Lesson 26

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:

1. 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.

2. 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
	
	
	
	
	
	


a. 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
	
	


3. 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 27

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 28

Pathogenic Spirochetes, their biological characteristics. 

Treponema. 

Epidemiology, pathogenesis, and laboratory diagnostics of syphilis.

Borrelia and Leptospira causing human diseases. 

Epidemiology, pathogenesis, and laboratory diagnostics of relapsing fever, lyme disease and leptospirosis.

I. THEORETICAL QUESTIONS 

1. General characteristics and classification of spirochetes, pathogenic for human 

2. Treponema pallidum and its biological features:

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:

6. Prevention and antibiotic therapy of syphilis and tropical treponematosis.

7. Classification of Borrelia spp. and their biological features:

8. Value of Borelia in human diseases. Species causing relapsing fever and Lyme disease.

9. Epidemiology and pathogenesis of the borreliosis. 

10. Laboratory diagnostics of relapsing fever:

11. Laboratory diagnostics of Lyme disease:

12. Value of Leptospira interrogans in human diseases.  Epidemiology and pathogenesis of a leptospirosis. 

13. Laboratory diagnostics of the leptospirosis:

14. Prevention and antibiotic therapy of the borreliosis and leptospirosis.

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)

Borrelia spp.

Morphology

They are large, motile spirochetes. Borrelia have 3-8 irregular, wide, open coils. They are 0.2 - 0.5 µm in width and 4-18 µm in length. Borrelia are more readily stained with aniline dyes then other spirochetes. They are Gram (-) and stained by Romanovsky-Giemsa in bluish-purple color

Cultivation

Borrelia are microaerophilic. Optimal temperature is 28-300C. They are not readily cultivated into the media but may be cultivated into chicken embryo. As natural pathogens of rodents Borrelia may be cultivated by experimental infection of guinea pigs.

Epidemiology and pathogenesis

Borrelia species are responsible for the relapsing fevers and Lyme disease. The organisms are transmitted to humans primarily by lice or ticks. 

Borrelia recurrentis is responsible for the louse-borne or epidemic type of relapsing fever with humans serving as the reservoir host. 

Others are the causes of tick-borne or endemic type of relapsing fever. Rodents are the primary reservoir for these borreliae. 

Lyme disease is another tick-borne disease and is caused by group of Borrelia spp., named  as B. burgdorferi. The disease occurs in the North Temperate Zone. Rodents and deer are the major reservoir for this spirochete. 

Pathogenesis of relapsing fever

From site of entry borellia reaches the bloodstream and multiply in the inner organs. In the blood borellia is destroyed that is accompanied with fever (it lasts 3-5 days). The relapses are due to the ability of borrelia to undergo multiple cyclic antigen variations. As antibodies for the predominant antigenic type multiplying within the host appear, these organisms "disappear" from the peripheral blood and are replaced by a different antigenic variant within a few days. Usually afebrile period is about 4-10 days. This process may occur several times in an untreated host, depending on the infecting Borrelia strain.

Laboratory diagnostics of relapsing fever

1. Microscopy method.  It allows revealing Borrelia in the peripheral blood.

The blood smears collected in febrile period are stained with Romanovsky-Giemsa`s method.

2. Experimental method. Epidemic and endemic relapsing fevers may be distinguished by experimental infection of guinea pigs. Guinea pig is high sensitive to animal borrelia and low sensitive to human borrelia. 

Lyme disease

It is transmitted by Ixoided ticks. Incubation period is about 3-30 days. Lyme disease occurs in three stages. 

1. Localized infection appears as an expanding annular skin lesion (erythema migrans).

2. Disseminated infection develops with fever, myalgia, arthralgia and lymphadenopathy.

3. Persistent infection arises in months or years later with chronic arthritis, polyneuropathy, acrodermatitis, and encephalopathy

Laboratory diagnostics of Lyme disease

1. Serological method is the most reliable method to confirm clinical diagnose in the second  and third stages of  disease (CFT, ELISA, PHA test)

2. Borrelia may be detected by microscopy in the site of entry during first stage

Treatment and prophylaxis

Borrelia are sensitive to penicillins, tetracyclines, newer macrolides and cephalosporins. Relapsing fevers and Lyme disease are prevented by avoiding the vectors. 

It is important to be aware of endemic areas and to take proper precautions: when in potential tick habitats, one should wear clothing that covers as much of the skin as possible and use tick repellents.  Periodic skin inspection and tick removal prevent Lyme disease. 

Leptospira

The genus Leptospira is divided into two species: L interrogans (pathogenic leptospires) and
 L biflexa ( free-living leptospire) 

Morphology of L.interrogans:

It is slender (0. 1 µm by 8 to 20 µm), tightly coiled, flexible cell. It is motile, non-capsulated, non-sporeforming. One or both ends are usually hooked, giving the cell typical shape as S or C letters. They do not stain well with aniline dyes and pale pink by Gram's.

Staining methods: Leptospires are too slender to be visualized with the bright-field microscope but are clearly seen by dark-field or phase microscopy. 

It is revealed in tissue with silver impregnation contrasting methods

Cultivation

The leptospires are the most readily cultivated of the pathogenic spirochetes. They have relatively simple nutritional requirements. Aeration is required for maximal growth.

They can be cultivated in plates containing soft (1 %) agar medium (Korthof`s, Stuart`s,  Fletcher`s media) in which they form primarily subsurface colonies. In liquid (water-serum medium) they do not form any visible growth. 

When cultivated in media of pH 7.4 at 30°C, their average generation time is about 12 hours. They take about 7-10 days for growth.

Antigen structure and classification

L interrogans is divided into serotypes based on their antigenic composition.

 More than 200 serotypes have been identified in L interrogans. 

The most prevalent serotypes are canicola, grippotyphosa, tarasowi, icterohaemorrhagiae, and pomona. 

Resistence

L.interrogans is sensitive to heating (it is killed in 10 sec at 600C). It is sensitive to acid and destroyed in stomach juice within 30 min. It is readily destroyed by disinfectants in routine concentrations. L.interrogans can survive into clean water for some days and can multiply in the environmental water at summer. Urine-contaminated soil can remain infective for as long as 14 days. 

Epidemiology

Leptospirosis is a worldwide zoonosis with a broad spectrum of animal hosts. The primary reservoir hosts are wild animals such as rodents. 

Domestic animals are also an important source of human infections. 

Mode of transmission: Direct or indirect contact with urine containing virulent leptospires. 

Leptospires from urine-contaminated environments, such as water and soil, enter the host through the mucous membranes and through small breaks in the skin. 

Incubation period is about 10 days (3-25 days)

Pathogenesis

Leptospires are spread from entry through blood to inner organs (generalized infection).

The three organ systems most frequently involved are the central nervous system, kidneys, and liver. Clinical manifestations of leptospirosis are associated with a general febrile.  The onset will be abrupt fever, severe headache, muscle pain, and nausea; these symptoms persist for approximately 7 days. Jaundice occurs during this phase in more severe infections. Then leptospires are rapidly eliminated from all host tissues except the brain, eyes, and kidneys. 

The most notable feature of severe leptospirosis is the progressive impairment of hepatic and renal function. 

Immunity

It is primarily humoral (antibody - mediated), typespecific and long-lasting (may persist for years).  Cell-mediated immunity is not protective.

Due to a lot amount of serotypes immunity in general is weak

Laboratory diagnostics

1. Microscopy

Specimens may be blood (first 8-10 days), urine (since second week) and CSF

Methods: dark field microscopy and immunofluorescence

2. Culture method

It is not basic method because it takes some weeks. Growth is detected by microscopy. Identification is carried out by microscopic agglutination-lysis test ( “spiders” with typospecific serum and lysis appearing as “rose garland”)

3. Experimental (biological) method: intraperitoneally infection of guinea pigs with successive detection of leptospires in inner organs

4. Serological method is detection of antibody in patient serum with agglutination test, CFT, ELISA and indirect immunofluorescence

II.Students practical activities:

a. Microscopy of demonstrative smears prepared from spirochetes, study morphology of Treponema. 

b. Write down the necessary ingredients for Wassermann’s test. Read the results with plus system. 

c. Microscopy of demonstrative smears prepared from different types of spirochetes, study morphology and detect the genus name (Borrelia or Leptospira). 

Lesson 29
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:

d. 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.

e. Familiarize with diagnostic media for cultivation of Candida spp..

f. Write down the scheme of laboratory diagnostics of candidosis and actimycoses.

Lesson 29
Medical important fungi. 

General characteristic, classification. 

Fungi, causing superficial mycoses and systemic mycoses.  

Dermatophytes. 

Laboratory diagnostics of mycoses.

THEORETICAL QUESTIONS:

1. General characteristics of the fungi: morphology, cultivation, mode of multiplication, characteristics of the specialized cells.

2. Classification of the medical important fungi.

3. General characteristics of the fungal infections: mode of transmission, source of infection, features of pathogenesis and methods of laboratory diagnostics.

4. Dermatophytoses: causative agents, clinical appearance, laboratory diagnostics, immunity.

5. Deep mycoses: causative species, clinical forms, and laboratory diagnostics.

6. Opportunistic mycoses: causative species,  clinical forms, and laboratory diagnostics

7. Antifungal therapy: common drugs, mode of administration according to type and localization of infection. 

Fungi are eukaryotic microorganisms. Fungi can occur as yeasts, molds, or as a combination of both forms. Some fungi are capable of causing superficial, cutaneous, subcutaneous, systemic or allergic diseases. Yeasts are microscopic fungi consisting of solitary cells that reproduce by budding. Molds, in contrast, occur in long filaments known as hyphae, which grow by apical extension. Hyphae can be sparsely septate to regularly septate and possess a variable number of nuclei. Regardless of their shape or size, fungi are all heterotrophic and digest their food externally by releasing hydrolytic enzymes into their immediate surroundings (absorptive nutrition).

Fungi 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

Fungi are divided due to their morphology into:

1. Yeasts (Cryptococcus neoformans) and yeast-like fungi (Candida sp.)

2. Moulds or filamentous fungi (Dermatophytes and opportunistic fungi such as Aspergillus, Penicillum and Mucor)

3. Dimorphic fungi (causative agents of deep mycoses). They can occur as filaments or as yeasts. In the host tissue or cultures at 370C they occur as yeasts, while in the soil and in cultures at 220C they appear as moulds

Morphology of moulds: They have tubular structure called hypha. Hypha can either septate (higher moulds) or nonseptate (lower fungi). Tangled mass of hyphae forms mycelium. In a growing colony of moulds mycelium may be divided into the vegetative and aerial parts.

Moulds are multiplied by sexual and asexaul spores and by fragmentation of mycelium.

They form specialized cells (mycelial and for spore formation)

Taxonomy of fungi

Kingdom: Mycota (Fungi)
Divisions:  Eumycota (true fungi) and Myxomycota (mycous fungi)

Classes:  The systematic classification of fungi is based on their sexual spore formation

 Fungi perfecti form both sexual and asexual spores: Chytridiomycetes, Hyphochytridiomycetes,  Oomycetes (produce sexual oospores and endogenous asexual spores (sporangiospores), contained within swollen sac-like structures (sporangia). 

Zygomycetes  produce sexual zygospores into specific sac covered with spikes and asexual sporangiospores into sporangium 

Ascomycetes form sexual askospores into sac (ascus ) and exogenous asexual spores named conidia

Basidiomycetes can form sexual basidiospores on a basidium or base and exogenous asexual spores named conidia

Fungi inperfecti : Deuteromycetes or hyphomycetes. For this provisional group sexual reproduction has not been estimated. They form exogenous and endogenous asexual spores (micro- and macroconidia)

Cultivation of fungi. 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 and dimorphic fungi at 370C form colonies, resemble to bacterial ones: smooth, creamy, with entire edges, colored in white, beige, and yellowish.

Filamentous fungi and dimorphic fungi at 220C grow with formation fluffy, velvety colonies with any color of reverse. 

Deuteromycetes usually form powdery or cottony colonies, pigmented on reverse.

Fungi can use a number of different carbon sources to meet their carbon needs for the synthesis of carbohydrates, lipids, nucleic acids, and proteins. Oxidation of sugars, alcohols, proteins, lipids, and polysaccharides provides them with a source of energy. Differences in their ability to utilize different carbon sources, such as simple sugars, sugar acids, and sugar alcohols, are used, along with morphology, to differentiate the various yeasts.

Morphology of mycelium elements (hyphae, spores, sporangiofores and conidiophores, macroconidia) are important identification criteria for filamentous fungi (dermatomycetes and moulds)

Resistance:  Fungi 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).

Fungi spores are relatively resistant to desiccation and UFR

Virulent factors of pathogenic fungi

1. Keratolytic and lipolytic enzymes of dermatophytes (lipase, keratinase, protease)

2. Allergens, provoking delayed type of hypersensitivity (all pathogens)

3. Capsule (some dimorphic fungi)

4. Exo- and endotoxins

Concepts of classification 

Fungal infections may be classified according to the site of infection, route of acquisition, and type of virulence. When classified according to the site of infection, fungal infections are designated as superficial, cutaneous, subcutaneous, and deep. Superficial mycoses are limited to the stratum corneum and essentially elicit no inflammation. Cutaneous infections involve the integument and its appendages, including hair and nails. Infection may involve the stratum corneum or deeper layers of the epidermis. Inflammation of the skin is elicited by the organism or its products. Subcutaneous mycoses include a range of different infections characterized by infection of the subcutaneous tissues usually at the point of traumatic inoculation. An inflammatory response develops in the subcutaneous tissue frequently with extension into the epidermis. Deep mycoses involve the lungs, abdominal viscera, bones and or central nervous system. The most common portals of entry are the respiratory tract, gastrointestinal tract, and blood vessels

When classified according to the route of acquisition, a fungal infection may be designated as exogenous or endogenous in origin. If classified as exogenous, an infecting organism may be transmitted by airborne, cutaneous, or percutaneous routes. An endogenously-acquired fungal infection may be acquired from colonization or reactivation of a fungus from a latent infection. 

Fungi may be classified also according to virulence, as primary pathogens or as opportunistic pathogens. A primary pathogen may establish infection in an immunologically normal host; whereas, an opportunistic pathogen requires some compromise of host defenses in order for infection to become established. 

Superficial mycoses

They are divided into:

1. Surface infections are caused by fungi living on the dead layers of the skin and hairs:

Tinea  versicolor  (Malasseizia furfur or Pytirosporum orbiculare). Pityriasis versicolor is a common superficial mycosis, which is characterized by hypopigmentation or hyperpigmentation of skin of the neck, shoulders, chest, and back. Pityriasis versicolor is due to Malassezia furfur which involves only the superficial keratin layer.

Tinea nigra (Cladosporum Wernickii). Tinea nigra most typically presents as a brown to black silver nitrate-like stain on the palm of the hand or sole of the foot.

Piedra (black piedra is caused by Piedraia hortae and white piedra is caused by Trichosporum beigelii). Black piedra is a superficial mycosis due to Piedraia hortae which is manifested by a small firm black nodule involving the hair shaft. By comparison, white piedra due to T beigelii is characterized by a soft, friable, beige nodule of the distal ends of hair shafts.

2. Cutaneous infections (dermatomycoses and dermatophytoses) are provoked by fungi affected deep layers of the skin, hairs and nails (spp. Trichophyton, Microsporum and Epidermaphyton). Dermatophytoses are caused by the agents of the genera Epidermophyton, Microsporum, and Trichophyton. Dermatomycoses are cutaneous infections due to other fungi, the most common of which are Candida spp. The dermatophytoses are characterized by an anatomic site-specificity according to genera. For example, Epidermophyton floccosum infects only skin and nails, but does not infect hair shafts and follicles. Whereas, Microsporum spp. infect hair and skin, but do not involve nails. Trichophyton spp. may infect hair, skin, and nails. 

Subcutaneous mycoses

There are three general types of subcutaneous mycoses: chromoblastomycosis, mycetoma, and sporotrichosis. All appear to be caused by traumatic inoculation of the etiological fungi into the subcutaneous tissue. Fungi enter the subcutaneous tissue through minor trauma and cause swelling lesions.

Productive type of inflammation is demonstrated in such lesions, including fungal cells.

1. Mycetoma (Madura foot, maduramycosis) is caused by actinomycetes or filamentous fungi Mycetoma is a suppurative and granulomatous subcutaneous mycosis, which is destructive of contiguous bone, tendon, and skeletal muscle. Mycetoma is characterized by the presence of draining sinus tracts from which small but grossly visible pigmented grains or granules are extruded. These grains are microcolonies of fungi causing the infection. Many of the fungi causing mycetoma are pigmented brown to black. These organisms are known as dematiaceous (melanized) fungi. The melanin pigment is deposited in the cell walls of these organisms. These fungi may produce a range of infections from superficial to subcutaneous to deep (visceral) infection characterized by the presence of dematiaceous hyphal and/or yeast-like cells in tissue. Such deep infections due to dematiaceous fungi are termed phaeohyphomycosis.

2. Sporotrichosis (rose gardener`s disease) caused by Sporothrix schenkii .The infection usually spreads along cutaneous lymphatic channels of the extremity involved. 

3. Chromoblastomycosis caused by inhabiting fungi of the families Dematiaceae, genera Fonsecaea (F.pedrosoi, F.dermatitidis), Phialophora (P.verrucosa) and Cladosporium (C.carrionii). Chromoblastomycosis is a subcutaneous mycosis characterized by verrucoid lesions of the skin (usually of the lower extremities); histological examination reveals muriform cells (with perpendicular septations) or so-called "copper pennies" that are characteristic of this infection. Chromoblastomycosis is generally limited to the subcutaneous tissue with no involvement of bone, tendon, or muscle. 

Chromoblastomycosis and mycetoma are caused by only certain fungi. The most common causes of chromoblastomycosis are Fonsecaea pedrosoi, Fonsecaea compacta, Cladosporium carionii, and Phialophora verrucosa. The causes of mycetoma are more diverse but can be classified as eumycotic and actinomycotic mycetoma. 

Fungi, causing deep mycoses

They infect inner organs (lungs, meningeal envelopes, parenchymal organs, lymph nodes and other organs). Major species causing deep mycosis: Blastomyces dermatitidis, Paracoccidioides brasiliensis, Coccidioides immitis, Histoplasma capsulatum.

Deep mycoses are caused by primary pathogenic and opportunistic fungal pathogens. The primary pathogenic fungi are able to establish infection in a normal host; whereas, opportunistic pathogens require a compromised host in order to establish infection (e.g., cancer, organ transplantation, surgery, and AIDS). The primary deep pathogens usually gain access to the host via the respiratory tract. Opportunistic fungi causing deep mycosis invade via the respiratory tract, alimentary tract, or intravascular devices. 

The primary systemic fungal pathogens include Coccidioides immitis, Histoplasma capsulatum, Blastomyces dermatitidis, and Paracoccidioides brasiliensis. The opportunistic fungal pathogens include Cryptococcus neoformans, Candida spp., Aspergillus spp., Penicillium marneffei, the Zygomycetes, Trichosporon beigelii, and Fusarium spp. 

Fungal dimorphism is the morphological and physiological conversion of certain fungi from one phenotype to another when such fungi change from one environment to another. Dimorphic fungi include C immitis, H capsulatum, B dermatitidis, P brasiliensis, P marneffei, and S schenckii, and certain opportunistic fungi such as Candida albicans and Penicillium marneffei. Various environmental host factors control fungal dimorphism. These factors include amino acids, temperature, carbohydrates, and trace elements (e.g. zinc). Among the primary pathogens and S schenckii, the morphological transformation is from a hyphal form to a yeast-like form (or spherule in the case of C immitis) in tissue. However, the dimorphism of Candida albicans is somewhat different in that the organism transforms from a budding yeast-like structures (blastoconidia) to filamentous structures known as germ tubes. Other filamentous structures may later develop as pseudohyphae and hyphae. Penicillium marneffei is unique in being the only Penicillium species pathogenic to humans. It undergoes dimorphic conversion in vivo to transversely dividing sausage-shaped cells. 

Most cases of primary deep mycoses are asymptomatic or clinically mild infections occurring in normal patients living or traveling in endemic areas. However, patients exposed to a high inoculum of organisms or those with altered host defenses may suffer life-threatening progression or reactivation of latent foci of infection. 

Coccidioides immitis is also dimorphic, but its parasitic phase is a spherule. Little is known about the role of morphologic transformation in infection and disease of this organism. Dimorphism does not appear to play a role in C neoformans pathogenesis since the organism is an encapsulated yeast both at 25°C and in host tissues. 

The arthroconidia of C immitis are inhaled and convert in the lung to spherules. The spherule is segmented into peripheral compartments with a persistent central cavity. Uninucleate endospores occurring in packets enclosed by a thin membranous layer differentiate within the compartments. As the endospores enlarge and mature, the wall of the spherule ruptures to release the endospores . Most cases of coccidioidomycosis are clinically occult or mild infections in patients who inhale infective arthroconidia. However, some patients have progressive pulmonary infection and also may suffer dissemination to the brain, bone, and other sites. Coccidioides meningitis is a life-threatening infection requiring lifelong treatment. 

Histoplasmosis is a primary pulmonary infection resulting from inhalation of conidia of Histoplasma capsulatum which convert in vivo into the blastoconidial (budding yeast) form. Dissemination to the hilar and mediastinal lymph nodes, spleen, liver, bone marrow, and brain may be life-threatening in infants and other immunocompromised patients. Histoplasmosis (like tuberculosis) is characterized by intracellular growth of the pathogen in macrophages and a granulomatous reaction in tissue. These granulomatous foci may reactivate and cause dissemination of fungi to other tissues. These patterns of primary infection and reactivation are similar to those of Mycobacterium tuberculosis. Histoplasmosis also may be associated with a chronic inflammatory process known as fibrosing mediastinitis, where scar tissue (formed in response to H capsulatum) encroaches on vital structures in the mediastinum. 

The conversion of the mycelial form of Blastomyces dermatitidis to the large, globose, thick-walled, broadly based budding yeast form requires only increased temperature. Hyphal cells enlarge and undergo a series of changes resulting in the transformation of these cells into yeast cells. The cells enlarge, separate, and then begin to reproduce by budding. 

Blastomycosis, similar to histoplasmosis, is a primary pulmonary infection resulting from inhalation of conidia from the mycelial phase of Blastomyces dermatitidis which convert in vivo to the parasitic yeast phase. Blastomycosis (due to B dermatitidis) in the blastoconidial phase also causes a primary pulmonary infection. The organism elicits a granulomatous reaction often associated with a marked fibrotic reaction. The clinical pattern of pulmonary blastomycosis is one of chronic pneumonia. Dissemination occurs most commonly to the skin, bone, and, in males, prostate. 

Opportunistic systemic mycoses

They are caused by saprophytic filamentous and yeast-like fungi. In debilitated persons these fungi can cause severe, even fatal infections of the lungs and other visceral organs.The most usual agents:

1. Aspergillus spp. (pulmonary aspergillosis)

2. Penicillum spp. (penicillosis)

3. Rhizopus spp. and Mucor spp.(Mucormycosis)

4. Candida spp. (visceral candidosis)

5. Cryptococcus neoformans

Aspergillosis. Invasive aspergillosis most frequently involves the lungs and paranasal sinuses. This fungus may disseminate from the lungs to involve the brain, kidneys, liver, heart, and bones. The main portal of entry for aspergillosis is the respiratory tract, however, injuries to the skin may also introduce the organism into susceptible hosts.

Zygomycosis. Zygomycosis due to Rhizopus, Rhizomucor, Absidia, Mucor species, or other members of the class of Zygomycetes, also causes invasive sinopulmonary infections. An especially life-threatening form of zygomycosis (also known as mucormycosis), is known as the rhinocerebral syndrome, which occurs in diabetics with ketoacidosis. In addition to diabetic ketoacidosis, neutropenia and corticosteroids are other major risk factors for zygomycosis. Aspergillus spp and the Zygomycetes have a strong propensity for invading blood vessels. 

Cryptococcosis. Cryptococcosis is most typically an opportunistic fungal infection that most frequently causes pneumonia and/or meningitis. Defective cellular immunity, especially that associated with the acquired immune deficiency syndrome, is the most common risk factor for developing cryptococcosis. 

Laboratory diagnostics

Fungal diseases may be diagnosed with:

1. Microscopy of material from lesions. Tissue specimens, such as skin scrapings, hairs and nail scales, are examined as wet mounts after treatment with 10% potassium hydroxide. The alkali digests keratin that is allowed to see fungal cells clearly.

2. Culture method
Identification is generally based on morphology of mycelia cells, and on biochemical properties (yeast-like fungi)

3. Serological method 

It is generally used for diagnosis of deep or visceral mycoses. Antifungal antibody is detected with agglutination test, CFT, PHAT

4. Allergic skin tests

Laboratory diagnostics of deep and opportunistic mycoses is based onto culture and serological method. Sometimes microscopy of native material (biopsy sample, sputum, CSF etc.) allows to make a presumptive diagnosis.

Dermatomycoses

Dermatomycoses are caused by about 40 species of deuteromycetes belonged to genera:

Trichophyton

Microsporum

Epidermophyton

Differentiation of fungi into three genera are mainly based on the morphology of macroconidia in the cultivated isolates (cylindrical macroconidia in Trichophyton, fusiform in Microsporum and club shaped in Epidermophyton)

Epidemiology

Dermathophytes occur throughout the world. Depending on their natural habitat dermatophytes may be classified as anthropophilic (T.rubrum, E.floccosum, M.audonii), zoophilic (T.verrucosum, T.mentagrophytes, M.canis), geophilic (M.gypseum, T.ajelloi).

Human may be infected from animals, another human, and with soil

Immunity after disease is weak and short-term, hypersensitive state is formed during disease

Pathogenesis

Dermatophytes grow only on the keratinised layers of the skin and its appendages (hair, nail)

They cause local inflammation of the skin, hypersensitivity state and typical local lesions (reddish scaled spots on the skin, destruction and blistering of the nail tissue, hair fragility) 

They cause tinea (ringworm, lichen), clinically classified depending on the involving site:

1. Tinea corporis (T.rubrum and any other dermatophyte)

2. Tinea capitis (Microsporum any species and Trichophyton most species)

3. Tinea barbae or barber`s itch (T.rubrum, T.mentagrophytes, T.verrucosum)

4. Tinea cruris (E.flocossum, T.rubrum)

5. Tinea pedis or athletes` foot disease (T.interdigitalis, E.flocossum, T.rubrum)

6. Flavus (T.schoenleinii)

Laboratory diagnostics of dermatomycoses

1. Microscopy examination allows to reveal fungi elements in the lesions and to confirm diagnosis “dermatophytoses”

Scrapings taken from the edges of ringworm lesions are treated with 10% KOH and microscopy in wet mount. Microscopy allows to reveal thin septate mycelium (Microsporum), thick branched septate hyphae (Trychophyton) or short branched septate hyphae (Epidermophyton)

Under microscopy of hair two types of hair infection may be revealed: “ectotrix” and “endotrix”

Ectotrix appears when arthrospores surround the hair as sheat

Endotrix is detected when arthrospores localize inside hair shaft 

2. Culture method allows to identify causative agents according to their typical cultural characteristics and microscopic examination of the mycelium cells (but it takes about 4-6 weeks)

3. Allergic skin tests with trychophytin is additional method of laboratory diagnostics

4. Exposure to UV light (Wood`s lamp) helps to diagnose hair infection. Infected by Microsporum hair will be fluorescent

Differentiation of dermatophytes based on microscopy

	Name of genes
	Microscopy

	Microsporum species
	It is shown ectotrix at hair infection and typical morphology of pure culture: chlamidospores, arthrospores, typical fusiform (spindle-like) macroconidia



	Epidermophyton spp.
	In the wet mount fungi appear as thick, short, septate mycelium. Under microscopy of pure culture club-shaped macroconidia and chlamidospores are demonstrated.



	Trychophyton spp.
	There is endotrix with parallel rows of the arthrospores in the hair, and there are cylindrical macroconidia, chlamido- and arthrospores in the pure culture


Therapy of cutaneous fungal infection

They may be treated locally with antifungal medicines such as 

1. Myconazole, bufanazole, ketokonazole, oxykonazole (imidazole preparations);

2. Tolnaftate, terbinafin, naftiridine (allilamine substances)

3. Antiseptics: antifungin, iodine preparations

4. Griseofulvin is used parenterally at resistant to therapy infections

II.Students practical activities:

g. Read the results of demonstrative CFT have been made with paired test sera taken from patient with mucoromycosis. Make a conclusion

h. Draw the microscopy images of fungi, localized into hair. Indicate the differences between Microsporum and Trichophyton infection. 

Lesson 30
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 31
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 32

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 33
Theme: special virology. Orthomyxoviruses and Paramyxoviruses. 

Viruses of the influenza, measles, and mumps. 

Laboratory diagnostics, specific prophilaxis and treatment of diseases.

II. 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 34
Theme: Picornaviruses.  

Enteroviruses: Polyoviruses, Coxsackieviruses, Echoviruses. 

Laboratory diagnostics and prophylaxis diseases caused by enteroviruses.

III. 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:

a. Rapid diagnostics;

b. Virological (cultural) method;

c. Serological method

d. Modern methods

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.

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.

LESSON 35
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

IV. 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 36
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                                                                                                                                                                                                                                                                                                                                      

V. Students Practical activities:

1. 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. 

2. To acquire with immunoblotting test. To draw the scheme of this test. 

Lesson 37
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

VI. 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. 

Lesson 38
Theme: Neuroviruses. Rabies virus. Human viruses causing encephalitis. 

Laboratory diagnostics of the diseases.

STUDENTS’ INDEPENDENT STUDY  PROGRAMME
1. General characteristic and classification of the rhabdoviruses. 

2. Morphology, antigen structure, and resistance of the rabies virus.

3. Epidemiology of the rabies (source of infection, route of transmission).

4. Pathogenesis of the rabies. Features of the disease.

5. Laboratory diagnostics of the rabies:

Presumptive  diagnostics (cytoscopy for detection of the Negri body in the hippocampal neurons; Immunofluorescence assay of the brain tissue);

Virological method

Biological method

6. Specific prophylaxis (pre-exposure and postexposure prevention) of the rabies: characteristics of the vaccines.

7. General characteristic and classification of the arthropod-borne viruses.

8. Features of the encephalitis viruses.

9. Laboratory diagnostics of the encephalitis:

Virological method

Serological method

10.  Preventive measures of Japanese B encephalitis and Russian spring-summer encephalitis (RSSE)
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.  
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. 
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