals 

Radial haemolysis test involves haemolysis of antigen-sensitized erythrocytes by virus-specific antibodies in the presence of comple​ment in agarose gel. The test is routinely used in the serological diagnosis of influenza, other respiratory infections, rubella, parotitis and arbovirus (togavirus) infections.

Agarose (30 mg) is melted in 2.5 ml of phosphate buffer (pH 7.2), cooled to 42 °C, and mixed with 0.3 ml of sensitized erythrocytes and 0.1 ml of complement. One drop of boric acid is added, the mixture is carefully stirred and spread onto panels or slides with a warm 5-ml pipette. The thickness of the resultant layer should not ex​ceed 2 mm. Three-four minutes after agarose solidincatioa the panel is covered with a lid, inverted, and allowed to stand for 30 min at room temperature. Wells are punched in the solidified agarose and filled with test or control serum. The panel is covered with a lid and placed upturned into a moist chamber (Petpi dishes with a mois​tened piece of cotton wool) at 37 °C for 16-18 hrs.

The results of the test are evaluated by the size of hemolysis areas round the serum-filled wells. The controls should present no evidence of hemolysis.

For this test, sheep erythrocytes are washed with phosphate buffer (pH 7.2) and 0.3 ml of 10 per cent suspension is prepared, with a pH optimally adjusted for a given virus (e.g., 6.2-6.4 for tick-borne encephalitis virus). A 0.1-ml por​tion of undiluted antigen is added to erythrocytes, thoroughly mixed, and left to stand at room temperature for 10 min. Sensitized erythrocytes are precipitated by centrifuging for 10 min at 1000 X g, the pellet is washed with phosphate buffer (pH 7.2), and resuspended in 0.3 ml of borate-phosphate buffer (pH 6.2-6.4).

II. Students’  Practical Activities:

1. To read the results of Neutralization test for serological identification of polioviruses.

2. To read the results of Complement-fixation for serological diagnostics of measles.

3. To read the results of Enzyme-linked immunosorbent assay for AIDS diagnostics. To write down the principal scheme of direct and indirect ELISA.

Lesson 40
Theme: special virology. Orthomyxoviruses and Paramyxoviruses. 

Viruses of the influenza, measles, and mumps. 

Laboratory diagnostics, specific prophilaxis and treatment of diseases.

IV. STUDENTS’ INDEPENDENT STUDY  PROGRAMME
1. General characteristic and classification of the orthomyxoviruses.

2. Virus of the flu, its morphology, antigen structure and variation.

3. Methods of the influenza virus cultivation, biological properties and its resistance. 

4. Pathogenesis and laboratory diagnostics of the flu.

a. Rapid diagnostics;

b. Virological (cultural) method;

c. Serological method

d. Modern methods

5. Features of the specific prophylaxis and treatment of the flu.

6. General characteristic and classification of the paramyxoviruses

7. Viruses of the measles, parainfluenza, and mumps; their morphology, and biological features.
8. Pathogenesis and laboratory diagnostics of the diseases caused by paramyxoviruses.

a. Rapid diagnostics;

b. Laboratory diagnostics of  measles;

c. Diagnostics of mumps

9. Methods of specific prophylaxis.

Оrthomyxoviruses
Family includes the enveloped RNA viruses capable to adsorb on erythrocytes with mucoprotein receptor (hemagglutinin). They are 80 to 120 nm in size and roughly spherical in share. Influenza viruses are divided into 3 groups (A, B, C).  The type A of influenza virus has major pandemic significance; type B has epidemic spreading; type C causes sporadic infection. Classification of influenza virus into 3 (А, В and С ) is based on the antigenic nature of ribonucleoprotein (internal antigen).

Influenza Viruses
Morphology. Influenza virus is spherical with diameter 80 to 120 nm. Virus has ribonucleoprotein in helical symmetry. Single- stranded RNA genome is segmented and nucleocapsid is surrounded envelope. Hemagglutinin spikes and neuraminidase peplomers are attached to lipid layer. Hemagglutinin (H) and neuraminidase (N) is typospecific antigen of the virus.

Resistance. The virus is inactivated at 50°C for 30 minutes, ether, formaldehyde, phenol and salts of heavy metals.

Antigenic variation of the flu virus. The characteristic feature of influenza virus is its ability to undergo antigenic variation. Depending on degree antigenic varia​tion may be classified as:
i. Antigenic shift (abrupt, drastic, discontinuous variation in antigenic structure causing major epidemic),

ii. Antigenic  drift  (gradual changes in antigenic  structure regularly, resulting in periodical epidemic). 

Cultivation of the influenza virus. The virus grows into the cells of the amniotic cavity and allantoic cavity of chick embryo. 

It is detected by hemagglutination test prepared with fowl erythrocytes and allantoic and /or amniotic fluid. It may be cultivated also in monkey kidney cells and indicated in the cell culture with hemadsorption. 

Detection of the virus type is carried out with diagnostic sera either in the hemagglutination inhibition test or hemadsorption inhibition test. 

Epidemiology and pathogenesis of the flu.

Route of entry is respiratory tract. The viral neuraminidase faci​litates infection by reducing the viscosity of mucus lining and exposing the cell surface receptor for virus adsorption. These cells are damaged and shed, laying bare the cells in trachea and bronchi.

The incubation period is in average from 1 to 3 days. The onset is abrupt with fever, headache, generalized myalgia and prominent respiratory symptoms. If no complication follows the disease resolves in 2 to 7 days. Complications include pneumonia due to bacterial superinfection, congestive heart failure and encephalitis. 

Laboratory diagnostics.  Rapid presumptive diagnosis is established by demonstration of virus antigen (immunofluorescence).

Classical methods of diagnostics is isolation of virus (chick embryo or monkey kidney cell culture), its successive indication and identification.

Serological method is also used (complement fixation test, hemagglutination inhibition test) and radial immunodiffusion tests in agarose gel (screening test). The main feature of the serological diagnostics is investigation of the couple sera from patient collected with interval in  7-10 days. Increasing of the specific immunoglobulin titer in patient serum in four times is diagnostic criterion of the flu. 

Immunity. Immunity is short and weak due to antigenic variation of the virus.
Specific prophylaxis and therapy.  Influenza vaccine is in use. Vaccine may be prepared by grow​ing virus in allantoic cavity and inactivating the virus with for​malin. Because of presence of egg protein this vaccine may cause allergic reactions. 

This difficulty is removed by preparing subunit vaccines (virus treated with ether). The other vaccines in use are (i) recombinant live vaccines obtained by hybridization between its mutants of established strain (ii) new antigenic variant, a neuraminidase specific vaccine and (iii) a live vaccine using tempera​ture sensitive (ts) mutant etc.

Antiviral drug amantidine hydrochloride which inhibits adsorp​tion of virus to cell is useful in influenza infection. Combined yearly vaccination of persons at high risk, using the best mix of important antigens and administration of amantidine at time of stress, e.g. surgery or hospitalization, etc. is suggested.

Paramyxoviruses
They are larger and more pleomorphic than orthomyxoviruses. They possess hemagglutinins, neuraminidases and hemolysin. They are antigenically stable. This group includes viruses like mumps, parainfluenza, respiratory syncytial and measles. 

(A) Mumps: It is responsible for acute infectious disease characterized by parotitis. The name mumps is derived from mum​bling speech of patients.

Morphology. The virus is spherical varying from 100 to 250 nm. The envelope has hemagglutinins, a neuraminidase and hemolysin. The virus can be grown on yolk sac or amniotic fluid of chick embryo, and human or monkey kidney cell culture. 

Resistance. They are inactivated at room temperature, ultraviolet light or by chemicals like formaldehyde and ether. Two complement fixing antigens have been identified as soluble (S antigen) and viral (V antigen).

Epidemiology and pathogenesis. Infection may be by inhalation and through conjunctiva. Incubation period is 18 to 21 days. Clinical symptoms start with sudden enlargement of parotid glands. Skin over the enlarged parotid glands may be stretched, red and hot. Viremia may be responsible for the involvement of other organs. Orchitis and viral meningoencephalitis are important complica​tions of mumps. The pancreas, ovary, thyroid and breast may be involved. However, it is important and most common cause of aseptic meningitis.

Laboratory diagnostics. Diagnosis is confirmed by isolation of virus from saliva, CSF or urine. For this purpose amniotic cavity of chick embryo or monkey or human kidney cell culture may be used. Serological test like complement fixation, hemagglutination inhibition and neutralization tests may be helpful. Skin test is not very useful but still it can be used to detect susceptible patient.

Immunity. Mumps infection confers lifelong immunity. Normal human gamma globulin prepared from mumps convalescent serum app​ears useful for prophylaxis.

For active immunization killed vaccine (virus grown in allantoic cavity), Jeryl-Lynn strain (live attenuated vaccine) and now live vaccine is available which can be sprayed into mouth with​out any side effect.

(B) Parainfluenza viruses: They possess typical morphology of the paramyxoviruses. They have hemagglutinin, neura​minidase and hemolysin. They may produce febrile respiratory infections throughout the year. They grow well in human or monkey kidney cell culture. Growth in chick embryo is poor or absent (!). They are inactivated by heat and by ether. They are classified into four groups: Parainfluenza 1, Parainfluenza 2, Parainfluenza 3, Parainfluenza 4.

Parainfluenza viruses are responsible for about 10% respira​tory infection in children. Type 1 and 2 cause croup which is a serious clinical disease. Type 3 causes lower respiratory infec​tions and type 4 causes minor respiratory infections.

(C) Measles: It is highly acute infectious disease characterized for generalized maculopapular rash proceeded by fever, cough, nasal and conjunctival catarrh, etc.

The viruses possess hemagglutinin and no neuraminidase (!). They do not grow in eggs but may grow on human embryonic kidney or amnion cell cultures. The virus core may be inactivated by heat, ultraviolet light, ether and formaldehyde. They are antigenically homogenous. Incubation period is 10 to 12 days. Infection manifests as fever and respiratory tract involvement. At this stage Koplik spots may be seen on buccal mucosa and 2 to 4 days later rash appears. Uneventful recovery occurs in most of the patients. In small number of cases complications like croup or bronchitis, secondary bacterial infection, giant cell pneumonia and meningoencephalitis may occur. Very rarely we may have late complication like subacute sclerosing panencephalitis (SSPE).

The diagnosis may be established by isolating the virus from nose, throat, conjunctiva, blood and urine. Primary human embryo​nic kidney and amnion cells are quite useful. Rapid diagnosis of virus growth is possible by immunofluorescene. However, smear can be prepared from nasal, pharyngeal and conjunctival secre​tion and examined microscopically after staining with Giemsa's method for presence of giant cells and inclusion bodies (Cowdry type A). Serological techniques like complement fixation test, neutralization, and hemagglutination inhibition may be useful for establishing diagnosis of measles.

Normal human gamma globulin if given within 6 days of expo​sure can prevent disease. A formalin inactivated vaccine against measles proved not of much use. Live attenuated vaccine is deve​loped using Edmonston В strain. The vaccine can be given in combination with mumps and rubella vaccines (MMR). The other live attenuated vaccines are Schwartz and Mortin strain and Backham 31 strain.

II. Students Practical activities

1. To determine the type of the flu virus in the collected samples with drop technique of inhibition of hemagglutination test using diagnostic sera (types anti-A H1, anti- A H2, and anti-B). 

Carrying out of the test: place one drop of the tested sample on the glass slide and add one drop of the diagnostic serum in proper titer. After 5 minutes add one drop of the erythrocytes and estimate the result (absence of hemagglutination  in sample with corresponding serum and presence in the  samples in which types of the sera are not matched to virus). 

2. To estimate results of the inhibition of hemagglutination, carried out with the couple sera of the patient and diagnostic sera anti-A1, anti-A2 and anti-B. 

3. To determine results of the CFT have been carried out for laboratory diagnostics of the measles.| 

Lesson 41
Theme: Picornaviruses.  

Enteroviruses: Polyoviruses, Coxsackieviruses, Echoviruses. 

Laboratory diagnostics and prophylaxis diseases caused by enteroviruses.
Neuroviruses. Rabies virus. Human viruses causing encephalitis.
STUDENTS’ INDEPENDENT STUDY  PROGRAMME
1. General characteristic and classification of the Picornaviruses. 

2. Morphology, antigen structure, and resistance of the Enteroviruses.

3. Virus of the poliomyelitis, its types and pathogenicity.

4. Epidemiology of poliomyelitis : route of entry, mode of transmission and risk group of the infection.

5. Pathogenesis and laboratory diagnostics of the poliomyelitis:

6. Specific prophylaxis of poliomyelitis: characteristics of the vaccines.

7. Coxsackieviruses. Classification. Differences between coxsackiviruses A and B.

8. ECHO-viruses, major properties and diseases caused by them. 
9. Features of the pathogenesis and laboratory diagnostics of the diseases caused by coxsackiviruses and ECHOviruses.
10. General characteristic and classification of the rhabdoviruses. 

11. Morphology, antigen structure, and resistance of the rabies virus.

12. Epidemiology of the rabies (source of infection, route of transmission).

13. Pathogenesis of the rabies. Features of the disease.

14. Laboratory diagnostics of the rabies:

15. Specific prophylaxis (pre-exposure and postexposure prevention) of the rabies: characteristics of the vaccines.

16. General characteristic and classification of the arthropod-borne viruses.

17. Features of the encephalitis viruses.

18. Laboratory diagnostics of the encephalitis:

19. Preventive measures of Japanese B encephalitis and Russian spring-summer encephalitis (RSSE)
1. The family Picornaviridae comprises a large number of very small (pico, meaning small) RNA viruses.

The family consists of four medical important genera:

· the enteroviruses – viruses of enteric tract

· the rhinoviruses – viruses of respiratory tract

· the cardioviruses – viruses causing miocarditis 

· the aphtoviruses – animal viruses causing foot-and-mouth disease of cattle and lesion of the mucous membrane of a mouth in human 

2. General characteristics of Picornaviruses morphology: size is 22-30 nm in diameter; naked virus with positive sense RNA genome; capsid is composed of 60 capsomers in icosahedral (cubic) symmetry; 

Antigenic structure: enteroviruses have two types of antigens: the first is internal species antigen (ribonucleoprotein), the second one is typospecific surface antigen (protein).

Resistance: they are resistance to ether, chloroform, bile, proteolitic enzymes of the intestinal contents and detergents. They can survive at high acidity of the stomach juice

They are sensitive to formaldehyde and oxidising disinfectants and can be  inactivated by heat (550C for 30 min). Chlorination destroys the virus in water, but much higher concentration of chlorine is necessary to destroy the virus in the presence of organic matter

Cultivation: As a rule, most members can be propagated in human or simian cell culture. Some members may be cultivated in the brain of the sucking mice.

3. Polioviruses is the causative agent of poliomyelitis

Morphology: size is 27-30 nm in diameter, naked virus, capsid surrounds one-stranded (+) RNA, and is composed of 60 capsomers arranged in icosahedral symmetry. Each capsomer is made of one molecule each of the four virion proteins VP1, VP2,VP3 and VP4.

Antigenic properties

On the basic of neutralisation test, the poliovirus strains have been classified into three types 1, 2 and 3.

Type 1 is the most common and causes most epidemics

Type 2 usually causes endemic infections

Type 3 strains have caused epidemics.

Cultivation

Following cell cultures are permissive to poliovirus:

· Primary monkey kidney tissue cultures

· Continuous cell cultures Vero, HeLa and Hep-2

Cytopatogenic effect (CPE) produced by poliovirus is characterised by cellular disorganisation consisting of separation, swelling, increased refractivity and lysis. Determination (indication) of poliovirus in the corresponding cell culture is carried out with CPE and plaque formation in the cell culture under agarose covering.

4. Epidemiology and pathogenesis of poliomyelitis:

The virus is transmitted by fecal-oral route through ingestion. Main source of infection is  ill or  recovering person.  

Pathogenesis: The virus multiplies initially in the epithelial cells of the alimentary tract and in the lymphatic tissues of all gut : from the tonsils to the Peyer´s  patches. It spreads to the regional lymph nodes and enters the blood stream (minor or primary viremia). If there is specific antibody in the blood, virus will be neutralized and patient will become to recover.

In worse case after further multiplication in the reticuloendothelial system, the virus enters the blood stream again (major or secondary viremia) and is carried to the spinal cord and brain. In the central nervous system, the virus multiplies selectively in the motile neurons and destroys them.

Clinical features: The incubation period is on an average about 10 days. 

There are four types of poliovirus infection:

1. Innaparent infection (90-95%). These patients do not have any symptoms but the virus may be isolated from stool or throat or both

2. Minor illness (4-8%). Patient develops mild “influenza-like” illness

3. Non-paralitic poliomyelitis (1-2%). Patient develops headache, neck stiffness and back pain that may indicate some degree of aseptic meningitis

4. Paralitic poliomyelitis (0,1-2%). Patient develops flaccid paralysis on the basis of the site of involvement, the paralysis may be classified as spinal, bulbar or bulbospinal

Immunity: Immunity against poliomyelitis is type specific. Humoral immunity provided by circulating and secretory antibody is responsible for protection against poliomyelitis.

Ig M antibody appears within a week of infection and lasts for about six months.

Ig G antibody persists for life. Neutralizing antibody in blood generally protects against disease, but may not prevent infection of intestinal epithelial cells and virus shedding in faeces.

Secretory IgA in the gastrointestinal tract provides mucosal immunity preventing intestinal infection and virus shedding.

Laboratory diagnosis

Specimens (or samples). Virus can be isolated from the feces (throughout the course of disease), the pharyngeal washing (first 3-5 days) and autopsy specimen (spinal cord and brain)

Direct demonstration of viruses. The virus can be demonstrated in stool by direct electron microscopy and immune electron microscopy (IEM)

Cultural methods of diagnostics (isolation and successive identification of virus)

a. Specimens are inoculated into tissue culture 

b. The virus growth is indicated by typical cytopathic effect seen in cells within 2-3 days

c. The identification of serotype is made by neutralisation tests with pooled and specific antisera

Serology. The four fold rise of antibody titre can be demonstrated in paired sera by neutralisation test

Prophylaxis of the poliomyelitis. It is carried out due to schedule of immunization from 3 till 6 mouth of life; revaccination in one year and then every 5-6 year until adolescent. 

Two types of vaccines are available.

Salk´s killed polio vaccine (Inactivated polio vaccine, IPV). It  is a formalin inactivated preparation of the three types of the poliovirus grown in monkey kidney tissue culture. It induces only systemic antibody response but do not provide intestinal immunity

Live attenuated polio vaccine (Sabin´s vaccine, OPV – oral polio vaccine).  It contains live attenuated strains polio virus types 1,2,3. In induces both local secretory IgA antibodies in the intestine and also humoral antibodies (Ig M and Ig G)

7. Coxsackie viruses. These viruses were first isolated in 1949 in Coxsackie village of New York state

They resemble poliovirus in properties and epidemiology. The characteristic feature of this group is ability to infect suckling mice

Based on the pathological changes produced in suckling mice, coxsackieviruses are classified into two groups:

Group A viruses produce a generalised muscle lesions and flaccid palalysis (23 types)

Group B viruses  produce a patchy focal muscle lesions (myositis), spastic palalysis, necrosis of brown fat, pancreatitis, hepatitis and myocarditis (6 types)

Coxsackie-viruses inhabit the alimentary canal. Infection is transmitted by fecal-oral rout. Incubation period varies from 2-9 days.

Laboratory diagnosis: 

Cultural method: Virus is isolated from faeces or lesions by inoculation into suckling mice

Specimen is inoculated into suckling mice and the animals are then observed for illness

Identification is by studying the histopathology in infected mice

Typing can be done by neutralisation tests
Tissue culture. Monkey kidney cell line and human diploid embrionic lung fibroblasts support the growth of some coxsackie viruses. Cytopatic effect  resembles those of poliovirus, develop more slowly.

Serology. It is not practicable due to the existence of several antigenic types.

Specific prophylaxis: Vaccination is not practicable because of several serotypes and immunity is type specific 

ECHO viruses (Enteric cytopathic human orphan viruses). These viruses were called orphan viruses because they were thought to be unrelated to any particular clinical disease.

By neutralisation tests, they have been classified into 32 serotypes.

ECHO viruses resemble other picornaviruses in their properties. They inhabit the alimentary tract and spread by the fecal-oral route. Laboratory diagnostics is the same to other diseases caused by enteroviruses.  

II. Students Practical activities

1. To make serodiagnosis of the enteric diseases caused be enteroviruses with CFT. To determine rise of antibody titer in the test serum in CFT have been carried out with poliovirus, coxackivirus and Echovirus diagnosticums.

2.  To estimate serotype of isolated from feces poliovirus in the neutralization test. Results of the reaction is determined by metabolic inhibition test. Negative result is confirmed by the same color of indicator after some days of incubation (cell culture is killed by virus). Positive result is determined by changed color of indicator from red to orange due to surviving of the cell culture. Cell culture can survive if diagnostic serum have neutralized test virus. Draw the results of  the NT in the protocol.

3. To acquaint with the vaccine preparations used for immunization of  poliomyelitis.

Rhabdoviruses
Classification.  Rhabdoviruses infecting mammals belong to two genera in Rhabdoviridae family: 

1. Vesiculovirus. This genera contains vesicular stomatitis virus

2. Lyssavirus. It contains rabies virus and related viruses (Lyssa, meaning madness, synonym for rabies)
Rabies virus
Morphology: bullet - shaped, 75x180 nm, with one end round and the other planar or concave. The outer lipoprotein envelope contains haemagglutinating peplomer spikes which do not cover the planar end of the virion

Beneath the lipoprotein envelope is the matrix (M) protein layer which may be invaginated at the planar end. Nucleocapsid shows helical symmetry conteining a single stranded, unsegmented, negative sense RNA genome and a RNA-dependent RNA polymerase. 
Resistance: The virus is highly resistant against dryness, cold, decay and remains infective for many weeks in the cadaver

Being enveloped virus, it is sensitive to lipid solvents such as either, chloroform and acetone,

quaternary ammonium compounds, ethanol and iodine preparations, soaps and detergents, phenol, formalin.

It is inactivated by sunlight; ultraviolet radiation and heat, but survives at 40C for weeks
Antigenic properties: Rabies virus of man and animals appears to be of a single antigenic type. It contains surface and  internal antigens. 

The surface spikes are composed of glycoprotein G, which is strongly antigenic and antibody against it is protective. Haemagglutination is a property of the glycoprotein spikes. The haemagglutinin antigen is species specific.

The nucleoprotein induces antibodies which are not protective. This antigen is group specific. Other antigens include membrane proteins, glycolipid and RNA- dependent RNA- polymerase. 
Animal susceptibility and cultivation

Animals. All warm blooded animals including man are susceptible to rabies infection.

Virus may be cultivated into:

1. Chick embryos. The rabies virus grows in chick embryo and the usual mode of inoculation is into the yolk sac.

2. Tissue culture. The rabies virus can grow in the cell culture of chick embryo fibroblast, hamster kidney cells, human diploid cells and Vero cell culture 
Due to pathogenicity and virulence rabies virus is subdivided into:

1. Street virus. The rabies isolated from natural human or animal infection is called the street virus. Such viruses produce fatal encephalitis in laboratory animals (1-12 weeks). Intracytoplasmic inclusion bodies (Negri bodies) can be demonstrated in brains

2. Fixed virus. By several serial intracerebral passages in rabbits, the virus undergoes certain changes and is termed the fixed virus. The fixed virus is more neurotropic, it produces fatal encephalitis after intracerebral inoculation. Negri bodies are usually not demonstrable in the brain. The fixed virus is used in vaccine
Pathogenesis. Rabies is a natural infection of dogs, foxes, cats, wolves and bats.

Man is infected by the bite of rabid dog or other animals. Saliva containing viruses is deposited in the wound.

The incubation period varies from 1-3 months, sometimes may be short as 10 days particularly in children and with wounds on face and neck.
The rabies virus multiplies in muscle or connective tissue at or near the site of introduction before it attaches to nerves.

It spreads centripetally via the peripheral nerves towards the central nervous system (CNS)

Following infection of the CNS, the virus spreads to peripheral nerves, and involves skeletal and myocardial muscles, adrenal glands and skin. The salivary gland invasion is necessary to transmit the virus to another animal or human
Laboratory diagnosis.

1. Immunofluorescence test. Viral antigens can be detected in corneal impression smears and facial skin biopsies or saliva by direct immunofluorescence. Brains can also be examined immunofluorescence technique.

2. Demonstration of Negri bodies. This is demonstrated in brain. Negri bodies appear as intracytoplasmic, oval or round, purplish pink (3-27nm) bodies with characteristic basophilic inner granules.

3. Antibody detection: high titre antibodies in the CSF can be used for estimating of the immune persons
4. Isolation of the virus. The virus can be isolated from specimens like CSF, saliva and urine, by intracerebral inoculation in mice. However, during postmortem brain tissue is also used. 

To identify virus neutralisation test, complement fixation test (CFT), haemagglutination inhibition test, ELISA, and passive hemagglutination test are carried out.

5. PCR – reverse transcriptase PCR can be used for detection of rabies virus RNA.

Prophylaxis may be pre-exposure (for groups with high risk of infection) and postexposure for bitten persons. 
Pre-exposure prophylaxis – it is necessary for laboratory personal and those who handle potentially infected animals

Post-exposure prophylaxis. It includes:

1. Local treatment (soap, quaternary ammonium compound or tincture iodine or alcohol, antirabic hyperimmune serum)

2. Hyperimmune serum

3. Vaccination.  
LESSON 42
THEME: HEPATITIS VIRUSES.  

CAUSATIVE AGENTS OF THE INFECTIOUS AND SERUM HEPATITIS. 

LABORATORY DIAGNOSTICS AND PROPHYLAXIS DISEASES.

STUDENTS’ INDEPENDENT STUDY  PROGRAMME

1. General characteristic and classification of the hepatitis viruses. 

2. Morphology, antigen structure, and resistance of the hepatitis B virus.

3. Morphology, antigen structure, and resistance of the hepatitis D, C, and G viruses.

4. Epidemiology of hepatitis with parenteral route of transmission.

5. Morphology, antigen structure, and resistance of the hepatitis A and E viruses.

6. Epidemiology of hepatitis with ingestion (fecal-oral) route of transmission.

7. Pathogenesis and laboratory diagnostics of the infectious hepatitis:

8. Rapid diagnostics (IEM, detection of the viral antigens in the feces with ELISA);

9. Serological method (CFT, PHAT)

10. Pathogenesis and laboratory diagnosis of the parenteral hepatitis:

11. Modern methods (ELISA test, immunoblotting)

12. Specific prophylaxis of hepatitis: characteristics of the vaccines.
1. The term “viral hepatitis” refers to a primary infection of the liver by any one of a heterogeneous group of “hepatitis viruses”. It consists of types A, B, C, D, E, G.

Hepatitis viruses are taxonomically unrelated (DNA and RNA viruses). The features common to them are: hepatotropism, ability to cause a similar icteric illness 

By epidemiological and clinical criteria, two types of viral hepatitis had been recognised for long:

A first type (infective or infectious hepatitis) is occurred sporadically or as epidemics;

affecting mainly children and young adults; transmitted by the fecal-oral route.A second type (serum hepatitis or transfusion hepatitis) transmitted mainly by parenteral route.

2. Type B hepatitis (HBV)

HBV is assigned to a separate family Hepadnaviridae 

Morphology: HBV is a 42 nm, DNA virus with an outer envelope and inner core, enclosing the viral genome and a DNA polymerase

Under the electron microscope, sera from type B hepatitis patients show 3 types of particles:

spherical (20 nm in diameter), tubular (20 nm in diameter) and these two types of particles represent Australia antigen. 

The third type of particles are double shelled spherical (42 nm) and also called Danes particles    

Antigen Structure:

HBsAg – hepatitis B surface antigen (glycoprotein)

HBcAg – hepatitis B core antigen (nucleocapsid)

HBeAg – hepatitis B core antigen, is derived from HBcAg (contains viral DNA polymerase enzyme)

Resistance: HBV is a relatively heat stable virus (It survives at room temperature for long periods).  Heat at 600C for 10 hours reduces infectivity by hundred- to thousand fold

It is susceptible   to chemical agents: hypochlorite, 2% gluteraldehyde

3. Type D (Delta) hepatitis (HDV)

HDV is a defective RNA virus depending on the helper function of HBV for its replication and expression. It belongs to genus Deltavirus

Morphology: It is spherical, 36-38 nm diameter; RNA particle surrounded by HBsAg envelope. The genome is a single stranded small circular molecule of RNA. It encodes its own nucleoprotein, the delta antigen, but the outer envelope of HDV is encoded by the genome of HBV coinfecting the same cell

Epidemiology: There are three important modes of transmission of HBV and HDV infection: parenteral, per natal, sexual

The incubation period is long (about 1- 6 months)

Two types of hepatitis B and D infection are recognized:

Coinfection: delta and HBV are transmitted together at the same time. Coinfection clinically presents as acute hepatitis B, ranging from mild to fulminant disease

Superinfection: delta infection occurs in a person already harbouring HBV. Superinfection usually leads to more serious and chronic illness 

The clinical picture of hepatitis B is similar to that of type A, but it tends to be more severe and protracted

The pathogenesis of hepatitis appears to be immune mediated. Hepatocytes carry viral antigens and are subject to antibody-dependent NK cell and  cytotoxic T-cell attack

In the absence of adequate immune response HBV infection may not cause hepatitis, but may lead to carrier state 

 Laboratory diagnosis of the HBV infection

Laboratory diagnosis of HBV infections can be carried out by detection of hepatitis B antigens and antibodies (viral markers). These can be detected by sensitive and specific tests like ELISA and RIA

HBsAg – it is the first marker to appear in blood after infection. Peak levels of HBsAg are seen in the preicteric phase of the disease. It remains in circulation throughout the icteric or symptomatic course of the disease

HBeAg – appears in the serum at the same time as HBsAg. HBeAg is an indicator of active intrahepatic viral replication and the presence in blood of HBV DNA, virions and DNA polymerase.

HBcAg – is not detectable in the serum but can be demonstrated in liver cells by immunofluorescence. Anti-HBc antibody is the earliest antibody to appears in the blood.

Viral DNA polymerase – it appears transiently in serum during preicteric phase (the level DNA can be detected in serum by PCR) 

Laboratory diagnosis of the HDV infection

Delta antigen is primarily expressed in liver cell nuclei, where it can be demonstrated by immunofluorescence

Anti-delta antibodies appear in serum and can be identified by ELISA test

Type C hepatitis (HCV)

Hepatitis C virus belongs to the family Flaviviridae

Morphology: HCV is a 50-60 nm virus with a linear single stranded positive RNA . Enclosed within a core and surrounded by an envelope, carrying glycoprotein spikes

HCV infection is seen only in humans. The source of infection is the large number of carriers

The incubation period is long (15-160 days). The acute illness is usually mild or unicteric

The hepatitis progress to chronic hepatitis, with some developing cirrhosis and hepatocellular carcinoma

Laboratory diagnosis

It can be established by detection of anti-HCV by ELISA. Antibody detection becomes positive only month after the infection

Viral genome (HCV RNA) can be detected by PCR and immunofluorescence.

Type G hepatitis (HGV)

In1996, this virus was first isolated from a patient with chronic hepatitis

It has been placed in family Flaviviridae

Morphology of the virus is like to hepatitis C virus. 

HGV RNA has been found in patients with acute, chronic and fulminant hepatitis, haemophillics, patients with multiple transfusions, blood donors and intravenous drug addicts

The virus is transmitted parenterally, sexually and from mother to child

Infection may occur in patients coinfected with hepatitis C

HGV infection can be detected by reverse transcriptase polymerase chain reaction

Type A hepatitis (HAV)

Morphology. HAV is a spherical RNA virus, 27-30 nm in diameter, non enveloped, lipid is not an integral component

Belongs to the Picornaviridae family, genus   Hepatovirus

Resistance

HAV is resistant to heat at 60oC for one hour, acid at pH 3, boiling for one minute, autoclaving 1210C for 20 minutes, 1:4000 formaldehyde at 370C for 72 hours

It survives prolonged storage at a temperature of 40C or below

Epidemiology: HAV transmission is by the fecal-oral rout 

Pathogenesis: The virus multiplies in the intestinal epithelium and reaches the liver by hematogenous spread

The clinical disease consists of two stages: the prodromal (or preicteric) and the icteric stage

The onset may be acute or insidious, with fever, malaise, anorexia, nausea, vomiting and liver tenderness.

There is also jaundice, with yellowing of the skin and the whites of the eyes and the dark urine typical of liver infections

Liver damage is probably caused by immunological reactions

Laboratory diagnosis

Etiological diagnosis of type A hepatitis may be demonstration of the virus or its antibody

IEM – the virus can be visualized in fecal extracts

Serological tests: CFT, immune adherence, reaction of the passive hemagglutination, radioimmunoassay and ELISA (by detection of antibody: Ig M and Ig G)

Type E hepatitis (HEV)

HEV is a spherical non enveloped virus, 32-34 nm in diameter, with a single stranded RNA genome, the surface of the virion shows indentation and spikes

Hepatitis E virus belongs to family Caliciviridae

This virus causes enterically transmitted E hepatitis

Hepatitis E has been shown to occur in epidemic, endemic and sporadic forms

It occurs predominantly in young to middle-aged adults

Clinically the disease resembles that of hepatitis A

The disease is generally mild and self limited, with a low case fatality

A unique feature is the clinical severity and high case fatality in pregnant women, especially in the last trimester of pregnancy  

Laboratory diagnosis

Immunoelectron microscopy – feaces is examined by electron microscopy of aggregated calicivirus-like particles using monoclonal antibodies

ELISA test and western blot assay : these are used for detection of Ig M and Ig G antibodies

Polymerase chain reaction : HEV RNA can be detected in faeces or acute phase sera of patients

Prophylaxis of the serum hepatitis includes:

General preventive measures (these include health education, improvement of personal hygiene and strict attention to sterility. Prophylaxis of the serum hepatitis  is also included blood or blood products screening. Avoidance of use of unsterile needles, syringes and other material is another important general prophylactic measure

Immunisation is carried out only for prophylaxis of the hepatitis A, B, and D.

Passive  prophylaxis of the hepatitis B and D– use hepatitis B immunoglobulin (HBIG is prepared from donors with high titres of anti-HBs

Active of the hepatitis B and D . Following vaccine preparation may be useful:

HBsAg from human carriers;

HBsAg produced in cell line from human hepatocellular carcinoma

HBsAg inserted genome in plasmid (genetic engineering)

Vaccine from polypeptide HBsAg 

Prophylaxis of the infectious hepatitis:

General prophylaxis consists of improved sanitary practices; prevention of fecal contamination of food and water

Specific prophylaxis (only hepatitis A)

Active– use a live attenuated or inactivated vaccine (protection beings 4 weeks after injection and lasts for 10 to 20 years

Passive – use normal human immuniglobulin

V. Students Practical activities:

1. To diagnose hepatitis A with CFT. Estimate titer of the complement-fixing antibody in the paired sera of the patient with hepatitis. Make the conclusion based on the antibody titer rise. 

2. Estimate results of the ELISA which have been carried out for revealing of HBsAg in the test sera collected from 10 patients with hepatitis. Write down the stages of the ELISA for detection specific antigen in the collected samples.

3. Acquaint with preparations for specific prophylaxis and treatment of the viral hepatitis. Note medicines for treatment of the serum hepatitis/  

Lesson 43
Theme: Retroviruses. 

Human immunodeficiency virus (HIV).

Laboratory diagnostics of the HIV infection and AIDS. 

STUDENTS’ INDEPENDENT STUDY  PROGRAMME
1. General characteristic and classification of the retroviruses. 

2. Morphology, antigen structure, and resistance of the HIV.

3. Epidemiology of the HIV infection (source of infection, route of transmission, groups with high risk of infection).

4. Pathogenesis of the HIV infection. AIDS as terminal stage of the HIV infection.

5. Laboratory diagnostics of the HIV infection:

Presumptive  diagnostics (detection of the anti-gp antibody in the test serum with ELISA);

Confirmation of presumptive diagnose with immunoblotting (western blot) 

6. Prophylaxis and therapy of the HIV infection: characteristics of the chemotherapeutic drugs.

7. AIDS-associated diseases: brief review.

1. The family Retroviridae has been divided into three sub families:

· Lentivirinae (includes the causative agent of the slow virus diseases)

· Oncovirinae

· Spumavirinae

Human Immunodeficiency virus (HIV)

In 1983, Luc Montangnier isolated a retrovirus from the lymph node cell of a patient with lymphadenopathy and termed this virus lymphadenopathy-associated virus (LAV) 

The next year, Robert Gallo´s group confirmed and extended this finding, linking this virus to the immunodeficiency syndrome  (AIDS – acquired immunodeficiency syndrome 

The etiological agent of AIDS belongs to the lentivirus subgroup of the family Retroviridae

Morphology
HIV is a spherical enveloped virus with diameter 90-120 nm. It contains two identical copies of single stranded, positive sense RNA genome. There is reverse transcriptase enzyme  associated with viral RNA into the nucleocapsid. The virus contains a lipoprotein envelope (consists of lipid derived from the host cell membrane and glycoprotein of virus) and nucleocapsid. 

The major virus coded envelope  glycoproteins are the projecting spikes on the surface (spikes bind to the CD4 receptor on susceptible host cells)

Major antigens of HIV
Envelop antigens:

· Spike antigen – gp 120 (principal envelop antigen)

· Transmembrane pedicle protein – gp 41

Shell antigen:

· Nucleocapsid protein – p 18

Core antigens:

· Principal core antigen – p 24

· Other core antigens – p 15; p 55

· Polymerase antigens – p 31; p 51; p 66
Antigenic variation

HIV undergoes frequent antigenic variation of core and envelope antigens.

Two distinct antigenic types of HIV have been identified

HIV-1 – represents the original isolate from America, Europe and other Western countries

HIV-2 - represents isolates from West Africa

The envelope antigens of two types are different. Their core polypeptides show some cross reactivity
Resistance
HIV is heat labile, being inactivated at 560C in 30 min and in seconds at 1000C. At room temperature, it may survive up to seven days

It is inactivated in 10 min by treatment with 35% isopropyl alcohol, 70% ethanol, 0,5% lysol, 0,5% sodium hypochlorite and 3% hydrogen peroxide, detergents 
Epidemiology
There are three modes of transmission:

· sexual intercourse

· parenteral – it may occur through blood after receiving infected blood transfusions, blood products, sharing contaminated syringes and needles

· perinatal - infection may be transmitted from an infected mother to her child either transplacentally or perinatally .

Pathogenesis

Infection is transmitted when the virus enters the blood or tissues of a person and comes into contact with a suitable host cell (T- lymphocytes (helper), B- lymphocytes, monocytes, macrophages, glial cells, microglia, follicular dendritic cells from tonsils)

Once in the cell, RNA is transcribed by reverse transcriptase into DNA (provirus)
The provirus is integrated into the genome of the infected cell causing a latent infection

From time to time, lytic infection is initiated and releases progeny virions to infect other cells

Viral infection can suppress the function of infected cells without causing any structural damage

Clinical manifestation in HIV infections are mainly due to failure of immune responses 

Clinical features

The center for Disease Control in Atlanta, USA has classified the clinical course of HIV infection into various groups:

Group 1 – Acute HIV infection. The illness is characterized by acute onset of fever, malaise, sore throat, myalgia, arthralgia, skin rash and lymphadenopathy 

Group 2 – Asymptomatic infection. 
Group 3 - Persistent generalized lymphadenopathy. This group is characterised by enlarged nodes (more than 1 cm) at two or more extragenital sites for at least three months.

Group 4 – Syptomatic HIV infections. When CD4 T-lymphocyte count falls the patient may develop symptoms like fever, diarrhea, weight loss, night sweets and opportunistic infections. In addition to the opportunistic infections, patient may also develop primary lymphoma and progressive multifocal leukoencephalopathy
Laboratory diagnosis

Laboratory diagnosis of HIV infections includes specific tests for HIV and tests for immunodeficiency.

Specific tests to diagnose of the HIV infection

1. Antigen detection – following a single massive infection, the virus antigen (p24) and reverse transcriptase may be detected in blood after about two weeks. The p24 antigen is the earliest virus marker to appear in the blood. The p24 antigen capture assay (ELISA) using anti-p24 antibody as the solid phase can be used for detection of this antigen 
2. Virus isolation - patient‘s lymphocytes are co-cultivated with uninfected human  lymphocytes in the presence of interleukin-2. Viral replication can be detected by demonstration of reverse transcriptase activity and presence of viral antigen (virus titers are high early in infection before antibodies appear) 

3. Detection of viral nucleic acid – nucleic acid can be detected by polymerase chain reaction (PCR)

The most widely used is the serological method as following:

4. Antibody detection. There are two types of serological tests:

Screening: ELISA test, particle agglutination (latex, gelatin) 

Supplemental test: western blot test, indirect immunofluorescence test, radio immunoprecipitation assay
Laboratory diagnostics of the HIV
Non-specific tests: 

Total and differential leukocyte count

T-lymphocyte subset assays

Platelet count

Ig G and Ig A levels

Tests for opportunistic infections and tumour

Prophylaxis

No effective vaccine has yet been found out.  High rate of mutation of the virus has difficulty in developing the vaccine.

Antiretroviral therapy

Antiretroviral drugs include both:

Nucleoside and non-nucleoside inhibitors of enzyme reverse transcriptase

Nucleotide inhibitors

Viral protease inhibitors

Fusion inhibitor                                                                                                                                                                                                                                                                                                                                      

VI. Students Practical activities:

3. To perform ELISA with test sera to reveal specific antibody. To estimate results of the test.

 Enzyme-linked immunosorbent assay (ELISA) or the immunoenzymic test relies on the capacity of the enzyme antibody label to break down the substrate with the formation of stained products. The number of formed enzyme-antigen-antibody complexes corresponds to the intensity of substrate staining. Peroxidase and alkaline phosphatase are commonly utilized as enzymes.

 ELISA is distinguished by a fairly high sensitivity and rapidity of obtaining the results (within 2 hours).

To perform ELISA, one should have polystyrene plates with flat-bottom wells and automatic pipettes. To quantitate the results, the spectrophotometer (a registrator of extinction at a 492 nm wave length) is used.

Procedure. The first stage of ELISA is sorption of the corresponding dilution of antigen on a solid phase for 1-2 hrs at 37 °C and 10-12 hrs at 4 °C (sensitization). Then, the wells are washed (to remove antigen which has not been adsorbed on the carrier) with tap water and washing buffer containing 0.05 per cent Twin-20 for 5 min (twice) at room temperature. 

After that add test serum collected from examined persons (in 0.2 ml aliquots) diluted with a phosphate-salt solution (pH 7,2) into each well. Each serum is added into one well and placed in a 37 °C incubator for 1-3 hrs. 

Then wash off the antibodies which have not reacted with the antigen. Following this stage introduce 0.2-ml portions of enzyme-linked antibodies against the human immunoglobulin (antiglobulin enzyme-linked serum) and incubate the mixture at 37 °C for two hours. The unbound conjugate is washed off with buffer three times for 10 min.

Put 0.1 ml of substrate (chromogen) solution into the well and allow it to stand for 30 min in the dark at room temperature. In the process of incubation in the presence of peroxidase orthophenylendiamine is stained yellow and aminosalicylic acid, brown.

To stop the reaction of substrate splitting, add 0.1 ml of 1 N H2SO4 (or 1 M NaOH) into the well.

The results of the reaction are read either visually or instrumentally. 

4. To acquire with immunoblotting test. To draw the scheme of this test. 

Vaccines are of two main categories:

Neural. Pasteur (1885) first developed rabies vaccine by drying spinal cord of infected rabbit. The following are some of the infected brain vaccines being used.

Sample vaccine – it is a 5% suspension of infected sheep brain and inactivated by 5% phenol

Beta propilacton vaccine (BPL). It is modified Sample vaccine with BPL as inactivating agent instead of phenol

Infant brain vaccine – Brain tissue vaccines are associated with neurological complications due to the presence of myelin
Non-neural vaccines
Egg vaccines: 

Duck egg vaccine – it is beta propiolactone inactivated vaccine

Live attenuated chick embryo vaccine

Cell culture vaccines. The human diploid cell strain vaccine is prepared by growing fixed rabies virus on human diploid cell and inactivated with beta propiolactone

Subunit vaccine. Surface glycoprotein, which is the protective antigen has been cloned and recombinant vaccine produced. It is still in the experimental stage.

Arboviruses

Arboviruses (arthropod-borne viruses) are RNA viruses that are transmitted by blood-sucking arthropods from one vertebrate host to another.

Taxonomically, arboviruses belong to five families: 

Togaviridae, Flaviviridae, Bunyaviridae, Reoviridae, Rhabdoviridae.

Most viruses of medical importance are flaviviruses
General properties

The arboviruses share some common biological properties:

All members produce fatal encephalitis in suckling mice after intracerebral inoculation.

They possess haemagglutinin and agglutinate erythrocytes of goose or day-old chicks.

Mosquito-borne arboviruses multiply in Aedes and Culex mosquitoes while tick-borne arboviruses multiply in Ixoid ticks.

They can be grown in tissue cultures of primary cells like chick embryo fibroblasts or continuous cell line like Vero, and in cultures of appropriate insect tissues.

In general, arboviruses are readily inactivated at room temperature and by bile salts, ether and other lipid solvents.
Antigenic structure. Three antigens are important in serological studies namely 

1. haemagglutitins

2. complement fixing

3. neutralising antigens

Pathogenesis. The virus enters the body through the bite of the insect vector. It multiplies in the reticuloendothelial system and leads to viremia. 

In some cases, the virus is transported to the target organs, such as the central nervous system in encephalitis, the capillary endothelium in haemorrhagic fevers and the liver in yellow fever.
Flaviviridae
Morphology. Viruses of the family Flaviviridae are spherical, 40-50 nm in diameter. They contain a single stranded positive sense RNA. Inner viral core is surrounded by a lipid envelope which is covered with glycoprotein peplomers and matrix or membrane protein.

Mosquito-borne Flaviviruses
Japanese B encephalitis virus.

Natural infection of Japanese B encephalitis  occur in birds (herons and egrets) and the virus spread from bird to bird through Culex tritaeniorhynchus.

Human infection occurs from these reservoir birds by several species of Culicine mosquitoes
Clinical features: The disease has an abrupt onset and symptoms include fever, headache and vomiting. After 1-6 days, signs of encephalitis characterised by neck rigidity, convulsions, altered sensory and coma appear.

Mortality in some epidemics has been up to 50%
Tick-borne encephalitis viruses
Russian spring-summer encephalitis (RSSE). Infection is transmitted by the bite of Ixoid ticks. Wild rodents and birds are other reservoirs. The virus is excreted in milk of infected goats. It may be transmitted to man by drinking the milk of infected goats

Control measures include avoidance of tick bites. A formalin-killed RSSE vaccine has been found useful.
Laboratory diagnosis: 

Diagnosis may be established by virus isolation or serology.

Specimens – blood, CSF and brain may be used for isolation virus

Virus isolation

Suckling mice.    Specimens are inoculated intracerebrally into suckling mice.

Tissue culture. Vero, BHK-21 and mosquito cell lines are inoculated with specimens.

Virus is isolated from Insect Vectors and reservoir animal

Serology (ELISA, CFT, haemagglutination inhibition or neutralisation test )

Students Practical activities:
1. To diagnose RSSE with CFT. Estimate titer of the complement-fixing antibody in the paired sera of the patient with encephalitis. Make the conclusion basing on the antibody titer rise. 

2. To diagnose Japanese encephalitis with IHA. To determine titer of antibody in the paired sera from patient with encephalitis. Make the serodiagnose basing on the antibody titer rise. 

Lesson 57
Theme: Herpesviruses. 

General properties. 

Laboratory diagnostics of human diseases caused by herpes viruses.

THEORETICAL QUESTIONS

1. General characteristic and classification of the herpesviruses.

2. Alpha-herpes viruses: general properties. 

3. Herpes simplex virus (HSV), types, morphology, antigen structure and resistance.

4. Methods of the HSV cultivation, indication and identification. 

5. Epidemiology, pathogenesis and laboratory diagnostics of the herpes simplex infection.

a. Rapid diagnostics;

b. Virological (cultural) method;

c. Serological method

d. Modern methods

6. Varicella-zoster virus (VZV), biological properties, cultivation and indication.

7. Epidemiology and pathogenesis of chickenpox and zoster infection.

8. Laboratory diagnostics of varicella-zoster infection:

a. Rapid diagnostics;

b. Virological (cultural) method;

c. Serological method

9. General characteristic of beta-herpes viruses. Biological characteristics of cytomegalovirus (CMV).

10. Laboratory diagnostics of cytomegalic inclusion disease (congenital CMV infection)  and generalized CMV infection in adults.
a. Microscopic method
b. Serological method
11. General characteristic of gamma-herpes viruses. Biological characteristics of Epstein-Barr virus (EBV) and sarcoma Kaposhi’s associated herpes virus (HHV 8).

12. Epidemiology, pathogenesis and laboratory diagnostics of infectious mononucleosis.

a. Serological method

b. Blood assay

13. Specific prophylaxis and therapy of herpes infections.

Herpes viruses. Classification

Family Herpesviridae is divided onto three subfamily based on the type of host cell most often infected and the site of latency.

Alphaherpesvirinae includes next species:

1. Herpes simplex viruses 1 and 2 (HSV1 and HSV2)

2. Varicella-zoster virus (VZV or HHV 3)

Betaherpesvirinae contains species: 

1. Cytomegalovirus (CMV or HHV 5)

2. HHV6 and HHV7

Gammaherpesvirinae includes species:

1. Epstein-Barr virus (EBV or HHV4)

2. Kaposi`s sarcoma associated virus (HHV8)

General properties of herpes viruses
1. Alpha-herpes viruses infect epithelial cells primarily and cause latent infections in sensory ganglia. They have relatively short replicative cycle (12-18 hrs). They are readily cultivated onto the CAM of chicken embryo and into the cell of continuous cell cultures (HeLa, Hep-2 )

2. Beta-herpes viruses can cause infection of salivary glands and other inner organs. They replicate slowly (more than 24 hrs). They are cultivated into the human fibroblast and induce enlargement of the infected cell

3. Gamma-herpes viruses infect lymphoid cell and can be cultivated into the limphoblastoid cells. They have the highest oncogenic properties within the family

Morphology of herpesviruses

They enveloped DNA-including viruses with double-stranded DNA. The herpes virus capsid is icosahedral. The envelope is derived from nuclear membrane of the host cell during budding of the virus. There is additional structure named the tegument between capsid and envelope. The envelope carries virus spikes (receptors)

The diameter of virion is ranged from 120 to 230 nm.

General biological properties
1. Herpes viruses replicate into the nucleus of the host cell. They can cause intranuclear (Lipschutz) inclusion body.

2. They do not show any antigenic cross reaction. Any herpes virus has surface type specific and inner group specific antigens

3. They are sensitive to lipid solvents like alcohol, ether, chloroform and others. They are heat labile, but stable to freeze and lyophilization.

4. They have narrow host range and cause human infection

5. They can cause both latent and productive types of infection into the different host cells

6. The most part of the herpes viruses possess oncogenic properties

Herpes simplex virus

There are two types of the herpes simplex virus (HSV):

1. HSV type 1 causes herpes labialis and isolated from lesions in and around the mouth (“lesions above the waist”);

2. HSV type 2 is isolated from genital tract lesions (“lesions below the waist”) and causes herpes genitalis

Cultivation of the HSV

HSV has typical morphology and may be cultivated into the next alive systems:

1. Onto the chick embryo CAM (it produces small white shiny pocks)

2. Into the cell cultures (primary and continuous): it forms CPE with intranuclear inclusions and multinucleated giant cells

3. It can be propagated into conjunctiva cells of rabbits (experimental keratoconjunctivitis)

Epidemiology and pathogenesis

The source of infection is ill person with typical lesions. Infection is transmitted by close direct contact (labial herpes or cold sore, fever blister) or sexual intercourse (genital herpes). Viruses are present in abundant number in the skin lesions, saliva and secretions (respiratory, vaginal, etc.). Virus enters through small defects into the skin or mucous membranes and replicates locally, causing typical vesicular lesions. Then it is transported intra-axonally to the sensory ganglia (trigeminal ones at labial herpes and sacral ones at genital herpes where it causes latent infection). Sometimes virus can be reactivated into the ganglia, transported to the skin or mucous membrane and result in reccurent herpes

Clinical features: HSV causes thin walled vesicles which heal without scarring. Lesions may be localized onto the face (cutaneous herpes), mucous membranes (herpetic gingivostomatitis), onto the cornea (keratoconjunctivitis, branching dendritic ulcers of cornea), onto the external sexual organs (genital herpes). The severest form is generalized herpes and congenital herpes (transplacental herpes) that have multi-organ involvement.

Laboratory diagnostics of herpes simplex infection

Clinical specimens: fluid from lesions, CSF, saliva

1. Microscopy: Preparation the Tzanck smear from lesions and detection typical Tzanck cells (multinucleated giant cells with faceted nuclei and homogeneously stained chromatin);

In the smear stained with Giemsa methods intranuclear incusions may be revealed (Lipschutz inclusion bodies)

Other methods of rapid diagnostics: immune electron microscopy, immunofluorescence

2. Virus isolation: Cultivation onto the chick embryo CAM or into the cell cultures. Indication of virus with pock formation on the CAM or with CPE into the infected cells in the cell cultures. Identification of virus with serological test (neutralization test)

3. Serology: to detect primary infection IgM is revealed into the patient serum with ELISA;

Others tests : CFT, neutralization test

Treatment and prophylaxis

1. Acyclovir (Zovirax), valacyclovir (Valtrex), penciclovir inhibit viral DNA-polymerase

2. Idoxirudine, trifluridine (Viroptic) are used for eye infection

Prevention is possible by avoiding of direct contact with lesions. Congenital and perinatal herpes infection is prevented by cesarean section

Varicella-zoster virus (VZV)

It has the typical morphology, but it is not cultivated onto the CAM of chick embryo and it is not pathogenic for laboratory animal. Virus may be cultivated into the human cell cultures (fibroblast or amnion cells) and into the HeLa cells. It does not show antigenic variation and present as single antigenic variant. It causes chickenpox after primary infection (disease of childhood), while herpes zoster arises after reactivation of the latent virus in immunocompomised patients (endogenous infection). Immunity after chickenpox is strong, long-lasting (life-long)

Epidemiology and pathogenesis

The source of infection is person with chickenpox or more rarely with herpes zoster. Infection is transmitted with air droplets (chickenpox) or with direct contact with lesions. The portal of entry is respiratory tract where virus is replicated, enters the bloodstream and spread with blood to skin. Typical skin lesions appear on the trunk after incubation period (1-3 weeks) and demonstrate following rash evolution: macule-papule-vesicle-pustule-scab. Virus can infect sensory ganglia of the spinal cord and remains latent many years. After activation it is spread to skin intraaxonally and causes typical lesions along the nerves on the trunk or chest

Laboratory diagnostics of chickenpox and zoster infection

Diagnosis is usually made on clinical findings, but some methods may confirm diagnosis at atypical duration:

1. Microscopy: Tzanck smear: in the smear stained with Giemsa methods intranuclear incusions may be revealed (Lipschutz inclusion bodies)

Other methods: immune electron microscopy, immunofluorescence

2. Virus isolation is possible by infection of the cell culture. virus is indicated with CPE and identified with NT, immunofluorescence

3. Serology (detection of the antibody rising titer in the paired sera) with CFT

Treatment and prophylaxis

No antiviral therapy is necessary for chickenpox/varicella. Prevention is possible by active immunization with live, attenuated VZV (OKA strain). For contact person varicella-zoster immunoglobulin (VZIG) is used to prevent disease. Acyclovir is used to prevent severe infection in immunocompromised persons

Cytomegalovirus (CMV)

It is the largest human herpes virus (150-230 nm in diameter). It may be cultivated into the human fibroblast cell culture only. It causes specific CPE: enlargement of the infected cell and prominent intranuclear inclusions (“owl-eyed” appearance). In persons with adequate immunity CMV causes subclinical or unapparent infection.

In persons with waned immunity CMV can provoke generalized infection.

Congenital CMV-infection often is very severe, associated with hepatosplenomegaly, jandice,hemolytic anemia, and microcephaly, chorioretinitis

Epidemiology of CMV infection

CMV is transmitted by different ways:

1. It is transmitted across the placenta (congenital CMV infection)

2. It can be transmitted by direct contact during birth 

3. Virus can replicate in saliva glands, so it can be transmitted with saliva droplets

4. In adults it can be transmitted sexually

5. It also can enter human body with blood during transfusion or with transplants (grafts)

Pathogenesis 

Infection of the fetus can cause cytomegalic inclusion disease that lead to severe pathology of the central nervous system, especially when mother was primary infected during first trimester. Infection of children and adults may be either latent or it appears as mononucleosis-like disease. Virus may be latent into leucocytes, kidney tissue and saliva glands for years. Manifested CMV infection is possible in immuno-compromised persons (HIV-patients and persons with transplants). Immunity is humoral and cell-mediated (the last is more important).

Laboratory diagnostics of the cytomegalic inclusion disease and CMV infection

Laboratory diagnosis is based on some methods:

1. Rapid diagnostics: demonstration into the patient urine or saliva virus-infected cells (cytomegalic cells with intranuclear inclusions) with immunofluorescence test  or with Romanovsky-Giemsa staining

2. Virus isolation: Virus is isolated from urine, saliva, CSF and cultivated onto the human fibroblast cell culture. Virus indication: CPE . Virus identification: CFT, NT, ELISA, etc.

3. Serological method:  demonstration in the paired patient sera four-fold rising of antibody titer (ELISA, CFT, etc.)

Epstein-Barr virus (EBV)

It belongs to gamma-herpes viruses and has oncogenic properties. Biological characteristics is typical for subfamily. It is widespread and can cause different diseases from latent infection in children, infectious mononucleosis in adulthood to EBV-associated malignancies such as Burkitt`s lymphoma and nasopharingeal carcinoma. Virus can be cultivated only into blast transformated human lymphocytes.

Epidemiology and pathogenesis

Infectious mononucleosis is transmitted with saliva of the persons with acute infection. The incubation period is about 4-8 weeks. At first virus replicates into the oropharynx cells and then spread to the blood where it infects B-lymphocytes. Clinical findings are sore throat, fever, lymphoadenopathy, splenomegaly and hepatitis

B and T lymphocytes undergo blast transformation during infection; their number increase and may be up to 15%. Immunity after disease is strong, long-life.

Laboratory diagnostics of infectious mononucleosis

It is based on blood examination and serological tests:

1. Blood assay demonstrates abundant number of the abnormal mononuclear cells with kidney shaped nucleus

2. Serological tests are used to reveal:

a. Heterophile antibodies with Paul-Bunnell test (it is based on ability of heterophile antibody to agglutinate sheep erythrocytes);

b. Specific anti-EBV antibodies with ELISA and immunofluorescence.

Other tests are not widely used, because virus is not readily cultivated, and it do not cause CPE in the infected transformed B-cells

VII. Students Practical activities: 

1. Microscopy the smear prepared from cell culture infected by herpes virus. Detect the intranuclear inclusion bodies and draw the image.

2. Estimate the complement-fixing antibody titer in paired patient’s sera with presumptive diagnosis “herpes genitalis”.  Determine the rising of antibody titer and make a conclusion.

3. To make a laboratory diagnosis of CMV-infection based on results of ELISA test with sera collected from HIV-infected persons. 
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