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1. Topic № 26 «Mycobacteria. Actinomycetes.» - 2 hour
Aim of the class: To study the microbiological diagnosis of tuberculosis and leprosy.

A student should know:

- Morphology-biological properties of the causative agents of tuberculosis and leprosy;

- Pathogenesis, microbiological diagnosis, the principles of therapy and prophylaxis of tuberculosis and leprosy.

A student should have the skills:

- To choose and to take the material for the examination;

- To choose the method of the microbiological diagnosis of tuberculosis, to carry out a microscopic and bacteriological diagnosis of tuberculosis, to calculate and estimate the microscopic and bacteriological examinations results.

A student should have the habits: 

- To fill the blanks of the tested material assignments in for the microbiological examinations;

- To prepare a smear from sputum

- The light microscopy 

- To identify tuberculosis causative agent according to morphological and tinctorial properties.

MATERIALS FOR PREPARATION

  Oriententative chart for the study of the materials on the topic, the task for practical work, contents  of protocol and a few materials for preparation - see below.

CONTENS OF STUDY MATERIAL IN ACCORDANCE WITH TEST QUESTIONS OF THE ORIENTENTATIVE CHART

 
The test questions (1, 2, 3, 4, 6) answers of the oriententative chart - look the materials of the lecture: «Mycobacteria»

                 Laboratory diagnosis of tuberculosis

Laboratory diagnosis of tuberculosis consists of bacterioscopic, bacteriological, biological, serological, and allergological exami​nations. The material to be examined includes, depending on the localiza​tion of the process: sputum, pus, cerebrospinal fluid, faeces, and ravage waters from the stomach and bronchi. The obtained samples are collected in sterile vessels (sputum into jars, cerebrospinal fluid and other material into test tubes).

Bacterioscopic examination. Pour a sputum sample into a Petri dish, put it on the black surface of the table, pick up lumps of pus, place them onto a glass slide, and grind between two slides. A spec​imen of cerebrospinal fluid is kept in the cold. Examination of this specimen 18-24 hrs after the collection reveals a delicate film of fibrin, which contains M. tuberculosis and cell elements. Spread this film carefully on a glass slide. Centrifuge urine and make smears from the pellet. Smears are stained with the Ziehl-Neelsen method. M. tuberculosis stained bright red (ruby) appear as either thin, long, slightly curved or short straight rods; occasionally, they may be characterized by granularity. M. tuberculosis are arranged singly or in irregular groups. In staining the urine sediment destining should be made not only with sulfuric acid but also with alcohol since the urine may harbor non-pathogenic acid-fast mycobacteria of smegma (Mycobacterium smegmatis) which, unlike M. tuberculosis, are destined by alcohol. If mycobacteria evade detection because of their small numbers present in ordinary smears, this difficulty is obviated with the employment of such enrichment methods as homogenization and floatation. 

Homogenization technique. Pour a 24-hour sample of sputum into a vessel or a jar, add an equal volume of I per cent water solution of sodium hydroxide, stopper the vessel tightly with a rubber plug, and shake vigorously until the mixture is completely homogenized (for 10-15 min). Centrifuge sputum specimens which have lost their viscosity, pour out the liquid, and neutralize the residue by adding 2-3 drops of 10 per cent hydrochloric or 30 per cent acetic acid. Make smears from the sediment and stain them with the Ziehl-Neelsen method.

Floatation method. Using the above mentioned procedure, homogenize a 24- or 48-hour sample of sputum. To eliminate any possi​bility of mucous lumps remaining in the material, the jar with the homogenized sputum should be placed into a water bath at 55 °C for 30 min. Then, add 1-2 ml of xylol (benzene, petrol, petroleum ether, etc.), shake for 10 min, and let the mixture settle {or 20 min at room temperature. Xylol droplets with adsorbed microorganisms float up, forming a cream-like layer which is pipetted onto a glass slide that is mounted on a glass plate heated to 60 °C in a water bath. A dried smear is covered with a new portion of the cream-like layer, the procedure being repeated until the entire floatation layer is trans​ferred onto the glass slide. The preparation is fixed and stained by the Ziehl-Neelsen technique. Lavage waters from the stomach are also studied by the floatation technique. In the morning make a fasting patient drink 200 ml of distilled water and immediately withdraw it from the stomach by means of a thick probe into a sterile glass, pour the obtained material into a 250-300-ml flask, and add 2-3 ml of 0.5 per cent solution of sodium hydroxide. Then, shake the mixture for 5 min, add 1-2 ml of xylol or petrol, and shake the mixture once again for 5-10 min. After that allow the flask to stand at room temperature for 30 min. A cream-like layer formed in the shape of a ring at the neck of the flask is removed and treated in a manner similar to that employed in sputum examination. The result is considered positive if micro​scopy reveals even individual mycobacteria. Positive results ob​tained in repeated examinations are more reliable. Lavage waters from the bronchi are studied for M. tuberculosis in patients producing no sputum. In the morning spray I per cent solution of tetracaine hydrochloride (2 ml) onto the tongue, palatal arches, and throat of a fasting patient. In 2-3 min infuse into the larynx 1-2 ml of 2 per cent solution of tetracaine hydrochloride with the aid of a laryngeal syringe. In another 2-3 min place the patient on the side corresponding to the examined lung and, using a laryn​geal syringe, slowly pour onto the middle of the tongue root 10-20 ml of isotonic sodium chloride solution heated to 37 °C. The fluid runs along the lateral wall of the pharynx into the larynx and then into the main bronchus. The entry of the solution into the bronchus is manifested by characteristic rales. Make the patient cough up the infused solution and mucus from the deep portions of the respiratory tract into a sterile glass. Thereafter, examination is performed in the same manner which is used in investigating ravage waters from the stomach. In the rapid diagnosis of tuberculosis luminescent microscopy is utilized. The preparation is stained withauramine in a 1:1000 dilution and then destined with hydrochloric alcohol and counter​stained with acid fuchsine which "extinguishes" fluorescence of elements of tissues and mucus. M. tuberculosis fluoresce with a bright golden-green light against a dark background.

Bacteriological examination is more effective than bacterioscopic one and makes it possible to reveal in the examined material 20-100 and over mycobacteria per ml and also to determine their resistance to drugs, their virulence, type, etc. Add a double volume of 6 per cent sulfuric acid killing acid-sensitive microorganisms to the examined material in a sterile test tube and shake the tube for 10 min. Then, centrifuge the resultant mixture, pour off the fluid, neutralize the pellet by adding 1-2 drops of 3 per cent sodium hydroxide or by washing it off several times with isotonic sodium chloride solution, and streak on the appro​priate medium. Faeces are treated with 4 per cent solution of sodium hydroxide, the mixture is placed in an incubator for 3 hrs, centrifuged, and the residue is neutralized by 8 per cent hydrochloric acid, after which inoculation on special media is carried out.

International Lowenstein-Jensen medium is recommended by WHO as the standard medium for the primary growth of M. tuberculosis and for determining their resistance to antibacterial drugs. Dissolve 3.6 g of asparagin, 2.4 g of potassium hydrophosphate, 0.24 g of magnesium sulfate, 0.6 g of magnesium citrate, and 0.4 g of potato starch and malachite green in 600 ml of distilled water containing 12 ml of glycerol. Sterilize the mixture obtained for 15 min at 120 °C. Then pour it into 100 ml of homogeneous suspension from fresh eggs, mix thoroughly, filter through a cotton-gauze filter, decant into test tubes, and obtain a slant medium by coagulation at 85 °C for 45 min.

Petragnani's medium. To 150 ml of whole milk, add (with constant stirring) 6 g of potato starch, I g of peptone and one finely-chopped egg-sized potato. Heat the mixture until paste is formed, cool to 50 °C, and add four chicken eggs-and one yolk. Mix all the components, pour in 12 ml of glycerol, and 10 ml of 2 per cent of malachite green solution, filter the mixture through a gauze filter, dispense into test tubes, and coagulate in a slant position at 85 °C for 2.5 hrs.

Glycerol potato as proposed by Pavlovsky. Peel a potato and immerse it in I per cent solution of mercuric chloride for 30 min, wash for 12 hrs in running wa​ter, and cut out cylinders by making diagonal cuts. Slanted potato is placed into a Roux test tube. Pour I ml of 5 per cent glycerol solution onto the bottom and sterilize the test tube.

Sauton's synthetic medium. In 200 ml of distilled water dissolve (while con​stantly heating) 4 g of asparagin, 2 g of citric acid, 0.5 g of potassium dihydro-phosphate, and 60 g of glycerol. Filter the obtained mixture, supplement it with 800 ml of distilled water, add ammonium to bring pH to 7.2, decant into flasks, and sterilize for 20 min at 115 °C. To protect the mixture from drying, the plugs of test tubes with nutrient media are sealed with paraffin. The composition of the Finn-2 medium is similar to that of Lowenstein-Jensen's medium, but asparagin is replaced in it with sodium glutamate. Samples of the cerebrospinal fluid, exudate, pus, and blood are pipetted onto a nutrient medium without any preliminary treatment and thoroughly rubbed into it with the aid of a loop, spreading them over the entire surface of the medium. Cotton plugs are sealed with paraffin (to prevent drying), the inoculat​ed cultures are placed into a 37 °C incubator, and kept there for 6-8 weeks. An intensive growth of M. tuberculosis is observed on the 15th-25th day on the-Lowenstein-Jensen medium and on the 21th-35th day on Petragnani's medium. Colonies of M. tuberculosis are wrinkled, dry, irregular, and protrude above the surface. If no growth is observed within 6 weeks, make a scraping from the me​dium surface and examine it microscopically for the presence of acid-fast bacteria. To improve growth of M. tuberculosis, it is recommended that the-material examined be treated with detergents possessing a bactericidal action (sodium laurilsulphate, rodolan, teapot, laurosept, cetavlon, etc.) or their combination with sodium hydroxide. These methods make it possible to achieve a better homogenization of the material, to reduce the time during which colonies form on nutrient media, and to do away with the stages of centrifugation, resuspen​sion, and neutralization. If the results are negative, the study is repeated several times (at least 5), and the period of culture inoculation is lengthened.

Rapid methods of the bacterial diagnosis of tuberculosis. The method of microcultures (Price's method). Samples of sputum, pus, urine residue, and ravage waters are spread in a thick layer on several sterile glass slides. Take a dried preparation with a sterile forceps and immerse it for 5 min in 6 per cent sulfuric acid, and then in a sterile isotonic sodium chloride solution to remove acid. After that place the preparations into vials with citrate blood (add 2 ml of 5 per cent sodium citrate to 10 ml of rabbit or sheep blood, dilute the contents in a 1:4 ratio with distilled water, and pour the mixture into test tubes). Put the inoculated cultures into an incubator. In 48-72 hrs the preparation is retrieved, fixed, and then stained with the Ziehl-Neelsen method. Microcolonies in the preparation appear as plaits which form under the impact of the lipid fraction of myco-bacteria (the cord factor); the maximal growth is observed on the 7th-10th day.

In-depth growth in haemolysed blood (Shkolnikova's method). Into tubes with citrate blood introduce material treated with sulfuric acid and washed with isotonic sodium chloride solution. After 6-8 days of incubation, centrifuge the medium and make smears from the pellet. Resistance of the M. tuberculosis to drugs is determined by a serial dilution technique. For inoculation, one may use both initial material containing no less than 5 mycobacteria per a microscopic field (direct method) and the culture isolated from it (indirect method). WHO recommends that the resistance of mycobacteria on Lowenstein-Jensen's medium should be determined by adding into it, prior to coagulation, various doses of drugs. Resistance of mycobacteria can also be determined in liquid media (with an addition of drugs in corresponding concentrations) in which M. tuberculosis grow in a way similar to that described by Price and Shkolnikova.

At the present time the biological examination fails to find wide employment in laboratory diagnosis since experimental animals are insensitive to the strains of mycobacteria resistant to tubazid. phthivazid, isoniazid, and other anti-tuberculosis drugs.

Biological tests are utilized for determining the virulence of isolated M. tuberculosis which are inoculated subcutaneously into guinea pigs with negative Mantoux's test. Two-three weeks after inoculation one should weigh the infected guinea pig, measure its regional lymph nodes, and make Mantoux's test which is then re​peated in 6 weeks. If the results are negative, sacrifice the animal 4 months after inoculation, examine histologically the internal organs (liver, spleen, lungs, lymph nodes), and inoculate nutrient media. The virulence of the strain is determined by the number of specific changes in organs (development of tubercles), changes in the expected lifespan of the animal, weight loss, etc.

The allergy cutaneous test (Mantoux's intracutaneous test with tuberculin) is largely employed for the determination of con​tamination of individuals with M. tuberculosis. The results are read in 48-72 hrs. If the diameter of the infiltrate at the site of tuberculin adminis​tration does not exceed 1 mm, the test is considered negative. If the diameter of the infiltrate is 2-4 mm, the test is doubtful, if over 5 mm, it is positive. The tuberculin reaction may be attended with the development of lymphangitis, regional lymphadenitis, and the appearance of vesicles or necrosis. A positive allergic response to tuberculin administration indicates the presence of M. tuberculosis in the body. A negative reaction in adults points to the absence of immunity to tuberculosis. As a diagnostic test, this technique is helpful in recognizing tuberculosis in children, identifying popula​tions requiring revaccination against tuberculosis, and assessing the prevalence of tuberculosis as an epidemiological indicator. Pirquet's cutaneous test that was extensively used in the past has become outdated and is no longer utilized.

Serological diagnosis. The complement-fixation reaction is rarely employed in the diagnosis of tuberculosis. The IHA reaction as proposed by Middlebrook and Dubos is used more extensively. Sensi​tized red blood cells (tannin-treated sheep or human O-group erythrocytes) are utilized as an antigen. They are mixed with an extract of M. tuberculosis or purified tuberculin (0.5 ml of erythrocyte sediment and 10 ml of the extract), incubated for 2 hrs at 37 °C, and washed off with centrifugation to remove excessive antigen. To run the test, the patient's serum is depleted by a suspension of erythrocytes that have not been treated with the antigen, which excludes the possi​bility of a non-specific reaction. The serum to be assayed is diluted, beginning with 1:2, 1:4, 1:8, etc. A positive reaction in a 1:8 dilution is definitely diagnostic.     Positive results are recorded in 70-90 per cent of tuberculosis patients. To reveal antibodies, the agglutination reaction may be performed. The patient's blood serum is diluted with isotonic sodium chloride solution in dilution’s varying from 1:40 to 1:640. As an antigen, use non-acid fast cultures of M. tuberculosis obtained as a result of penicillin action and serologically similar to native M. tuberculosis. This reaction is extremely sensitive. It should be remembered that even when the results of bacterioscopic and bacteriological studies are negative, the diagnosis of tuberculosis may be based on clinical and X-ray findings.

                        Laboratory diagnosis of  leprosy
Bacterioscopic examination is the main method to diagnose lep​rosy. When the skin is affected, study a scraping from its indurated portions (after you have cut off the epidermis with a razor blade); when the lungs are affected, sputum is examined; in any other form study a scraping from the nasal mucosa. For this purpose introduce deep into the nose a metallic spoon and scrape the mucosa until drops of blood make their appearance., yet, in view of low acid resistance of the leprosy Smears are stained by the Ziehl-Neelsen method causative agent, it is decolourized with 0.5 per cent solution of sulfuric acid. Semenovich-Martsinovsky staining is also used. M. leprae are arranged inside the cells filling them. The cytoplasm and nucleus of these cells are pushed to the periphery. Involved tissues also contain a large number of mycobacteria located extra-cellularly. They are clustered as cigar packs, which allows their differentiation from M. tuberculosis, the latter being similar to the causative agents of leprosy both morphologically and tinctorially. Streaking of leprosy material onto the nutrient media used for cul​tivating M. tuberculosis induces no growth. Guinea pigs are resistant to the leprosy causative agents. An experimental leprosy infection with the formation of typical mul​tiple nodules (lepromas) in tissues and organs has been successfully induced in armadillos. Functional tests with various pharmacological drugs make it possible to reveal an early involvement of the peripheral nervous system characteristic of leprosy. Most commonly used for this purpose is the test with histamine (1:10000), morphine (I per cent), and ethylmorphine hydrochloride (2 per cent). Place a drop of one of these solutions onto damaged and intact portions of the skin. With a sharp needle make a puncture to such a depth that the point of the needle reaches the live part of the epidermis (no blood should appear). The solution is removed with cotton wool. In 0.5-1 min an erythema develops on the intact skin, which transforms within 1-2 min into a blister or an oedematous papule whose development is attended by itching. These changes are either absent or less pronounced on the affected skin. The "inflammation" test consists of intravenous administration of nicotinic acid (3-7 ml of I per cent solution). This is followed by the formation of blisters and pronounced hyperaemia at the site of leprosy spots. A great diagnostic importance is ascribed to Minor's test: apply 2-5 per cent alcohol solution of iodine to the suspicious site of skin and after it has dried up powder this area with a thin layer of starch; then make the patient perspire profusely by using a dry air bath, profuse hot drinking, etc. There is no perspiration at the damaged sites and hence no blue staining as a result of iodine-starch interac​tion occurs in such spots.

The' allergy test with lepromin (Mitsuda's reaction) is employed for determining the patient's reactivity. A suspension (O.I ml) of M. leprae taken from a leproma and killed by boiling is injected intracutaneously into the forearm. Three weeks after the inoculation both healthy subjects and patients with tuberculoid leprosy will develop an inflammatory infiltrate at this spot, which may turn ulcerous.

*  *  *

