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PREAMBLE

Dear colleagues!

You  continue to learn the medical Microbiology course. 

At the Department of Microbiology, Virology, Immunology as well as in the bacteriological laboratory you should adhere to the following rules.

Operational safety in a bacteriological laboratory.

You have to learn by heart all basic rules of laboratory practice. It is very important part of bacteriological work, because the rules protect us from pathogenic microorganisms and from fire.

The basic rules and precautions in a bacteriological laboratory.
Microbiology lab is a place where high standards of behavior are required. Also a sense of responsibility and carefulness are required. They are necessary for the improvement of academic values but also for the personal safety and guard. After your first entry in microbiology lab, you will be explained the conduct, discipline, and precautions required for the sake of your own safety. It is a lab where you will handle living cultures of microorgan​isms. Although, in the beginning, the pathogenic microorganisms will not be used, all the cultures need same respect and good technique while handling them. You should learn, at this crucial stage, how to handle the living cultures so that when exercises with pathogenic bacteria are carried out in future, proper safety techniques and precautions will be well a part of your reflexive laboratory techniques. Therefore, every safety precaution should be practiced at all times for the safety of all concerned.

Another important aspect which should be emphasized by all working in the microbiology lab is a thoroughly clean, well-ordered environment. Only such an environment will provide guarantee of good aseptic technique, reliable results and, above all, a better learning. The microorganisms in specimens or cultures, pathogenic or nonpathogenic, should not be allowed to disperse or spread and also environ​mental microorganisms should be prevented from entering the specimens or cultures (a process known as contamination) and interfering with results of studies. 

This can be accomplished by adopting the following rules and precautions:

· Before entering the lab, street coats, jackets, chaddars and other outer-wear must be removed. This will prevent you from fire or contamination hazard.

· Always wear a clean medical white overall and medical cap before coming to the  the lab. This will protect your skin and your street clothes from contamination by microorganisms which you work with. If you forget your overall or cap you may take them temporarily at our department (only as exclusion).

· Always wear your second shoes before coming to the  lab. If you forget your second shoes you may purchase disposable shoes covers at our department (only as exclusion).

· Long hair should be bound back neatly (put under cap), away from the shoulders.

· Wash your hands before and after the lab work, irrespective of its kind, with an antiseptic soap or any suitable disinfectant.

· Keep fingers, pencils, pens, and other objects out of tubes and Petri dishes with bacteria and of your mouth too.

· Do not smoke, drink, or eat in the lab. Avoid applying cosmetics in the lab.

· Do not wander about, create noise, or loudly talk while working in the lab. This can provoke accidents, distract others, and promote contamination.

· Always work with bacteria near the spirit burner and transfer all the cultures with sterile wire loop. Be certain that a contaminated loop is properly sterilized in the flame before resting it.

· Avoid spattering of alive bacteria by heating the contaminated loop gradually in the flame. 

· Always keep tubes with cultures in tube racks.

· Immediately notify a teacher about any spillage of bacterial cultures in order to ensure immediate disinfec​tion.

· Never remove any culture, glassware, media, or any chemical reagent from the lab. 

· Discard all solid waste material (used glasses, pipettes) into a special vessel with disinfectant.

· Discard dyes in the sink in another special room. Also do not discard contaminated cultures, glassware, or slides in the sink.

· Use all the lab equipments and glassware with utmost care. Report any malfunctioning of any equipment to your teacher.

· After work in laboratory your work place must be clear and in perfect order same as before your enter. 

You will need the following materials for every day work.
You should bring the following materials at each theme in the microbiology lab:

1. A laboratory clothes (medical white overall and medical cap).

2. The second shoes for laboratory – light and clear.

3. Workbook (clear copybook or notebook).

4. Black pencil and pen.

5. Scale.

6. Colored pencils - red, green, violet, yellow and blue.

TOPIC 1: СOCCAL INFECTIONS AND THEIR MICROBIOLOGICAL DIAGNOSTICS.

HOME WORK.

1. The questions for study:

2. Taxonomy and morphology of staphylococci. 

3. Nutrient media for staphylococci. Biochemical reactions. Differentiation of S. aureus from other species.

4. Antigenic structure. Determinants of virulence. Enzymes and toxins. 

5. Pathogenesis of staphylococcal diseases, their main symptoms.

6. Epidemiology of  staphylococcal diseases. Resistance to environment. Role of carriers as a source of the infection. Hospital staphylococcal infection. MRSA and MRSE. Typing of S.aureus.

7. Laboratory diagnostics of staphylococcal diseases. 

8. Recommended antibiotics and hospital control. 

II) Before class draw this table in your workbook and fill in all empty fields:
«Features of staphylococcal infections»

	Name of the genus
	

	Name of the most virulent species
	

	Morphology of the bacteria (shape, arrangement, Gram’s staining, motility, spore-forming)
	

	Type of respiration
	

	Type of nutrition
	

	The main sign for dividing of all species into 2 groups
	

	The basic superficial antigen
	

	The main enzymes of virulence
	

	The main toxins
	

	The basic human habitat of S. aureus
	

	Two types of staphylococcal infections by their source
	

	The main source of exogenous infection
	

	The main primary staphylococcal infections
	

	The main manifestations caused by staphylococcal toxins
	

	The main method of microbiological diagnostics
	

	Selective media for staphylococci
	

	Methods of S. aureus typing
	


I) Entry test.

Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

II) Theoretical part. 

Answer the questions of teacher and demonstrate your knowledge of the theme.

The questions for discussing

1. Taxonomy and morphology of staphylococci. 

2. Nutrient media for staphylococci. Biochemical reactions. Differentiation of S. aureus from other species.

3. Antigenic structure. Determinants of virulence. Enzymes and toxins. 

4. Pathogenesis of staphylococcal diseases, their main symptoms.

5. Epidemiology of  staphylococcal diseases. Resistance to environment. Role of carriers as a source of the infection. Hospital staphylococcal infection. MRSA and MRSE. Typing of S. aureus.

6. Laboratory diagnostics of staphylococcal diseases. 

7. Recommended antibiotics and hospital control. 

THE THEORETICAL REFERENCE.

Members of the genus Staphylococcus (staphylococci) are Gram-positive cocci that tend to be arranged in grape-like clusters. Worldwide, Staphylococcus aureus is the most virulent and one of the most common causes of acute purulent infections. Other species are common in the skin flora but produce lower grade disease, typically in association with some abridgment of the host defenses such as an indwelling catheter.

Although staphylococci have a marked tendency to form clusters (from the Greek staphyle, bunch of grapes), some single cells, pairs, and short chains are also seen. Staphylococci have a typical Gram-positive cell wall structure. Like all medically important cocci, they are nonflagellate, nonmotile, and non-spore-forming. Staphylococci grow best aerobically but are facultatively anaerobic. In contrast to streptococci, staphylococci produce catalase. More than one dozen species of staphylococci colonize humans; of these, three are of major medical importance: S. aureus, S. epidermidis, and S. saprophyticus. The genus Staphylococcus is now classified into 32 species on the base of their biochemical properties and chemical composition of their cell wall. All species are divided into two groups by ability to clot human or rabbit plasma with secreted enzyme coagulase. Only 4 species are coagulase-positive: S. aureus, S. intеrmеdius, S. hyicus and S. delphini.

In most strains, the peptidoglycan of the cell wall is overlaid with surface antigenic proteins. One protein - protein A, is unique because binds the Fc portion of IgG molecules, leaving the antigen-reacting Fab portion directed externally. This phenomenon has been exploited in test systems for detecting antigens.

PATHOGENICITY OF S. АURЕUS.This speciesforms а number of toxins and enzymes. They are important virulеnсе factors for producing а disease in the host. S. aureus produces а number of enzymes: lecitinase, phosphatase, coagulase, hyaluronidase, fibrinolysin and desoxyribonuclease, which are related to virulence of the bacteria. 

Toxins

1) Наеmоlysins. Four antigenically distinct types called alpha, beta, gаmmа and delta haemolysins аrе produced by staphylococci. These аrе exotoxins. Alpha lysin (also known as alpha toxin) is the most important in pathogenicity. In cultures, it is produced оnlу undеr aerobic conditions. It is а protein and is inactivated at 60°С. It is also cytotoxic (platelet), leucocidal and dеrmоnесrоtiс. It causes injury to the circulatory system and muscle tissue.

2) Lеuсосidin. It is composed of twо components, S (slow) and F (fast). These components damage роlуmоrрhоnuсlеаr leucocytes and macrophages. This toxin is also called the Раntоn-Vаlеntinе tохin after its discoverers.

3) Enterotoxins. The ability of S. aureus enterotoxins to stimulate gastrointestinal symptoms (primarily vomiting) in humans and animals has long been known. There are several antigenically distinct proteins (А, В, С1, С2,СЗ, D, Е, Н and I). Once formed, these toxins are quite stable, retaining activity even after boiling or exposure to gastric and jejunal enzymes. In addition to superantigen-mediated actions, they appear to act directly on neural receptors in the upper gastrointestinal tract, leading to stimulation of the vomiting center in the brain. 

4) Exfoliatins. Exfoliatin causes intercellular splitting of the epidermis between the stratum spinosum and stratum granulosum, presumably by disruption of intercellular junctions. Two antigenic variants А and В of exfoliatin are antigenic in humans. 

5) Toxic shock syndrome toxin-1 (TSST-1), the major cause of staphylococcal toxic shock syndrome, shares many properties with the staphylococcal enterotoxins and was, in fact, confused with one of them during the course of its discovery. It can stimulate the release of cytokines through the superantigen mechanism, but may also have direct toxic effects on endothelial cells. The latter action may lead to capillary leakage, hypotension, and shock.

6) Pyrogenic Toxin Superantigens. The pyrogenic toxin superantigens (PTSAgs) are a family of secreted proteins able to stimulate systemic effects due to absorption from the site where they are produced by multiplying staphylococci. Toxins stimulate both T cells and macrophages to release massive amounts of cytokines, particularly tumor necrosis factor-alpha and interleukin-1. Other activities of these toxins are pyrogenicity and enhanced susceptibility to the lethal effects of endotoxin.

EPIDEMIOLOGY.The basic human habitat of S. aureus is the anterior nares. About 30% of individuals carry the organism in this site at any given time, and rates among hospital personnel and patients may be much higher. Most S. aureus infections acquired in the community are autoinfections with strains that the subject has been carrying in the anterior nares, on the skin, or both. 

Hospital outbreaks caused by a single strain of S. aureus most commonly involve patients who have undergone surgical or other invasive procedures. The source of the outbreak may be a patient with an overt or inapparent staphylococcal infection (eg, decubitus ulcer) that is then spread directly to other patients on the hands of hospital personnel. A nasal or perineal carrier among medical, nursing, or other hospital personnel may also be the source of an outbreak, especially if carriage is heavy and numerous organisms are disseminated. Bacteriophage typing and patterns of resistance to antimicrobial drugs  (antibiograms) are used as epidemiologic tools to detect carriers who may have initiated or contributed to continuation of the outbreak. 
Staphylococcal food poisoning can be an unfortunate and offensive continuation of a large number of group picnics and wedding celebrations. In these cases gastronomic delicacies are kept for a long time at a temperature of 25-35 degrees Celsius, due to this heating the multiplication of staphylococci in foodstuffs goes quickly. Characteristically, the food is moist and rich (eg, potato salad, creamy dishes). The food becomes contaminated by a preparer who is a nasal carrier or has a staphylococcal lesion. If the food is inadequately refrigerated, the staphylococci multiply and produce enterotoxin in the food. Because of the heat resistance of the toxin, toxicity persists even if the food is boiled before eating.

MANIFESTATIONS: PRIMARY INFECTION.

Furuncle and Carbuncle. The furuncle or boil is a superficial skin infection that develops in a hair follicle, sebaceous gland, or sweat gland. Blockage of the gland duct with inspissation of its contents causes predisposition to infection. Furunculosis is often a complication of acne vulgaris.  The infected patient is often a carrier of the offending Staphylococcus, usually in the anterior nares. The course of the infection is usually benign, and the infection resolves upon spontaneous drainage of pus. No surgical or antimicrobic treatment is needed. Infection can spread from a furuncle with the development of one or more abscesses in adjacent subcutaneous tissues. This lesion, known as a carbuncle, occurs most often on the back of the neck but may involve other skin sites. Carbuncles are serious lesions that may result in bloodstream invasion (bacteremia).

Chronic Furunculosis. Some individuals are subject to chronic furunculosis, in which repeated attacks of boils are caused by the same strain of S. aureus. There is little, if any, evidence of acquired immunity to the disease; indeed, delayed-type hypersensitivity to staphylococcal products appears responsible for much of the inflammation and necrosis that develops. Chronic staphylococcal disease may be associated with factors that depress host immunity, especially in patients with diabetes or congenital defects of polymorphonuclear leukocyte function. However, in most instances, predisposing disease other than acne is not present.

Impetigo. S. aureus is most often seen as a secondary invader in group A streptococcal pustular impetigo, but it can produce the skin pustules of impetigo on its own. Strains of S. aureus that produce exfoliatin cause a characteristic form called bullous impetigo, characterized by large blisters containing many staphylococci in the superficial layers of the skin. Bullous impetigo can be considered a localized form of scalded skin syndrome.

Deep Lesions.S. aureus can cause a wide variety of infections of deep tissues by haematogenic spread from a skin lesion that may be unnoticed. These include infections of bones, joints, deep organs, and soft tissues, including surgical wounds. More than 90% of the cases of acute osteomyelitis in children are caused by S. aureus. Staphylococcal pneumonia is typically secondary to some other insult to the lung, such as influenza, aspiration, or pulmonary edema. At deep sites the organism has the same tendency to produce localized, destructive abscesses that it does in the skin. Bacteremia and endocarditis can develop.

MANIFESTATIONS CAUSED BY STAPHYLOCOCCAL TOXINS

Scalded Skin Syndrome. Staphylococcal scalded skin syndrome results from the production of exfoliatin in a staphylococcal lesion, which can be quite minor (eg, conjunctivitis). Erythema and intraepidermal desquamation takes place at remote sites from which S. aureus cannot be isolated. The disease is most common in neonates and children less than 5 years of age. The face, axilla, and groin tend to be affected first, but the erythema, bullous formation, and subsequent desquamation of epithelial sheets can spread to all parts of the body. The disease occasionally occurs in adults, particularly those who are immunocompromised. Milder versions of what is probably the same disease are staphylococcal scarlet fever, in which erythema occurs without desquamation, and bullous impetigo, in which local desquamation occurs.

Toxic Shock Syndrome. Toxic shock syndrome (TSS) was first described in children but came to public attention during the early 1980s, when hundreds of cases were reported in young women using intravaginal tampons. The disease is characterized by high fever, vomiting, diarrhea, sore throat, and muscle pain. Within 48 hours, it may progress to severe shock with evidence of renal and hepatic damage. A skin rash may develop, followed by desquamation at a deeper level than in scalded skin syndrome. Blood cultures are usually negative. The outbreak receded with the withdrawal of certain brands of highly absorbent tampons.

Staphylococcal Food Poisoning. Ingestion of staphylococcal enterotoxin contaminated food results in acute vomiting and diarrhea within 1 to 5 hours. There is prostration, but usually no fever. Recovery is rapid, except sometimes in the elderly and in those with another disease.

DIAGNOSIS

Laboratory procedures to assist in diagnosis of staphylococcal infections are quite simple. Most acute, untreated lesions contain numerous polymorphonuclear leukocytes and large numbers of Gram-positive cocci in clusters. Staphylococci grow overnight on Blood agar, Mannitol-salt agar or Egg yolk salt agar incubated aerobically. Catalase and coagulase tests performed directly from the colonies are sufficient for identification. Antibiotic susceptibility tests are indicated because of the emerging resistance of S. aureus to multiple antimicrobial drugs, particularly methicillin and vancomycin. Deep staphylococcal infections such as osteomyelitis or deep abscesses present special diagnostic problems when the lesion cannot be directly aspirated or surgically sampled. Blood cultures are usually positive in conditions such as acute staphylococcal arthritis, osteomyelitis, and endocarditis but less often in localized infection such as deep abscesses.

TREATMENT

Most boils and superficial staphylococcal abscesses resolve spontaneously without antimicrobial therapy. Those that are more extensive, deeper, or in vital organs require a combination of surgical drainage and antimicrobial drugs  for optimal outcome. Penicillins and cephalosporins are active against S. aureus cell wall peptidoglycan and vary in their susceptibility to inactivation by staphylococcal β-lactamases. Although penicillin G is the treatment of choice for susceptible strains, the penicillinase-resistant penicillins (methicillin, nafcillin, oxacillin) and first-generation cephalosporins are more commonly used because of resistance. When penicillin was introduced to the general public following World War II, virtually all strains of S. aureus were highly susceptible. Since then, the selection of preexisting strains able to produce a penicillinase has shifted these proportions to the point at which 80 to 90% of isolates are now penicillin resistant. For strains resistant to these agents or patients with β-lactam hypersensitivity, the alternatives are vancomycin, clindamycin, or erythromycin. Synergy between cell wall–active antibiotics and the aminoglycosides is present when the staphylococcus is sensitive to both types of agents. Such combinations are often used in severe systemic infections when effective and rapid bactericidal action is needed, particularly in compromised hosts.

TOPIC 2: INFECTIONS CAUSED BY  STREPTOCOCCUS SPP. & NEISSERIA SPP. AND THEIR MICROBIOLOGICAL DIAGNOSTICS.

HOME WORK.

I) The questions for study:

1. Taxonomy and classification of streptococci. 

2. Streptococcus pyogenes. Morphological, cultural and physiological properties. Types of haemolysis. Antigenic structure. Toxins and enzymes. Pathogenesis and clinical signs of streptococcal infections. Epidemiology. Microbiological diagnostics. Non-suppurative complications, treatment and prophylaxis with antibiotics. 

3. Streptococcus pneumoniae. Morphological, cultural and physiological properties. Differentiation from other streptococci. Antigenic structure. Determinants of virulence. Pathogenesis and clinical signs. Epidemiology. Lab diagnostics. Treatment and prophylaxis. 

4. Classification and taxonomy of Gram-negative cocci.

5. Neisseria meningitidis. Morphological, cultural and physiological properties. Antigenic structure. Determinants of virulence. Pathogenesis and clinical signs. Epidemiology. Lab diagnostics. Treatment and prophylaxis.
6. Neisseria gonorrhoeae. Morphological, cultural and physiological properties. Antigenic structure. Determinants of virulence. Pathogenesis and clinical signs. Epidemiology. Lab diagnostics. Treatment and prophylaxis.
II) Before class draw this table in your workbook and fill in all empty fields:
«Features of streptococcal infections»

	
	Streptococcus pyogenes
	Streptococcus

pneumoniae
	Neisseria gonorrhoeae
	Neisseria meningitidis

	Morphology of the bacteria (shape, arrangement, Gram’s staining, motility, spore-forming)
	
	
	
	

	Types of respiration and nutrition
	
	
	
	

	The main factors of pathogenicity
	
	
	
	

	Source of infection
	
	
	
	

	Mechanisms of transfer
	
	
	
	

	Name(s) of disesases 
	
	
	
	

	The main manifestations 
	
	
	
	

	Use of microscopical  method (+/-), kind of specimen, stain
	
	
	
	

	What rapid tests are used? 
	
	
	
	

	Nutrient media for cultural method
	
	
	
	

	Selective media for cultural method
	
	
	
	

	Use of biological method (+/-)
	
	
	
	

	Use of serological method (+/-)
	
	
	
	


I) Entry test.

Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

II) Theoretical part. 

Answer the questions of teacher and demonstrate your knowledge of the theme.

The questions for discussing

1. Taxonomy and classification of streptococci. 

2. Streptococcus pyogenes. Morphological, cultural and physiological properties. Types of haemolysis. Antigenic structure. Toxins and enzymes. Pathogenesis and clinical signs of streptococcal infections. Epidemiology. Microbiological diagnostics. Non-suppurative complications, treatment and prophylaxis with antibiotics. 

3. Streptococcus pneumoniae. Morphological, cultural and physiological properties. Differentiation from other streptococci. Antigenic structure. Determinants of virulence. Pathogenesis and clinical signs. Epidemiology. Lab diagnostics. Treatment and prophylaxis. 

4. Classification and taxonomy of Gram-negative cocci.

5. Neisseria meningitidis. Morphological, cultural and physiological properties. Antigenic structure. Determinants of virulence. Pathogenesis and clinical signs. Epidemiology. Lab diagnostics. Treatment and prophylaxis.
6. Neisseria gonorrhoeae. Morphological, cultural and physiological properties. Antigenic structure. Determinants of virulence. Pathogenesis and clinical signs. Epidemiology. Lab diagnostics. Treatment and prophylaxis.
THE THEORETICAL REFERENCE.

MORPHOLOGY

Streptococci stain readily with common dyes, demonstrating coccal cells that are generally smaller and more ovoid in shape than staphylococci. They are usually arranged in chains with oval cells touching end to end, because they divide in one plane and tend to remain attached. Length may vary from a single pair to continuous chains of over 30 cells, depending on the species and growth conditions. Medically important streptococci are not acid fast, do not form spores, and are nonmotile. Some members form capsules composed of polysaccharide complexes or hyaluronic acid.

CULTURAL AND BIOCHEMICAL CHARACTERISTICS. Streptococci grow best in enriched media under aerobic or anaerobic conditions (facultative). Growth of many strains is enhanced by the presence of carbon dioxide. Blood agar is preferred because it satisfies the growth requirements and also serves as an indicator for patterns of hemolysis. The colonies are small, ranging from pinpoint size to 2 mm in diameter, and they may be surrounded by a zone where the erythrocytes suspended in the agar have been hemolyzed. When this zone is clear, this state is called β-hemolysis. When the result is hazy (incomplete hemolysis), with a green discoloration of the agar, it is called α-hemolysis. Streptococci are metabolically active, attacking a variety of carbohydrates, proteins, and amino acids. Glucose fermentation yields mostly lactic acid. In contrast to staphylococci, streptococci are catalase negative.

CLASSIFICATION. At the turn of the 20th century, a classification based on hemolysis and biochemical tests was sufficient to associate some streptococcal species with infections in humans and animals. Rebecca Lancefield, who demonstrated carbohydrate antigens in cell-wall extracts of the β-hemolytic streptococci, put this taxonomy on a sounder basis. Her studies formed a classification by serogroups (eg, A, B, C), each of which is generally correlated with an established species. Later it was discovered that some nonhemolytic streptococci had the same cell wall antigens.  For practical purposes, the type of hemolysis and certain biochemical reactions remain valuable for the initial recognition and presumptive classification of streptococci, and as an indication of what subsequent taxonomic tests to perform. Thus, β-hemolysis indicates that the strain has one of the Lancefield group antigens, but some Lancefield positive strains or groups may be α-hemolytic or even nonhemolytic. The streptococci will be considered as follows: (1) pyogenic streptococci (Lancefield groups); (2) pneumococci; (3) viridans and other streptococci (see Table).

GROUP A STREPTOCOCCI (STREPTOCOCCUS PYOGENES)

MORPHOLOGY AND GROWTH. Group A streptococci typically appear in purulent lesions or broth cultures as spherical or ovoid cells in chains of short to medium length (4 to 10 cells). On blood agar plates, colonies are usually compact, small, and surrounded by a 2- to 3-mm zone of β haemolysis that is easily seen and sharply demarcated. β -haemolysis is caused by either of two haemolysins, streptolysin S and the oxygen-labile streptolysin O, both of which are produced by most group A strains. Strains that lack streptolysin S are β -hemolytic only under anaerobic conditions, because the remaining streptolysin O is not active in the presence of oxygen. This feature is of practical importance, because such strains would be missed if cultures were incubated only aerobically. 

The M protein itself is a fibrillar coiled-coil molecule with structural homology to myosin. Its carboxy terminus is rooted in the peptidoglycan of the cell wall and the amino-terminal regions extend out from the surface. The specificity of the more than 80 serotypes of M protein is determined by variations in the amino sequence of the aminoterminal portion of the molecule.

Streptolysin O is a general cytotoxin, lysing leukocytes, tissue cells, and platelets. The toxin inserts directly into the cell membrane of host cells, forming transmembrane pores in a manner similar to complement and staphylococcal α-toxin. Streptolysin O is antigenic and the quantitation of antibodies against it is the basis of a standard serologic test called antistreptolysin O (ASO).

Pyrogenic Exotoxins. The manifestations of classical scarlet fever have long been associated with the action of an erythrogenic toxin. This toxin is now included in a family of nine proteins called streptococcal pyrogenic exotoxins (SPEs), one of which is produced by approximately 10% of group A streptococci. The SPEs are identified by letters (eg, A, B, C). They have multiple effects including fever, rash (scarlet fever), T-cell proliferation, B-lymphocyte suppression, and heightened sensitivity to endotoxin. At least some of these actions are due to cytokine release through the superantigen mechanism. 

Group A streptococcal diseases. Group A streptococci are the cause of “strep throat,” an acute inflammation of the pharynx and tonsils that includes fever and painful swallowing. Skin and soft tissue infections range from the tiny skin pustules called impetigo to a severe toxic and invasive disease that can be fatal in a matter of days. In addition to acute infections, group A streptococci are responsible for inflammatory diseases that are not direct infections but represent states in which the immune response to streptococcal antigens causes injury to host tissues. Acute rheumatic fever (ARF) is a prolonged febrile inflammation of connective tissues, which recurs following each subsequent streptococcal pharyngitis. Repeated episodes cause permanent scarring of the heart valves. Acute glomerulonephritis is an insidious disease with hypertension, hematuria, proteinuria, and edema due to inflammation of the renal glomerulus. Of the many theories advanced to explain the role of group A streptococci in ARF, an autoimmune mechanism related to antigenic similarities between streptococci and human tissue antigens has the most experimental support. Streptococcal pharyngitis patients who develop ARF have higher levels of antistreptococcal and autoreactive antibodies and T cells than those who do not. Some of these have been shown to react with both heart tissue and streptococcal antigens.

Erysipelas is a distinct form of streptococcal infection of the skin and subcutaneous tissues, primarily affecting the dermis. It is characterized by a spreading area of erythema and edema with rapidly advancing, well-demarcated edges, pain, and systemic manifestations, including fever and lymphadenopathy. Infection usually occurs on the face  and a previous history of streptococcal sore throat is common. 

Scarlet Fever. Infection with strains that elaborate any of the SPEs may superimpose the signs of scarlet fever on a patient with streptococcal pharyngitis. In scarlet fever, the buccal mucosa, temples, and cheeks are deep red, except for a pale area around the mouth and nose (circumoral pallor). Punctate hemorrhages appear on the hard and soft palates, and the tongue becomes covered with a yellow-white exudate through which the red papillae are prominent (strawberry tongue). A diffuse red “sandpaper” rash appears on the second day of illness, spreading from the upper chest to the trunk and extremities. 

DIAGNOSIS. Although these clinical features of streptococcal pharyngitis are fairly typical, there is enough overlap with viral pharyngitis that a culture of the posterior pharynx and tonsils is required for diagnosis. A direct Gram-stained smear of the throat is unhelpful because of the other streptococci in the pharyngeal flora, but smears from normally sterile sites usually demonstrate streptococci. Blood agar plates incubated anaerobically give the best yield because they favor the demonstration of β-hemolysis (see streptolysins, above). β-hemolytic colonies are identified by Lancefield grouping using immunofluorescence or agglutination methods. In smaller laboratories, an indirect method based on the exquisite susceptibility of group A strains to bacitracin and the relative resistance of strains of other groups may be used for presumptive separation of group A strains from the others Detection of group A antigen extracted directly from throat swabs is now available in a wide variety of kits marketed for use in physicians’ offices. These methods are rapid and specific, but most are only 90 to 95% sensitive compared to culture. Given the importance of the detection of group A streptococci in prevention of ARF (the reason physicians culture sore throats), missing even 5% of cases is not tolerable. Until direct antigen detection methods gain a higher sensitivity, negative results must be confirmed by culture before withholding treatment. Some of the newer antigen detection procedures are approaching a sensitivity that would allow their substitution for culture. Several serologic tests have been developed to aid in the diagnosis of poststreptococcal sequelae by providing evidence of a previous group A streptococcal infection. They include the ASO, anti-DNAase B, and some tests that combine multiple antigens. High titers of ASO are usually found in sera of patients with rheumatic fever, so that test is used most widely.

STREPTOCOCCUS PNEUMONIAE. PNEUMOCOCCI.  Gram-positive, oval cocci typically arranged end to end in pairs (diplococcus) giving the cells a bullet shape. The distinguishing structural feature of the pneumococcus is its capsule. All virulent strains have surface capsules, composed of high-molecular-weight polysaccharide polymers that are complex mixtures of monosaccharides, oligosaccharides, and sometimes other components. The exact makeup of the polymer is unique and distinctly antigenic for each of more than 90 serotypes. A number of pneumococcal surface proteins have been identified but their function is not known. On blood agar, pneumococci produce round, glistening 0.5- to 2.0-mm colonies surrounded by a zone of α-hemolysis. Both colonies and broth cultures have a tendency to undergo autolysis due to their susceptibility to peroxides produced during growth and the action of autolysins, a family of pneumococcal enzymes that degrade peptidoglycan. Accelerating the autolytic process with bile salts is the basis of the bile solubility test that separates pneumococci from other α-hemolytic streptococci. The most common form of infection with S. pneumoniae is pneumonia, which begins with fever and a shaking chill followed by signs that localize the disease to the lung. These include difficulty breathing and cough with production of purulent sputum, sometimes containing blood. The pneumonia typically fills part or all of a lobe of the lung with inflammatory cells, and the bacteria may spread to the bloodstream and thus other organs. The most important of the latter is the central nervous system, where seeding with pneumococci leads to acute purulent meningitis. 

DIAGNOSIS.Gram smears of material from sputum and other sites of pneumococcal infection typically show Gram-positive, lancet-shaped diplococci. Sputum collection may be difficult, however, specimens contaminated with respiratory flora are useless for diagnosis. Other types of lower respiratory specimens may be needed for diagnosis. S. pneumoniae grows well overnight on blood agar medium and is usually distinguished from viridans streptococci by susceptibility to the synthetic chemical ethylhydrocupreine (Optochin) or by a bile solubility. Bacteremia is common in pneumococcal pneumonia and meningitis, and blood cultures are valuable supplements to cultures of local fluids or exudates. Detection of pneumococcal capsular antigen in body fluids is possible but valuable primarily when cultures are negative.

NEISSERIA: GENERAL FEATURES

Neisseria are Gram-negative cocci that typically appear in pairs with the opposing sides flattened, imparting a “kidney bean” appearance. They are nonmotile, non-spore forming, and non-acid fast. Their cell walls are typical of Gram-negative bacteria, with a peptidoglycan layer and an outer membrane containing endotoxic glycolipid complexed with protein. The structural elements of N. meningitidis and N. gonorrhoeae are the same, except that the meningococcus has a polysaccharide capsule external to the cell wall. Gonococci and meningococci require an aerobic atmosphere with added carbon dioxide and enriched medium for optimal growth. Gonococci grow more slowly and are more fastidious than meningococci, which can grow on routine blood agar. All Neisseria are oxidase positive. Species are defined by growth characteristics and patterns of carbohydrate fermentation. Reagents are also available to distinguish N. gonorrhoeae and N. meningitidis from the other Neisseria by immunologic methods such as slide agglutination and immunofluorescence. Both pathogenic species possess pili, which vary in their antigenic composition, and several classes of outer membrane proteins (OMPs), which also vary antigenically.

NEISSERIA MENINGITIDIS. Twelve serogroups A, B, C, H, I, K, L, X,Y, Z, 29E,W-135 have been defined on the basis of the antigenic specificity of a polysaccharide capsule. The most important disease-producing serogroups are A, B, C, W-135, and Y. In addition to the group polysaccharides, individual N. meningitidis strains may contain two distinct classes of pili and multiple classes of OMPs. Meningococci are usually quiescent members of the nasopharyngeal flora but may produce fulminant infection of the bloodstream and/or central nervous system (CNS). There is little warning localized infections that precede systemic spread are rarely recognized. The major disease is an acute, purulent meningitis with fever, headache, seizures, and mental signs secondary to inflammation and increased intracranial pressure. Even when the CNS is not involved, N. meningitides infections have a marked tendency to be accompanied by rash, purpura, thrombocytopenia, and other manifestations associated with endotoxemia. This bacterium causes one of the few infections in which patients may progress from normal health to death in less than a day. 

MANIFESTATIONS. The most frequent form of meningococcal infection is acute purulent meningitis, with clinical and laboratory features similar to those of meningitis from other causes. A prominent feature of meningococcal meningitis is the appearance of scattered skin petechiae, which may evolve into ecchymoses or a diffuse petechial rash. These cutaneous manifestations are signs of the disseminated intravascular coagulation (DIC) syndrome that is part of the endotoxic shock brought on by meningococcal bacteremia (meningococcemia). Meningococcemia sometimes occurs without meningitis and may progress to fulminant DIC and shock with bilateral hemorrhagic destruction of the adrenal glands (Waterhouse–Friderichsen syndrome). However, the disease is not always fulminant, and some patients have only low-grade fever, arthritis, and skin lesions that develop slowly over a period of days to weeks. Meningococci are a rare cause of other infections such as pneumonia, but it is striking that localized infections are almost never recognized in advance of systemic disease.

DIAGNOSIS. Direct Gram smears of cerebrospinal fluid (CSF) in meningitis usually demonstrate the typical bean-shaped, Gram-negative diplococci. Definitive diagnosis is by culture of CSF, blood, or skin lesions. Although N. meningitidis is reputed to be somewhat fragile, it requires no special handling for isolation from presumptively sterile sites such as blood and CSF. Growth is good on blood or chocolate agar after 18 hours of incubation. Speciation is based on carbohydrate degradation patterns or immunologic tests. Serogrouping may be performed by slide agglutination methods but has no immediate clinical importance.

PROPHYLAXIS. Purified polysaccharide meningococcal vaccines have been shown to prevent group A and C disease in populations.

NEISSERIA GONORRHOEAE. N. gonorrhoeae grows well only on chocolate agar and on specialized medium enriched to ensure its growth. It requires carbon dioxide supplementation. Small, smooth, nonpigmented colonies appear after 18 to 24 hours and are well developed (2 to 4 mm) after 48 hours. Gonococci possess numerous pili that extend through and beyond the outer membrane. In contrast to meningococcal disease, gonorrhea is primarily localized to mucosal surfaces with relatively infrequent spread to the bloodstream or deep tissues. Infection is sexually acquired by direct genital contact, and the primary manifestation is pain and purulent discharge at the infected site. In men, this is typically the lesion of urethra, and in women, of the uterine cervix. Direct extension of the infection up the fallopian tubes produces fever and lower abdominal pain, a syndrome called pelvic inflammatory disease (PID). For women, sterility or ectopic pregnancy can be long-term consequences of gonorrhea. 

EPIDEMIOLOGY. The major reservoir for continued spread of gonorrhea is the asymptomatic patient. Screening programs and case contact studies have shown that almost 50% of infected women are asymptomatic or at least do not have symptoms usually associated with venereal infection. Most men (95%) have acute symptoms with infection. Many who are not treated become asymptomatic but remain infectious. Asymptomatic male and female patients can remain infectious for months. The organism may also be transmitted by oral–genital contact or by rectal intercourse. When all of these factors operate in a sexually active population, it is easy to explain the high prevalence of gonorrhea. Although gonococci can survive for brief periods on toilet seats, nonsexual transmission is extremely rare. 

DIAGNOSIS. Gram Smear. The presence of multiple pairs of bean-shaped, Gram-negative diplococci within a neutrophil is highly characteristic of gonorrhea when the smear is from a genital site. The direct Gram smear is more than 95% sensitive and specific in symptomatic men. Unfortunately, it is only 50 to 70% sensitive in women, and its specificity is complicated by the presence of other bacteria in the female genital flora that may have a similar morphology.

Culture. Attention to detail is necessary for isolation of the gonococcus, because it is a fragile organism that is often mixed with hardier members of the normal flora. Success requires proper selection of culture sites, protection of specimens from environmental exposure, culture on appropriate media, and definitive laboratory identification. In men, the best specimen is urethral exudate or urethral scrapings (obtained with a loop or special swab). In women, cervical swabs are preferred over urethral or vaginal specimens. The highest diagnostic yield in women is with the combination of a cervical and an anal canal culture, because some patients with rectal gonorrhea have negative cervical cultures. Throat or rectal cultures in men are needed only if indicated by the patient’s sexual practices. Swabs may be streaked directly onto culture medium or transmitted to the laboratory in a suitable transport medium if the delay is not more than 4 hours. Laboratory requests must specify the suspicion of gonorrhea, so that media that satisfy the nutritional requirements of the gonococcus and inhibit competing normal flora can be seeded. The most common medium is Martin–Lewis agar, an enriched selective chocolate agar. The exact formulation has changed over the years, but includes antimicrobial drugs  active against Grampositive bacteria (vancomycin), Gram-negative bacteria (colistin, trimethoprim), and fungi (nystatin, anisomycin) at concentrations that do not inhibit N. gonorrhoeae. Colonies appear after 1 to 2 days of incubation in carbon dioxide at 37°C. They may be identified as Neisseria by demonstration of typical Gram stain morphology and a positive oxidase test. Classically, speciation is by carbohydrate degradation pattern, but this approach has been replaced by immunologic procedures (immunofluorescence, coagglutination, enzyme immunoassay) using monoclonal antibodies to unique antigens such as protein I. Neisseria species other than N. gonorrhoeae are unusual in genital specimens, but speciation is the only way to be certain of the diagnosis. 

Rapid test. Much effort has been directed at developing immunoassay and nucleic acid hybridization methods that detect gonococci in clinical specimens without culture. Such methods could have particular importance for screening populations where culture is impractical. Of these only the DNA amplification methods have the sensitivity to substitute for culture. The main barrier to their broader use is cost, which may be overcome by combining them with Chlamydia detection that targets the same clinical population. 

Serology. Attempts to develop a serologic test for gonorrhea have not yet achieved the needed sensitivity and specificity. A test that would detect the disease in asymptomatic patients would be very useful in control of this disease.

TOPIC 3: INFECTIONS CAUSED BY MYCOBACTERIUM  SPP. AND THEIR MICROBIOLOGICAL DIAGNOSTICS

HOME WORK.

I)The questions for study:
1. Taxonomy and classification of mycobacteria. 

2. Mycobacterium  tuberculosis. Morphological, cultural and physiological properties. Resistance to environmental factors. Biochemical reactions. Antigenic structure and determinants of virulence. 

3. Epidemiology and pathogenesis of tuberculosis. Immunity and hypersensitivity. Koch's Рhеnоmеnоn.

4. Microbiological diagnostics of tuberculosis. Tuberculin skin test. Lab diagnostics. 

5. Treatment and prophylaxis. ВCG Vассinе. Revised National Tuberculosis Control

6. Programme (RNTCP).
7. Non-tuberculous mycobacteria (NTM). Classification.Morphological, cultural and physiological properties. Pathogenesis and clinical signs. Epidemiology. Lab diagnostics. Treatment and prophylaxis. 

8. Mycobacterium leprae. Morphological, cultural and physiological properties. Antigenic structure. Determinants of virulence. Pathogenesis and clinical signs. Epidemiology. Lab diagnostics. Treatment and prophylaxis.
II) Before class draw this table in your workbook and fill in all empty fields:
«Features of Mycobacteria»

	Disease
	Tuberculosis
	Non-tuberculosis lesions caused by mycobacteria
	Lepra

	Names of species
	
	
	

	Morphology of the bacteria (shape, arrangement, Gram’s staining, motility, spore-forming)
	
	
	

	Types of respiration and nutrition
	
	
	

	The main factors of pathogenicity
	
	
	

	Source of infection
	
	
	

	Mechanisms of transfer
	
	
	

	Name(s) of disesases 
	
	
	

	The main manifestations 
	
	
	

	Use of microscopical  method (+/-), kind of specimen, stain
	
	
	

	What rapid tests are used? 
	
	
	

	Nutrient media for cultivation
	
	
	

	Use of biological method(+/-)
	
	
	

	Use of allergical method (+/-)
	
	
	


I) Entry test.

Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

II) Theoretical part. 

Answer the questions of teacher and demonstrate your knowledge of the theme.

The questions for discussing

1. Taxonomy and classification of mycobacteria. 

2. Mycobacterium  tuberculosis. Morphological, cultural and physiological properties. Resistance to environmental factors. Biochemical reactions. Antigenic structure and determinants of virulence. 

3. Epidemiology and pathogenesis of tuberculosis. Immunity and hypersensitivity. Koch's Рhеnоmеnоn.

4. Microbiological diagnostics of tuberculosis. Tuberculin skin test. Lab diagnostics. 

5. Treatment and prophylaxis. ВCG Vассinе. Revised National Tuberculosis Control Programme (RNTCP).

6. Non-tuberculous mycobacteria (NTM). Classification.Morphological, cultural and physiological properties. Pathogenesis and clinical signs. Epidemiology. Lab diagnostics. Treatment and prophylaxis. 

7. Mycobacterium leprae. Morphological, cultural and physiological properties. Antigenic structure. Determinants of virulence. Pathogenesis and clinical signs. Epidemiology. Lab diagnostics. Treatment and prophylaxis.

THE THEORETICAL REFERENCE.

ACTINOBACTERIA. Human pathogenic genera Mycobacterium, Actinomyces, Nocardia and Corynebacterium belong to the phylum Actinobacteria. Mycobacterium is a genus of Gram-positive bacilli that demonstrate the staining characteristic of acid-fastness. The most important species, Mycobacterium tuberculosis, is the etiologic agent of tuberculosis. Tuberculosis remains a leading cause of infectious disease deaths worldwide today. A second mycobacterium, Mycobacterium leprae, is the causative agent of leprosy. A large number of less pathogenic species collectively referred to as “atypical mycobacteria” or “nontuberculous mycobacteria,” are assuming increasing importance as disease agents in immunocompromised patients, particularly those with acquired immunodeficiency syndrome (AIDS). Actinomyces and Nocardia are Gram-positive rods characterized by filamentous, tree-like branching growth, which has caused them to be confused with fungi in the past. They are opportunists that can sometimes produce indolent, slowly progressive diseases. A related genus, Streptomyces, is of medical importance as a producer of many antibiotics, but it rarely causes infections.

MYCOBACTERIA аrе slender bacilli that sometimes show branching filamentous forms resembling fungal mycelium (Myces meaning fungus).They are diffrcult to stain but оnсе stained, resist decolourisation with dilute mineral acids and аrе therefore called acid-fast bacilli or AFВ. These organisms аrе аеrоbiс, nоn-motile, non-capsulated and non-sporing. Of particular importance are long-chain fatty acids called mycolic acids. The mycolic acids, for which the mycobacteria are named, make up more than 60% of the total cell wall mass and are distinctive for each species. Other lipid components include mycosides, sulfolipids, and lipoarabinomannan (LAM), a complex molecule extending from the plasma membrane to the surface. LAM is structurally and functionally analogous to the lipopolysaccharide of Gram-negative bacteria. 

The genus includes:

1) obligate parasite of human (Mycobacterium leprae), reservoir – only human;

2) facultative parasites of human (M. tuberculosis) and animals (M. bovis, М. microti etc.), reservoir – human and animals;

3) opportunistic or saprophytic pathogens (M. kansasii, M. smegmatis, M. smegmatis, M. avium-intracellulare etc.), reservoir – environment and animals. М. tuberculosis and М. bovis аrе typical tubercle bacilli and саusе human tuberculosis. 

Classification. Mycobacterial classification has been based on a constellation of phenotypic characteristics, including nutritional and temperature requirements, growth rates, pigmentation of colonies grown in light or darkness, key biochemical tests, the cellular constellation of free fatty acids, and the range of pathogenicity in experimental animals.

MYCOBACTERIUM TUBERCULOSIS

The species contains twо mаiоr types, classical and South Indian type of М. tuberculosis. Classical type is virulent to guinea pig but South Indian type is attenuated in this animal. Sоuth Indian type is рrеvаlеnt in South India and in реrsоns of Asian-ethnic origin living in other countries. М. tuberculosls is а slender, straight оr slightly curved bacillus with rounded ends, оссurring singly, in pairs оr in small clumps. Ziehl-Neelsen staining is useful to study thе morphology of this bacterium. Тubеrсlе bacilli may also bе stained with the fluorescent dyes (auramine О, rhodamine) and арреаr yellow luminous bacilli under the fluorescent microscope. Beaded оr bаrrеd forms аrе frequently sееn in М. tuberculosls. They аrе Grаm positive but аrе difficult to stain with thе Grаm stain due to the failure of the dye to penetrate thе cell wall. М. bovis арреаrs straighter, stouter and shorter with uniform staining.

Cultivation. М. tuberculosis is an obligate аеrоbе whereas М. bovis is microaerophilic оn рrimаrу isolation, becoming aerobic on subculture. The bacilli gгоw slowly (generation time 14-15 hours) and colonies арреаr only in about twо weeks and sometimes it may take up to 6-8 weeks. Optimum tеmреrаturе for growth is 37°С (rаngе 30-40°С). Optimum рН is 6.4 to 7.0.Tubercle bacilli can gтow оn а widе rаngе of еnriсhеd сulturе media but Lowenstein-Jensen (L) medium is most соmmоnlу used.This medium consists of beaten eggs, аsраrаginе, minеrаl salts, malachite green and glycerol оr sodium pyruvate. It is solidified bу heating (inspissation). It is оnе of the media which аrе solid without inсоrроrаtiоn of agar. In this medium egg acts as а solidifying agent. Malachite green inhibits the gтоwth of organisms оthеr thаn mусоbасtеriа and provides а colour to thе medium. The addition of glycerol improves the growth of humаu type of М. tuberculosis, while it is without any effect оr even inhibitory to М. bovis. 

Sodium pyruvate improves the growth of both М. tuberculosis and M. bovis. Colonies of М. tuberculosis are dry, rоuth, buff coloured, raised, with а wrinkled surface.They аrе tenacious and not easily emulsified. In liquid media, thе bacilli grоw as surface pellicle due to hydrophobic properties of their cell wall. Virulent strains tend to grow as sеrреntinе cords in thе citrated blood (Preus’ rapid test), while avirulent strains grоw in а mоrе dispersed fashion. Тhе cord factor consists of two mycolic acids linked to а molecule of trehalose.

Resistance. Due to its hydrophobic lipid surface, M. tuberculosis is unusually resistant to drying, to most common disinfectant, and to acids and alkalins. Tubercle bacilli are sensitive to heat, including pasteurization, and individual organisms in droplet nuclei are susceptible to inactivation by ultraviolet light.

Epidemiology of tuberculosis. The great majority of tuberculous infections are contracted by inhalation of droplet nuclei carrying the causative organism. Humans may also be infected through the gastrointestinal tract following the ingestion of milk from tuberculous cows (now uncommon due to pasteurization) or, rarely, through abraded skin. It has been estimated that a single cough can generate as many as 3000 infected droplet nuclei and that less than 10 bacilli may initiate a pulmonary infection in a susceptible individual. The likelihood of acquiring infection thus relates to the numbers of organisms in the sputum of an open case of the disease, the frequency and efficiency of the coughs, the closeness of contact, and the adequacy of ventilation in the contact area. Epidemiologic data indicate that large doses or prolonged exposure to smaller infecting doses is usually needed to initiate infection in humans. Children, patients with AIDS and other immunodeficient syndromes are the most sensitive to tuberculosis currently.

Pathogenesis of tuberculosis. Mycobacteria do not produce classic exotoxins or endotoxins. Disease processes are thought to be the result of two related host responses. The first, a delayed-type hypersensitivity (DTH) reaction to mycobacterial proteins, results in the destruction of nonactivated macrophages containing multiplying organisms. It is detected by intradermal injections of purified proteins from the mycobacteria. The second, cell-mediated immunity (CMI) activates macrophages, enabling them to destroy mycobacteria contained within their cytoplasm. The balance between these two responses determines the pathology and clinical response to a mycobacterial infection.

Koch's Рhеnоmеnоn. The response of а tuberculous animal to reinfection was best explained bу Robert Koch.When а hеаlthу guinea pig is inoculated subcutaneously with virulеnt tubercle bacilli, thе рunсtuге site heals qickly and thеrе is no immediate visible reaction. Аftеr l0-14 days а nodule appears at thе site of injection which ulcerates and the ulcer persists till the animal dies of progressive tuberculosis. The regional lуmрh nodes аrе enlarged and caseous. On thе оthеr hand, virulent tubercle bacilli аrе injected in а guinea pig, which had received а рriоr injection of tubercle bacilli 4-6 weeks earlier, аn indurated lesion арреаrs at thе site of injection in а day оr twо which undergoes necrosis in аnоthеr day оr so to fоrm а shallow ulсеr. This ulcer heals rapidly without involvement of thе regional lymph nodes or tissues. This is called Koch’s рhеnоmеnоn. Koch's phenomenon is а combination of hypersensitivity and immunity.

Primary Infection. Primary tuberculosis is the response to the initial infection in an individual not previously infected and sensitized to tuberculoprotein. Inhaled droplet nuclei containing small numbers of tubercle bacilli are deposited in the peripheral respiratory alveoli, most frequently those of the well-ventilated middle and lower lobes. Here they are engulfed by nonspecifically activated alveolar macrophages. The ingested mycobacteria continue to multiply intracellularly without damage to their host cell. Some of the bacterial-laden macrophages are transported through lymphatic channels to the hilar lymph nodes draining the infected site. From there, they may disseminate through blood and lymphatic systems to a number of tissues, including the liver, spleen, kidney, bone, brain, meninges and apices or other parts of the lung. The inflammatory reaction in the seeded tissues is usually minor, and the signs and symptoms of infection are absent. However, the primary site of infection and some enlarged hilar lymph nodes can often be detected radiologically. In infants and immunocompromised adults, hematogenous dissemination of organisms may occasionally produce meningitis.

Morphologically, the resulting tubercle is a microscopic granuloma comprised of some multinucleated giant cells formed by the fusion of several macrophages (Langhans cells), many epithelioid cells (activated macrophages), and a surrounding collar of lymphocytes and fibroblasts. When many bacteria are present and there is a high degree of hypersensitivity, enzymes, reactive oxygen intermediates, and reactive nitrogen intermediates are released by dying macrophages and lead to necrosis of the center of the granuloma, which is termed caseous because of the cheesy, semisolid character of the gross lesion.

Primary infections are usually handled well by the host. Bacterial multiplication ceases. Most microscopic lesions heal by fibrosis, and the organisms in them slowly die. In others, especially those in well-oxygenated tissues such as the subapical areas of the lung, renal cortex and vertebral bodies, the tubercle bacilli remain viable for long periods and serve as a potential source of reactivation many months or years later if host defenses weaken.

Reactivation (Secondary) Tuberculosis. Reactivation usually occurs in body areas of relatively high oxygen tension and low lymphatic drainage, most often in the apex of the lung. The lesions show spreading, coalescing tubercles with numerous tubercle bacilli, and large areas of caseous necrosis. Necrosis often involves the wall of a small bronchus from which the necrotic material is discharged, resulting in a pulmonary cavity and bronchial spread. Frequently, small blood vessels are also eroded. The chronic fever and weight loss may be mediated in part by macrophage-derived tumor necrosis factor.

MANIFESTATIONS

Primary Tuberculosis is either asymptomatic or manifest only by fever and malaise. Radiographs may show infiltrates in the mid-zones of the lung and enlarged draining lymph nodes in the area around the hilum. When these lymph nodes fibrose and sometimes calcify, they produce a characteristic picture (Ghon complex) on radiograph. In approximately 5% of patients, the primary disease is not controlled and merges into the reactivation type of tuberculosis, or it disseminates to many organs to produce active miliary tuberculosis. The latter may result from a necrotic tubercle eroding into a small blood vessel.

Reactivation Tuberculosis. Approximately 10% of those recovering from a primary infection develop clinical disease sometime during their lifetime. In Western countries, reactivation of previous quiescent lesions occurs most often after the age of 50 and is more common in men. Reactivation is associated with a period of immunosuppression precipitated by malnutrition, alcoholism, diabetes, old age, and a dramatic change in the individual’s life, such as loss of a spouse. In areas in which the disease is more common, reactivation tuberculosis is more frequently seen in young adults experiencing the immunosuppression that accompanies puberty and pregnancy. Recently, reactivation and progressive primary tuberculosis among younger adults have increased as a complication of AIDS.

Cough is the universal symptom. It is initially dry, but as the disease progresses sputum is produced, which even later is mixed with blood (hemoptysis). Fever, malaise, fatigue, sweating and weight loss, all progress with continuing disease. Radiographically, infiltrates appearing in the apices of the lung coalesce to form cavities with progressive destruction of lung tissue. Less commonly, reactivation tuberculosis can also occur in other organs, such as the kidneys, bones, lymph nodes, brain, meninges, bone marrow, and bowel. Disease at these sites ranges from a localized tumor-like granuloma (tuberculoma) to a fatal chronic meningitis. Untreated, the progressive cough, fever, and weight loss of pulmonary tuberculosis creates an internally consuming fire that usually takes 2 to 5 years to cause death. The course in AIDS and other CMI-compromised patients is more rapid.

Laboratory Diagnostics. Homogenization of sputum and cопсепtrаtiоп of sресimепs

Petroff’s method. It is а simple and widely used technique. Sputum is mixed with equal volume of 4% sodium hydroxide and is incubated at 37°С with frequent shaking for about 30 minutes. It is thеn centrifuged at 3,000 rрm for 30 minutes. The supernatant fluid is poured off and the deposit is neutralised bу adding 8% hydrochloric acid in presence of а drор of phenol red indicator. The deposit is used for smеаr, culture and animal inoculation.

Other tnethods. Dilute acids (5% oxalic acid, 3% hydrochloric acid or 6% sulphuric acid), mucolytic agents such as N-acetyl-L-cysteine with sodium hydroxide and pancreatin аrе used fоr concentration of specimens.

Rapid tests

1) Microscopycal examination. If present in sufficient numbers, acid-fast bacilli can be detected microscopically in direct smears of clinical specimens or in smears of material concentrated for culture. Smears are stained by the Ziehl–Neelsen procedure or one of its modifications, including the fluorescence staining method. About 65% of culture-positive sputum samples yield positive smears from concentrated specimens.  If а lаrgе numbеr of smеаrs аrе to bе examined, fluorescent microscopy is mоrе соnvеniеnt. Smears аrе stained with fluorescent dyes such as аurаminе 'O' оr аurаminе-rhodamine and examined undеr ultraviolet light. The bacilli арреаr as bright bacilli against dark background.

These procedures are not specific for M. tuberculosis because other mycobacteria may have a similar morphology and may be etiologic agents of disease, members of the normal flora, or external contaminants. Their significance depends on the specimen. Acid-fast bacilli in sputum are highly significant for mycobacterial infection. A clean-voided male urine specimen, on the other hand, is often contaminated with Mycobacterium smegmatis from the prepuce, and the finding of acid-fast bacilli does not per se indicate infection. Bronchoscopy equipment and nasotracheal tubes or their lubricants are prone to contamination with free-living mycobacteria, and false conclusions have been drawn from smears of such preparations. 

2) PCR. The polymerase chain reaction has been reported to be useful in the direct diagnosis of tuberculosis by a number of investigators. To date, none of these techniques are practical for routine use in the clinical laboratory.
Cultural method. Culture is а very sensitive method for detection of tubercle bacilli. It mау detect only 10 to 100 bacilli per ml. Cultural confirmation of a tentative diagnosis of tuberculosis is thus essential, and the organism must be isolated for identification and susceptibility testing. Specimens from protected sites, such as cerebrospinal fluid, bone marrow, pleural fluid, and ureteric urine, can be seeded directly to culture media used for M. tuberculosis isolation. Those samples inevitably contaminated with normal flora, such as sputum, gastric aspirations (cultured when sputum is not available, for example, in young children), or voided urine, are treated with NaOH or sulfuric acid that kill the normal flora but allow many mycobacteria to survive because of their resistance to these agents.
The most commonly used treatment now employs N-acetylcysteine to dissolve mucus, combined with the antibacterial effect of a weak sodium hydroxide solution. The materialis concentrated by centrifugation or filtration, neutralized or washed, and inoculated onto culture media. Cultures on solid media usually take 3 weeks or longer to show visible colonies. 

Specific identification of an isolated mycobacterium is essential. It may be achieved with a number of cultural and biochemical tests, but the process usually takes several weeks. More rapid results can be obtained by high-resolution gas chromatographic analysis of fatty acids in mycobacterial colonies or by testing for homology between genetic probes of labeled mycobacterial DNA and ribosomal RNA extracted from the strain under test. Specific probes are now available commercially for detecting M. tuberculosis and the Mycobacterium avium–intracellulare complex.

Susceptibility testing is important with newly diagnosed cases. When sufficient numbers of acid-fast bacilli are seen on direct smears, the treated clinical specimen can be seeded directly onto antimicrobic-containing media for susceptibility tests, thereby saving several weeks. If numbers are scanty, the initiation of tests must await primary isolation.

Biological method (inoculation of lab animal). 0.5 ml of the concentrated specimen is inoculated intramuscularly into the thigh of tuberculin-negative hеаlthу guinea pigs. Inoculation bу subcutaneous route is avoided as it causes local ulсеr which mау bе infectious. Тhе animals аrе wеithеd prior to inoculation and  then one time a week. They are tuberculin tested after З4 weeks. There is progressive loss of weight and tuberculin tеst becomes positive in animals that develop tuberculosis. Animal is killed аftеr six weeks.

Autopsy shows: caseous lesion at the site of inoculation; enlarged caseous inguinal lymph nodes. The infection mау spread to other lymph nodes such as lumbar, portal, mediastinal and cervical lymph nodes; tubercles mау bе seen in spleen, lungs, liver оr peritoneum; kidneys аrе unaffected. The identity of thе bacteria is then confirmed bу demonstration of acid-fast bacilli (AFB) from the lesions. 

Serologic method includes detection of antimycobacterial antibodies in patient sеrum. Vаriоus methods such as еnzymе linked immunosorbent assay (ELISA), radio immunoassay (RIA), latex agglutination assay have bееn employed. Several antigens like BCG, antigens 5 and 6, 64 kDa, antigen 60 and 32 kDa protein have been tried for detection of antibody against them. Diagnostic utility of these antibodies is equivocal. WНО has recommended thаt these tests should not bе used fоr diagnosis of active tuberculosis.
Allergic method. The tuberculin skin test measures DTH to tuberculoprotein. PPD is standardized biologically against an international reference preparation, and its activity expressed in tuberculin units (TU). The test most commonly performed involves intradermal injection that is read 48 to 72 hours later. An area of measured induration of 10 mm or more accompanied by erythema constitutes a positive reaction (hyperergy that indicates latent or active tuberculosis), although smaller areas of induration and erythema indicate a lesser degree of sensitization to mycobacterial proteins (normergy, common among imuunized against tuberculosis). No induration indicates a negative reaction. A positive PPD test indicates that the individual has been infected at some time with M. tuberculosis or with a strongly cross-reacting mycobacterium of another species. It carries no implication about the activity of the infection, which may have been simply a primary complex contracted 20 years previously.
A negative PPD test in a healthy individual indicates that he or she has not been infected with M. tuberculosis. Patients with severe disseminated disease, those on steroid or immunosuppressive drugs, or those with certain other diseases such as AIDS and measles, may also become anergic. They lose their tuberculin hypersensitivity and become more susceptible to the disease. 

The clinical value of the PPD test depends on the occurrence of primary infection in different age groups. Now, primary infection is sufficiently uncommon in much of the Western world that a negative test is frequently important in excluding tuberculosis. A positive test in infancy or childhood has significance in diagnosis and can often be used to trace a household or school source of infection. Epidemiologic surveys of tuberculin reactivity indicate trends in the incidence of infection and constitute the simplest way of monitoring the effectiveness of control measures. Uses:

1) То mеаsurе рrеvаlеnсе of infection in а community.

2) То diagnose active infection in children.

3) It is used as аn indicator of successful BCG vaccination.

Treatment. M. tuberculosis is susceptible to several effective antimicrobial drugs . Isoniazid, ethambutol, rifampin, pyrazinamide, streptomycin, and combinations of these agents constitute the primary drugs of choice for treatment of tuberculosis. Second-line drugs include para-aminosalicylic acid, ethionamide, cycloserine, fluoroquinolones, kanamycin, etc.

Prophylaxis. At present, the bacillus Calmette-Guerin (BCG) vaccine (named for its originators, Calmette and Guerin) is the only available vaccine. It has been used for prophylaxis of tuberculosis in various countries since 1923; administration is usually intradermal. 

Composition: As all other vaccines it contains known antigen. It is a live vaccine derived originally from a strain of M. bovis that was attenuated by repeated subculture.

Production: From vaccinal strain BCG M. bovis by cultivation.

Mechanism of action: active artificial immunity.
Purposes (application): For planned immunization in order to National immunizations schedule.

The vaccine is given intradermally in а dose of 0.1 ml. BCG vaccine should bе given soon аftеr birth failing which it mау bе administered at аnу time duriпg the first уеаr of life. Also BCG is used in tuberculin-negative adult subjects for recultivation. Successful vaccination leads to a minor local lesion, self-limiting multiplication of the organism locally and in draining lymphatic vessels, and development of tuberculin hypersensitivity. The latter results in loss of the PPD test as a diagnostic and epidemiologic tool, and when infection rates are low, as they are now in most Western countries, this loss may offset the possible immunity produced.

Revised National Tuberculosis Control Programme (RNTCP). Under RNTCR апу patient with cough fоr 2 weeks оr mоrе is included fоr diagnosis of рulmоnаrу tuberculosis. Diagnosis is mainly based on good quality miсrоsсору. Two sputum samples are collected frоm thе patient. Оnе early mоrning specimen and оthеr is collected on spot when patient visits thе chest clinic. Воth the sputum specimens аrе stained with Ziehl-Neelsen staining and observed fоr acid-fast bacilli (АFВ). If one оr bоth smears аrе positive then patient is diagnosed as sputum positive рulmоnаrу tuberculosis and antitubercular treatment is started.

If both thе sputum smears аrе negative fоr АFВ, а course of antibiotic is given for 10-14 days.If соuth persists аftеr antibiotic treatment, again two sputum specimens аrе collected and examined for АFВ bу ZN staining. Antitubercular treatment is started if one оr both smеаrs аrе positive and it is declared as smеаr positive рulmоnаrу tuberculosis.

If both smеаrs аrе negative, diagnosis is done on Х-rау of chest. In саsе of Х-rау chest suggestive of tuberculosis, patient is diagnosed as sputum negative (closed) pulmonary tuberculosis. Antitubеrсulаr treatment is started. Patient is declared not suffering frоm tuberculosis when thеrе is nо finding suggestive of tuberculosis оn Х-rау roentgenogram.

TOPIC 4: INFECTIONS CAUSED BY CORYNEBACTERIUM  SPP. AND THEIR MICROBIOLOGICAL DIAGNOSTICS.

HOME WORK.

I_) The questions for study:

1. Taxonomy and general characteristics of corynebacteria. 

2. Corynebacterium diphtheriae. Morphological, cultural and biochemical properties. 

3. Diphtheria toxin. Properties and mode of action. Resistance to environmental factors. Antigenic structure and phage typing. 

4. Epidemiology and pathogenesis of diphtheria. Local and systemic effects of toxin. Complications.

5. Manifestations and complications of diphtheria. 

6. Microbiological diagnostics of diphtheria. Collection of specimen. Microscopical examination. Cultural method. Detection of exotoxin. Rapid tests.

7. Specific prophylaxis. Active and passive immunization. DPT vaccine. Combined immunization. Treatment with antitoxic serum and antibiotics.

8. Other pathogenic corynebacteria and diphtheroids. Characteristics and distinguishing  from C.diphtheriae.
II) Before class draw this table in your workbook and fill in all empty fields:
«Features of diphtheria causative agent»

	Name of species
	

	Morphology of the bacteria (shape, arrangement, Gram’s staining, motility, spore-forming)
	

	Types of respiration and nutrition
	

	The main factor of virulence and its mode of action
	

	Source of infection
	

	Mechanism of transfer
	

	Clinical forms of disease
	

	The main local manifestations of faucial form
	

	Use of microscopical  method (+/-), kind of specimen, stain
	

	What rapid tests are used? 
	

	Nutrient media for cultivation
	

	Main in vivo test for detection of toxigenicity
	


I) Entry test.

Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

II) Theoretical part. 

Answer the questions of teacher and demonstrate your knowledge of the theme.

The questions for discussing

1. Taxonomy and general characteristics of corynebacteria. 

2. Corynebacterium diphtheriae. Morphological, cultural and biochemical properties. 

3. Diphtheria toxin. Properties and mode of action. Resistance to environmental factors. Antigenic structure and phage typing. 

4. Epidemiology and pathogenesis of diphtheria. Local and systemic effects of toxin. Complications.

5. Manifestations and complications of diphtheria. 

6. Microbiological diagnostics of diphtheria. Collection of specimen. Microscopical examination. Cultural method. Detection of exotoxin. Rapid tests.

7. Specific prophylaxis. Active and passive immunization. DPT vaccine. Combined immunization. Treatment with antitoxic serum and antibiotics.

8. Other pathogenic corynebacteria and diphtheroids. Characteristics and distinguishing  from C.diphtheriae.
THE THEORETICAL REFERENCE.

Corynebacteria form genus Corynebacterium and family Corynebacteriaceae inside phylum Actinobacteria. They are Gram-positive, non-acid-fast, non-sporing, non-motile bacilli. They frequently show dub-shaped swellings (coryne means club shaped). The most important member of the genus is C. diphtheriae which causes diphtheria in humans but other species are increasingly assuming a pathogenic role particularly in immunocompromised individuals. Bretonneau (1826) called the disease “diphtherite” because of leathery pseudo-membrane produced in the disease (diphtheros meaning leather). The diphtheria bacillus was first described by Klebs (1883), but was first cultivated by Loeffler (1884). It is also known as Klebs-Loeffler bacillus. Roux and Yersin (1888) discovered diphtheria exotoxin. The antitoxin was discovered by van-Behring (1890) who was awarded the Nobel Prize for this work. 
CORYNEBACTERIUM DIPHTHERIA

Morphology. These are thin, slender, Gram positive bacilli (but tend to be decolourised easily) and measure approximately 3-6 μm x 0.6-0.8 μm. They are pleomorphic. They are club-shaped due to the presence of metachromatic granules at one or both ends. With Loffler’s methylene blue stain, granules take up a bluish purple colour and hence they are named metachromatic granules. These granules are also called volutin or Babes-Ernst granules. These are composed of polymetaphosphates and represent energy storage depots. The bacilli are usually seen in angular fashion resembling the letters V or L. This has been called Chinese letter or cuneiform arrangement. This typical arrangement is due to incomplete separation of the daughter cells after binary fission. There is clear pleomorphism of C. diphtheriae in smear: high variety of cell length and width.

Special stains like (malachite green and toludine blue), Neisser or Loffler’s polychrome methylen-blue are used for staining the bacilli. The bacilli look green and metachromatic granules appear bluish black when Albert stain is used. The bacilli looks yellow and metachromatic granules appear brown when Neisser stain is used. They are non-capsulated, non-acid-fast and non-motile.

Main morphological features unlike diphtheroids are: the presence of metachromatic granules at one or both ends; chinese letter or cuneiform arrangement; pleomorphism.

Cultural Characteristics. C.  diphtheriae are grown best on media enriched with blood, serum or egg. Growth is scanty on ordinary media. They are aerobic and facultative anaerobic. The optimum temperature for growth is 37°C (range 35-40°C) and optimum pH 7.2. The following are the usual media employed for cultivation of diphtheria bacillus.

1. Hiss's Serum Water. This is a liquid medium containing serum. Growth is seen as a turbidity and pellicle formation.

2.  Loeffler's Serum Slope. Diphtheria bacilli grow on this medium very rapidly. Colonies appear after 6 to 8 hours of incubation, long before other bacteria grow. The colonies are small, circular, white or creamy and glistening.

3. Tellurite Blood Agar Medium (Klauberg’s medium). It contains potassium tellurite (0.04%) which inhibits most other bacteria and thus acting as a selective agent. The organisms grow slowly on this medium and form grey or black colonies due to reduction of potassium tellurite to tellurium. The colonies may take two days to appear in this medium. Based on colony morphology on tellurite medium and other properties, three main biotypes of C. diphtheriae -gravis, intermedium and mitis are distinguished.

4. Tinsdale agar, which contains sheep's blood, bovine serum, cystine and potassium tellurite, is one of the selective media used for growing C. diphtheria. Black or brown colonies are formed on this medium. A brown halo surrounding the colony is a useful differentiating feature, because only C. diphtheria, C. ulcerans and C. pseudotuberculosis produce a brown halo. On this medium staphylococci can also grow as black colonies but without haloes around the colonies.

Biochemical Reactions. They ferment glucose and maltose with the production of acid but without gas. They do not ferment lactose, mannitol or sucrose. The gravis biotype ferments starch and glycogen while intermedius and mitis cannot. It is necessary to employ Hiss's serum water for testing fermentation of sugars. They do not hydrolyse urea but can hydrolise cystine. 

Pyrazinamidase (PYZ) test. Pyrazinamide is converted into pyrazinoic acid by the organisms which produce pyrazinamidase (PYZ). This test is helpful to distinguish C. diphtheriae (PYZ-negative) from other corynebacterium species (mostly PYZ-positive). However C. ulcerans and C. pseudotuberculosis are also PYZ-negative but they are urease test positive which differentiate them from C. diphtheriae (urease negative).

Diphtheria exotoxin. The pathogenicity is due to production of a very powerful exotoxin by virulent strains of diphtheria bacilli. About 90-95% gravis and intermedius strains are toxigenic, while only 80-85% of mitis strains are so. Avirulent strains are frequent among convalescents, carriers and contacts. The toxigenicity of the diphtheria bacillus depends on the presence of a tox gene which can be transferred from one bacterium to another by lysogenic bacteriophages, of which beta phage is the most important. Non-toxigenic strains may be rendered toxigenic by infecting them with beta phage. This process is known as lysogenic or phage conversion. When the bacteria is freed of its phage, it loses the toxigenicity and becomes non-toxigenic strain. In addition to beta phage, other phages (a, P, L, y) are also known to carry tox genes.

1. Properties. The diphtheria toxin is a protein. It consists of two fragments A and B. Fragment A has all the enzymatic activity whereas fragment B is responsible for binding the toxin to the cells. The antibody to fragment B prevents the binding of toxin to cells and is thus protective. The toxin is heat labile. It  is extremely poisonous (0.0001 mg kills a guinea pig of 250 gm weight). It is converted into toxoid by heat (at 37°C) and treatment with 0.2 to 0.4% formalin for 4 to 6 weeks. The toxoid is a toxin that has lost its toxicity but has retained the antigenicity. It is capable of producing antitoxin.

2. Mode of Action. It acts by inhibiting protein synthesis. It inhibits polypeptide chain elongation in the presence of nicotinamide adenosine dinucleotide (NAD) by inactivating the elongation factor, EF-2. Fragment A splits NAD to form nicotinamide and adenosine diphosphoribose (ADPR). AD PR binds to and inactivates EF-2 which is an enzyme required for elongation of polypeptide chain.

Resistance of C. diphtheriae. It readily dies when exposed to a temperature of 58°C for 10 minutes or 100°C for one minute. It is resistant to drying. The organism remains virulent in blankets and floor dust for five weeks. It is quite susceptible to penicillin, erythromycin and broad spectrum antibiotics.

Antigenic Structure of C. diphtheriae. C. diphtheria possesses heat labile type-specific protein antigens (K antigen) and heat stable polysaccharide O antigen. 

Bacteriophage Typing. About 15 bacteriophage types have been described, type I to III strains are mitis, IV to VI intermedius. VII avirulent gravis and the remainder virulent gravis strains. The only other corynebacteria which are found susceptible to the C. diphtheriae typing phages are C. ulcerans and C. pseudotuberculosis. Bacteriocin (diphthericin) typing has also been described. Other typing methods include DNA restriction patterns, bacterial polypeptide analysis and hybridisation techniques.

Epidemiology. C. diphtheriae is transmitted by droplet spread, by direct contact with cutaneous infections, and, to a lesser extent, by fomites. Some subjects become convalescent pharyngeal or nasal carriers and continue to harbor the organism for weeks to months or even for a lifetime. Diphtheria is rare where immunization is widely used. In the United States, for example, fewer than 10 cases are now reported each year. Diphtheria still occurs in developing countries and in those places where public health infrastructure has been disrupted. For example, in the former Soviet Union, where the annual number of diphtheria cases had been below 200, over 47,000 cases and 1700 deaths occurred between 1990 and 1995. This outbreak followed the introduction of diphtheria into a population where the immunization rate for children was not sufficiently high, adults were not given boosters, and the efforts at mass immunization early in the epidemic were inadequate.

Pathogenesis. Diphtheria is most commonly seen in children of 2 to 10 years. Infection is confined to humans only. The incubation period is 3 to 4 days, but may on occasion be as short as one day. Diphtheria may be of the following clinical types depending upon the site of infection: Faucial, Laryngeal, Nasal, Conjunctival, Otitic, Vulvovaginal, Cutaneous mainly around mouth and nose. 

Faucial diphtheria is the commonest type. The toxin has both local as well as systemic effects.

1. Local effects. The bacilli remain confined to the site of entry (usually upper respiratory tract), where they multiply and start producing toxin. The toxin causes local necrotic changes along with superficial inflammatory reaction. The necrosed epithelium together with fibrinous exudate, leucocytes, erythrocytes and bacteria, produce the pseudomembrane, which is a characteristic feature of diptheritic infection. The mechanical complications of diphtheria are due to the pseudomembrane, whereas the systemic effects are due to toxin.

2. Systemic effects. The diphtheria toxin diffuses into the blood stream and causes toxaemia. The toxin has got affinity for cardiac muscle, adrenals and nerve endings. It acts systemically on the cells of these tissues. The bacilli themselves do not play any part in systemic effects because they neither penetrate into the tissues nor pass into blood stream producing bacteraemia.

Manifestations. After an incubation period of 2 to 4 days, diphtheria usually presents as pharyngitis or tonsillitis. Typically, malaise, sore throat, and fever occur, and a patch of exudate or membrane develops on the tonsils, uvula, soft palate, or pharyngeal wall. The gray-white pseudomembrane adheres to the mucous membrane, and may extend from the oropharyngeal area down to the larynx and into the trachea. Associated cervical adenitis is common, and in severe  cases cervical adenitis and edema produce a “bullneck” appearance. In uncomplicated  cases, the infection gradually resolves, and the membrane is coughed up after 5 to 10 days.

Complications. 1. Local: The pseudomembrane may extend to the larynx which may lead to laryngeal obstruction, asphyxia and death. 2. Systemic: a) Diphtheritic myocarditis which may terminate in heart failure and death, b) Polyneuropathy and post-diphtheritic paralysis of palatine and ciliary muscles, c) Degenerative changes and failure in adrenals, kidney and liver may occur.

Lab diagnostics. Laboratory confirmation of diphtheria is necessary for exact diagnosis and epidemiological studies, but not for treatment. Specific treatment should be started immediately after clinical diagnosis without waiting for laboratory reports. Any delay may be fatal. Laboratory diagnosis includes evaluation of causative agent and demonstration of its toxigenicity by virulence tests. Definitive diagnosis is accomplished by isolating and identifying C. diphtheriae from the infected site and demonstrating its toxigenicity.

Collection of specimen. Two swabs from the lesions (throat, nose, larynx, ear, conjunctiva, vagina, or skin) аrе collected. One swab is used for smear examination and other for culture. Local lesion is usually in the throat. Swabs are collected prior to start of antibiotics and application of antiseptics in form of gargles. The swabs are rubbed over the affected area and pseudomembrane, if formed, should be scraped with swab. If there is no definite localised lesion, the swabs should be rubbed over tonsils and the posterior pharyngeal wall without touching the mouth parts.

Microscopical examination. Smears are stained with both Loeffler and Albert stain. Diphtheria bacilli show beaded slender green rods in typical Chinese letter pattern on Albert's staining. However, they cannot be confidently differentiated present in the throat. Hence it is reported as "the organisms resembling C. diphtheria" seen in direct smear examination. Gram staining is done to identify Vincent's spirochaetes and fusiform bacilli (other causes of sore throat). Direct smears of infected areas of the throat are not reliable diagnostic tools. Even in case of detection of bacteria very like C. diphtheriae, we cannot define their toxigenicity.

Cultural method. The swabs are inoculated on the following culture media:

1) Loeffler's serum slope. Growth appears within 6-8 hours on this medium. Subculture from Loeffler's serum slope is made on tellurite blood agar and plate is incubated at 37°C for 48 hours.

2) Tellurite blood agar. These plates have to be incubated at 37°C for at least 48 hours before declaring these as negative, as growth may sometimes be delayed.

3)  Blood agar. It is useful for differentiating streptococcal or staphylococcal pharyngitis, which may simulate diphtheria. It may also help to differentiate mitis biotype which shows haemolysis.

a) Colony morphology and staining. On Loeffler's serum slope, the colonies are small, circular, white or creamy. Diphtheria bacilli grow as black or grey coloured colonies on tellurite blood agar. Smears are prepared from suspected growth from various media. These smears are stained with Albert and Gram stain to confirm the morphology of C. diphtheriae. Albert staining shows green bacilli with bluish black metachromatic granules. Gram staining reveals Gram positive bacilli that tend to be decolourised easily. Diphtheroids cannot be decolourised as easily as C. diphtheriae.

b) Biochemical reactions. Hiss's serum water is used for testing fermentation of carbohydrates. Biochemical reactions of C. diphtheriae are as follows.
c) Virulence Tests. These tests demonstrate the production of exotoxin by bacteria isolated on culture. Virulence testing may be done by in vivo or in vitro methods.

IN VIVO TESTS

Guinea pigs and rabbits are susceptible to toxin produced by C. diphtheriae. Two types of test are used namely subcutaneous and intracutaneous.

1) Subcutaneous test. The growth from an overnight culture on Loeffler's serum slope is emulsified in 2-5 ml broth and 0.8 ml of this emulsion is injected subcutaneously into two guinea pigs, one of which has received an intramuscular injection of 500 units of diphtheria antitoxin 18-24 hours previously (this protected animal acts as a control). If the strain is virulent, the unprotected animal will die within 2 to 3 days with evidence of haemorrhage in the adrenal glands which is the pathognomonic feature. Other features which can be observed at autopsy are as follows: haemorrhagic oedema and, often, necrosis at the site of inoculation, swollen and congested lymph nodes, congested abdominal viscera, peritoneal and pleural exudate.

2) Intracutaneous test. Two guinea pigs (or rabbits) are injected intracutaneously with 0.1 ml emulsion from growth on Loeffler's serum slope, one of these animals is protected with 500 units antitoxin the previous day (control) and the other is given 50 units of antitoxin intraperitoneally four hours after the skin test in order to prevent death. If the strain is toxigenic (virulent), the inflammatory reaction at the site of injection, progresses to necrosis in 48 to 72 hours in the test animal but there is no change in the control animal. An advantage in the intracutaneous test is that 8 to 10 strains can be tested at a time on a pair of animals and the animals do not die.

IN VITRO TESTS

1)  Elek's gel precipitation test. This is an immunodiffusion test. A rectangular strip of filter paper soaked in diphtheria antitoxin (1000 units per ml) is placed on the surface of a 20% horse serum agar plat; while the medium is still fluid. When the agar solidifies, the test strain is streaked at right angl; to the filter paper strip. The positive and negative controls are also put up. The plate is incubated a: 37°C for 24 to 48 hours.The toxin produced by the bacterial growth diffuses in the agar and produces  line of precipitation where it meets the antitoxin a: optimum concentration. Non-toxigenk stains will not produce any precipitation line,

 2)  Other tests. Enzyme linked immunosorbent assays (ELISA) and immunochromatographic strip assays are also available for the detection of toxin. These are rapid tests.

3)  Polymerase chain reaction (PCR).C. diphtherias tox gene can be detected by PCR.This test can also be applied directly to clinical specimen.

Specific Prophylaxis and Treatment

1. Active Immunisation. One attack of diphtheria provides life long immunity. For active immunisation, alum precipitated toxoid (APT), purified alum precipitated toxoid (PAPT) and toxoid antitoxin floccules (TAF) are used. Children are generally immunised with formol toxoid. Active immunisation is started at 6 weeks of age by toxoid in combination with tetanus toxoid and pertussis vaccine (DPT, Triple vaccine). Three doses are given by intramuscular route at an interval of 4-6 weeks. Booster doses are given at 18 months and at 5 years. Diphtheria toxoid combined with tetanus toxoid (DT) is used for booster doses.

2. Passive Immunisation. This is an emergency measure when susceptible persons are exposed to infection, as when a case of diptheria is admitted to paediatric wards. In such cases 500-1000 units of antitoxin (antidiphtheric serum, ADS) is administered subcutaneously. When a case is suspected as diphtheria, antidiphtheric serum should be given immediately as the mortality rate increases with delay in starting antitoxin treatment. In moderate cases, the dosage recommended is 20,000 units intramuscularly and in severely ill cases 50,000 to 100,000 units are injected, half the dose being given intravenously. As this is a horse serum, precautions should be observed against hypersensitivity reactions.

3. Combined Immunisation. All persons receiving ADS as prophylactic measure should receive combined immunisation. An alum containing preparation like APT or PAPT should be preferred for combined immunisation as the plain formol toxoid (FT) response is unsatisfactory when given with antitoxin (ADS).

C.diphtheriae is sensitive to penicillin, erythromycin and other antibiotics. Diphtheria patients are given a course of penicillin, to stop cases from becoming carriers. Erythromycin is more active in the treatment of carriers. The antibiotics are of little value as these cannot inactivate the toxin already present in patient's body. 

OTHER PATHOGENIC CORYNEBACTERIA

C. ulcerans is a bacillus related to C. diphtheriae, which can cause localised ulcerations in throat, clinically resembling diphtheria. It resembles the gravis type but it liquefies gelatin, ferments trehalose slowly and does not reduce nitrate. It is PYZ-negative and urease positive. It produces two types of toxins, one is identical with diphtheria toxin and the other resembling the toxin of C. pseudotuberculosis. It is pathogenic to guinea pigs, the lesions produced are similar to those produced by C. diphtheriae. It causes infections in cows and human infections may occur through cow's milk. Some consider C. ulcerans as a variant of diphtheria bacillus. Diphtheria antitoxin is protective.

C.pseudotuberculosis (Preisz-Nocard bacillus) also referred to as C.ovis causes pseudotuberculosis in sheep and suppurative lymphadenitis in horses. It is PYZ-negative and urease positive. It produces a toxin which differs from that of C. diphtheriae. The toxin kills guinea pig in 24 hours. C. bovis, commensal of cow's uddar, is a doubtful agent for mastitis. Many of them cause infections in immunocompromised patients. C. jeikeium is an important pathogen in neutropenic patients and those receiving antibiotics. It is usually multiresistant and responds only to vancomycin.

Diphtheroids. Commensal corynebacteria are normally present in the throat, skin, conjunctiva and other areas. These may sometimes be mistaken for C. diphtherias and are called diphtheroids. The common diptheroids include C. xerosis (found in the conjunctival sac) and C. pseudodiphtheriticum (C. hofmannii) which is found in the throat. In general, diphtheroids possess few or no metachromatic granules and are arranged in palisades (parallel rows) rather than in Chinese letter pattern. Some diphtheroids are indistinguishable from diphtheria bacilli microscopically and require to be differentiated by biochemical tests and more reliably by virulence tests.

TOPIC 5: INFECTIONS CAUSED BY ESCHERICHIA  SPP. AND SHIGELLA SPP. AND THEIR MICROBIOLOGICAL DIAGNOSTICS.
HOME WORK.

I) The questions for study:

1. Taxonomy and general characteristics of family Enterobacteriaceae. 

2. Escherichia coli. Morphological, cultural and biochemical properties. 

3. Antigenic structure of  E. coli.

4. Toxins of  E. coli. 

5. Epidemiology of escherichiosis.

6. Pathogenesis of enteric and extraenteric forms of escherichiosis.

7. Lab diagnostics of enteric and extraenteric forms of escherichiosis.

8. Shigella spp.Morphological, cultural and biochemical properties. 

9. Antigenic structure and classification of Shigella. Bacteriophage and colicin tурing.

10. Toxins of  Shigella. Epidemiology  and pathogenesis of bacillary dysentery.

11. Lab diagnostics, treatment and prophylaxis of  bacillary dysentery.

II) Before class draw this table in your workbook and fill in all empty fields:
«Features of E. coli and Features of Shigella spp.»

	Morphology of the bacteria (shape, arrangement, Gram’s staining, motility, spore-forming)
	

	Types of respiration and nutrition
	

	Antigens of  E. coli
	

	Basic toxins of  E. coli
	

	Mаjоr types of clinical sindromes (4) which аrе caused by  E. coli
	

	Groupes of E. coli causing diarrhoea
	

	The main method of escherichiosis lab diagnostics
	

	Nutrient media for isolation of  E. coli
	

	Basic biochemical properties (glucose, lactose, sucrose + IMViC)
	

	Antigenic subdividing of  E. coli by different AG
	


	Species of genus Shigella
	

	Morphology of the bacteria (shape, arrangement, Gram’s staining, motility, spore-forming)
	

	Types of respiration and nutrition
	

	Antigens of  Shigella
	

	Basic toxins of  Shigella
	

	Antigenic classification of every Shigella  species (amount of  serotypes and subtypes)
	

	Main syndroms of  bacillary dysentery
	

	Source of bacillary dysentery
	

	Modes of transfer of bacillary dysentery
	

	The most prevalent species of Shigella in India
	

	The main method of bacillary dysentery lab diagnostics
	

	Nutrient media for isolation of  Shigella
	


I) Entry test.

Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.
II) Theoretical part. 

Answer the questions of teacher and demonstrate your knowledge of the theme.

The questions for discussing

1. Taxonomy and general characteristics of family Enterobacteriaceae. 

2. Escherichia coli. Morphological, cultural and biochemical properties. 

3. Antigenic structure of  E. coli.

4. Toxins of  E. coli. 

5. Epidemiology of escherichiosis.

6. Pathogenesis of enteric and extraenteric forms of escherichiosis.

7. Laboratory  diagnostics of enteric and extraenteric forms of escherichiosis.

8. Shigella spp.Morphological, cultural and biochemical properties. 

9. Antigenic structure and classification of Shigella. Bacteriophage and colicin tурing.

10. Toxins of  Shigella. Epidemiology  and pathogenesis of bacillary dysentery.

11. Lab diagnostics, treatment and prophylaxis of  bacillary dysentery.

THE THEORETICAL REFERENCE.

FAMILY ENTEROBACTERIACEAE 

Members of the family Enterobacteriaceae are aerobic and facultative anaerobic Gram negative enteric bacilli. They are motile by peritrichous flagella or are non-motile. They grow readily on ordinary media, ferment glucose with production of acid or acid and gas, reduce nitrates to nitrites, oxidase negative except. Pleisiomonas sp. and catalase positive except Sh. dyseneriae type 1 which is catalase negative. They are non-capsulated and non-sporing. Their natural habitat is usually the intestinal tract of man and animals. Some species are commensals and some are pathogenic for humans.

The classification of Enterobacteriaceae has been controversial. There has been successive changes in the nomenclature. The oldest method was to classify these bacteria on the basis of their action on lactose i.e. lactose fermenters, late lactose fermenters and non-lactose fermenters. The lactose fermenting property is observed on a medium (MacConkey's agar) containing lactose and neutral red. The organisms fermenting lactose form acid and in acidic pH, neutral red (indicator) becomes  red in colour, therefore, the bacterial colonies are red or pink and those of non-lactose-fermenting bacteria are pale. The major intestinal pathogens (Salmonella, Shigella) are non-lactose fermenters. The majority of the commensal intestinal bacilli are lactose fermenting and the most common member is the 'colon bacillus' or Escherichia coli. All lactose fermenting enteric bacilli (Escherichia, Klebsiella, Enterobacter and Citrobacter) were called coliform bacilli.

ESCHERICHIA COLI. The genus is named after Escherich who first isolated the bacillus under the name Bacterium coli commune (1885). Esch. coli is the type species of the genus Escherichia. Unlike other coliforms, Esch. coli is a parasite inhabiting only in the human or animal intestine. 

Morphology. E. coli is a Gram negative bacillus. Most strains are motile due to peritrichate flagella. It is nonsporing and noncapsulated.

Culture. It is an aerobe and facultative anaerobe and grows on ordinary culture medium at optimum temperature of 37°C (temperature range 10-40°C) in 18-24 hours. Colonies of some strains show beta haemolysis on blood agar. On MacConkey's medium, colonies are pink due to lactose fermentation (LF or lactose fermenter colonies). In general, colonies are circular, moist, smooth with entire margin and non-mucoid unlike colonies of Klebsiella which are mucoid. In liquid medium, growth occurs as uniform turbidity.

C. Biochemical Reactions. They ferment most of the sugars (glucose, lactose, mannitol, maltose) with production of acid and gas. Typical strains do not ferment sucrose. Indole and methyl red (MR) reaction are positive but Voges-Proskauer (VP) and citrate utilisation tests are negative (IMViC ++ --). Urea is not split, gelatin is not liquified, H2S is not formed and growth does not occur in KCN medium. The important biochemical reactions are summarised as follows: 

D. Antigenic Structure. Serotyping of Esch. coli is based on the presence of О (somatic antigen), К (capsular antigen) and H (flagellar antigen) antigens detected by agglutination reactions. Another antigen present is F (fimbrial) antigen.

1. Somatic Antigen (O Antigen). These are heat stable, lipopolysaccharide antigens of cell wall and 173 О antigens have been described which are designated as 1, 2, 3, 4 and so on. For О agglutination, the cultures should be boiled to overcome inagglutinability caused by К antigens. Numerous cross-reactions occur between individual Esch. coli О antigens, and between these and О antigens of other genera of family Enterobacteriaceae (Citrobacter, Salmonella, Shigella and Yersinia). The normal colon strains of Esch. coli belong to 'early' О groups (1,2,3 etc.) and the enteropathogenic strains belong to the 'latter' group (26, 55, 86, 111 etc.).

2. Capsular Antigen (K Antigen). This term was used collectively for the surface or capsular antigens that cause О inagglutinability. These «capsular» structures are not demonstrable by light microscopy. Thus К antigens were previously divided into three classes as L, A and В on the basis of effect of heat on agglutinability antigenicity antibody binding power of bacterial strains carrying them. Only one К antigen, L, A or В is present in any one strain. L antigen: it is thermolabile and its capacity to combine with specific antibody is lost. A antigen: it is thermostable and is usually associated with well marked capsule. В antigen: it is heat labile but antibody binding power remains unaffected. In the modern usage the term 'K' antigen refers to the acidic polysaccharide capsular (surface) antigens. 103 К antigens of Esch. coli are described. Role of К antigens: 1) They cause 'O' inagglutinability by homologous antisera. 2) К antigens act as virulence factor by protecting bacilli from the killing action of antibody and  complement  and  also  by  impending phagocytosis. Most strains of intestinal Esch. coli do not possess К antigens. Of the strains possessing these antigens, most are of the L type.

3. Flagellar Antigen (H Antigen).These are thermolabile and 75 H antigens have been described. All of them are monophasic. For H antigen determination, the organisms have to be grown in semisolid agar. There are very few cross-reactions between H antigens of Esch. coli and those of other members belonging to the family Enterobacteriacae.

4. Fimbrial Antigen (F Antigen).These are thermolabile proteins and heating the organisms at 100°C leads to detachment of fimbriae. The F antigen has no role in antigenic classification of Esch. coli. Esch. coli possesses common fimbriae (pili) which are chromosomally determined and sex pili, which are determined by conjugative plasmids and appear to be organ of conjugation. Type I fimbriae mediate adhesion of bacterium to cells that contain mannose residue. Such adhesion enhances bacterial pathogenicity e.g. type I fimbriae and its possible role in urinary tract infection. Several fibrin structures resembling fimbriae are described in Esch. coli. These cause a mannose-resistant haemagglutination. These structures probably play a significant role in the pathogenesis of diarrhoeal disease and in urinary tract infection. These include K88, K99 and colonisation factor antigens (CFAs). They are plasmid determined. K88 causes enteritis of piglets and K99 produces diarrhoea in calves and lambs. CFAs are detected in some enterotoxigenic strains of Esch. coli that cause human diarrhoea. Till now, four CFAs designated as CFA I, CFAII, CFA III and CFA IV have been described. They can be detected by serological tests (agglutination and immunodiffusion) with specific antisera.

E. Antigenic Typing. On the basis of О antigen, Esch. coli has been subdivided into a number of О groups. Each О group is then divided into subgroups on the basis of К antigens. Each of these subgroups includes strains with different H antigens.Thus, the antigenic pattern of a strain is recorded as the number of the particular antigen it carries, as for example 0111 : K58 : H12.

F. Resistance. Esch. coli is excreted in faeces of humans and animals and contaminate soil and water. It is killed by moist heat at 60°C usually within 30 minutes. It can be killed by 0.5-1 part per million (ppm) chlorine in water. It can survive for several days in soil, water, dust and air.

G. Toxins. Some strains of Esch. coli produce enterotoxins, haemolysin and Verocytotoxin.

1. Enterotoxins. Enterotoxigenic strains of Esch. coli (ETEC) produce one or both of two enterotoxins, a heat-labile toxin (IT) and a heat-stable toxin (ST). Production of both IT and ST is plasmid (ent plasmid) mediated.

a) Heat labile toxin (LT). It is a heat labile protein and closely resembles enterotoxin produced by V. cholerae. LT is composed of one enzymatically active polypeptide A (A for active) subunit and five identical В (В for binding) subunits. The В subunits bind to the Gnij ganglioside receptor at the brush border of epithelial cells of small intestine and facilitates the entry of subunit A. The subunit A is activated to yield two fragment—A1 and A2. The A, fragment activates adenyl cyclase in the enterocyte. The activation of adenyl cyclase converts adenosine triphosphate (ATP) to cyclic adenosine 5'-monophosphate (cAMP). The marked increase of cAMP results in intense and prolonged hypersecretion of water and chlorides and inhibits the reabsorption of sodium. The intestinal lumen is distended with fluid and hypermotility leads to profuse watery diarrhoea. Occasional strains of Esch. coli produce two types of LT i.e. LT-I and LT-II. LT-II has similar biological action as LT-I but does not react with LT-I antiserum.

b) Heat-stable toxin (ST). In contrast to LT, ST is a low molecular weight polypeptide and poorly immunogenic. Two types of ST are known, STI (or STA) and STII (or STB). STI stimulates fluid secretion in the gut through the mediation of cyclic guanosine monophosphate (cGMP). The mode of action of STII is not known. ST acts more rapidly than LT. STII cannot be detected by ligated rabbit ileal loop test or infant mouse intragastric test, however these tests are useful in detection of STI. Poorly immunogenic nature of ST initially prevented the development of immunological assays. This problem has overcome by preparing antiserum from toxin coupled to a hapten. Subsequently ELISA with ST monoclonal antibodies specific for ST have become available.

2. Haemolysin. Some strains of Esch. coli produce a haemolysin which can lyse erythrocytes of some species. A larger proportion of Esch. coli recovered from extraintestinal lesions of man are haemolytic than those isolated from faeces.

3. Verocytotoxin (VT. It is also called Shiga like toxin (SIT). Biological, physical and antigenic properties of VT are similar to Shiga toxin produced by Sh. dyseniriae type 1. It is of two types, VT1 which is neutralised by antiserum to Shiga toxin and VT2 that resists neutralisation by this antiserum. They are cytotoxic to Vero and Hela cells, enterotoxic in rabbit ileal loop and show paralytic-lethality in mouse. VT is also composed of A and В subunits. VT production is found to be phage encoded in several Esch. coli strains. 

H. Pathogenesis. Esch. coli forms a part of normal intestinal flora of man and animal. There are four major types of clinical syndromes which are caused by Esch. coli: 
1) urinary tract infection, 
2) diarrhea, 
3) pyogenic infections,

4) septicaemia.

1. Urinary Tract Infection. Esch. coli is the commonest organism responsible for urinary tract infection (UTI). Most frequent О serotypes of Esch. coli causing UTI include 01, 02, 04, 06, 07, 018 and 075. These are also named as nephritogenic strains. Special nephropathogenic potential of these strains appears to be due to following factors:

1) Polysaccharides of О and K-antigens protect the organism from the bactericidal effects of complement and phagocytes. Strains possessing Kl or K5 antigen appear to be more virulent.

2) Fimbriae mediate the adherence of the organism to uro-epithelial cells. The receptor to which it attaches, is believed to be a part of the P blood group antigen and therefore it is termed as P fimbriae.

Esch. coli that causes UTI often originates in the intestine of the patient. Route of infection to reach urinary tract is either the ascending route or the haematogenous route. The ascending route is through faecal flora spreading to the perineum and from there they ascend into the bladder.

The other commonly encountered bacteria in UTI are Klebsiella, Proteus, Citrobacter and those which rarely produce UTI are Salmonellae, Edwardsiellae and Enterobacter. The Gram positive organisms that can cause UTI include Staph, aureus, coagulase negative staphylococci, Str. faecalis, Str. pyogenes, Str. milleri, Str. agalactiae, other streptococci and anaerobic streptococci. Rarely Gardnerella vaginalis may cause UTI. Among fungal causes, Candida albicans may cause UTI in immunocompromised patients. The hospital-associated infection following instrumentation, catheterization and other procedures, is mostly caused by Pseudomonas and Proteus.

2. Diarrhoea. Esch. coli causing diarrhoeal syndroms are of five groups. They produce diarrhoea with different pathogenic mechanisms.

1) Enteropathogenic Esch. coli (EPEC) They cause enteritis in infants, especially in tropical countries. In past, several serious institutional outbreaks of diarrhoea had occurred in babies less than 18 months old. EPEC adhere tightly to enterocytes, leading to inflammatory reactions and epithelial degenerative changes. Common serogroups of EPEC are, 026, 055, 086, 0111, 0114, 0119, 0125, 0126, 0127, 0128 and 0142.

2) Enterotoxigenic Esch. coli (ETEC) These are the strains that form a heat- labile enterotoxin (LT) or a heat-stable enterotoxin (ST) or both. They are now known to be a major cause of diarrhoea in children in developing countries and are the most important cause of travellers diarrhoea or turista. The name 'travellers' diarrhoea refers to diarrhoea in persons from the developed countries within a few days of their visit to one of the developing countries. ETEC sometimes causes a diarrhoea similar to that produced by Vibrio cholerae. ETEC also possess colonisation factors which promote their virulence by adhering the organisms to the epithelium of the small intestine. These colonisation factors may be pili or special type of protein К antigens. Most strains of ETEC belong to the serogroups : 06, 08, 015, 025, 027, 063, 078, 0115, 0148, 0153, 0159 and 0167. The identification of ETEC strains only depends on the demonstration of toxins. There is no biochemical markers available to differentiate ETEC strains from other Esch. coli. In ELISA test, plates are coated with ganglioside GM, which is used to capture LT if present in the specimen. This bound LT is detected by adding toxin (LT) specific rabbit antibodies.

3) Enteroinvasive Esch. coli (EIEC) Some strains of Esch. coli invade the intestinal epithelial cells as do dysentery bacilli and produce disease identical to shigella dysentery. These have been named enteroinvasive Esch. coli (EIEC). They belong to serogroups: 028,0112,0124, 0136,0143, 0144, 0152 and 0164. On instillation into the eyes of guinea pigs, EIEC cause keratoconjunctivitis, this diagnostic test for EIEC is called Sereny test. Another diagnostic method is the invasion of HeLa or HEp-2 cells in tissue culture. This ability to penetrate cells is determined by a large plasmid. The plasmid codes for outer membrane antigens called the virulence marker antigens (VMA) which can be detected by ELISA test. Recently DNA probes have become available to screen faeces specimens for EIEC. EIEC strains are often atypical in biochemical reactions such as these may be late lactose fermenter or non-lactose fermenter and anaerogenic. These also resemble antigenically to Shigella. Because of their biochemical and antigenic similarity to shigellae, many EIEC outbreaks have been mistaken for shigellosis.

4) Enterohaemorrhagic Esch. coli (EHEC) or Verocytotoxin producing Esch. coli (VTEC). These strains cause haemorrhagic colitis (HC) and haemolytic uraemic syndrome (HUS). It is most common in infants and young children but can occur in all ages. It is characterised by marked haemorrhage but fever is not always present. Toxin responsible is called 'Verotoxin' because of its effect on vero cells in culture. These strains belong to serogroup 0157.

5) Enteroaggregative Esch. coli (EAEC) These strains are so named because they appear aggregated in a 'stacked brick' formation on HEP-2 cells or glass. Most of the strains are O-untypable, but many are H-typable. They form a heat stable enterotoxin called enteroaggregative heat stable enterotoxin-1 (EAST 1).

3. Pyogenic Infections. Esch. coli may cause wound infection, peritonitis, cholecystitis and neonatal meningitis. It is an important cause of neonatal meningitis.
4. Septicaemia. Esch. coli is a very common cause of septicaemia in many hospitals and leads to fever, hypotension and disseminated intravascular coagulation (endotoxic shock). This condition usually occurs in debilitated patients and mortality is very high. 

Laboratory diagnosis of Esch. coli diarrhoea has been complex as there is no single test which can identify all strains of Esch. coli responsible for diarrhoea. Faeces or rectal swab is plated directly on blood agar and MacConkey's medium. After overnight incubation, growth on culture media is identified by colony morphology, Gram staining, motility and biochemical reactions. Esch. coli colonies are emulsified in saline on a slide and tested by agglutination with polyvalent and monovalent OB antisera against entero-pathogenic (EPEC) serotypes. It is essential to test at least ten isolated colonies by agglutination as more than one serogroups may be present in faecal plates.

Special indicator media may be employed for specific serotypes with distinctive properties. A modified MacConkey's medium in which sorbitol is incorporated instead of lactose, has been employed for the detection of serotypes 0157:H7, 055:B5 and 0111:B4 as these do not ferment sorbitol unlike most other Esch. coli strains.

The identification of ETEC depends on demonstration of LT and ST. VTEC can be detected by its cytotoxic effect on Vero and HeLa cells, enterotoxin effect in rabbit ileal loop and its lethality in mouse. It can also be detected by DNA probes for the genes encoding VT1 and VT2. PCR with VT specific primers has also been used to detect VTEC.

The demonstration of EIEC is more difficult. It can be detected by sereny test. Simpler tests using HeLa cells or HEp2 cells have now been standardised. Monolayers of these cells are exposed to suspension of organisms. After an appropriate infection period, cells are examined microscopically for the presence of intracellular organisms.

EAEC can be detected on HEp-2 cells which are exposed to Esch. coli strains and 'allowed' to adhere to these cell monolayers in-vitro. The pattern of adhesion is observed by microscopy of these exposed cells. An aggregative adhesion gene probe has also been used as a rapid means of screening these strains. 

SHIGELLA. The organisms of genus Shigella are exclusively parasitees of human intestine and other primates and cause bacillary dysentery in man. The name Shigella is named after Shiga who isolated the first member of this genus in 1896 from epidemic dysentery in Japan.
Morphology. Shigellae are short, Gram negative bacilli. They are non-motile, non-capsulated and non-sporing.

Culture. They   are   aerobes   and   facultative   anaerobes and can grow on ordinary media.  Optimum temperature for growth is 37°C and pH 7.4. They can grow at temperature range of 10-40°C. After overnight incubation, colonies are about 2 mm in diameter, circular, convex, smooth and translucent. Colonies on MacConkey's agar and deoxycholate citrate agar (DCA) are colourless (non-lactose fermenting-NLF) except in case of S. sonnet which forms pink colonies due to late lactose fermentation. DCA is a useful selective medium to isolate these organisms from faeces. However, xylose lysine deoxycholate (XLD) agar is a better selective medium than DCA. It is less inhibitory to Sh. dysenteriae and Sh.flexneri. On this medium colonies of shigella appear red without black centres. The organisms which decarboxylate lysine, forming alkaline amines produce red colonies. The bacteria which also produce H,S have black centres in the colonies.

Salmonella-Shigella (SS) agar is a highly selective medium for the isolation of Salmonella and Shigella. Colonies of Shigella on this medium are colourless (due to non-lactose fermentation) with no blackening, while those of Salmonella are colourless with black centres. This medium contains bile salts, sodium citrate, sodium thiosulphate, ferric citrate, lactose and neutral red (indicator). The high bile salt concentration and sodium citrate, in this medium, inhibit all Gram positive bacteria and coliforms. Sodium thiosulphate is a source of sulphar. Bacteria that produce H2S are detected by the black precipitate formed with ferric citrate. Lactose fermentation can be detected by the presence of neutral red. Lactose fermenting colonies appear red.

Hektoen-enteric (HE) agar is a direct plating medium for the isolation of Salmonella and Shigella from the faeces. Colonies of Shigella appear green with colour fading to the periphery. Salmonella colonies are blue-green typically with black centres. This medium contains bile salts, lactose, sucrose, sodium thiosulphate, ferric ammonium citrate, acid fuchsin and thymol blue. The high bile salt concentration inhibits Gram-positive bacteria and many coliforms. Sodium thiosulphate is a sulphur source and H2S gas is detected by ferric ammonium citrate. 

Selenite F broth: Sodium selenite in this medium inhibits coliform bacilli while permitting salmonellae and shigellae to grow. It is recommended for the isolation of these organisms from faeces. Gram-Negative (GN) broth: Most strains of Shigella and Salmonella species grow in this medium. It is very useful enrichment medium for the isolation of these organisms from faeces.

Resistance. Shigellae are killed at 56°C in one hour and by 1% phenol in 30 minutes. They remain viable in water and ice for 1 to 6 months. Boiling or chlorination of water and pasteurisation of milk are effective and destroy the bacilli.

Antigenic Structure. Shigellae possess a large number of somatic 'O' antigens and some strains produce К antigens which cover the O-antigen. К antigens are not relevant in typing but may interfere with agglutination by О antisera. Fimbrial antigens are also present. There is some antigenic sharing within some members of the genus as well as between shigellae and Esch. coli. It is, therefore, important to identify shigellae on the basis of antigenic and biochemical properties and not by slide agglutination alone.

Classification. Shigellae are divided into four subgroups (A, B, С & D) based on a combination of biochemical and serological specificity. Mannitol fermentation reaction distinguishes subgroup A (mannitol negative) from subgroups В, C, and D (all of them are mannitol positive).
1. Subgroup A (Sh. dysenteriae). It is divided into 15 serotypes. Serotype 1 is the bacillus originally described by Shiga (Sh. shigae). It is the only member of the family that is always catalase negative. Serotype 2 is also known as S. schmitzi. It forms indole in contrast to type 1 which is indole negative. Serotype 3-7 used to be known as Large-Sachs group after the name of Large and Sachs who described these serotypes in India.

2. Subgroup В (Sh. flexneri). This subgroup is named after Flexner, who first isolated Sh. flexneri in Philippines (1900). It is antigenically the most complex among shigellae. They have been classified into six serotypes (1-6) based on specific antigens. Each of these is further divided into subtypes (e.g. la and lb). In addition to six serotypes, two antigenic 'variants' (X and Y) are recognised, which do not possess type specific antigens. Serotype 6 occurs in three biotypes, some of which form gas from sugars. Gas formation is an important characteristic as all other Shigellae are anaerogenic. 

3. Subgroup С (Sh. boydii). It is named after Boyd, who first described these strains from India (1931). It resembles Sh. flexneri biochemically   but   not   antigenically.   Nineteen serotypes of Sh. boydii have been identified.

4. Subgroup D (Sh. sonnei). Sonne described Sh. sonnei in Denmark (1915). It is indole negative but ferments lactose and sucrose late. It is antigenically homogeneous but may occur in two forms - Phase I and Phase II. Sh. sonnei has been classified into many colicin types. It causes the mildest form of bacillary dysentery. In many cases, the disease may occur as a mild diarrhoea. Sh. sonnei infection is the most common shigellosis in advanced countries.

Toxins
1. Endotoxin. All shigellae release endotoxin after autolysis. Endotoxin has irritating effect on intestinal wall which causes diarrhoea and subsequently intestinal ulcers.

2. Exotoxin. Sh. dysenteriae type 1 produces a powerful exotoxin. It acts as enterotoxin and as well as neurotoxin. As enterotoxin, it induces fluid accumulation, and as neurotoxin it damages the endothelial cells of small blood vessels of the central nervous system which results in polyneuritis, coma and meningism. The exotoxin is not primarily a neurotoxin.

3. Verocytotoxin (VT). Sh. dysenteriae type 1 also produces a cytotoxin which acts on Vero cells and is named verocytotoxin or VT. Two verocytotoxins, VT1 and VT2 are recognised. VT1 is identical to exotoxin produced by Sh. dysenteriae type 1. VT1 comprises two subunits—A ad B. Subunit В binds the cytotoxin to cells while subunit A inhibits protein synthesis. Genes coding for VT production are located in the chromosome. VT1, VT2 or both are also produced by certain strains of enterohaemorrhagic Esch. coli causing haemorrhagic colitis.

Bacteriophage and Colicin Typing. The determination of serotype within subgroup A, B and С is sufficient for epidemiological study and further subdivision is not necessary. However, each serotype of Sh. flexneri is further subdivided into 1, 2,3 phage types by bacteriophage typing. Sh. sonnei consists of a single serotype which can be further subtyped either by phage typing or by colicin typing. Phage typing being cumbersome, therefore, colicin typing has been adopted by most centres. Sh. sonnei strains are classified into 26 colicin types and each type is characterised by the production of a specific colicin.

Pathogenesis. Shigellae cause bacillary dysentery. Man is the only natural host of shigellae. The minimum infective dose is as few as 10-100 bacilli. Sh. dysenteriae type 1 causes most severe form of dysentery usually associated with toxaemia. The infection due to Sh. flexneri and Sh. boydii are less severe and prevalent in tropical countries including India. Sh. sonnei causes the mildest form of the disease and is common in Western countries like Britain. It is more frequently seen in children. The incubation period of the disease is usually less than 48 hours but varies between 1-7 days. Mode of infection is by ingestion of contaminated food.

The food or drink is contaminated by faeces of cases or of carriers. The organisms infect the epithelial cells of the terminal ileum and colon and multiply inside them. The distal parts of the colon are severely affected. Then they spread laterally into adjacent cells as well as to lamina properia. Inflammatory reaction develops and there is necrosis of surface epithelial cells. The necrotic epithelia become soft and friable and are sloughed out leaving behind transverse superficial ulcers. The organisms tend to remain localised in the gut wall and usually do not lead to bacteraemia. Invasive property of Shigella is related to the presence in the bacillus of large plasmids coding for outer membrane proteins which are responsible for cell penetration. These proteins are named virulence markers antigens (VMA). VMA can be detected by ELISA. The invasive property can be demonstrated by its ability to penetrate HeLa or Hep-2 cells.

Sh. dysenteriae type 1 causes toxaemia due to production of exotoxin. The toxin causes accumulation of fluid leading to severe diarrhoea (enterotoxic action) and may cause complications like polyneuritis, arthritis, conjunctivitis and parotitis. Haemolytic uraemic syndrome may occur as a rare complication in severe cases. The severity of the disease varies from acute fulminating dysentery to mild diarrhoea. The term shigellosis has been employed to include the whole spectrum of the disease caused by shigellae. In India, Sh. flexneri (50-85%) is the most common isolate followed by Sh. dysenteriae (8-25%), Sh. sonnei (2-24%) and Sh. boydii (0-8%). Several localised outbreaks of Sh. dysenteriae type 1 were observed in India from 1974, followed by extensive epidemics in various states. These epidemic strains showed multiple drug resistance. 

Laboratory Diagnosis depends upon isolating the bacillus from faeces.

1. Specimens. Fresh stool is collected. Rectal swabs are not satisfactory. The ideal specimen is a direct swab of an ulcer taken under sigmoidoscopic examination.

2. Transport. Specimens should be transported immediately and inoculated without delay. If delay is inevitable, specimens should be transported in a suitable medium such as Sach's buffered glycerol saline, pH 7.0-7.4. Alkaline transport media used for vibrios are inhibitory for shigellae.

3. Direct Microscopy. Saline and iodine preparation of faeces show large number of pus cells, erythrocytes and macrophages. Parasitic causes of dysentery may also be excluded by this examination.

4. Culture. Specimen is inoculated on selective media like MacConkey's agar, DCA or XLD agar. Selenite F broth (0.4%) is used as enrichment medium which permits rapid growth of enteric pathogens while inhibiting the growth of normal flora like Esch. coli for 6-8 hours. Subculture is done on solid media from selenite F broth. All the solid media are incubated at 37°C for 24 hours.

5. Colony Morphology and Staining. Colourless (NLF) colonies appear on MacConkey's agar which are further confirmed by Gram staining, hanging drop preparation and biochemical reactions. Shigellae are Gram negative bacilli and are non-motile.

6. Biochemical Reactions. Any non-motile bacillus that is urease, citrate, H2S and KCN negative should be further confirmed by various biochemical tests (Table 32.1).

7. Slide Agglutination Test. Identification of shigella is confirmed by slide agglutination with polyvalent antisera and monovalent sera. Then type specific antisera belonging to subgroups А, В or С is used for agglutination test.

8. Colicin Typing. It is done for subgroup D (Sh. sonnei) strains. 

Treatment. Uncomplicated shigellosis is a self limiting condition. that usually recovers spontaneously. Dehydration has to be corrected promptly particularly in infants and young children. Routine antibacterial treatment is not indicated but antibiotics should be reserved for the severe toxic cases. In very serious infections, nalidixic acid has been life saving. The wide prevalence in shigellae of R factors conferring resistance to multiple antibiotics makes antibiotic therapy futile. Many strains are still sensitive to nalidixic acid or norfloxacin. There is no convincing evidence that antibacterial therapy either hasten recovery or prevent the carrier state.

Prevention and Control. As man is a major source of infection, control consists essentially in improvement of environmental sanitation. The role of vaccination in the prevention of dysentery is still uncertain. Killed vaccines proved to be toxic and ineffective. Many live oral vaccines have been tested including avirulent mutants, streptomycin dependent strain and Shigella-Esch. coli hybrids. The presence of several sero-groups and types would appear to preclude effective immunisation. 

TOPIC  6:  SALMONELLA INFECTIONS AND THEIR MICROBIOLOGICAL DIAGNOSTICS.

HOME WORK.

I) The questions for study:

1. Etiology and epidemiology of typhoid, paratyphoid, food toxic infections. 

2. Antigenic structure of Salmonella (table the Kauffman-white) and its use for the determination of Salmonella. 

3. Phases of the pathogenesis of typhoid fever. The mechanism of inflammatory and allergic phase. The pathogenesis of food toxic infections.

4. Methods of laboratory diagnostics of typhoid fever and food toxic infections in different phases of the disease: a) bacteriological; b) serology – widal reaction and its diagnostic value of anamnestic reaction. 

5. Diagnosis of Salmonella carriers.

6. Specific prophylaxis and therapy of salmonellosis
II) Before class draw this table in your workbook and fill in all empty fields:
«Features of Salmonella»
	Name of the genus
	

	Name of the most virulent species
	

	Morphology of the bacteria (shape, arrangement, Gram’s staining, motility, spore-forming)
	

	Type of respiration
	

	Type of nutrition
	

	The basic antigens
	

	The main enzymes of virulence
	

	The main toxins
	

	The main source of exogenous infection
	

	The main method of microbiological diagnostics
	

	Selective media for 
	

	Methods of Salmonella typing
	


I) Entry test.

Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

II) Theoretical part. 

Answer the questions of teacher and demonstrate your knowledge of the theme.

The questions for discussing

1. Etiology and epidemiology of typhoid, paratyphoid, food toxic infections. 

2. Antigenic structure of Salmonella (table the Kauffman-white) and its use for the determination of Salmonella. 

3. Phases of the pathogenesis of typhoid fever. The mechanism of inflammatory and allergic phase. The pathogenesis of food toxic infections.

4. Methods of laboratory diagnostics of typhoid fever and food toxic infections in different phases of the disease: a) bacteriological; b) serology – widal reaction and its diagnostic value of anamnestic reaction. 

5. Diagnosis of Salmonella carriers.

6. Specific prophylaxis and therapy of salmonellosis
THE THEORETICAL REFERENCE.

SALMONELLA. The salmonellae are primarily intestinal parasites of vertebrates and infect man, leading to enteric fever, gastroenteritis and septicaemia. The most important member is Salmonella typhi, the causative agent of typhoid fever (enteric fever). Man is the only natural host for S. typhi and S. paratyphi A whereas most of the other salmonellae are chiefly pathogenic in animals like poultry, pigs, cattle etc.

Salmon and Smith (1885) isolated the hog cholera bacillus (S. choierae-suis) and the term Salmonella was coined from the name of Salmon. Interestingly, hog-cholera disease was subsequently proved to be a viral infection in which S. cholerae-suis was a common secondary invader.

SALMONELLA DISEASES. 

Salmonella produce three main types of diseases in man: 

1. Enteric fever. The causative agent of enteric fever are Salmonella typhi (causing typhoid fever)or S. paratyphi A, B, C (causing paratyphoid fever). The term enteric fever includes both typhoid and paratyphoid fever.

2. Gastroenteritis. Salmonellae under this group are essentially animal parasites but can also infect man. These include S. typhimurium, S. enteritidis, S. newport, S. dublin and S. thompson.

3. Septicaemia. The commonly associated Salmonella is S. choleraesuis but other species may also cause septicaemia.

Morphology of Salmonella. They are Gram-negative bacilli, motile, non-sporing and non-capsulated. Motility is due to the presence of peritrichous flagella except S. gallinarum and S.pullorum which are non-motile.

Culture of Salmonella. Salmonellae grow on ordinary cultural media at 37°C (range 15-41°C), pH 6-8 and are aerobic and facultatively anaerobic. They produce colonies of 2-3 mm in diameter, circular, translucent, low convex and smooth. On MacConkey's agar and deoxycholate citrate agar (DCA), colonies are colourless due to non-lactose fermentation (NLF). On Wilson and Blair bismuth sulphite medium (selective medium for salmonellae), black colonies with metallic sheen are formed due to formation of hydrogen sulphide. S. paratyphi A and other species which do not form H2S produce green colonies. Xylose lysine deoxycholate (XLD) agar is another medium used for isolation of this organism. Most strains of salmonellae produce red colonies with black centres, when grown on this medium. H2S negative serotypes of Salmonella produce red colonies without black centres. Selenite F broth and tetrathionate broth (TTB) are commonly used enrichment media for inoculation of specimens especially faeces.

Biochemical Reactions. Salmonellae ferment glucose, mannitol and maltose forming acid and gas except S. typhi which produces only acid and no gas. They don't  ferment lactose or sucrose. Indole is not produced. Most salmonellae produce H2S except S. paraiyphi A and S. cholerae-suis. They utilise citrate (except S. typhi and S. paratyphi A) and are VP negative. Urea is not hydrolysed.

Resistance. The salmonellae are killed at 60°C in 15 minutes. Boiling, chlorination of water and pasteurisation of milk destroy the bacilli. They survive in water, ice and snow for weeks and months. They are killed within five minutes by mercuric chloride (0.2%) or phenol (5%).

Antigenic Structure. Salmonellae possess three types of antigens based on which they are classified. These are:

1) flagellar antigen 'H', 
2) somatic antigen 'O', 
3) a surface antigen 'Vi', found in some species. 
Several strains possess fimbriae. Fimbrial antigens are not important in identification, but confusion may be created due to their non-specific nature and widespread sharing among enteric bacteria.

1. H-Antigen. This antigen is present on the fiagella and is a heat labile protein. The H antigens of Salmonella are not shared by other enterobacteria. It is destroyed by boiling or by treatment with alcohol and acids, but not by formalin. It is strongly immunogenic. When mixed with antisera, H agglutination occurs rapidly, producing large, loose, fluffy clumps. Flagellar antigens are present in two forms called phase 1 and phase 2.

2. O-antigen. The somatic O antigen is lipopolysaccharide complex which forms an integral part of the cell wall. It is heat stable and is present both in motile and non-motile bacilli. It is resistant to boiling, alcohol and weak acids. When mixed with antisera, O antigen suspensions produce compact, chalky, granular clumps. O antigen is less immunogenic than H antigen.The titre of O antibody less than that of H antibody. Anti O antibody is mainly IgM. O agglutination occurs more slowly and at a higher optimum temperature (50-55°C) than H agglutination (37°C). Sixty seven different O antigens have been recognised and they are designated as 1, 2, 3 etc.

3. Vi-antigen. Many strains of S. typhi possess surface antigen enveloping the O antigen, referred to as Vi antigen. Therefore, this antigen interferes with agglutination of freshly isolated strains with O antiserum. Felix and Pitt who first described the antigen believed that it was related to virulence (Vi for virulence). It is analogous to the K antigens of coliform bacteria. Vi antigen is heat labile and is destroyed by boiling or heating at 60°C for one hour. It is also destroyed by HCI, NaOH and phenol. It is unaffected by 0.2% formol or alcohol.

Besides S. typhi, the Vi antigen with similar specificity is also present in S. paraiyphi C, S. dublin and certain strains of Citrobaaer (the Ballerup-Bethesda group). The Vi antigen is lost on serial subculture. The Vi antigen acts as a virulence factor by inhibiting phagocytosis, resisting complement activation and lysis of bacteria by the alternative pathway. It has been demonstrated that strains with Vi antigen produce clinical disease more consistently than those without Vi antigen.

The Vi antigen is poorly immunogenic and induces production of low litres of antibody following infection. Detection of Vi antibody is not helpful for diagnosis of enteric fever and hence is not employed in the Widal test. The total absence of Vi antibody in a proven case of typhoid fever indicates poor prognosis. The Vi antibody disappears in early phase of convalescence. Persistence of this antibody indicates the development of the carrier state. 

In prophylactic vaccination with TABC, no Vi antibody is induced by the phenolised vaccine, though low litres of the antibody are produced by the alcoholised vaccine.

Classification of Salmonella. Modern taxonomical techniques have shown that all the members of the genus Salmonella belong to two species, S. enterica and S. bongori. S. enterica is classified into six subspecies namely enterica, salamae, arizonae, diarizonae, houtenae and indica. Subspecies S. enterica subsp. enterica includes the typhoid, parathypoid bacilli and most other serotypes responsible for human diseases. According to this, the taxonomically correct name for the typhoid bacillus would be Salmonella enterica, subspecies enterica, serotype 'Typhi.' Serotype name should be given in Roman and not in italics. This classification and nomenclature is taxonomically correct but would be too complicated for use in clinical bacteriology. Therefore, the old species names are still being used in clinical bacteriology.

Salmonellae are classified serologically by the Kauffmann-White scheme.

Kauffmann-White Scheme forms the basis of serotyping of salmonellae based on identification of O and H antigens by agglutination. Salmonellae are classified into groups based on distinctive O antigen factors. The distinctive factor for group A is 2, for group B, 4 and for group D, 9. Any strain possessing factor 2 will be classified as group A and any strain possessing factor 9 as group D. Salmonellae are divided into 67 O-groups, each is designated by letters A to Z and those discovered later by the numbers. Within each group, further identification and differentiation is by phase 1 and phase 2 flagellar (H) antigens. In Kauffmann-White scheme each serotype is given a species status. There are about 2300 serotypes of Salmonella. Most serotypes of medical importance belong to groups A to E.

The Salmonella species were originally named after the place of isolation (S. newport, S. panama, S. poona), after the disease caused by them (S. schottmulleri) and after the name of the person from whom die first strain was isolated (S. thompson). Sometimes, more than one species (S. gallinarum and S. pullorum) may have the same antigenic formulae and cannot be distinguished serologically. Differentiation can be done by biochemical reactions (S. gallinarum is anaerogenic and ferments dulcitol unlike S. pullorum). Important pathogens can be further typed for epidemiological purposes by phage susceptibility, biochemical reactions, bacteriocin production and antibiogram.

Toxin. Like all other Gram negative bacilli, the cell walls of salmonellae contain lipopolysaccharide which acts as endotoxin.

Pathogenesis. S. typhi, S. paratyphi A and usually S. paratyphi B are confined to human beings. The majority of other salmonellae are primarily infective for animals and human beings are secondarily infected. Salmonellae cause three types of clinical syndrome in human beings, enteric fever, septicaemia and gastroenteritis

Enteric Fever. The term enteric fever includes typhoid fever (S. typhi) and paratyphoid fever (S. paraptyphi A, B, C). Infections due to S. typhi and S. paratyphi A are prevalent in India. 

Typhoid fever. Stages of pathogenesis.

1. Digestive stage. The infection is acquired by ingestion through contaminated food and water. The incubation period is usually 7-14 days but appears to be related to the dose of infection. On reaching the small intestine the bacilli attach to the epithelial cells of the intestinal villi and penetrate to the lamina propria and submucosa. They are phagocytosed by neutrophils and macrophages.These bacteria resist to intracellular killing and multiply within these cells. 

2. Mesenteric lymphadenitis. Bacteria enter the mesenteric lymph nodes and multiply there

3. Bacteraemia. Through lympha and blood bacteria pass into internal organs like liver, gall bladder, spleen, bone marrow, lungs, lymph nodes and kidneys. Towards the end of the incubation period, a massive bacteraemia occurs and clinical disease appears.

4. Parenchimatic diffusion. Salmonellae multiply abundantly in the gall bladder as bile is a good culture medium for the bacillus. These bacteria are discharged continuously into the intestine.

5. Inflammative-allergic. Bacteria enter intestine and damage the Peyer's patches and lymphoid follicles of the ileum. These become inflamed, necrosed and slough off, leaving behind the typhoid ulcers. These ulcers may lead to two major complications: intestinal perforation and haemorrhage. During the course of the disease (3-4 weeks), the intestinal lesions undergo healing. 

6. Excretory. The infecting organisms appear in stool during second to third week and in urine during third to fourth week. 

The clinical course may vary from a mild pyrexia to a fatal fulminating disease. The illness is usually gradual, with headache, anorexia, and congestion of mucous membranes. The characteristic features are hepatosplenomegaly, step-ladder pyrexia with relative bradycardia and leucopaenia. Skin rashes known as rose-spots may appear during the second and third week. 'Rose spots' appear on the skin during the second or third week.

Paratyphoid fever resembles typhoid fever but is milder. S. paratyphi A, B and C cause paratyphoid fever. S. paratyphi C more often leads to a frank septicaemia with suppurative complications. Some other Salmonellae have also been reported to cause enteric fever occasionally. These include S. dublin, S. barielly, S. sendai, S, enteritidis, S. typhimurium, S. eastbourne, S. saintpaul, S. oranienburg and S. panama.
Salmonella septicaemia is commonly caused by S. choierae-suis or S. paratyphi C and occasionally by other salmonellae. Infection occurs through oral route. There is early invasion of blood stream ant it produces local suppuration in different organs.

Salmonella gastroenteritis or food poisoning is caused by ingestion of food like meat, milk, egg contaminated by certain salmonellae which are primarily animal pathogens. Eggs and egg products are of great concern. salmonella can enter through the shell if eggs are left on faeces or contaminated feed of chicken. S. typhimurium is the most frequently isolated in food poisoning. The other common species responsible are S. enteritidis, S. newport, S. senftenberg, S. dublin, S. heiddberg and S. indiana. The incubation period is 12 to 24 hours. The illness is characterised by fever, vomiting, abdominal pain and diarrhoea. Salmonella food poisoning is of infective type in which the organisms not only grow in the food before ingestion but also in the intestine. Generally, there is no bacteraemia.

Epidemiology. Enteric  fever is endemic in all parts of India. Typhoid fever is more common than paratyphoid fever. S. paratyphi A is prevalent in India. S. paratyphi B is rare and C very rare. Enteric fever occurs at all ages but is probably most common in the 5-20 years age group. The faeces of carriers are important source of contamination of food and drink rather than the frank clinical cases. Sewage contaminated by a carrier is responsible for polluting drinking water. Food material gets contaminated via polluted water or by the hands of carriers. Mary Mallon ('Typhoid Mary') a cook in USA, was a famous carrier who caused several outbreaks over a period of 15 years.

LABORATORY DIAGNOSIS of enteric fever consists of cultural method, serological method, rapid tests.

Cultural method. This may be done by culture of specimens like blood, faeces, urine, aspirated duodenal fluid etc. Selection of relevant specimen depends upon duration of illness which is very important for the laboratory diagnosis of enteric fever.

BLOOD CULTURE are positive in approximately 90 per cent of cases in first week of fever, 75 per cent in the second week and 60 per cent in the third week. Positivity rate declines thereafter and blood cultures remain positive in 25 per cent of cases till the subsidence of pyrexia. 10 ml of blood is collected by venepuncture under aseptic conditions and transferred into blood culture bottles (glucose broth and taurocholatic broth). Before transferring blood into blood culture bottles, caps of these bottles should be thoroughly cleaned with spirit or alcohol. Blood should be transferred through a hole in a cap by inserting the needle of the syringe rather than opening the bottle, thus it avoids contamination from the environment.

Blood contains substances that inhibit the growth of the bacilli and hence it is essential to dilute out these substances (5 ml blood into the 50 ml culture media, 1:10 dilution). Alternative is addition of liquoid (sodium polyanethol sulphonate) which counteracts the bactericidal action of these substances. Both blood culture bottles are incubated at 37°C for overnight.The glucose broth is subcultured on blood agar and the taurocholate (bile) broth on MacConkey's agar. Taurocholate broth is inhibitory to Gram positive bacteria, therefore, Gram negative bacilli are selected out. Pale non-lactose fermenting (NLF) colonies appear on MacConkey's agar and are picked out for biochemical reactions and motility. 

Salmonellae will be Gram negative, motile bacilli and fermenting glucose, mannitol but not lactose or sucrose. S. typhi will not produce gas but paratyphoid bacilli will form acid and gas from carbohydrates (sugars). Final identification of the isolate performs by slide agglutination test with O and H antisera.

If salmonellae are not obtained from the first subculture from taurocholate broth, subcultures should be done every other day up to ten days before declaring the culture as negative. Sometimes, Castaneda's method of culture is practised instead of routine blood culture.

CLOT CULTURE is an alternative to blood culture. 5 ml of blood is withdrawn aseptically into a sterile container and allowed to clot. The serum is separated and used for the Widal test. The clot is broken up with a sterile glass rod and added to bile broth containing streptokinasc (100 units/ml) which digests the clot causing its lysis and thereby the bacteria are released from the clot. Serum used for Widal test may be negative due to the early stage of the disease but it may be useful as baseline titre against which the results of tests performed later may be evaluated.

FAECES CULTURE. Salmonellae are shed in the faeces throughout the disease and even in convalescence, due to lesions present in the intestine. Therefore, faecal cultures may be helpful in patients as well as for the detection of carriers. These are particularly valuable during antibiotic therapy when blood culture shows no growth of bacteria. The antibiotic does not eliminate the bacilli from the gut as rapidly as it does from the blood. Faeces cultures are generally positive after the second week of illness. As normal flora is present in faeces, successful culture will depend on use of enrichment and selective media. Faecal samples are inoculated into one tube each of selenite and tetrathionate broth (both enrichment media) and are also plated directly on MacConkey's agar, DCA, XLD and Wilson-Blair media. Salmonellae appear as pale yellow (NLF) colonies on MacConkey's agar and DCA media. On Wilson-Blair medium, S. typhi forms large black colonies with a metallic sheen whereas S. paratyphi A produces green colonies due to the absence of H2S production. Enrichment media (selenite F and tetrathionate broths) are incubated for 6-8 hours before subculture on to selective media such as MacConkey's agar and DCA. These selective media are then incubated at 37°C for overnight.

URINE CULTURE is less frequently positive than the culture of blood or faeces. Cultures are generally positive only in the second and third weeks. After third week, only about 25 per cent cases may be positive. Repeated cultures improve the chances of isolation. Urine samples are centrifuged and the deposit is inoculated into enrichment and selective media.

OTHER SPECIMENS FOR CULTURE. Bone marrow culture is valuable as it is positive even when blood cultures are negative. Culture of bile is usually positive and may be useful in detection of chronic carriers. Other materials which may be used for culture are rose spots discharge, pus from suppurative lesions, CSF and sputum. At autopsy, cultures may be done from the gall bladder, liver, spleen and mesenteric lymph nodes.

Colony Morphology and Staining. On MacConkey's agar or DCA, salmonellae grow as pale yellow, non-lactose fermenting (NLF) colonies. Gram staining from these colonies show Gram negative bacilli and on hanging drop preparation, these are motile bacilli.

Biochemical Reactions. Salmonellae are catalase positive, oxidase negative, nitrate reduction positive and ferment glucose, mannitol but not lactose or sucrose. S. typhi ferments glucose and mannitol with production of acid only but paratyphoid bacilli (S. paratyphi A, B and C) form acid and gas.

Slide Agglutination Test. A loopful of the growth from a nutrient agar slope is emulsified in two drops of saline on a microscopic slide. One emulsion acts as a control and other as a test. Control is to show that the strain is not autoagglutinable. Agglutination is first carried out with the polyvalent O and the polyvalent H antisera. Positive agglutination indicates that the isolate belongs to genus Salmonella. Further agglutination tests are done with single factor sera for determining the O and H antigens. If S. typhi is suspected (i.e. when no gas is formed from glucose and mannitol), agglutination with O antiserum (factor 9) is done. Prompt agglutination indicates that the isolate belongs to group-D salmonella. Its identity as S. typhi is established by agglutination with H antiserum (anti-d serum). Sometimes fresh isolates of S. typhi are in V form and do not agglutinate with O antiserum. Such strains should be agglutinated with anti-Vi serum. Alternatively, the bacterial suspension in saline is boiled for 20 minutes which removes the Vi antigens from the organism. The boiled bacterial suspension is then tested with poly O-antiserum. When the isolate is a non-typhoid salmonella producing gas from carbohydrates, it is tested for agglutination with O and H antisera for groups A, B and C. For identification of unusual serotypes, the help of the National Salmonella Reference Centre at the Central Research Institute (CRI) Kasauli, may be sought. The reference centre for salmonellae of animal origin is located at the Indian Veterinary Research Institute, Izatnagar.

Serological method.

WIDAL TEST is an agglutination test for detection of agglutinins antibodies (H and O) in patients with enteric fever. Salmonella antibodies start appearing in the serum at the end of first week  and rise sharply during the third week of enteric fever. Two specimens of sera at an interval of 7 to 10 days are preferred to demonstrate a rising antibody titre.

Procedure

Equal volumes (0.4 ml) of serial dilutions of the serum (1:10 to 1:640) and the H and O antigens are mixed and incubated in a water bath at 37°C for 4 hours and read after overnight refrigeration at 4°C. Control tubes containing the antigen and normal saline are included to check for autoagglutination. H agglutination leads to the formation of loose, cottonwool clumps, while O agglutination appears as a granular deposit at the bottom of the tube. The highest dilution of the serum showing agglutination (carpet formation) indicates the antibody titre against that particular antigen. Control tubes show a compact deposit (button formation). The antigens used in the test are the H and O antigens of S. typhi (TH and TO antigens) and H antigens of S. paratyphi A (AH antigen) and S. paratyphi B (BH antigen). The paratyphoid O antigens are not employed as they cross react with S. typhi O antigen (TO) due to their sharing of factor 12.

Interpretation of Widal test

(a)  The agglutinin (antibody) titre depends on the stage of the disease. Agglutinins usually start appearing in the serum by the end of the first week, so that blood specimen taken earlier than first week may give a negative result. The titre rises steadily till the third or fourth week after which it declines.

(b)  Rising titre: Demonstration of a four-fold or greater rise in titre of both H and O antibodies at an interval of 7-10 days is more meaningful and diagnostic than a single test.

(c)  Single test: O titre of 1:100 or more and H titre of 1:200 or more signify  presence  of active infection, but that has to be interpreted with caution considering the following factors:

•   Local titre: In endemic area, low titre of agglutinins is present in the serum of healthy persons. This normal titre differs from place to place. Local titre of that place should be known before interpreting the results of a single test.

•   Immunization: In immunization with TAB vaccine, individuals may show high titres of antibody to S. typhi, S. paratyphi A and B, while in case of infection, antibodies will be seen only against the infecting organism.

•   H-agglutination: In non-immunised individuals,   presence   of  H   agglutinin   in serum indicates enteric fever or a latent infection. H agglutinin is more valuable than O agglutinin as O antigen is common in all salmonellae.

•   Anamnestic   reaction:   Persons   who   have had past enteric infection or immunisation may develop anamnestic reaction during unrelated fever like malaria etc. In such cases, a transient rise in H antibody occurs, whereas the rise is sustained in enteric fever. This may be differentiated by repeating the Widal test after a week.

•   Fimbrial   antigens:   Bacterial suspensions used as antigens may contain fimbrial antigen which may produce false positive results.

•   Effect of treatment: Cases treated early with chloramphenicol may show a poor antibody response. If the antibody is already present, no further rise in titre is expected.

•   Carriers: test may be positive in many healthy carriers.

Rapid tests.

Detection of porins, the outer membrane proteins of S. typhi, by ELISA method is useful for early diagnostics of typhoid fever. Counterimmunoelectrophoresis (CIEP) and ELISA have also been employed to detect typhoid antigens in blood and urine. Demonstration of Circulating Antigen. Typhoid bacilli antigens are present in the blood in the early phase of the disease, and also in the urine of patients. The antigen can be detected by coagglutination test. The test is rapid, sensitive and specific, but is positive only during the first week of the disease.

Diagnosis of carriers. Carriers are important sources of infection and their detection is necessary for epidemic logical and public health purposes. Laboratory methods are also very useful in screening food handlers for detecting carrier state.

Even after clinical recovery, about 2 to 3% patients in convalescence phase (convalescent carriers) and some persons with subclinical infection (healthy carriers) continue to excrete the bacilli in faeces for about two months to a year. Chronic carriers harbour the bacilli in gall bladder or rarely in intestine or urinary tract. Most of these carriers continue  excreting  organisms   after  one  year  of convalescence and may continue to excrete the bacilli for several years or throughout life. In most of these cases, there is intermittent shedding of bacilli in stool, therefore, repeated stool cultures may be helpful to detect the bacilli. Other useful specimens for culture are bile and duodenal drainage. 

Widal test is of no value in detection of carriers in endemic countries like India. Antibody to Vi antigen in serum is claimed to indicate the carrier state. This may be used for mass screening, however, confirmation should always be made by culture.

Treatment. Chloramphenicol has been the antibiotic of choice for enteric fever. Amoxycillin, ampicillin, furazolidone and cotrimoxazole are also effective. Resistance to chloramphenicol and other antibiotics has been reported. Fluoroquinolones (ciprofloxacin, pefloxacin, ofloxacin) and the third generation cephalosporins (ceftazidime, cefotaxime, ceftriaxone, cefoperazone) are useful in such multiresistant cases. Antibacterial therapy has been very effective in thetreatmentofpatientsbutit has been disappointing in the treatment of carriers. A prolonged course of anti-bacterial along with the vaccine has been tried in the eradication of carrier state. Cholecystectomy is indicated for chronic carriers who do not show any response to antibacterials.

Prophylactic.

1. General Measures. Typhoid fever can be effectively controlled by sanitary measures for disposal of sewage, clean water supply and supervision of food processing and handling. Infected meats and eggs should be thoroughly cooked.

2.  Carriers should not be engaged in food preparation and should observe strict personal hygiene.

3. Vaccin is indicated for travellers or who live in endemic areas.

1) TAB vaccine. It is heat-killed whole cell vaccine which contains S.typhi 1,000 millions, S. paratyphi A and B, 750 millions each per ml and preserved in 0.5 per cent phenol. Dose schedule: the vaccine is given subcutaneously in two doses of 0.5 ml at an interval of 4-6 weeks followed by booster every three years. Protection: It varies from 3-7 years with an efficacy of 60-80%. Sideeffects: local discomfort and fever may occur for one or two days.

In India, a divalent vaccine containing S. typhi and S. paratyphi A are now in use. In Europe and USA, monovalent vaccine containing S.typhi is employed as paratyphoid A and B infections are rare in these countries.

2) Live oral (Ty 2la) typhoid vaccine. Avirulent mutant strain of S. typhi (Ty 21a) lacking the enzyme UDP- galactose 4 epimerase (Gal E mutant) has been used as a live oral vaccine. These mutants initiate infection in the intestine but 'self- destructs' after four to five cell divisions and therefore cannot induce any illness. Dose schedule: Three doses are given on alternate day. The oral vaccine (typhoraf) is available in capsule form containing 109 viable lyophilised mutant bacilli. Protection: It gives 65-96% protection for 3-5 years and is safe.

3) Purified Vi polysaccharide vaccine (typhim-Vi). It contains purified Vi antigen. Dose schedule: it is injected intramuscularly in a single dose of 25 µg. The efficacy is about 75%.

SALMONELLA GASTROENTERITIS 

Salmonella gastroenteritis or food poisoning is generally a zoonotic disease, therefore the source of infection is animal product. All salmonellae can cause the disease except S. typhi. A large number of salmonellae have been identified from cases of gastroenteritis and food poisoning. S. typhimurium is the main species. Other common species include S. enteritidis, S. heidelberg, S. indiana, S. newport, S. haldar, S. agona, S. senftenberg, S. virchow and S. anatum.

Source of Infection. The most important and frequent sources are poultry, meat, milk, cream and eggs. It is due to ingestion of contaminated food. Food contamination may result from droppings of small animals like rats or lizards. Salmonellae can enter through the shell of egg and grow inside. It happens when eggs are left on contaminated chicken feed or faeces. Human carriers do occur but their role is minimal. Cross infections in hospitals may lead to gastroenteritis without food poisoning.

Clinical Features. It presents with diarrhoea, vomiting, abdominal pain and fever. It has a short incubation period of 24 hours or less. Disease usually subsides in 2-4 days, but in some, a prolonged enteritis develops.

Laboratory Diagnosis depends on isolation of salmonellae from faeces and from food.

Control requires the prevention of food contamination. It may be achieved by proper cooking of food and control of natural infection in animals.

Treatment. Symptomatic treatment should be given. Antibiotics should not be used in uncomplicated, non-invasive salmonellosis. They may not hasten recovery but may actually increase the period of faecal shedding of the bacilli. But for serious invasive cases, antibiotics are needed.

Laboratory work. Use of cultural and serological method for diagnostics of salmonellosis.

The goal:  To acquire skill of cultural and serological diagnostics of salmonellosis.  
Clinical Task. A woman was taken to infectious department on the 6th day of disease. The previous diagnosis “Enteric fever? Acute enteric infection?” was made out. Blood, urine, stool were sampled and passed to Lab. Serum was made from blood for Widal’s test. Register results of cultural and serological methods and make a conclusion.

OBSERVATIONS AND RESULTS

Cultural method

	I) Isolation of pure culture
	II) Identification of pure culture

	Variance
	Name of the spe-cimen
	Results of microscopy of pure culture (drawing)
	Motility
	Slide agglutination test 
	Species and serovar

	
	
	
	
	with O-sera
	with H-sera
	

	
	
	
	
	II 
	IV
	IX
	D
	a
	i
	

	1
	
	
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	
	
	

	II) Identification of pure culture 

	ENTEROtest (for Gram-negative oxydase-negative rods) 

Results of biochemical tests (write “+” or “-”)

	Variance
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	Result of identification according to special table 

(Latin name)

	
	H2S
	MAN
	LYS
	IND
	LAC
	SCI
	URE
	GLY
	VPT
	INO
	LIP
	PHE
	

	1
	
	
	
	
	
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	
	
	
	
	
	


Serological method (Widal’s test)

	Diagnosticum
	Dilutions of patient’s serum

	
	Control
	1/100
	1/200
	1/400
	1/800

	Variance
	Phenomenon of agglutination (write +/-)

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	


Specific prophylaxis of enteric fever (medicines)

	Name
	Composition
	Purpose
	Type of immunity

	1.
	
	
	

	2.
	
	
	

	3.
	
	
	


The conclusion. Answer the questions in written form: Variance No._______

What is the final diagnosis? Why?________________________________________________
TOPIC 7:  CHOLERA. 
HOME WORK

I)  The questions for study:

1. Classification of vibrios. The etiology of cholera. 

2. Epidemiology and pathogenesis of cholera. 

3. Laboratory diagnosis of cholera. 

4. Differentiation of biovars of V. cholerae. Rapid methods of diagnosis of cholera.

5. Prevention of cholera.

II) Before class draw this table in your workbook and fill in all empty fields:
«Features of Vibrio cholerae »
	Name of the genus

	

	Name of the most virulent species

	

	Morphology of the bacteria (shape, arrangement, Gram’s staining, motility, spore-forming)

	

	Type of respiration

	

	Type of nutrition

	

	The basic antigens

	

	The main enzymes of virulence

	

	The main toxins

	

	The main source of infection

	

	The main method of microbiological diagnostics

	

	Selective media for cultivation

	


I) Entry test.

Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

II) Theoretical part. 

Answer the questions of teacher and demonstrate your knowledge of the theme.

The questions for discussing

1. Classification of vibrios. The etiology of cholera. 

2. Epidemiology and pathogenesis of cholera. 

3. Laboratory diagnosis of cholera. 

4. Differentiation of biovars of V. cholerae. Rapid methods of diagnosis of cholera.

5. Prevention of cholera.

THE THEORETICAL REFERENCE.

Vibrios are Gram negative, oxidase positive, short, rigid, curved rods that are actively motile by a polar flagellum. The name 'vibrio' is derived from the characteristic vibratory motility of the bacilli. The most important member of the genus is Vibrio cholerae. It is the causative agent of cholera. It was first observed by Pacini (1854) and later on Koch (1883) isolated the bacillus from cholera patients.

Classification. Vibrios are grouped under family Vibrionacaae which initially contained three genera, Vibrio, Aeromonas and Plesiomonas. Currently Vibrionaceae contains single genus Vibrio. Aeromonas and Plesiomonas belong to separate families, Aeromonadaceae and Enterobacteriaceae, respectively. Genus   Vibrio has  about  33  species and the important pathogens of man include:

1. Non-Halophiltc Vibrios. These vibrios may grow in media without  salt (NaCl). It is V. cholerae: O1 classical and El Tor biotypes, Non O1 V. cholerae: Non-cholera vibrio (NCV) or non-agglutinating vibrio (NAG). 

2. Halophilic Vibrios. They cannot grow in media without addition of salt (NaCl). It is V. parahaemolyticus, V. alginolyticus, V. vulnificus, V. mimicus

Morphology of Vibrio cholerae. V. cholerae is a Gram negative, curved or comma-shaped rod, non-sporing, non-capsulated. The organism is very actively motile with a single polar flagellum and movement is named as darting motility. Because of its typical comma shaped appearance, it is also named Vibrio comma. In old cultures, they are frequently pleomorphic. In stained mucous flakes of cholera cases, the vibrios are arranged in parallel rows, described by Koch as the fish in stream арреаrаnсе.

Culture of Vibrio cholerae. V. cholerae is strongly aerobic, growth being scanty and slow anaerobically. It grows within a temperature range of 16°-40°C but optimum temperature is 37°C. It grows best in alkaline media, the optimum pH being 8.2 (pH range 7.4-9.6). The organism is extremely sensitive to an acidic pH which kills it. V. cholerae is a non-halophilic vibrio, therefore, cannot grow in media with а concentration of sodium chloride more than 7%. However it can grow in media without sodium chloride.

Ordinary Media. 

Nutrient agar. After overnight incubation, the colonies are moist, translucent, round disks, 1-2 mm in diameter, with a bluish tinge in transmitted light.

MacConkey's agar. The colonies are colourless or pale at first, but bесоmе reddish оr pink on prolonged incubation due to late fermentation of lactose.

Blood agar. V. cholerae, classical biotype, does not produce hemolysis although some strains produce greenish discolouration around colonies which later becomes clear due to haemodigestion. However, colonies of El Tor biotype produce haemolysis on blood agar.

1% Peptone water. It grows as a surface pellicle because of its aerobic nature.

Special Media. The special media are classified as transport or holding media (Vеnkаtrаman- Ramakrishnan (VR) mеdium, Cary-Blair medium), enrichment media (Alkaline peptone water (APW), Mansur's taurocholate tellurite peptone water), plating media (Alkaline bile salt agar (BSA); pH 8.2, Monsur's gelatin taurocholate trypticase tellurite agar (GTTA) medium; pH 8.5, Thiosulphate citrate bile sucrose (TCBS) agar; pH 8.6)
Biochernical Reactions. Heiberg (1934) classified vibrios on the basis of fermentation of mannose, sucrose and arabinose. There are eight groups (I to VIII). Cholera vibrios belong to Group I, fermenting mannose and sucrose with acid production but not arabinose. Carbohydrate breakdown is fermentative, producing acid, but no gas. It is catalase and oxidase positive. It ferments glucose, mannitol, sucrose, maltose and mаnnose, but not lactose, thоuth lactose mау bе split vеrу slowly. It is indole positive and reduces nitrates to nitrites. Gelatin is liquefied. It decarboxylates lysine and ornithine but do not utilise arginine.

Resistance. Vibrio chloerae is susceptible to heat and drying, is killed at 55°C in 15 minutes. It is sensitive to соmmоn disinfectants and а рН less thаn 5. It survives for months in sea water. In grossly contaminated water, such as the Ganges in India, the vibrios do not survive for any length of time perhaps due to the presence of large number of vibriophages in this water. El Tor vibrios are hardier and survive for longer duration than the classical biotypes. On fruits, they survive for 1-5 days at room temperature and for a week in the refrigerator.

Antigenic Structure. V. cholerae contains somatic 'O' and flagellar 'H' antigens.The 'H' antigen is shared by all the strains. Gardner and Venkarraman (1935) classified vibrios based on antigenic structure. Group A vibrios have a common 'H' antigen but distinct 'O' component. On the basis of O antigen, it is divided into subgroups (now named O serogroups or serovars). Both classical and ElTor biotypes belong to serogroups Ol and are antigenically indistinguishable. These are referred as V. choleras OL. On the basis of minor O antigens (A, B, C), V. cholerae Ol are subdivided into three serotypes—Ogawa (AB), Inaba (AC) and Hikojima (ABC).

At least 139 (Ol to O139) O serogroups are recognised. Serogroups O2 to O138 are called non-Ol V.cholerae. Since these organisms were not agglutinated by O-l antiserum, they were called non-agglutinating (NAG) vibrios. Though NAG vibrios are not agglutinable by O-l antiserum, they are agglutinated by their specific homologous antisera.

ELTOR VIBRIOS

Gotschlich isolated a vibrio from six Haj pilgrims at the Tor quarantine station in Arabia and the organism was called Eltor Vibrio. Antigenically it is identical to classical cholera vibrio and is nоw proved to bе biotype of V/ cholerae-O1. The following tests аrе used for identification of El Тоr biotype.

NON-AGGLUTINATING VIBRIOS (NON-O1 V. CHOLERAE)

The somatic antigen 01 is specific to the classical and Eltor biotypes of V.cholerae, while vibrios containing antigen other than Ol and O139 are called non-agglutinating (NAG) or non-cholera vibrios (NCV) or Non-Ol V. cholerae. There are 139 serogroups containing O antigen, Ol to O139. Serogroup Ol and O139 contain V.cholerae, while O2 to O138 are NAG vibrios. It is extremely difficult to distinguish most of the NAG vibrios from V. cholerae by means of culture and biochemical reactions. They are not agglutinable by Ol antiserum, therefore, named as non-agglutinable (NAG) vibrios. However, they are readily agglutinable by their homologous antiserum.

V. cholerae serogroup O139 originated in Madras, India, in 1992 and has led to a widespread occurrence of cholera cases throughout India and Bangladesh. Later on V. cholerae O139 emerged as aetiological agent in a series of outbreaks of cholera in the entire Indian subcontinent. V cholerae strains of serogroup Ol and serogroup group O139 cause classical cholera. V. cholerae O139 is very similar to El Tor biotype of Vibrio cholerae. It does not produce the Ol lipopolysaccharide. Like El Tor biotype, it is also positive for modified CAMP test. It makes a polysaccharide capsule like other non-Ol V.cholerae strains, while V.cholerae Ol does not make a capsule. Like V. cholerae Ol, V. cholerae O139 also produces enterotoxin (cholera toxin).

The classical strains of cholera vibrios are classified into five types (1 to 5) by using Mukherjee's phages I to IV. Phage IV lyses all classical but not EL Tor strains. El Tor strains can be divided into six types (1 to 6), on the basis of lysis by five phagovariants  (I to V). All ElTor strains are lysed by phage V.
Toxins. Besides heat stable endotoxin, V. cholerae also produces exotoxin (enterotoxin). The enterotoxin is also named as cholera toxin (CT), choleragen or cholera enterotoxin. Both V.cholerae Ol and O139 produce cholera toxin.

Enterotoxin is a heat labile, protein in nature. It has a molecular weight of 90,000. It has two fractions: one A (active) subunit and five B (binding) subunits. The cholera toxin (CT) resembles heat-labile toxin (LT) of E. coli chemically, antigenically and in its mode of action. CT is more potent than LT of E. coli. CT production is determined by phage integrated with bacterial сhrоmоsоmе while LT production is plasmid mediated.

Mechanism of action. The B subunit binds specifically to the Gml ganglioside receptor on the intestinal epithelial cell. The active A subunit then enters the cell and is cleaved to its fragments, Al and A2. The A2 fragment links the active Al to the B subunit and thus the Al fragment stimulates adenyl cyclase activity of the epithelial cell. This in turn, converts ATP into cAMP. The cAMP concentration within the cells causes (1) hypersecretion of water and electrolytes (Na, K, HCOj) within the intestinal lumen and (2) inhibition of reabsorption of sodium and chloride by cells, which results in purging diarrhoea of rice water stool. The fluid secreted is isotonic with plasma but contains mоrе of potassium and bicarbonate.

The enterotoxins of V.cholerae and NAG vibrios appear to be identical in antigenic specificity.

Pathogenesis. V. cholerae (both Ol and O139) causes an acute diarrhoeal disease known as cholera and it occurs only in man. The human infection occurs by ingestion of contaminated foods and drink. The ingested organisms pass through the acid barrier of the stomach and multiply in the alkaline medium of the small intestine. The vibrios do not penetrate deep into the gut and there is no bacteraemia. Vibrios become adherent to the epithelium by special fimbria such as the toxin co-regulated pilus (TCP). Once epithelial cell attachment occurs, V. cholerae produces enterotoxin and the disease. Mechanism of action of enterotoxin has been described earlier. Enterotoxin and TCP are regulated by the Tox R gene product, Tox R protein.

The massive loss of water and electrolytes (sodium and bicarbonates) by action of enterotoxin, leads to: 1. dehydration causing haemoconcentration, anuria and hypovolaemic shock; 2. base-deficit acidosis, 3.  muscle cramps due to hypokalaemia.

In untreated cases the mortality rate is 60-70% due to renal failure. Both the biotypes of V.cholerae Ol produce equally severe disease but in El Tor strains, the incidence of mild and asymptomatic infections is more frequent. The NAG vibrios may produce a clinical disease indistinguishable from cholera.

Carrier State. 1. Convalescent Carrier. Аftеr treatment, few cases mау continue to excrete vibrios for 4 to 5 weeks due to survival of the bacilli in gall bladder. These are known as convalescent carriers. 2. Chronic Carrier. It is found in endemic areas and thе vibrios аrе excreted in faeces intermittently frоm the gallbladder. Chronic carriers have been found in ElTor infections.

Epidemiology. Cholera is an epidemic disease and man is the only natural host of V.cholerae. Cholera has been endemic in the Ganges and Brahmaputra deltas in Bengal and neighbouring parts of the Indian subcontinent. Before 1817, cholera was confined to these endemic areas. Between 1817 and 1923 cholera spread to all over the world in six pandemics. All these pandemics were caused by classical biotype of V.cholerae. Between 1923 and 1961, the disease remained confined almost to endemic areas except for one isolated epidemic in Egypt in 1947.

The recent pandemic, the seventh, occurred in 1961 and this pandemic has been caused by the EL Tor biotype. The El Tor vibrio is hardier and more capable of surviving in the environment. It leads to mild cases, higher incidence of carriers and greater chances of endemicity as compared to classical vibrio. Whenever the El Tor vibrio has caused infection, it displaces the classical vibrio in all those areas.

Epidemic cholera has a seasonal distribution, the epidemic seasons are different in different areas. In India (Calcutta) the epidemic season is in the hot dry months of March to May and ends with onset of monsoon in June, while in Bangladesh die cholera season (November to February) follows the monsoon rains. Epidemic cholera has been associated with fairs, festivals during which sanitary conditions tend to be unsatisfactory. The only natural reservoir is man in the form of convalescent and chronic саrriеrs. The transmission is maintained bу а сусlе involving the excretor (carrier) and the environment, particularly a water source. Since vibrios do not survive in water for a long period, so it should be repeatedly contaminated to act as a prolonged source of infection.

LABORATORY DIAGNOSIS.  

Cultural method.

1. Specimens (watery stool, rectal swab)

2. Collection and Transport. Specimens should be collected preferably prior to start of antibiotics. These should not be collected from bedpans due to risk of contamination. Specimens should be immediately transported to the laboratory for processing. In case of delay, stool samples may be preserved in holding media such as VR fluid or Cary-Blair medium for long periods. If the specimen can reach the laboratory in a few hours, enrichment media such as alkaline peptone water or Monsur's medium may be used as transport media. When transport media are not available, strips of blotting paper may be soaked in watery stool and sent to the laboratory after proper packing in plastic envelopes. If possible, specimens should be plated at bedside and the inoculated plates sent to the laboratory.

3. Direct Microscopy. It is not a reliable method. For rapid diagnosis, the characteristic darting motility of the Vibrio and its inhibition by adding antiserum can be demonstrated under the dark field or phase contrast microscope, using cholera stool.

4.  Culture. Stool sample is directly cultured on following media selective media (BSA, TCBS or Monsur's GTTA) and non-selective media (blood agar and MacConkey's agar) are inoculated. These plates are incubated at 37°C for overnight. Enrichment    media    such    as    alkaline peptone water or Monsur's liquid media are inoculated. These media are incubated at 37°C for 6-8 hours before subculturing onto selective media. When the specimen has been collected in holding medium, it is first inoculated into enrichment medium and incubated at 37°C for 6-8 hоurs bеfоrе plating onto а selective medium. The specimen collected in enrichment medium should be incubated for 6-8 hours including transit time before subculturing onto a selective medium.

5. Colony Morphology and Staining. After overnight incubation, culture media are examined for typical colonies of V. cholerae. On MacConkey's agar, colonies are pale and on Monsur's medium the colony has a black centre with a turbid halo around die colony. TCBS shows yellow colonies and on BSA, translucent colonies are present.

Gram staining from colony shows typical Gram negative comma shaped bacilli. These show darting motility on hanging drop preparation. Further confirmation is done bу biochemical rеасtiопs and agglutination test.

6. Biochemical Reactions. V. cholerae ferments glucose, mannitol, sucrose, maltose, mannose with acid production. Lactose is usually not fermented. Catalase, oxydase reactions are positive. The El Tor biotype is usually haemolytic, VF positive, agglutinate chick erythrocytes and is resistant to polymyxin B and group IV cholera phage.

7. Agglutination Test. Colonies are picked up with a straight wire and tested with V.cholerae Ol antiserum. If positive, the cest is repeated with monospecific Ogawa and Inaba sera for serotyping. The test should be repeated with at least five colonies as V.cholerae Ol and non-Ol V. cholerae may co-exist in the same specimen.

The H antigen is shared by both V. cholerae Ol and non-Ol V. cholerae. Any vibrio which is agglutinated by H antiserum, but not by V. cholerae Ol antiserum is considered to be NAG vibrio. These strains should be tested with other O antiserum to establish their identity as they may be belonging to one of O2-O139 serogroups. Specific antiserum against 0139 is available.

Serological Tests. These are of little use in diagnosis of cholera though it mау help in assessing the incidence of сhоlеrа in аn area. The tests used аrе agglutination, indirect haemagglutination, vibriocidal tests.

Detection of carriers. The procedures are similar to those of an infective case except: 
1.  repeated stool examination may be needed as the vibrio is excreted intermittently; 
2.  it gives better result if stool is collected after administration of a purgative;

3.  bile may be examined after duodenal intubation; 
4.  serological tests are useful in detecting chronic carriers.

Bacteriological examination of water and sewage.

1.   Water sample: 900 ml water is added to 100 ml of ten fold concentrated peptone water (pH 9.2) and incubated at 37°C fo  6-8 hours. After incubation, it is inoculated on selective media.

2.  Sewage:  It  is  diluted  in  saline  and  filtered through gauze. The filtrate is treated as water.

Treatment. Oral Rehydration Therapy. The most important is prompt water and electrolyte replacement to correct the severe dehydration and salt depletion. This can be achieved by oral rehydration therapy, either alone or supplemented by intravenous fluids. Antibiotics. It is of secondary importance. Tetracycline is useful in reducing the number of stool and it also shortens the period of excretion of vibrios.

Prophylaxis. General Measures: purification of water supplies, better provision for sewage disposal, infected  patients  should  be  isolated,  their excreta disinfected, contacts and carriers are followed up. 

Specific Measures - Active Immunisation 

Killed parenteral vaccine. This vaccine contains 12,000 million V. cholerae per ml, composed of equal number of Inaba and Ogawa strains. It is widely used for active immunisation. Two injections are given intramuscularly at an interval of four weeks. Degree of protection does not exceed 50-60% and the duration of protection is only 3-6 months. A single dose confers good protection in adults due to its action as a booster on top of prior natural immunisation. In children below five уеаrs of age, a single dose is ineffective. There is a good cross protection between classical and El Tor vibros. The aluminium hydroxide and phosphate adjuvant vaccines have been tried. These vaccines have induced а high degree of immunity particularly in young children. Cholera toxoid has been tried as vaccine but without any success.

Killed oral vaccine. B subunit whole cell (BS-WC) vaccine has undergone a field trial in Bangladesh. The vaccine contains cholera toxin B subunit, heat killed classical vibrio (both Ogawa and Inaba) and formalin killed ElTor vibrio (both Ogawa and Inaba). Degree of protection was 85% for one year and 60% for two years. This vaccine also conferred significant protection against diarrhoea due to E. coli (LT-ETEC).

Live oral vaccine. Recombinant DNA vaccine with expression of V. cholerae in attenuated strain Ty21a of Salmonella typhi has been developed. This vaccine colonises Peyer's patches and induces IgA response by local immunity. Live attenuated vaccine against О139 is also available in some countries.

Chemoprophylaxis. In endemic areas, chemoprophylaxis with antimicrobial drugs is useful for attendants, nurses etc.

Laboratory work. Use of cultural method for diagnostics of cholera.

The goal:  To acquire skill of cultural diagnostics of cholera.  
Clinical Task. A man was taken to infectious department. He complained of intractable vomiting and frequent diarrhea. He was in contact with patient suffered from cholera. The previous diagnosis “Cholera?” was made out. Stool was sampled and passed to Lab. Register result of cultural method and make a conclusion.

OBSERVATIONS AND RESULTS

	I) Isolation of pure culture
	II) Identification of pure culture

	Name of the spe-cimen
	Name of the nutrient medium
	Cultural properties 
	Motility
	Results of microscopy of pure culture (drawing)

	
	
	
	
	

	II) Identification of pure culture 

	Results of biochemical tests (write “+” or “-”)

	Sucrose 
	Arbinose 
	Mannose 
	Heiberg’s group

	
	
	
	

	Slide agglutination test with monovalent sera 

	O1
	O139
	Serogroup of V. cholerae

	
	
	

	Identification of V. cholerae biotype

	Haemolysis of sheep erythrocytes
	Agglutination of cheek erythrocytes
	Polymyxin B sensitivity
	Phage typing (name of lytic phage)
	Voges-Proskauer reaction
	Biotype of V. cholerae 

	
	
	
	
	
	


The conclusion. Answer the questions in written form:

What is the final diagnosis? Why?________________________________________

TOPIC 8:  ZOONOTIC INFECTIONS AND THEIR MICROBIOLOGICAL DIAGNOSTICS.

HOME WORK.
I) The questions for study:

1. The originality of the reservoir and sources of infection with zoonotic infections. Natural focal diseases. 
2. Species of Brucella and their pathogenicity. Phase of pathogenesis. 
3. Principles and methods of laboratory diagnostics of brucellosis. Immunity and Allergy in brucellosis, reaction Burne. Specific prevention and treatment of chronic brucellosis. 
4. Species of Francisella and their pathogenicity Pathogenesis and clinical forms of tularemia. Principles and methods of laboratory diagnostics of tularemia. Specific prophylaxis of tularemia. 
5. Species of Yesinia and their pathogenicity Clinical forms of plague. Principles and methods of laboratory diagnostics of plague. Specific prophylaxis and treatment of plague.
6. Circulation of the bacilli of anthrax in nature as a spore-forming microbe. 
7. The pathogenesis of anthrax. The pathogenicity factors of the pathogen. Clinical forms.
8. Principles and methods of laboratory diagnostics of anthrax.  Specific prophylaxis and treatment of anthrax.
II) Before class draw this table in your workbook and fill in all empty fields:

	Infection
	Infec-tious agents (Lat.)
	Morpholo-gical differences (Fig.)
	The source of infection
	Diagnos-tic methods
	Specific therapeutic and prophylactic preparations

	Brucello-sis
	
	
	
	
	

	Tularemia
	
	
	
	
	

	Plague
	
	
	
	
	

	Anthrax
	
	
	
	
	


I) Entry test.

Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

II) Theoretical part. 

Answer the questions of teacher and demonstrate your knowledge of the theme.

The questions for discussing

1. The originality of the reservoir and sources of infection with zoonotic infections. Natural focal diseases. 
2. Species of Brucella and their pathogenicity. Phase of pathogenesis. 
3. Principles and methods of laboratory diagnostics of brucellosis. Immunity and Allergy in brucellosis, reaction Burne. Specific prevention and treatment of chronic brucellosis. 
4. Species of Francisella and their pathogenicity Pathogenesis and clinical forms of tularemia. Principles and methods of laboratory diagnostics of tularemia. Specific prophylaxis of tularemia. 
5. Species of Yesinia and their pathogenicity Clinical forms of plague. Principles and methods of laboratory diagnostics of plague. Specific prophylaxis and treatment of plague.
6. Circulation of the bacilli of anthrax in nature as a spore-forming microbe. 
7. The pathogenesis of anthrax. The pathogenicity factors of the pathogen. Clinical forms.
8. Principles and methods of laboratory diagnostics of anthrax.  Specific prophylaxis and treatment of anthrax.
THE THEORETICAL REFERENCE.

The originality of the reservoir and sources of infection with zoonotic infections. 

Natural focal diseases

The word 'Zoonosis' (Pleural: Zoonoses) was introduced by Rudolf Virchow in 1880 to include collectively the diseases shared in nature by man and animals. Later WHO in 1959 defined that Zoonoses are "those diseases and infections which are naturally transmitted between vertebrate animals and man". 

Zoonoses include only those infections where there is either a proof or a strong circumstantial evidence for transmission between animals and man. 

Historically, zoonotic diseases had a tremendous impact on the evolution of man, especially those cultures and societies that domesticated and bred animals for food and clothing. Zoonoses are among the most frequent and dreaded risks to which mankind is exposed. Zoonoses occur throughout the world transcending the natural boundaries. Their important effect on global economy and health is well known, extending from the international movement of animals and importation of diseases to bans on importation of all animal products and restrictions on other international trade practices. So, zoonoses no longer are solely a national problem. For effective control of zoonoses global surveillance is necessary. With recognition of inter-relationships between countries, the internationalization of control efforts have become more relevant to technical, economic and social fields. The control of zoonoses retains its prominent place among the actions of international agencies according to the health and economic problems specific to each region.

Over the last two decades, there has been considerable change in the importance of certain zoonotic diseases in many parts of the world, resulting from ecological changes such as urbanization, industrialization and diminishing proportion of persons working in the so-called primary sector. We don't know with what challenge nature will confront us in the world of constant interference with ecology. Most of the infections of man that have been discovered in the last twenty years are shared with lower animals and a number of other diseases previously thought to be limited to man have now been found to be zoonoses. Reference may be made to various types of encephalitis, eosinophilic meningitis, capillariasis, anisakiasis, Lyme disease, monkeypox diseases in humans, lassa fever, Marburg disease and Ebola for all of which an animal link has been established. Among those zoonoses recognized today as particularly important are anthrax, plague, brucellosis, Bovine tuberculosis, leptospirosis, salmonellosis, spotted fever caused by Rickettsiae, rabies, several common athropod borne viral infections (arboviral infection), certain parasitic diseases, especially cysticercosis, hydatid disease, trypanosomiasis and toxoplasmosis. 

CLASSFICATION
With the advanced laboratory techniques and increased awareness among medical and veterinary scientists, ecologist and biologists, more than 300 zoonoses of diverse etiology are now recognised. Thus, a very large number of zoonoses calls for classification especially for easy understanding. These are classified as follows: 

1. According to the etiological agents. Bacterial zoonoses (e.g. anthrax, brucellosis, plague, leptospirosis, salmonellosis, lyme disease), Viral zoonoses (e.g. rabies, arbovirus infections, KFD, yellow fever, influenza), Rickettsial zoonoses (e.g. murine typhus, tick typhus, scrub typhus, Q-fever), Protozoal zoonoses (e.g. toxoplasmosis, trypanosomiasis, leishmaniasis),  Helminthic zoonoses (e.g. echinococcosis (hydatid disease), taeniasis, schistosomiasis, dracunculiasis), Fungal zoonoses (e.g. deep mycosis - histoplasmosis, cryptococcosis, superficial dermatophytes), Ectoparasites (e.g. scabies, myiasis).

2. According to the mode of transmission. Direct zoonoses. These are transmitted from an infected vertebrate host to a susceptible host (man) by direct contact, by contact with a fomite or by a mechanical vector. The agent itself undergoes little or no propagative or developmental changes during transmission, e.g. rabies, anthrax, brucellosis, leptospirosis, toxoplasmosis. Cyclozoonoses. These require more than one vertebrate host species, but no invertebrate host for the completion of the life cycle of the agent, e.g. echinococcosis, taeniasis. Metazoonoses. These are transmitted biologically by invertebrate vectors, in which the agent multiplies and/or develops and there is always an extrinsic incubation (prepatent) period before transmission to another vertebrate host e.g., plague, arbovirus infections, schistosomiasis, leishmaniasis. Saprozoonoses. These require a vertebrate host and a non-animal developmental site like soil, plant material, pigeon dropping etc. for the development of the infectious agent e.g. aspergillosis, coccidioidomycosis, cryptococosis, histoplasmosis, zygomycosis. 

3. According to the reservoir host. Anthropozoonoses. Infections transmitted to man from lower vertebrate animals e.g. rabies, leptospirosis, plague, arboviral infections, brucellosis and Q-fever. Zooanthroponoses. Infections transmitted from man to lower vertebrate animals e.g. streptococci, staphylococci, diphtheria, enterobacteriaceae, human tuberculosis in cattle and parrots. Amphixenoses. Infections maintained in both man and lower vertebrate animals and transmitted in either direction e.g. salmonellosis, staphylococcosis.

FACTORS INFLUENCING PREVALENCE OF ZOONOSES.

Ecological changes in man's environment. With the expansion of human population, man is forced to exploit the virgin territories and natural resources like harnessing the power of rivers, constructing roads and pipelines through virgin or thinly populated areas, clearing, irrigating and cultivating new land, deforestation. All this would lead to entering of humans in the unaccustomed ecosystem in which potential pathogens form part of the biotic community (natural focus). Large scale expansion of agricultural and engineering resources, construction of dams, artificial lakes, irrigation schemes, clearing of forests -all these lead to changing of the biting habits of the blood sucking vectors and alteration in the population of reservoir animals which has led to the spread of leptospira, tuleraemia, helminthic infections etc. 

Handling animal by-products and wastes (occupational hazards). There is significantly higher attack rates in workers during the course of their occupation than the rest of the population, e.g. anthrax in carpet weavers, live stock raisers and workers with animal hair in the textile industry, leptospirosis in rice field workers, listeriosis in agricultural workers, erysipeloid in butchers and fish merchants, tularemia and trypanosomiasis in hunters, creeping eruptions in plumbers, trench diggers etc. Other examples of zoonoses as occupational hazards are Q-fever in abattoir and rendering plant workers, jungle yellow fever and tick borne diseases in wood cutters, salmonellosis in food processors, bovine tuberculosis in farmersetc.

Increased movements of man. Land development, engineering project work, pilgrimages, tourism, etc. expose the people to contaminated food and water leading to diseases like amoebiasis, colibacilliosis, giardiasis, salmonellosis, shigellosis, etc. 

Increased trade in animal products. Countries which import hides, wool, bone meal, meat, etc. from an area where some of the zoonoses are endemic, are likely to introduce the disease into their territories, e.g. salmonellosis, foot and mouth disease, anthrax, Newcastle disease etc. 

Increased density of animal population. Animals may carry potential risk of increased frequency of zoonotic agents in man e.g. dermatophytosis, tuberculosis, brucellosis etc. 

Transportation of virus infected mosquitoes. Aircraft, ship, train, motor and other vehicles bring the viruses in to a new area, e.g. yellow fever, Chikungunya fever, dengue fever etc. 

Cultural anthropological norms. In Kenya, people allow the dogs and hyenas to eat human dead bodies infected with hydatidosis. This helps to perpetuate the transmission cycle of the disease.

Transmission Modes Zoonoses with a wildlife reservoir represent a large spectrum of transmission modes. Several zoonotic agents can be directly transmitted from wildlife to humans, e.g., Francisella tularensis, the causative agent of tularemia, can be transmitted by skin contact with an infested, diseased, or dead hare or rodent. By contrast, rabies virus is transmitted by bite (saliva) from a rabid animal. Hantaviruses are spread from rodents to humans by aerosols in dust from rodent excreta. Zoonotic agents can also be spread from wildlife to humans indirectly by contaminated food and water, for example Salmonella spp. and Leptospira spp. 

Many zoonoses with a wildlife origin are spread through insect vectors. For example, mosquitoes are wellknown vectors of several wildlife zoonoses, such as Rift Valley fever, equine encephalitis, and Japanese encephalitis. Y. pestis can be spread by fleas, Bacillus anthracis spores by flies, and Leishmania by sand-flies, whereas ticks are essential in the spread of Borrelia burgdorferi and Ehrlichia/Anaplasma. 

A good example of a zoonotic agent with many different transmission modes is F. tularensis. Rodents and hares constitute the main sources of infections, and hunters are at particular risk of acquiring the disease. The transmission mode also affects the clinical manifestation in humans. The agent can be transmitted by direct contact through the handling of an infected carcass and through tick or mosquito bites, which cause initial skin symptoms such as ulcers. Infection may also occur after eating insufficiently cooked meat from an infected animal or contaminated drinking water, causing symptoms from the digestive tract, and by inhalation of contaminated dust, causing a pneumonialike illness.

B. anthracis, the etiologic agent of anthrax, primarily a disease of herbivores, can also be transmitted from wildlife to humans by various modes. The spores formed by the bacteria are very resistant and have been found to remain dormant and viable in nature for >100 years (11). Anthrax is spread by food and water contamination or by the spread of spores by flies, vultures, and other scavengers. Humans can be infected by eating meat from infected carcasses or drinking contaminated water, through the skin by contact with infected material or by insect bites, and through the lungs by inhaling spores. Although livestock anthrax is declining in many parts of the world, the disease remains enzootic in many national parks, for example, in southern Africa and North America. Anthrax in wildlife represents a persistent risk for surrounding livestock and public health
BRUCELLOSIS.  Brucellosis is primarily a zoonotic infection caused by Brucella organisms infecting the domestic animals. The disease continues to be a major public health problem worldwide. The condition is known by various names, such as Malta fever, Mediterranean fever, undulant fever, etc.

Classification.

The genus Brucella consists of small, nonmotile, nonsporing, nontoxigenic, nonfermenting aerobic, and Gram-negative coccobacilli. The bacteria can grow on a variety of culture media including serum dextrose, blood, and chocolate agar. They are strict parasites of domestic and wild animals, but they can infect humans, which are accidental hosts. The genus Brucella consists of seven species, four of which are human pathogens. These are Brucella abortus, Brucella melitensis, Brucella suis, and Brucella canis. Human infections with Brucella neotomae and Brucella ovis have not been described. Moreover, each Brucella species has a characteristic predilection to infect certain animal species where it causes chronic disease that persists for life. 

Properties of the Bacteria.

Morphology. Brucella shows the following features: Brucellae are Gram negative, but counterstain poorly and require relatively more time for staining. They are small coccobacilli, measuring 0.5–0.7 _ 0.6–1.5 _m in size. These are arranged singly, sometimes in pairs, or in short chains. They do not produce spores, flagella, or capsule.

Culture. Brucellae are strict aerobes. Most biovars of B. abortus require 5–10% CO2 for their growth. No growth occurs in aerobic conditions. They grow at a temperature range of 22–40°C (optimum temperature 37°C) and pH range of 6.6–7.4. Brucellae can grow on simple media, but their growth is slow and scanty. Growth is improved by addition of serum, blood, liver extract, and glucose. Brucella organisms grow best on trypticase soy based  or other enriched media. Blood agar and trypticase soy agar are the media of choice. Tryptose agar, trypticase soy agar, serum potato infusion agar, and serum dextrose agar are the other media also used for culture of Brucellae. Addition of bacitracin, polymyxin, and cycloheximide to these media makes them selective. On these solid media, Brucella spp. produce small, moist, translucent, and glistening colonies after 3 or more days of incubation. In liquid media, growth is uniform.

Biochemical reactions. Brucella species show following biochemical properties. Brucellae are catalase and oxidase positive (except for B. ovis and B. neotomae, which are oxidase negative). They reduce nitrate to nitrite and have variable urease activity—B. suis becomes urease positive within 30 minutes, while B. abortus becomes positive within 1–2 hours. Some Brucella species produce H2S, while some species do not produce H2S. Citrate is not utilized. They do not produce indole and are MR and VP test negative. They don't ordinarily ferment any sugars.

Brucella species and biovars are differentiated by following characteristics  (Table 40-2): (a) growth in the presence of aniline dyes, such as basic fuchsin dyes or thionine; ( b) requirement for CO2; (c) ability to use glutamic acid, ornithine, lysine, and ribose; (d ) ability to produce H2S; (e) agglutination by antisera against specific lipopolysaccharide (LPS); and (f ) susceptibility to lysis by bacteriophage.

Biotypes. B. abortus consists of seven biotypes, B. melitensis three biotypes, and B. suis five biotypes. H2S-producing B. suis strains are called American strains, and those not producing H2S are called Danish strains.

Phage types. Tblisi ( Tb) is the reference phage used for phage typing of Brucella species. This phage lyses B. abortus both at routine test dilution (RTD) and at 10,000 RTD. The phage lyses B. suis at 10,000 RTD only, but does not lyse any strain of B. melitensis.

Susceptibility to physical and chemical agents: The brucellae are rapidly killed at 60_C in 10 minutes; hence they are killed by pasteurization in the milk. They are also killed by disinfectants, such as 1% phenol in 15 minutes. They are sensitive to direct sunlight and acid. The bacteria survive for 10 days in refrigerated milk, for 1 month in ice cream, and for 4 months in butter. B. melitensis remains viable in urine for 6 days, in dust for 6 weeks, and in water or soil for 10 weeks.

Cell Wall Components and Antigenic Structure. Brucella like any other Gram-negative bacterium contains LPS in the outer cell membrane of the cell walls. But, the LPS of Brucella is different both structurally and functionally from that of other Gram-negative bacteria. The LPS of Brucella shows the following unique characteristics:

1. The lipid A part of the LPS contains 16-carbon long fatty acids but lacks the 14-carbon myristic acid typical of lipid A of Enterobacteriaceae.

2. The polysaccharide O portion of LPS contains an unusual sugar, 4,6-dideoxy-4-formamido-alpha-D-mannopyranoside, which is expressed either as homopolymer of alpha-1,2-linked sugars (A type) or as 3-alpha-1,2- and 2-alpha-1,3-linked sugars (M type). On the basis of these O polysaccharide linkages, somatic antigens of Brucella are classified into two major types: antigen A and antigen M. B. abortus has the highest concentration of A antigen (about 20 times as much as M antigen), while B. melitensis has the highest concentration of M antigen (about 20 times that of A antigen). B. suis has an intermediate antigenic pattern. Brucella species show antigenic cross-reaction with Salmonella serotypes N (O: 30 antigen), Escherichia coli (O: 116, O: 157), Vibrio cholerae, Pseudomonas multocida, Yersinia enterocolitica, and Francisella tularensis. Agglutination and other features of Brucella species are summarized in Table 40-3.

Pathogenesis and Immunity.   Brucella species have predilection for intracellular growth, hence may be demonstrated inside phagocytes. Intracellular location of the Brucella explains the relative resistance of the bacterium to chemotherapy.

Virulence factors. LPS is the principle virulence factor of Brucella spp. Intracellular location of the bacteria makes them resistant to killing in serum and also by phagocytes (Table 40-4).

Pathogenesis of brucellosis. Brucellosis is a systemic disease in humans that can involve almost any organ system. They enter through (a) abrasion or cut in the skin, (b) conjunctiva, (c) respiratory tract, and (d) gastrointestinal tract. Shortly after gaining entry to the body, brucellae are rapidly ingested by polymorphonuclear leukocytes, which are attracted to the site of inflammation. But inside the leukocytes, the brucellae are not killed due to the presence of enzyme superoxide dismutase, O polysaccharide of LPS, and nucleotide-like substances produced by the bacteria. Brucellae that are not killed by leukocytes spread from the site of infection to the local lymph nodes which drain the site of infection. Inside the lymph glands, the bacteria multiply and are released to the blood stream following rupture of the cells and are phagocytosed by the macrophages. Bacteria present in the macrophages are then carried to the organs of reticuloendothelial system, such as liver, spleen, bone marrow, lymph nodes, and kidney. In these organs, brucellae multiply in phagosomes of macrophages due to production of adenine and guanine monophosphate, which inhibits the phagolysosome fusion, oxidative burst activity, and tumor necrosis factor production. Apart from the organs of reticuloendothelial system, any other organ system (central nervous system, heart, joints, genitourinary system, pulmonary system, and skin) can be involved in brucellosis.

Host immunity. Immunity in brucellosis, like other obligate intracellular pathogens, is primarily cell-mediated immunity. Activated macrophages are primarily responsible for killing the bacteria by producing interferon gamma and other cytokines. It is suggested that antibody, complement, and macrophage-activating cytokines also play a supportive role in controlling multiplication of extracellular bacteria or in early infection. The humoral immunity is characterized by production of antibodies against LPS of the bacteria. However, even in the presence of opsonic activity, these serum antibodies against LPS do not provide any protective immunity against bacteria.

Clinical Syndromes. Brucella species cause brucellosis. Clinical manifestations of brucellosis are protean in nature, and the course of disease is variable. The clinical manifestations of brucellosis depend on the infecting Brucella species. Of the four Brucella species causing human infections, B. melitensis is the most virulent species. It causes the most severe and acute cases of brucellosis. It is also the most common cause of brucellosis. Because B. melitensis can survive in phagocytic cells and multiply in them, it produces a large number of bacteria. B. suis is associated with a prolonged course of illness often with suppurative, destructive lesions. B. abortus causes mild to moderate sporadic disease that is rarely associated with complications. B. canis infection is associated with an insidious  onset, more relapses. This species usually do not cause chronic disease.

Brucellosis.   The incubation period may range from 3 days to several weeks. Human infections may be of three types, as follows: (a) acute brucellosis, (b) chronic brucellosis, and (c) localized infection.

Acute brucellosis: Acute brucellosis is seen in approximately 50% of patients infected with Brucella. Patients usually complain of nonspecific symptoms, such as anorexia, fatigue, weakness, malaise, or joint pain. Fever is an important symptom and is seen in almost all patients. The fever is intermittent and undulant (hence known as undulant fever) and can be associated with a relative bradycardia. In untreated patients with adverse disease, the patients can show respiratory tract symptoms (20%), bone and joint symptoms (20–60%), neuropsychiatric symptoms, and gastrointestinal tract symptoms.

Chronic brucellosis: This condition develops in incompletely treated patients. This condition is associated with a lowgrade nonbacteremic infection with periodic exacerbations. Symptoms often last for 3–6 months and occasionally for a year or more.

Localized infection: B. suis is more likely to cause localized and suppurative infection. Complications include infections of the heart, central nervous system (CNS), and the skin. Brucella endocarditis is the most dangerous complication and is responsible for 80% of deaths in brucellosis. Chronic meningoencephalitis is the usual manifestation of CNS infection.

Epidemiology.  Geographical distribution. Brucella infection is worldwide in distribution. The condition is endemic in certain Mediterranean countries. More than 500,000 cases of brucellosis are reported annually. Different Brucella species cause human infection in different geographical areas. B. melitensis is the major species causing human infection in India. In the United States, B. suis is the major species responsible for infection, whereas in Great Britain, B. abortus is the important species responsible for infection.

Habitat. Brucella species are primarily obligate intracellular pathogens of the reticuloendothelial system, such as lymph nodes, liver, spleen, and bone marrow.

Reservoir, source, and transmission of infection. Brucella species cause infection in a wide range of hosts, but these species show a high degree of host specificity. B. melitensis infects goats and sheep; B. abortus, cattle; B. suis, swines; and B. canis, dogs and foxes. The infected animals, such as cattle, goats, sheep, buffalos, and swine are the important reservoirs of infections. The incidence of human disease is very closely related to the prevalence of infections in cattle, goats and sheep. This is also related to activities that allow exposure of humans to potentially infected animals or their products. Human brucellosis is primarily a zoonotic bacterial infection. The infection is acquired always from animals directly or indirectly. Brucella organism is transmitted to humans by the following ways (Sceme 8.1): (a) ingestion, (b) direct contact, (c) inhalation, and (d) accidental inoculation.

1. Ingestion: Brucellosis results primarily by drinking contaminated unpasteurized milk or milk products. The infection can also be transmitted by drinking water or eating raw vegetables contaminated with feces or urine of infected animals and also by eating meat of infected animals.

2. Direct contact: The infection is acquired by direct contact with the infected materials of septic abortion of the animals or at the time of slaughter of animals. Brucella species present in the infected materials (placenta, fetuses, vaginal discharge, urine, or infected carcasses) enter the human host through the mucosa, conjunctiva or skin. 

3. Inhalation: The infection is transmitted by inhalation of dust from wool or other dried material of infected animals. Infection by inhalation is important among veterinarians and laboratory workers.

4. Accidental inoculation: Accidental inoculation is a serious risk in laboratory workers who handle culture of the organism. The incidence of infection in laboratory workers is reported in the countries of the Middle East and also in the United States, China, Peru, Mexico and India.
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Scheme 8.1 - Ways of brucellosis infection.
LABORATORY DIAGNOSIS.    Clinical diagnosis of brucellosis is very difficult due to protean manifestation of the disease. Hence, laboratory diagnosis plays an important role in confirming the diagnosis of brucellosis.

Specimens. Blood is the specimen of choice and is collected for culture and for serological test. Bone marrow and sometimes synovial fluid and pleural fluid are also collected for culture. Specimens such as liver and lymph nodes can also be cultured for isolation of Brucella organisms. Rarely, the bacteria can be isolated from cerebrospinal fluid (CSF ), urine, sputum, breast milk, vaginal discharge, and seminal fluid.

Microscopy. Gram staining is not useful for demonstration of Brucella organisms in clinical specimens due to their small size and intracellular location.

Culture. Isolation of Brucella from blood and other clinical specimens. is the definitive diagnostic procedure in brucellosis. Approximately, 5–10 mL of blood is collected in the 200 mL serum dextrose broth or trypticase soy broth and incubated at 37_C under 5–10% of CO2. After fourth day of incubation, subcultures are made on solid media, every 3–5 days for 8 weeks before declaring the culture as negative. Bone marrow cultures are more sensitive than blood culture. They typically are positive in the negative blood culture and serological results. Synovial fluid culture is positive in 50% of  patients.

Identification of bacteria. Identification of Brucella colonies is made by microscopy of Gram-stained smears of the colonies, colony morphology, biochemical tests and reactivity with specific antibrucella sera.

Serodiagnosis. Serological tests are useful for diagnosis of subclinical brucellosis and for cases of acute and chronic brucellosis by demonstration of specific antibodies in patient’s serum. Specific brucella antibodies, both IgG and IgM antibodies, appear in the serum 7–10 days after infection. IgM antibodies persist for up to 3 months after which these antibodies decline. Then IgG and IgA antibodies appear after 3 weeks of infection and persist for longer time.  Therefore, in acute stage or subclinical brucellosis, both IgG and IgM can be demonstrated; in chronic brucellosis, only IgG can be demonstrated, as IgM are absent. As IgG antibodies persist for many months or years, demonstration of significant rise in the antibody titer is the definitive serological evidence of brucellosis. A fourfold increase in the titer or a single high antibody titer of 1:160 is the presumptive evidence of Brucella infection. B. abortus is used as an antigen in brucella agglutination tests because the antibodies against B. melitensis or B. suis can crossreact with B. abortus antigen. B. abortus antigen not only detects specific antibodies against its own antigens but also detects antibodies produced against B. melitensis and B. suis. However, antibodies against B. abortus do not react with B. canis. Therefore, specific B. canis antigen is used to detect antibodies in the serum of patients infected with this organism. A number of serological tests have been developed and tested in serodiagnosis of brucellosis. Common methods are (a) standard tube agglutination tests, (b) indirect immunofluorescent tests, and (c) enzyme-linked immunosorbent assay (ELISA).

Standard tube agglutination test: This test remains the standard method and is the most commonly used serological test for diagnosis of brucellosis. It detects the presence of antibodies against LPS component of Brucella. The test uses killed strains of B. abortus as antigen and is useful for diagnosis of brucellosis caused by B. abortus, B. melitensis, and B. suis. This test is not useful for the infection caused by B. canis because this bacterium does not have O polysaccharide on its surface; hence it does not produce antibodies against LPS. The tube agglutination test is considered positive when antibody titers are greater than or equal to 1 in 160 or when a fourfold rise titer is demonstrated in convalescent sera. Rise in titer is especially important in patients coming from endemic area in which titers of 1 in 160 are not unusual in persons who are asymptomatic.

Modified tube agglutination test: In this test, 2-mercaptoethanol. is added to the patient’s sera before testing it. Addition of mercaptoethanol causes disruption of disulfide bond of IgM; hence only IgG is detected. This modified tube agglutination test is useful for specific detection of IgG antibodies, and titers higher than 1:80 are suggestive of active infection. A high IgG antibody titer or a titer that is higher after treatment suggests relapse or persistent infection. This test is useful for diagnosis of brucellosis during convalescence.

Indirect immunofluorescent assay: It is a sensitive method for detection of brucella antibodies in the serum, which may be positive even in agglutination-test-negative cases.

Enzyme-linked immunosorbent assay: ELISA is the most sensitive test for detection of IgM, IgA, and IgG brucella antibodies during acute and chronic brucellosis. In this test, LPS-depleted cytoplasmic protein antigen of Brucella is used as antigen. Use of this antigen allows accurate evaluation of relapse of brucellosis in a patient because LPS antigenemia persists for a longer duration than does protein antigen. ELISA is extremely useful for diagnosis of neurobrucellosis by demonstration of brucella antibodies in the CSF. Nevertheless, these serological tests may show erroneous results due to the following factors:

1. Blocking antibodies: Blocking or nonagglutinating antibodies in the serum may contribute to a false positive result. This can be avoided by heating the serum at 55 ͦC for 30 minutes or by using 4% saline or diluent in the test. These blocking antibodies can be diluted by adding antihuman globulin to the antigen serum mixture (Coombs’ test).

2. Prozone phenomenon: It is a frequent problem in diagnosis of brucellosis. This occurs due to high level of brucella antibodies in the serum, caused by hyperantigenemia. Prozone phenomenon gives rise to a false negative test. This can be avoided by routine dilution of serum to at least 1:320 because inhibition of agglutination may occur at low dilution.

3. Cross-reactivity with V. cholerae, Y. enterocolitica serotype O9, F. tularensis, and Salmonella species can cause false positive results due to the presence of cross-reacting LPS in these organisms. Cholera-induced antibodies may be removed by 2-mercaptoethanol absorption.

4. A decrease in titer is observed with recovery of patient.

Brucella skin test: Brucella skin test is a delayed type of hypersensitivity reaction to brucella antigen. In this test, brucellin, a protein extract of the bacteria, is used as an antigen and is administered intradermally. The presence of erythema and induration of 6 mm or more within 24 hours is suggestive of positive reaction. This test is positive only in chronic brucellosis but negative in acute brucellosis. Repeated negative skin test excludes brucellosis.

Molecular Diagnosis. PCR has been evaluated for detection and rapid diagnosis of Brucella species. The test still remains at experimental stage. 

Other tests. Bone marrow examination shows erythrophagocytosis, and CSF cultures for neurobrucellosis show pleocytosis, increased protein level, and hypoglycorrhea. Anemia in 75% of patients, thrombocytopenia in 40% and pancytopenia in 6% of patients are other features.

Laboratory diagnosis in animals. The diagnosis of brucellosis in animals is based essentially on the same method as that employed for the diagnosis of human infections. In addition, culture of milk and urine from infected animals may give positive results. Rapid latex agglutination test and Rose Bengal card test are the rapid diagnostic methods, and are also used for diagnosis of brucellosis in cattle population.

Milk ring test: This is a frequently used serological test for demonstration of antibodies in the milk of an animal. This is a screening test used to detect the presence of Brucella infection in infected cattle. In this test, a concentrated suspension of killed B. abortus or B. melitensis stained with hematoxylin is used as antigen. This test is performed by adding a drop of colored brucella antigen to a sample of whole milk in a test tube. Then it is mixed, and mixed suspension is incubated in water bath at 700C for 40–50 minutes. In a positive test, if antibodies are present in the milk, the bacilli are agglutinated and raised with the cream to form a blue ring at the top, leaving the milk unstained. In a negative test, the milk remains uniformly blue without formation of any colored ring.

TREATMENT.  Brucellae are sensitive to a number of oral antibiotics and aminoglycosides. The combination of tetracycline and doxycycline is effective against most species of Brucella. Relapse is common on therapy with a single drug. So, the combination of antibiotics is recommended whenever possible. Combination of doxycycline with rifampin is effective. Doxycycline given in a dosage of 200 mg/day orally with the addition of streptomycin in a dosage of 1 g/day given intramuscularly for 2–3 weeks is most effective for treatment of most forms of brucellosis in adults. Most of the patients respond to a 6-week course of therapy with a combination of rifampin and doxycycline given orally. Only less than 10% of patients show relapse. A dosage of doxycycline for 6 weeks with combination of streptomycin for the first 3 weeks is also effective. Relapse in brucellosis is due to inadequate therapy and not due to development of resistance to antibiotics.

Prevention and Control.  Pasteurization or boiling of milk is most important to prevent transmission of brucellosis in humans, as most of the human infections are acquired by ingestion of contaminated milk and milk products. Also, use of protective clothing and gloves by persons handling or coming into close contact with animals prevents transmission of infection. For vaccination refer the box Vaccines. Vaccination of animals is effective to control brucellosis in animals. Live attenuated B. abortus vaccine containing B. abortus 1019 strain has been used successfully to prevent infection in cattle. Vaccines are not available against either B. suis or B. canis. No vaccine is available for humans.

YERSINIA. The genus Yersinia is now assigned to the family Enterobacteriaceae. Earlier, the plague bacillus and many other Gram-negative, short bacilli that are primary pathogens of rodents were included in the genus Pasteurella. Now, this group has been divided into three genera: Yersinia, Pasteurella, and Francisella. The genus Yersinia is now included in the tribe Yersinieae in the family Enterobacteriaceae and includes 11 species, three of which are pathogenic in humans. 

Yersinia pestis is the most important species that causes plague, an acute and contagious, febrile illness transmitted to humans by the bite of an infected rat flea. Yersinia enterocolitica is other species, which causes mesenteric lymphadenitis especially in children.

Yersinia pseudotuberculosis causes mesenteric adenitis.

YERSINIA PESTIS.  Plague, caused by Y. pestis, was one of the most devastating diseases in history. Plague has caused large-scale epidemics, thereby changing the course of history in many nations. It has been estimated that up to 200 million people have died from this disease. In the early 20th century, plague epidemics were esponsible for about 10 million deaths in India.

Properties of the Bacteria.  Morphology. Y. pestis shows the following features. Y. pestis is a Gram-negative coccobacillus that measures 1.5 3 0.7 _m in size, with rounded ends and convex sides. The bacilli are arranged in single, in pairs, or in short chains. Pleomorphism is very common. Involution forms, such as coccoid, club-shaped, and filamentous forms are seen in old cultures or when grown on an unfavorable medium, such as nutrient agar containing 3% NaCl. Giemsa or methylene blue stained smears of clinical specimens show characteristic bipolar staining (safety pin appearance) with both ends densely stained and a clear central area of the bacteria. Y. pestis is a nonmotile, nonsporing, and non–acid fast but capsulated bacterium.

Culture. Y. pestis is aerobic and facultatively anaerobic. It grows at a temperature range of 2–45°C with an optimum temperature of 27°C (unlike most bacteria), but it grows better at 37°C in culture. The bacteria grow at a wide range of pH (5–9.6), with an optimum pH of 7.2.

Solid media: Y. pestis can grow on a variety of media including Mueller–Hinton agar, nutrient agar, blood agar, and MacConkey agar. On nutrient agar, Y. pestis produces small, delicate, and transparent colonies becoming opaque on prolonged incubation. Blood agar containing sodium azide (7 _g/mL) is a selective medium for Y. pestis. Colonies on blood agar are dark brown due to the absorption of the hemin pigment. The bacteria grow poorly on MacConkey agar and deoxycholate citrate agar, producing pinpoint reddish colonies after 24 hours of incubation.

Liquid media: In broth, Y. pestis produces a flocculent growth with granular deposit at the bottom and along the sides of the tube, with little or no turbidity. On prolonged incubation, a delicate pellicle may form at the surface. Y. pestis produces a characteristic growth when grown in a flask of broth with oil or ghee (clarified butter) floated on top (ghee broth). The growth in the medium appears to hang down into the broth from the surface, resembling stalactites (stalactite growth).

Biochemical reactions. Y. pestis shows following. Y. pestis is catalase positive, aesculin positive, and MR positive. It is coagulase positive. It ferments glucose, maltose, and mannitol with production of acid but no gas. Lactose, sucrose, or rhamnose are not fermented. It is oxidase negative, urease negative, and citrate negative. It does not reduce nitrate and does not liquefy gelatin. Indole is not produced.

Susceptibility to physical and chemical agents: Y. pestis is sensitive to heat, sunlight, drying, and chemical disinfectants. The bacilli are killed at a temperature of 55°C in 30 minutes. They are also killed rapidly by disinfectants, such as 0.5% phenol in 15 minutes. The bacilli remain viable for long periods in sealed agar slopes, in frozen tissue, and in cold and moist environments, such as in the soil of rodent burrows. All strains are lysed by a specific antiplague bacteriophage at 22°C.

Cell Wall Components and Antigenic Structure

The cell wall of Y. pestis contains a lipopolysaccharide that functions as an endotoxin and is an important component of the virulence of the bacteria.

Antigenic Structure. Y. pestis is antigenically homologous; hence no serotypes are present. The antigenic structure of the bacteria is complex and contains about 20 different antigens. Y. pestis possess following major antigens, which are of importance in the pathogenesis of disease:

V and W antigens: These two antigens are always present together. V antigen is a protein of molecular weight 90 kDa, while W antigen is an acidic 145 kDa lipoprotein. These two proteins are produced by virulent strains of Y. pestis when grown at 37°C in the presence of low concentration of calcium. Production of V and W antigens is mediated by plasmid.

F1 envelope antigen: F1 envelope antigen (fraction I or F–I antigen) is a heat-labile envelope protein generally present only in virulent strains. The antigen is formed in vivo and in vitro in culture of virulent strains at 37°C. Production of F–I antigen is mediated by plasmid. The antibody to F–I antigen is protective in mice.

Pathogenesis and Immunity. Y. pestis is a highly virulent bacterium, which causes plague with a high mortality rate. The ability of Yersinia species to resist phagocytic killing is the hallmark of pathogenesis of plague. Serum resistance and the ability of the bacilli to absorb organic iron as a result of a siderophore-independent mechanism further contributes to the pathogenesis of the disease.

Virulence factors. Y. pestis produces many toxins and enzymes, all of which contribute to pathogenesis of the diseases. Virulence factors of Y. pestis like that of Salmonella are complex. These are encoded both on the organism’s chromosome and on large plasmids (Table 34-2).

Plague toxin: The term “plague toxins” refers to a complex of at least two different types of toxins: (a) endotoxin and (b) murine toxin, found in culture filtrates or in cell lysates. 

A. The endotoxin is a lipopolysaccharide found in the cell wall and is responsible for many of the systemic manifestations of the disease caused by Y. pestis.

B. Murine toxins exhibit some properties of both exotoxins and endotoxins.

1) It is a heat-labile protein. The toxins may be toxoided but do not diffuse freely into the medium and are released only by the lysis of the cell.

2) The toxin is pathogenic in rats and mice but not in guinea pigs and rabbits and in humans and other primates. The murine toxins produce local edema and necrosis with systemic effects on the peripheral vascular system and liver in experimental animal infections. The role of murine toxins in the pathogenesis of plague in humans is not known. 

F1 envelope antigen: F1 envelope antigen is a major virulence factor, which inhibits phagocytosis and plays an important role in conferring protective immunity in humans and in mice.

V and W antigens: These two antigens inhibit phagocytosis and intracellular killing of the bacillus inside macrophages. 

Type III secretion systems: Type III secretion systems (TTSS) consist of many proteins, which facilitate secretion of virulence factors of Y. pestis into host cells. The ability of the pathogenic Yersinia species to resist phagocytic killing is mediated by the TTSS. The bacteria on coming in contact with phagocytic cells in infected hosts secrete a variety of proteins, which prevent phagocytic killing of the bacteria. Firstly, the proteins secreted into the phagocyte dephosphorylate several proteins required for phagocytosis (YopH gene product) and then induce cytotoxicity by disrupting actin filaments (YopE gene product). Subsequently, proteins initiate apoptosis in macrophages (YopJ/P gene product). The TTSS also inhibits production of cytokines, which in turn reduces the inflammatory immune response to infection.

Other virulence factors: Yersinia produces the enzymes, such as coagulase, fibrinolysin, and plasminogen activator (pIa) protease, which contributes to virulence of the bacterium. For example, enzyme plasminogen activator (pIa) protease degrades C3b and C5a components of the complement, thereby preventing opsonization and phagocytic migration, respectively. The enzyme also degrades fibrin clots, thereby facilitating Y. pestis to spread rapidly. The virulence of the bacterium is enhanced further by its ability to absorb organic iron as a result of a siderophore-independent mechanism.

Pathogenesis of plague. Plague in humans can occur either by the bite of a vector, by close contact with infected tissue or body fluids, or by direct inhalation of the bacterium.

Bubonic plague: It is a zoonotic disease transmitted by rat flea Xenopsylla cheopis from animals to humans. Y. pestis is a natural parasite of rodents; infection is transmitted and maintained among them by rat fleas. The fleas acquire the infection by feeding on infected rodents. When rat flea bites an infected and diseased rat, it sucks nearly 0.5 mL of blood per feed containing nearly 5000–50,000 plague bacilli. In the stomach of the flea, the bacilli multiply to such an extent that they block the proventriculus and thereby prevent food entry into the stomach. The interval between the ingestion of infected blood and blocking in the proventriculus is referred to as extrinsic incubation period, which varies from 2 to 3 weeks in X. cheopis. The blocked flea, to overcome starvation, begins a blood-sucking rampage by biting other rodents. Between its attempts to swallow, the distended bacillus-packed stomach recoils, depositing the bacilli into the victim’s skin, thereby transmitting the infection. When the diseased rat dies, the fleas leave the carcass and in the absence of another rat, may bite human, causing bubonic plague. The bubonic plague is characterized by the pathognomonic “bubo”. The disease occurs following the bite of rat flea, depositing thousands of bacilli into the host’s skin during blood meals. The bacilli migrate to the regional lymph nodes, where they are phagocytosed by the polymorphonuclear cells and mononuclear phagocytes, and multiply intracellularly. The bacilli invade the nearby lymphoid tissue producing the characteristic—an inflamed, necrotic, and hemorrhagic—lymph node known as bubo (bubon meaning groin), as demonstrated in bubonic plague. Infected lymph nodes show large number of plague bacilli, destruction of the normal architecture, and medullary necrosis. Subsequent spread of bacteria occurs along the lymphatic channels towards the thoracic duct, with eventual distribution of the bacteria in circulation leading to bacteremia and septicemia. The bacteria, in the absence of specific therapy, potentially infect every organ, including the lungs, liver, spleen, kidneys, and rarely even the meninges.

Pneumonic plague: It is transmitted from humans to humans. It occurs following direct inhalation of the bacilli by droplet infection due to close contact with infected hosts or by inhalation of aerosolized bacteria, such as may occur if used as a biological weapon. The bacilli spread through the lungs, producing a severe and rapidly progressive multilobar bronchopneumonia, subsequently leading to bacteremia and septicemia. It is not a zoonotic disease.

Septicemic plague: It is usually the terminal stage of the bubonic or pneumonic plague. It may sometimes occur primarily. Primary septicemic plague may occur when the plague bacilli are deposited directly in the circulation, bypassing the lymphatics. Early dissemination with sepsis occurs, but without the formation of a bubo. This usually is observed in individuals bitten by the rat flea in the oral, tonsillar, and pharyngeal area and is due to the vascularity of the tissue and short lymphatic distance to the thoracic duct.

Host immunity. An attack of plague provides a long-lasting immunity to infected humans.

Clinical Syndromes. Y. pestis causes plague, which occurs in three forms: (a) bubonic plague, (b) pneumonic plague, and (c) septicemic plague.

Bubonic plague is the most common clinical form of the disease. The incubation period varies from 2 to 6 days. The condition is associated with a sudden onset of high fever, chills, and headache, and also body aches, extreme exhaustion, abdominal pain, and diarrhea. Presence of painful, swollen lymph glands (buboes), usually in the groin, axilla, or neck, is the characteristic manifestation. The buboes are unilateral, oval, and extremely painful. They measure 2–10 cm in size. Inguinal lymph nodes are most commonly involved. Enlargement of the buboes may cause rupture and discharge of foul-smelling pus. Hepatomegaly and splenomegaly may occur causing tenderness. Mortality rate for untreated plague is 40–70%.

Pneumonic plague. Abrupt onset of fever and chills, lymphadenopathy, chest pain, dyspnea, purulent sputum, or hemoptysis are the manifestations of pneumonic plague. Buboes may or may not be present in pneumonic plague. Pneumonic plague is highly infectious and transmitted by aerosol droplets. The condition if untreated is invariably fatal.

Septicemic plague is usually the terminal event in the bubonic or pneumonic plague, but may sometimes occur primarily in elderly patients. The condition is associated with a rapid onset of symptoms, such as nausea, vomiting, abdominal pain, and diarrhea. Diarrhea may be the predominant symptom. Patients have a toxic appearance due to an overwhelming infection with the plague bacillus and may present with tachycardia, tachypnea, and hypotension. Hypothermia is common. Generalized purpura leading to necrosis and gangrene of the distal extremities may be observed. Buboes are not demonstrated in septicemic plague. Septicemic plague is associated with a high mortality rate, and patients usually die due to a high level of bacteremia.

Epidemiology

Plague is worldwide in distribution with most of the human cases reported from developing countries.

Geographical distribution . Most cases of plague occur in the developing countries of Africa and Asia, including Vietnam and India. India is one of the few countries that have been worst hit by the pandemics of plague. Plague first appeared in Bombay in 1896 and spread all over the country, causing more than 10 million deaths by 1918. Thereafter, it gradually receded, though occasional cases continued to occur in endemic foci till 1967. Thereafter, no cases of plague were seen in India till August 1994, during which outbreaks of bubonic plague were reported from Beed district of Maharashtra. One month later, in September 1994, outbreak of pneumonic plague was reported in Surat and adjoining areas of Gujarat and Maharashtra. Nearly, 6000 suspected plague cases and 60 deaths were reported in these outbreaks, which subsided in 2 months. Four fatal cases of plague were reported during an outbreak of plague near Shimla (Himachal Pradesh) in February 2002. In India, at least four natural foci of plague are known, which have contributed to survival of the plague bacilli. These include: The place near Kolar at the tri junction of Tamil Nadu, Andhra Pradesh, and Karnataka; Beed-Latur belt in Maharashtra from where the Surat epidemic started; Rhoru in Himachal Pradesh where the 2002 outbreak originated; and A small pocket in Uttaranchal.

Habitat. Y. pestis inhabit infected lymph nodes—most commonly inguinal lymph nodes in bubonic plague, lower respiratory tract in pneumonic plague, and the blood circulation in septicemic plague.

Reservoir, source, and transmission of infection. Plague is a zoonotic infection transmitted to humans by the bite of an infected rat flea. Infection may also be transferred by contamination of the bite wound with the feces of infected rat fleas. Human-to-human transmission is rare except during epidemics of pneumonic plague. There are two natural cycles of plague: the urban plague and the wild plague.

Urban or domestic plague: Urban plague is maintained in rat populations and is transmitted among rats or between rats and humans by infected rat fleas. In India during earlier years, plague produced epizootics first in sewer rat, Rattus norvegicus. When their number decreased, the disease spread to the domestic rat, Rattus rattus. Domestic rat is the important reservoir of urban plague from which the infection spreads to human beings. The rat flea is the usual vector. Thirty different flea species have been identified as vectors, the most important being X enopsylla cheopis, Xenopsylla astia, and Ceratophyllus fasciatus.X. cheopis is the predominant species in north India, while X. astia is in the south India. Cool and humid seasons favor the multiplication of fleas, leading to a high “flea index” (mean number of fleas per rat). Hence, plague epidemics occur during the cold season more frequently than in the hot, dry weather, in which fleas do not thrive and the transmission of infection is interrupted.
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Wild or sylvatic plague: This occurs between animals and wild rodents independent of human beings. More than 200 different animal species have been identified as hosts. These include domestic cats and dogs, squirrels, chipmunks, marmots, deer mice, rabbits, hares, rock squirrels, camels, and sheep. In India, the gerbil (Tatera indica) and the bandicoot are reservoirs for sylvatic plague. A sylvatic stage occurs when humans are infected from these wild animals. Human infection may occur during handling of dead carcasses of infected wild animals and through the ingestion of meat of infected animals. Human infection from inhalation of respiratory droplets from infected cats has also been documented. In enzootic foci, infected fleas may survive for over a year. The bacilli remain alive and even multiply in the soil of unused rodent burrows. Plague bacilli infect new rodents that live in such burrows. This contributes for the long period of quiescence and subsequent reemergence of plague. Sylvatic plague is difficult to eliminate because the mammalian reservoirs and flea vectors are widespread. Human-to-human spread occurs only in pneumonic plague. Pneumonic plague is spread by droplet infection and may be seen during epidemics of bubonic plague. Rarely, primary pneumonic plague may occur in epidemic form, as observed in Manchuria during 1910–1912, causing nearly 60,000 deaths.

Typing. Based on the fermentation of glycerol and reduction of nitrate, Y. pestis has been typed to three distinct types: Y. pestis var. orientalis, Y. pestis var. antiqua, and Y. pestis var. medievalis (Table 34-3). These biotypes show different geographical distributions. Primary foci of Y. pestis var. orientalis are India, Myanmar, and China. This biotype is also responsible for wild plague in Western USA, South America, and South Africa. Y. pestis var. antique is distributed in Mongolia, Manchuria, and Transbaikalia. Y. pestis var. medievalis is restricted to Southeast Russia.

Laboratory Diagnosis

Specimens. These include bubo aspirates (in bubonic plague), sputum (in pneumonic plague), and blood and cerebrospinal fluid (CSF) (in septicemic plague).

Microscopy. Bubo aspirates is collected by injecting 1 mL of sterile saline into the bubo with a 20-G needle. The fluid is aspirated thereafter by withdrawing several times. The bubo aspirate smears are stained with Gram, Wright, Wayson, or Giemsa stain for demonstration of the typical bipolar (safety pin) morphology of Y. pestis. Blood and CSF of patients who are septicemic can also be stained to reveal the bacteria.

Culture. Isolation of Y. pestis by culture confirms the diagnosis of plague. The organism can be isolated from blood, CSF, sputum, and bubo aspirates, depending on the clinical presentation, whether it is bubonic, pneumonic, or septicemic. Y. pestis is slow growing, but it does not require any special growth media. Clinical specimens are inoculated on blood or nutrient agar and on specialized selective media for isolation of Y. pestis. Selective medium, such as blood agar with sodium azide is used for selective isolation of Y. pestis from sputum and bubo aspirates containing numerous other bacteria.

Identification of colonies. Dark-brown colonies on blood agar and pinpoint colonies on MacConkey agar are the characteristic features of colonies of Y. pestis. The identifying features of Y. pestis colonies are summarized in Box 34-1.

Animal inoculation. Y. pestis can be isolated from bubo aspirate or sputum by inoculating in guinea pigs or white rats. The bubo aspirate is injected subcutaneously into the animal. Y. pestis causes death of the animal within 2–5 days. Postmortem of the dead animal shows necrosis and edema at the site of inoculation. Draining lymph nodes are enlarged, congested and show grayish white patches. Gram- and methylene blue-stained smears of lymph nodes, spleen, and heart blood reveal typical bipolar stained Gram-negative bacilli. Sputum collected from suspected cases of pneumonic plague is inoculated by applying them over the shaven skin or to the nasal mucosa of a guinea pig. The bacteria present in the specimen penetrate the skin through minute abrasions. Bacilli are demonstrated in the sputum and in the blood from the heart of the guinea pig, which dies 2–3 days after inoculation.

Serodiagnosis. Serological tests usually supplement diagnosis of plague. Enzyme-linked immunosorbent assay (ELISA) and indirect hemagglutination (IHA) tests are employed to detect specific antibodies in acute and convalescent sera. A fourfold or greater difference in antibody titer between acute and convalescent sera collected 10 days apart, demonstrated by ELISA or IHA, suggests plague infection. A single positive ELISA or IHA test in a patient who has not received plague vaccine nor has had previous plague is also presumptive of infection.

Molecular Diagnosis. Polymerase chain reaction (PCR) has been evaluated for detection of Y. pestis genome in bubo aspirates. Though not yet widely available, it shows promise.

Treatment.

Treatment of a suspected case of plague with antibiotics should be started as early as possible, without waiting for laboratory confirmation. Immediate treatment with antibiotics has dramatically reduced mortality due to the disease. Streptomycin, doxycycline, and chloramphenicol are used effectively for treatment of plague. Treatment with antibiotics is usually given for a duration of 10 days. A two-drug regimen should be used in severe cases. Streptomycin is the drug of choice to treat plague. Doxycycline is given in patients who are allergic to streptomycin or who cannot tolerate streptomycin. Chloramphenicol is the drug of choice in septicemic plague or for patients with hypotension. In patients with hypotension, intramuscularly administered streptomycin may be poorly absorbed. Resistance of Y. pestis to streptomycin, gentamicin, doxycycline, and chloramphenicol is very rare.

Prevention and Control.

These include immunoprophylaxis by plague vaccine, chemoprophylaxis by antibiotic therapy, and environmental sanitation.

Prophylactic antibiotic therapy. Prophylactic antibiotic therapy includes prophylaxis with tetracycline or streptomycin. Trimethoprim–sulfamethoxazole has also been effective for prophylaxis. Prophylactic antibiotic therapy is recommended for: Contacts of pneumonic plague victims. People who have been exposed to the bites of rodent fleas during a plague outbreak. Persons who have handled an animal known to be infected with the plague bacilli. Antibiotic prophylaxis is not recommended for contacts with bubonic or septicemic plague.

Environmental sanitation. Identifying the source of infection is the key component in preventing outbreaks of plague. Rodent control forms the mainstay of prevention of plague in urban area. Trained professionals should apply chemicals to kill fleas and rodents. Education of public in rural plague-endemic areas to avoid handling sick or dead rats and to avoid places where wild animals live is important.

TULAREMIA
F. tularensis causes, also known as glandular fever, rabbit fever, tick fever, and deerfly fever—an acute, febrile, granulomatous, infectious disease in humans and other mammals.

Properties of the bacteria

Morphology. F. tularensis shows the following features: F. tularensis is a minute (0.2 _ 0.2 to 0.7 _m) and poorly stained Gram-negative intracellular coccobacillus. The bacterium is capsulated and nonmotile. Like Mycoplasma organisms, this organism is filterable and multiplies, i.e., by filament formation and budding, besides binary fission.

Culture. Like Bordetella, the bacteria are strictly aerobic and fastidious, hence cannot be cultured on common laboratory media. The organism requires enriched media, such as Francis’ blood dextrose cystine agar and a longer period of incubation of 3–5 days. F. tularensis produces minute transparent colonies on these media after incubation of 3–5 days. However, F. tularensis can grow on the chocolate agar if supplemented with cysteine and occasionally will grow on blood agar media.

Susceptibility to physical and chemical agents: F. tularensis is killed by heating at 55_C for 30 minutes. It is also killed by drying and by standard disinfectants. Decontamination of inanimate objects by using 10% bleach followed by using 70% alcohol solution is effective.

F. tularensis has two biovars: Jellison type A (F. tularensis biovar tularensis) and Jellison type B (F. tularensis biovar palaearctica). These are serologically similar, but differ primarily in their fermentation reactions, virulence, and geographical distribution. Jellison type A is more virulent and causes severe disease in humans. As few as 10 bacteria injected subcutaneously and 25 bacteria on inhalation can cause disease. This biovar is generally found in North American rabbits and ticks. Jellison type B causes a milder form of disease in humans and is found primarily in Asian and European rodents.

Pathogenesis and Immunity

F. tularensis is one of the most infectious bacteria known. It is classified as a category A agent because of (i) its high infectivity, (ii) ease of dissemination, and (iii) ability to cause substantial illness and death. Humans become infected after introduction of the bacteria by intradermal injection, inhalation, or oral ingestion. Clinical manifestations of disease depend on the mode of infection. Intradermal injection or inhalations of 10–50 bacilli are required to cause disease. Nearly, 100 million bacteria are required to cause disease on oral ingestion. F. tularensis is an intracellular parasite. In infected animals, the bacteria are found in large numbers in the reticuloendothelial cells of spleen, liver, etc. These bacteria remain viable for a longer period in macrophages of the reticuloendothelial system, because the organisms inhibit phagosome–lysosome fusion. Like other Gram-negative bacilli, F. tularensis has endotoxin, but is relatively less biologically active than that found in Escherichia coli and other Gram-negative bacilli. Capsulated strains of F. tularensis are pathogenic, while noncapsulated strains are nonpathogenic.

Clinical Syndromes.

F. tularensis causes tularemia in humans. The incubation period varies from 3 to 5 days. The onset of the disease is abrupt with symptoms, such as fever, chills, malaise, and fatigue. Tularemia can manifest in one to six wellrecognized clinical forms. These include (a) ulceroglandular tularemia, (b) glandular tularemia, (c) occuloglandular tularemia, (d) oropharyngeal tularemia, (e) pneumonic tularemia, and ( f ) typhoidal (septicemic) tularemia.

Epidemiology

F. tularensis has a worldwide distribution. The infection is found in more than 100 species of animals, birds, amphibians, and arthropod hosts. The organism may also be found in mud and water.

Geographical distribution. Tularemia occurs throughout the Northern Hemisphere except the United Kingdom. Cases have been reported in the former Soviet Union, Japan, Canada, Mexico, the United States, and Europe. The condition has not been described in either Africa or South America.

Reservoir, source, transmission of infection. Rabbits, ticks, and muskrats are the reservoir of infections. Domestic cats are also now increasingly recognized as reservoirs of tularemia. Ticks and deerflies (Chrysops discalis) are common vectors. Hard ticks (Amblyomma americanum, Dermacentor andersoni, and Dermacentor variabilis) are also important vectors and reservoirs due to the vertical transmission of their progeny. Contact with infected animals or their carcasses is the primary mode of transmission. The infection is transmitted by (a) ingestion of poorly cooked meats of the infected animals, such as rabbit, (b) ingestion of contaminated water, (c) bite of a tick or deerfly, (d) direct contact with contaminated soil, water, or fomites, and (e) inhalation of water aerosols or dust from soil, grains, or contaminated pelts. However, person-to-person transmission is rare.

Laboratory Diagnosis.

F. tularensis is a highly infectious bacterium. Hence, isolation of the bacteria from clinical specimens is not attempted in routine laboratories because culture poses a danger to laboratory workers. The plates must be sealed and handled by using a biosafety level (BSL)-2 facility that is essential for handling the culture plates and BSL-3 facility for isolation and identification of F. tularensis isolates.

Specimens. Sputum, pleural fluid, wounds, blood, lymph node biopsy samples, and gastric washings are the specimens collected for culture, but isolation rate is very low. CSF may show a mild elevation of protein concentration or pleocytosis.

Microscopy. Gram staining of the aspirates from ulcer exudates or from infected lymph nodes is not useful, because F. tularensis is extremely small and stains very faintly. Detection of antigen directly in clinical specimens by direct fluorescent antibody staining, using fluorescein-labeled antibodies directed against the organism, is more sensitive and specific method for diagnosis of the condition. The test is yet to be available for wide use.

Culture. Blood cultures in specific medium (such as cysteine–glucose–blood agar) are usually negative unless the cultures are incubated for a week or longer. Aspirates of lymph nodes or draining sinuses are usually positive if the cultures are incubated for 3 days or longer. The identification of F. tularensis is confirmed by testing with specific antiserum containing antibodies against Francisella.

Serodiagnosis. Diagnosis of tularemia is usually based on serology. Serodiagnosis depends on demonstration of serum antibodies by tularemia tube agglutination test and ELISA. Tularemia tube agglutination test is the most commonly used serological test. An agglutination titer greater than 1:160 is considered presumptively positive. Diagnosis is confirmed by a fourfold increase in titer of the serum samples collected 2 weeks apart. The test shows cross-reactivity with Brucella species, Proteus Ox-19, Salmonella species, and Yersinia species. Capture ELISA using specific monoclonal antibodies raised against LPS of the virulent forms of F. tularensis is a sensitive method for detection of serum antigen.

Molecular Diagnosis. PCR has been used to detect F. tularensis in clinical specimens even after start of antibiotic therapy. The test is yet to be available as routine test.

Treatment

Streptomycin is the antibiotic of choice for treatment of tularemia. Gentamicin is used as an alternative to streptomycin. Fluoroquinolones are now increasingly used in treatment of tularemia. Tetracycline and chloramphenicol have been used, but treatments with these bacteriostatic agents have been associated with high rate of relapse.

Prevention and Control

Avoidance of exposure to tick bites and to dead or wild mammals, if possible, prevents the disease. Frequent and thorough hand washing is also useful. For vaccine refer the box Vaccines. Postexposure prophylaxis using tetracycline, ciprofloxacin, or doxycycline for 2 weeks is recommended within 24 hours of air-borne exposure. A 3-year-old child was brought to pediatric OPD with history of continuous dry cough for the past 15 days. On examination, episodes of continuous violent coughing and a typical “whoop” were found. Peripheral blood smear showed leukocytosis. Chest X-ray was normal. Gram stain showed presence of oral commensals. Ziehl–Neelsen stain from gastric aspirate was negative for acid-fast bacteria.

Vaccines. A live attenuated vaccine obtained from avirulent F. tularensis biovar palaearctica (type B) is available. The vaccine confers only partial protection but reduces the severity of disease in vaccinated people. It is recommended only for those people who are repeatedly exposed to the pathogen, such as laboratory workers, wild-animal veterinarians, and taxidermists.

ANTHRAX

The family Bacillaceae consists of rod-shaped Gram-positive bacteria that form endospores. The family includes two main groups of spore-forming bacteria. The anaerobic spore-forming bacteria of the genus Clostridium and the aerobic or facultatively anaerobic spore-forming bacteria of the genus Bacillus. The genus Bacillus is frequently known as aerobic spore bearers. They are ubiquitous and are present in soil, dust, air, and water. These bacteria are also frequently isolated as contaminants in bacteriological culture media. The genus Bacillus consists of more than 50 species. Bacillus anthracis and Bacillus cereus are the two most important species that cause infections in humans and animals. B. anthracis causes anthrax, while B. cereus causes food poisoning. 

Bacillus anthracis the causative agent of anthrax, has a worldwide distribution. Anthrax is caused by inhalation, skin exposure, or by gastrointestinal (GI) absorption. Use of anthrax as a biological warfare agent is an additional concern now. B. anthracis is of considerable historical interest due to the following reasons:

1. It was the first pathogenic bacterium to be seen under microscope.

2. It was the first bacterium shown to be the cause of a disease. It was from studies on anthrax that Koch established his famous postulates in 1876. In 1877, Robert Koch grew the organism in pure culture, demonstrated its ability to form endospores, and produced experimental anthrax by injecting it into animals.

3. It was the first bacterium to be isolated in pure culture and shown to possess spores. For the first time, spores were discovered from B. anthracis and Bacillus subtilis by Koch and Cohn and they established the germ theory of disease. 

4. It was the first bacterium used for the preparation of attenuated vaccine by Louis Pasteur.

Properties of the Bacteria

Morphology. B. anthracis shows following morphological features: B. anthracis is a Gram-positive spore-forming bacillus. It is a very large bacillus measuring 1–1.2 _m in width and 3–5 _m in length. In smears from infected tissues, the bacteria are found as single, in pairs, and in short chains, the entire chain being surrounded by a capsule. In culture, B. anthracis grows as long chains and may appear similar to streptobacilli. In these chains, the bacilli are arranged end-to-end and the ends of the bacilli are t runcated, not rounded, or often concave and somewhat swollen. This gives the chain of bacilli a “bamboo-stick” appearance It is capsulated. The bacterium forms the capsule only when grown on nutrient agar containing 0.7% sodium bicarbonate in the presence of 5–20% carbon dioxide. The capsule is polypeptide (polymer of D-glutamic acid) in nature. Itprotects the bacteria against leukocytic phagocytosis and lysis. It is usually formed in the tissues but are absent when grown in ordinary conditions of culture. It is easily visualized using a methylene blue or India ink stain. Production of the capsule is mediated by a 60-megadalton plasmid, pX02. Therefore, the transfer of this plasmid to noncapsulated B. anthracis by transduction makes the recipient strain capsulated. It is nonmotile and nonacid fast.

Anthrax spores: Gram staining of B. anthracis shows the characteristic squared ends with spores as unstained spaces. Anthrax spores are oval, central in position, and are refractile. They are of the same width as the bacillary body and so they do not cause bulging of vegetative cell. The anthrax spore consists of (a) central protoplast, (b) cortex, and (c) spore coat. The central protoplast or germ cell of the spore carries the constituents of the future vegetative cell. It also consists of dipicolinic acid, which is responsible for the heat resistance property of the spore. The cortex that surrounds the protoplast consists largely of peptidoglycan (murein), which is responsible for protecting the spore from radiation and heat. The cortical membrane, or protoplast wall, becomes the cell wall of the new vegetative cell when the spore germinates. The spore coats, which constitute up to 50% of the volume of the spore, protect it from chemicals, enzymes, etc. The spores are highly refractile and are resistant to staining, heat, cold, radiation, desiccation, and disinfectants. Spores are formed in culture or in soil under unfavorable conditions for growth. Anthrax spores need oxygen for sporulation. These germinate when exposed to a nutrient-rich condition, such as the tissues or blood of an animal or human host. Rainfall stimulates anthrax spore germination, while flies and vultures spread the spores. Spore formation is facilitated by: (a) nitrogen and organic soil content, (b) environmental pH greater than 6, (c) the ambient temperature greater than 15°C, (d) 2% sodium chloride, and (e) the presence of distilled water. Spore formation is inhibited by calcium chloride. Spores are never found in host tissues unless the infected body fluids are exposed to ambient air.

Culture. B. anthracis is an aerobe and facultative anaerobe. The bacteriagrow at a temperature range of 12–45°C, optimum temperature being 37°C. They grow on a wide range of media including ordinary nutrient media and several selective media.

1. Nutrient agar: On nutrient agar after 24 hours of incubation, B. anthracis produces grayish and granular colonies measuring 2–3 mm in diameter. Under low-power microscopy, the edges of the colony appear as long, interlacing chains of bacilli, resembling locks of matted hair, which gives them a “medusa head” appearance with an uneven surface and wavy margin.

2. Blood agar: On horse or sheep blood agar, B. anthracis colonies are gray or white, typically nonhemolytic, with a dry, ground-glass appearance. The colonies are at least 3 mm in diameter and sometimes have tails.

3. Solid medium containing penicillin: B. anthracis on a solid medium containing 0.05–0.5 U of penicillin/mL produces large, spherical colonies within 3–6 hours and occurs in chains on the surface of the agar, resembling a string of pearls. This property is known as string of pearls reaction and is useful in differentiation of B. anthracis from B. cereus and other aerobic spore bearers.

4. Gelatin medium: In a gelatin stab, there is growth down the stab line with lateral spikes, longer near the surface, giving an ‘inverted fir tree’ appearance. The process of liquefaction is slow and late, which occurs after 7 days at 20°C and starts at the surface.

5. Selective medium: Knisely’s Polymyxin B-lysozyme-EDTAthallous acetate (PLET) agar medium is a selective medium used for isolation of B. anthracis from mixtures containing other spore-bearing bacilli. The medium is composed of heart infusion agar, polymyxin, lysozyme, ethylene diamine tetra acetic acid (EDTA), and thallous acetate. Production of capsular material is associated with the formation of a characteristic mucoid or “smooth” (S) colony type. Capsulated bacteria on serum or bicarbonate medium produce smooth or mucoid colonies. Smooth variants that form capsule are virulent strains of B. anthracis. Rough (R) variants that lack capsule are relatively avirulent.

Biochemical reactions. B. anthracis shows the following reactions. B. anthracis produces acid from glucose, maltose, sucrose, trehalose and dextrin, but not from lactose, arabinose, D-xylose, or D-mannitol. They reduce nitrate to nitrite. They demonstrate a weak lecithinase reaction on egg-yolk agar, which gives a narrow zone of opalescence around the colonies. They are also catalase positive.

Susceptibility to physical and chemical agents: Bacillus vegetativeforms are susceptible to moist heat; they are killed at 60°C in 30 minutes. Bacillus spores are resistant to hostile physical and chemical conditions, ranging from desert sands and hot springs to Arctic soils and from fresh waters to marine sediments. They remain viable at temperatures, pH values, and salt concentrations at which few other organisms could survive. In the dry state and in certain soils, the spores may survive for 50 years or more. They survive in 5% phenol for weeks. The spores are killed by moist heat at 100°C in 60 minutes. They are also killed by 4% (w/v) formaldehyde or 4% (w/v) potassium permanganate in a few minutes.

Duckering: Destruction of the spores in animal products is achieved by duckering. Duckering is a procedure that was used to reduce anthrax spores in wool below critical infection level without destroying the animal hairs and bristles. In this procedure, 2% formaldehyde is used at 30–40°C for 20 minutes for disinfection of wool, while 0.25% formaldehyde solution is used at 60°C for 6 hours for disinfection of animal hair and bristles.

Cell Wall Components and Antigenic Properties

Antigenic properties. Three types of antigens are present in anthrax bacillus.

Capsular antigen is present in virulent capsulated strains of B. anthracis. Antibodies against capsular antigen are not protective.

Cell wall antigen is present in the cell wall and is made up of N-acetylglucosamine and D-galactose. It cross-reacts with blood group A antigen and with capsular polysaccharide of type 14 Pneumococcus. The antibody against the cell wall antigen is not protective.

Somatic antigen is a heat-labile protein present in bacterial body. It stimulates immune system to produce antibodies, which are protective in nature.

Pathogenesis and Immunity

Virulence factors. Virulence of B. anthracis (Table 28-2) depends on the (a) bacterial capsule and (b) anthrax toxin complex.

Bacterial capsule: The poly-D-glutamyl capsule itself is nontoxic. The capsule, however, protects the organism against the bactericidal components of serum and phagocytes, and against phagocytic engulfment. It plays a very important role in the pathogenesis of anthrax. It plays most important role during the establishment of the infection. It plays a less significant role in the terminal phases of the disease, which are mediated by anthrax toxin.

Anthrax toxin complex: Anthrax toxin is an exotoxin and a protein in nature. Anthrax toxin complex comprises three components: (a) protective antigen (PA), (b) edema factor (EF), and (c) lethal factor (LF).

Protective antigen: The PA is an 82.7 kDa protein. It is called PA because antibodies against this antigen are protective against the action of anthrax toxin. The PA is the binding (B) domain of anthrax toxin and is necessary for entry of the bacteria into the host cell. The antigen binds to cell receptors within a target tissue. Once bound, a fragment is cleaved free to expose an additional binding site. This additional site can combine with EF to form edema toxin or with LF to form lethal toxin.

Edema factor: Edema factor is an 88.9 kDa protein. It is a component of the edema toxin. It is a calmodulin-dependent adenylate cyclase, which acts by converting adenosine triphosphate (ATP) to cyclic adenosine monophosphate (cAMP). This causes an increase in the cellular cAMP levels, leading to cellular edema within the target tissues. The edema factor also causes inhibition of neutrophil function and lowers the production of tumor necrosis factor (TNF-alpha) and interleukin-6 (IL-6) by monocytes.

Lethal factor: LF is a 90.2 kDa protein. It is a zinc metalloprotease that inactivates mitogen-activated protein kinase, leading to the inhibition of intracellular signaling. It stimulates the release of TNF-alpha and interleukin-1 (IL-1) by macrophages. This mechanism is thought to contribute to sudden death from toxic effects that occur in animals with high degrees of bacteremia. The local and fatal effects of the infection are due to the toxins produced by B. anthracis.

Pathogenesis of anthrax

Spore is the infective stage of the bacilli. The median lethal inhalational dose for humans—extrapolated from data on experimental infection in monkeys—has been estimated to be 2500–55,000 spores. Spores initiate the disease process in the following ways. The spores, after ingestion by macrophages at the site of entry, germinate to form the vegetative forms of the bacteria. Virulent anthrax bacilli multiply at the site of infection with production of capsule and toxins. Phagocytes migrate to the area but the encapsulated anthrax bacilli resist phagocytic engulfment; or if engulfed, resist killing and digestion. The anthrax toxin causes further impairment of phagocytic activity and its lethal effect on leukocytes, including phagocytes, at the site. The activated 83-kDa PA of B. anthracis binds to specific receptors on the host cell surface, thereby creating a secondary binding site for which LF and EF compete and bind, leading to formation of lethal toxin and edema toxin, respectively. The lethal toxin or edema toxin is internalized by endocytosis. Subsequently, following the acidification of the endosome, the lethal toxin or edema toxin crosses the membrane into the cytosol via PA-mediated ion-conductive channels. Edema toxin produces the characteristic edema of anthrax. Subsequently, the bacteria and their toxins enter the circulation, causing systemic morbidity. The bacteria multiply locally and may invade the bloodstream or other organs (e.g., liver, spleen, and kidneys) via the efferent lymphatics. The presence of anthrax bacilli in the capillaries at the infection site is the characteristic finding in anthrax. The bacilli are found in the capillaries of the invaded organs, such as skin, liver, spleen, or lungs. Dissemination from the organs back into the bloodstream may result in bacteremia. In bacteremic anthrax, hemorrhagic lesions may develop anywhere on the body. The local and fatal effects of the infection are due to the toxins produced by B. anthracis.

Host immunity

Anthrax is primarily a disease of animals. Herbivores (e.g., cattle, sheep, and horses) are very susceptible to the infection. Rats, chicken, pigs, cats, and dogs are quite resistant to the disease. Birds, buzzards, and vultures are naturally resistant to anthrax but may transmit the spores on their talons and beaks. Humans show intermediate susceptibility to B. anthracis. Animals surviving naturally acquired anthrax are immune to reinfection. Second attacks are extremely rare. Permanent immunity to anthrax appears to be conferred by specific antibodies (a) to the anthrax toxins and (b) to the capsular polypeptide. Antibodies against the anthrax toxin, primarily against PA, are protective.

Clinical Syndromes

Human anthrax is of the following clinical types: (a) cutaneous anthrax, (b) gastrointestinal anthrax, (c) inhalational anthrax, and (d) anthrax meningitis.

Cutaneous anthrax is the most common form of anthrax and constitutes more than 95% of the naturally occurring anthrax. The condition is caused by the entry of spores through the skin lacerations, abrasions; or through fly bites, usually on the face, neck, or arms. This is commonly found in farmers and in persons handling infected carcasses. The cutaneous anthrax may progress through the following stages. Papule: The lesion begins as a painless, pruritic papule at the site of inoculation of spores. The papule, which is the primary lesion, becomes a 1–2-cm vesicle within 2 days. Vesicle: The vesicle is filled with clear or serosanguineous fluid containing numerous large, Gram-positive bacilli and very rare leukocytes. A characteristic nonpitting, gelatinous edema surrounds the lesion. The vesicle enlarges, and satellite vesicles may develop. Subsequently, the vesicle ruptures, undergoes necrosis, and enlarges, forming an ulcer covered by a characteristic black eschar Eschar: The skin in the surrounding areas may become edematous and necrotic, but not purulent. The name anthrax, meaning coal, comes from the eschar, which is black colored. The lesion is called “malignant pustule” due to its characteristic appearance; however, these lesions are neither malignant nor pustular. Lesions are painless, but on occasion are slightly pruritic. Occasionally, multiple bullae develop along with marked toxic effects, and the lesions especially on the face or neck become massively edematous. Cutaneous anthrax may resolve spontaneously with the eschar drying up and falling off in 1–2 weeks with very little scarring. Cutaneous anthrax usually remains localized. Without treatment, the condition spreads to blood and disseminates to cause systemic infection in nearly one-fifth of the cases. Prompt antibiotic therapy prevents dissemination of the infection, but does not affect the natural history of the lesion. With treatment, the mortality due to cutaneous anthrax is approximately 1%.

Gastrointestinal anthrax. The condition is caused on ingestion of undercooked meat of infected carcasses containing spores. Abdominal pain and fever are the first symptoms to appear, i.e., 2–5 days after the ingestion of the food. These symptoms are followed by nausea, vomiting, and diarrhea. The anthrax spores invade the mucosa of the GI tract and reach mesenteric lymph nodes. The spores in lymph nodes germinate to vegetative forms and begin multiplying, causing the occlusion of the lymphatic system. This leads to ascites, hemorrhagic adenitis, and edematous stomach and intestine. Ulcers are the primary intestinal lesions and occur mainly in the terminal ileum or cecum. In some cases, necrosis and ulceration at the site of infection produces GI hemorrhage, leading to bloody diarrhea. Anthrax toxins can also cause renal failure. Without antibiotic therapy, death is rapid. Mortality is very high and is always more than 50%.

Oropharyngeal anthraxis a variant of intestinal anthrax and occurs in the oropharynx after ingesting meat products contaminated by anthrax. Oropharyngeal anthrax is characterized by throat pain and difficulty in swallowing. The lesion at the site of entry into the oropharynx resembles the cutaneous  ulcer.

Inhalational anthrax is also known as “wool sorters disease”. The condition occurs after inhaling spores into the lungs. The spores are present in the dust or in the filaments of wool from infected animals, particularly in wool factories. Spores are ingested by alveolar macrophages and are carried to the mediastinal lymph nodes. Anthrax in the lungs does not cause pneumonia, but it does cause hemorrhagic mediastinitis and pulmonary edema. Inhalational anthrax is characteristically a biphasic illness. The first phase appears abruptly after an incubation period of 1–6 days. It appears as a nonspecific illness. Low-grade fever and nonproductive cough are the nonspecific pulmonary symptoms at this stage of the infection.  After an additional 24–48 hours, the second phase of inhalational anthrax becomes apparent. The phase manifests as high fever, shortness of breath, tachypnea, diaphoresis, and hematemesis. It progresses rapidly to characteristic hemorrhagic bronchopneumonia with shock and associated hypothermia. Death occurs within 24–36 hours. The disease has a high fatality rate.

Anthrax meningitis may occur commonly as a result of bacteremia from the inhalational anthrax but is a less common manifestation of the anthrax. The meninges are characteristically hemorrhagic and edematous. Cerebrospinal fluid (CSF) is typically hemorrhagic and exhibits a polymorphonuclear pleocytosis. Numerous large, encapsulated, Gram-positive bacilli are demonstrated in the CSF. Mortality is as high as 100%, but occasionally, patients treated with antibiotics have survived.

Epidemiology

Geographical distribution. Anthrax is nearly worldwide in distribution, occurring in the soil in the form of extremely resistant spores. These spores cause infection in humans and in farm and wild animals that have grazed on contaminated land or ingested contaminated food. The extent of disease is approximately 20,000–100,000 cases annually, throughout the world. The condition is frequently documented in the Middle East, in Africa, Asia, Latin America, and in the Indian subcontinent despite vaccination programs. Epidemics of human anthrax have been reported from Russia and Zimbabwe. Sporadic outbreaks have occurred as a result of both agricultural and military disruptions. Failure of vaccination programs in livestocks led to a human epidemic, causing 6500 anthrax cases and 100 fatalities during the 1978 Rhodesian civil war. In the former Soviet Union, a mishap at a military microbiology facility resulted in at least 66 deaths in 1979. Anthrax is enzootic in India. An epizootic outbreak of anthrax infections in sheep has been documented in Andhra Pradesh, Tamil Nadu, and Karnataka. Many human cases of cutaneous and GI infections have been documented in these states and from other parts of the country as well.

Habitat. B. anthracis spores are ubiquitous. They are found in the soil, water, and air.

Reservoir, source, and transmission of infection. Infected animals are reservoirs of infection. Anthrax in humans is primarily zoonotic. Infected animals or contaminated animal products (such as hides, wool, hair, and ivory tusks, and poorly cooked infected meat) are the important sources of infection for humans. Humans acquire anthrax infection. 1. Close contact with infected animals or contaminated animal products, such as hides, wool, hair, and ivory tusks (cutaneous anthrax). 2. Ingestion of poorly cooked infected meat contaminated with anthrax spores (GI anthrax). 3. Inhalation of aerosolized anthrax spores associated with the large-scale processing of hides and wool in enclosed factory spaces (inhalational anthrax). Inhalation of spores disseminated by terrorists an important mode of transmission in biological warfare. The possible use of anthrax spores in bioterrorism is a major concern nowadays. Weapon-grade anthrax spores in bioterrorism may be dispersed as an aerosol for mass effect or by restricted spore dissemination and contamination via letters or packages. Since October 2001, 22 confirmed or suspected cases of anthrax infection have been identified in the United States. Direct spread of the disease from humans to humans is rare. Infected animals discharge large number of bacilli from their mouth, nose, and rectum. These bacilli sporulate in the soil and remain viable over a long period of time. The contaminated soil is the important reservoir of infection for animals. Infection occurs in susceptible animals by the ingestion of the spores present in the soil.
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Laboratory Diagnosis.

It is essential to follow biosafety (level II) precautions while handling clinical specimens suspected for anthrax in a microbiology laboratory.

Specimens. Vesicular fluid, fluid from under the eschar (in cutaneous anthrax); Blood, lymph node, or splenic aspirates (in septicemic and inhalational anthrax); CSF (in anthrax meningitis); and Sputum and blood (in inhalational anthrax).

Microscopy. The smears are stained with Gram stain, polychrome methylene blue (McFadyean’s stain), and Giemsa stain: Gram-stained smear of a skin lesion (vesicular fluid or eschar), CSF, or blood show encapsulated, broad, large, Gram-positive bacilli. The bacteria are found as single, in pairs, and in short chains. The bacilli do not show any spores. By Gram staining, a presumptive identification of anthrax can be done. Giemsa-stained smears show purple bacilli surrounded by red capsule. Polychrome methylene blue-stained smears of blood show an amorphous purplish material, remnant of the capsular material around the bacillus. This reaction is called McFadyean’s reaction and is used for presumptive diagnosis of anthrax in animals.

Culture. Clinical specimens are inoculated on blood or nutrient agar or on specialized selective media for isolation of B. anthracis. Knisely’s PLET medium is used for selective isolation of B. anthracis from soil and clinical materials containing numerous other spore-forming bacteria.

Identification of bacteria. Absence of hemolysis on blood agar and the formationof medusa head colonies are the characteristic features of  B. anthracis that are used to differentiate from other closely related Bacillus species.

Animal inoculation. B. anthracis can be isolated by collecting specimens from the contaminated tissue and applying them over the shaven skin sites of guinea pigs. The bacteria present in the specimen penetrate the skin through minute abrasions. Later, the bacilli are demonstrated in the sputum and heart blood of the guinea pigs, which die 2–3 days after the inoculation.

Serodiagnosis of anthrax is based on the demonstration of antibodies against protective antigen (PA) in the patient’s serum. Gel diffusion, complement fixation, indirect hemagglutination, and enzyme linked immunosorbent assay (ELISA) are the tests used for demonstration of serum antibodies. ELISA test has been used recently to demonstrate serum IgG against PA. The test is considered positive if a single acute-phase serum shows a high titer of antibodies or if a four-fold greater rise in the antibody titer is observed between acute and convalescent serum specimens. The test is 98.6% sensitive and 80% specific. Specific IgG anti-PA antibodies are detected as early as 10 days after the onset of symptoms, but a high IgG levels is observed only 40 days after the onset of symptom. Ascoli’s thermoprecipitation test is used mainly for rapid diagnosis when the tissue received is putrid and viable bacilli are unlikely to be found. The tissues are ground up in saline and boiled for 5 minutes and filtered. When this extract is layered over the anti-anthrax serum in a narrow tube, a ring of precipitate appears at the junction of two liquids within 5 minutes in a positive case.

Treatment

B. anthracis is generally sensitive to penicillins; therefore, penicillin G is the first-line treatment. Penicillin, such as amoxicillin or amoxicillin/clavulanic acid, is effective for the treatment of cutaneous anthrax. But after October 2001, ciprofloxacin or doxycycline is usually recommended due to the possibility of genetically engineered penicillin-resistant anthrax strains. Patients with inhalational anthrax are treated with multidrug regimen of either ciprofloxacin or doxycycline along with at least one more antibiotic, such as vancomycin, imipenem, meropenem, chloramphenicol, rifampin, tetracycline, clindamycin, and aminoglycosides. Ciprofloxacin or doxycycline for 60 days is effective against cases of GI anthrax. Doxycycline Is not suitable for use in suspected cases of anthrax meningitis, because it has poor penetration of the central nervous system. B. anthracis shows resistance to sulfonamides and extended-spectrum cephalosporin. Antimicrobial therapy makes lesions culture-negative within hours, but the clinical manifestations of anthrax are related to the effects of the anthrax toxins. Antibiotics are ineffective once the toxin is formed; however, they may reduce the case fatality rate.

Prevention and Control

These include (a) chemoprophylaxis with antibiotics, (b) immunoprophylaxis with vaccination, and (c) decontamination of animal products.

Chemoprophylaxis is indicated for people who have been exposed to anthrax but do not have symptoms of the disease. This is useful to reduce the risk or progression of disease due to inhaled anthrax spores. Ciprofloxacin, tetracyclines including doxycycline, or penicillin administered for a period of 60 days is effective.

Immunoprophylaxis includes vaccination in animals and in humans.

Vaccination in animals: Control of anthrax in animals is essential to prevent transmission of infection to humans. Vaccines comprising killed bacilli and/or capsular antigens produce no significant immunity. A nonencapsulated toxigenic strain has been used effectively for vaccination in livestock. The Sterne vaccine contains spores of a nonencapsulated avirulent mutant strain of B. anthracis. The mutant strain produces sublethal amounts of the toxin that induces formation of protective antibodies. The animal is protected for a year with a single injection of spore vaccine. It is extensively used in animals; however, it is not safe for human use. The vaccination of animals has also been used: to protect people living in an area endemic for the disease and to protect persons dealing with animal and animal products.

Vaccination in humans: A noncellular human anthrax vaccine called anthrax vaccine adsorbed (AVA) is available for individuals in high-risk occupations only in the United States. The vaccine is a preparation of the PA recovered from the culture filtrate of an avirulent, nonencapsulated strain of B. anthracis that produces PA during active growth. Anthrax immunization consists of three subcutaneous injections given 2 weeks apart followed by three additional subcutaneous injections given at 6, 12, and 18 months. Annual booster injections of the vaccine are required to maintain a protective level of immunity. The vaccine is recommended for the use as part of postexposure treatment of healthy individuals from 18 to 65 years of age, who are at a risk of exposure to anthrax.

Decontamination of animal products. These include proper sterilization of animal products, such as wool, hides, etc., and improvement of personal hygiene.

TOPIC 9:  SPIROCHETOSIS INFECTIONS AND THEIR MICROBIOLOGICAL DIAGNOSTICS.

HOME WORK.

I) The questions for study:

1. Etiology, pathogenesis and epidemiology of syphilis.

2. Methods of laboratory diagnosis of syphilis in different periods disease.

3. The mechanism of reaction of Wasserman, its difference from the RAC.

4. Leptospirosis. Etiology, epidemiology, laboratory diagnosis

5. Specific therapy and prevention of leptospirosis.

II)) Before class draw this table in your workbook and fill in all empty fields:
	Infection
	Infectious agents (Lat.)
	Morphological differences (Fig.)
	The source of infection
	Diagnostic methods
	Specific therapeutic and prophylactic preparations

	Syphilis
	
	
	
	
	

	Leptospirosis
	
	
	
	
	


I) Entry test.

Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

II) Theoretical part. 

Answer the questions of teacher and demonstrate your knowledge of the theme.

The questions for discussing

1. Etiology, pathogenesis and epidemiology of syphilis.

2. Methods of laboratory diagnosis of syphilis in different periods disease.

3. The mechanism of reaction of Wasserman, its difference from the RAC.

4. Leptospirosis. Etiology, epidemiology, laboratory diagnosis

5. Specific therapy and prevention of leptospirosis.

THE THEORETICAL REFERENCE.

SPIROCHETES
Spirochetes have been classified in the order Spirochaetales. They vary in size from 5 to 500 mkm in length. Many of them are free-living saprophytes, while a few are obligate parasites. They may be aerobic, anaerobic, or facultative. Spirochetes show common morphological properties. They are thin, helical (0.1–0.5 - 5–20 mkm), and Gram negative. They are also elongated, motile, and flexible bacteria, twisted spirally along the long axis, giving these bacteria the name spirochetes (Spira meaning coiled, chait meaning hair). The presence of endoflagella is the characteristic  feature of spirochetes. Endoflagella are the polar flagella situated between the outer membrane and cell wall, and are responsible for spiral shape and motility of the spirochetes. Spirochetes exhibit three types of motility: (a) flexion and extension, (b) corkscrew- like rotatory movement, and (c) translatory motion. The order Spirochaetales is subdivided into two families: Spirochaetaceae and Leptospiraceae. The family Spirochaetaceae consists of four genera: Spirochete, Cristispira, Treponema, and Borrelia. The genera Treponema and Borrelia include pathogenic species, which cause diseases in humans. Members of the genus Cristispira are found in molluscs, while Spirochetes are saprophytes found in sewage and water. Family Leptospiraceae contains only one genus Leptospira, which consists of species pathogenic to humans. 

TREPONEMA

The generic name Treponema is derived from the Greek word Trepos, meaning to turn and nema, meaning thread. The treponemes are short and slender spirochetes with fine spirals and pointed ends. Some of them are pathogenic for humans, while others occur as commensals in the mouth, intestine, and genitalia. Pathogenic members of the genus include Treponema pallidum (with three subspecies) and Treponema carateum. All these species: are morphologically identical, produce same serological responses in infected humans, and are sensitive to penicillin. These species, however, differ in their: clinical manifestations, natural history of the disease they cause, and epidemiological features. As for recent nomenclature and taxonomical studies, species T. pallidum consists of T. pallidum subspp. pallidum causing venereal syphilis, T. pallidum subspp. endemicum causing endemic syphilis or bejel, T. pallidum subspp. pertenue causing yaws, and T. carateum causes pinta. In this book, T. pallidum subspp. Pallidum is referred to as T. pallidum, T. pallidum subspp. pertenue as T. pertenue, and T. pallidum subspp. endemicum as T. endemicum for the sake of familiarity. Treponema pallidum

T. pallidum is the causative agent of syphilis, the most common sexually transmitted disease.

Properties of the Bacteria

Morphology. T. pallidum shows the following morphological features: T. pallidum is a thin, coiled spirochete. It measures 0.1 _m in breadth and 5–15 _m in length. It has six to ten sharp and angular coils, which are present at regular interval of 1 _m. It is actively motile. Endoflagella are responsible for motility of the bacteria. It shows three types of motility: flexion of the whole body, backward and forward movement, and rotation around the long axis. As the Treponema moves, it shows a series of secondary curves, which appear and disappear but its primary spiral structure remains unchanged. T. pallidum is too thin to be seen by microscopy in specimens stained by simple Gram or Giemsa staining. It is stained by silver impregnation method, which makes the bacteria thickened by deposition of silver compounds during the process of staining. Levaditi’s method and Fontana’s method are the examples of silver impregnation staining methods, which are useful for staining tissue sections and blood films, respectively. Dark ground or phase contrast microscopy is useful for demonstrating the morphology and motility of live T. pallidum. T. pallidum on election microscopy shows a trilaminar cytoplasmic membrane surrounded by a cell wall. The latter contains peptidoglycan that confers the cell its shape and rigidity. The cell wall is surrounded by an outer membrane layer. Three, occasionally four flagella known as endoflagella, responsible for motility of bacteria, originate from each end of the cell and extend toward the opposite end of the cell in the space between cell wall and outer membrane layer. These endoflagella do not extend beyond the cell wall outside but remain always confined within the outer membrane layer.

Culture. T. pallidum does not grow in artificial culture media. T. pallidum had been maintained for a long time by subculture in animals. Nichole’s strain of T. pallidum: It is a pathogenic strain, which has been maintained for several decades by serial passage in rabbit testes. This strain was isolated in 1913, originally from the brain of a fatal case of a patient with general paralysis of insane. This strain is most commonly used for diagnostic and research purposes in the laboratory. Strains of T. pallidum have been maintained for a short period in cell lines, such as Eagle and McCoy cell lines supplemented with fetal bovine serum and reducing agent.

Sensitivity to physical and chemical agents: T. pallidum is a very delicate bacterium. It is readily killed by drying or heating at 41–42°C for 60 minutes, at 0–4°C for 1–3 days. They are also readily killed on contact with distilled water, soap, arsenic compounds, mercuric compounds, bismuth compounds, and common antiseptics. T. pallidum strains can be preserved for laboratory use by many methods. It can be stored frozen in a medium containing 5% glycerol at 70°C or in liquid nitrogen at _130°C for 10–15 years.

Cell Wall Components and Antigenic Structure

T. pallidum is antigenically complex. Infection by the bacteria induces production of at least three types of antibodies against (a) cardiolipin antigen, (b) group-specific antigens, and (c) species-specific antigens of T. pallidum.

Cardiolipin antigen. The cardiolipin antigen is a hapten and is chemically a diphosphatidyl glycerol. This hapten elicits the production of an antibody, known as reagin antibody, in blood of patient suffering from syphilis. This cardiolipin antigen is demonstrated in T. pallidum, but it is not known whether the reagin antibody is produced by cardiolipin that is present in the treponema or by the cardiolipin that is released from damaged tissues following infection by treponema. Demonstration of the reaginic antibodies in the serum against the cardiolipin antigen forms the basis of standard nonspecific tests for syphilis (e.g., VDRL, Kahn, and Wasserman).

T. pallidum group-specific antigen is protein in nature. It is found in T. pallidum as well as in nonpathogenic cultivable treponemes, such as Reiter’s treponeme. This antigen induces the production of antibodies in the serum, which are found in patients with syphilis. Reiter’s protein complex complement fixation test, a test used in syphilis serology, employs this antigen for detection of serum antibodies in patients with syphilis.

T. pallidum species-specific antigen. Species-specific treponemal antigen is probably polysaccharide in nature. This antigen induces the development of antibodies, which can be detected in serum of the patients suffering from syphilis. The specific treponemal test, such as T. pallidum hemagglutination (TPHA) test, detects antibodies by using these antigens.

Pathogenesis and Immunity. T. pallidum is a strict human pathogen.

Virulence factors. The virulence of T. pallidum has recently been studied by cloning of T. pallidum genes in Escherichia coli and demonstrating various proteins. Although many proteins have been isolated from pathogenic treponemes, the exact role of these proteins in pathogenesis of the disease still remains unclear. The possible virulence factors of T. pallidum include the following 1. Outer membrane protein: Outer membrane protein of T. pallidum appears to play an important role in virulence of the bacteria. It promotes adherence of T. pallidum to the surface of host cells, thereby facilitating the infection. 2. Enzyme hyaluronidase: This enzyme, produced by only pathogenic treponemes, may facilitate perivascular infiltration. 3. Fibronectin: Host cell fibronectin forms a coating on the surface of pathogenic Treponema, thereby preventing it from phagocytosis by macrophages.

Pathogenesis of syphilis. T. pallidum causes disease by invasion and multiplication at the site of infection, then spreading via circulation and producing disseminated disease. Immune response of the host is believed to be responsible primarily for tissue destruction and for causing pathogenic lesions observed in patients with syphilis. On sexual contact, T. pallidum from infected partner is passed to another partner through intact mucous membrane or through minor skin abrasions. The organisms invade the skin at these lesions and multiply at the site of infection. Chancre is the primary lesion, which develops at the site of infection. Subsequently, the treponemes get transmitted in the blood stream and produce disseminated lesions (papular skin rashes, mucous patches in the oropharynx, etc.). During the course of infection, the condition may progress to the late stage of the disease and possibly all tissues are affected by T. pallidum. Every stage of the disease—whether primary, secondary, or late—represents localized multiplication of the treponemes and destruction of the tissues.

Host immunity. The treponemes rapidly penetrate the intact mucous membrane or minor skin abrasions and within a few hours enter the lymphatics and blood to produce a systemic infection. Treponemal antigens induce the production of specific treponemal antibodies and nonspecific reaginic antibodies and relapsing fever. These also induce development of cell-mediated immunity. Immunity in syphilis is incomplete. For example, both humoral antibodies and cell-mediated immunity prevent the formation of chancre, a primary lesion on reinfection with T. pallidum, but they do not clear the organisms from the sites of infection. Their failure to kill the organism, possibly:  is due to the presence of outer layer of the Treponema, which lack immunogenic molecules or it may be due to downregulation of helper T cells of the TH1 class.

Clinical Syndromes T. pallidum causes following clinical syndromes: 1. Venereal syphilis (transmitted by sexual contact) 2. Nonvenereal syphilis (congenital syphilis and occupational syphilis)

Venereal syphilis. Syphilis, if remains untreated, progresses through these distinct characteristic stages as follows: 

Primary syphilis: This condition occurs within 3 weeks of sexual contact with an infected host. Chancre is the primary lesion seen during this stage of the disease (Fig. 44-2). It is a single or solitary lesion with a surrounding areola. The edge and base of the ulcer have a button-like consistency on palpation. The lesion occurs on penis or on scrotum of 75% of men and on the vulva, cervix, or perineum of more than 50% of women suffering from syphilis. The chancre is highly infectious. The exudates of the chancre contain numerous T. pallidum bacteria.

Secondary syphilis: Secondary syphilis occurs 2–10 weeks after the primary chancre and is most florid 3–4 months after infection. This stage of the disease is characterized by the presence of mucocutaneous lesions, which are discrete, macular pink to red, and measure 3–10 mm in diameter. The cutaneous lesions may vary from macular to papular, pustular, and nodular type. The papules in the moist area of the skin of the body folds, especially about the anus and genitalia, subsequently become broad, flat, and pink in color, leading to the formation of so-called condylomata lata. The lesions are found in the entire body including the palms, sole, and other sites. This condition is associated with mild symptoms of headache, nausea, fever, and pain in the bones. Painless generalized lymphadenopathy is seen in nearly 85% of the patients.

Tertiary syphilis: The condition develops within 3–10 years of infection. Gumma is a typical pathological lesion found on the skin, in the mouth, and in the upper respiratory tract. Gummatous lesions may be multiple or diffuse, but are usually single lesions, which measure from 1 cm to several centimeters in diameter. This tertiary lesion contains few spirochetes and represents manifestations of delayed hypersensitivity. Cardiovascular syphilis, chronic granulomatous and meningovascular manifestations, and neurosyphilis (Tabes dorsalis, general paralysis of insane) are the other manifestations of syphilis, which occur several decades after the infection.

Nonvenereal syphilis. Congenital syphilis and occupational syphilis are example of nonvenereal syphilis.

Congenital syphilis: It is the most severe outcome of syphilis in humans. The infection occurs by vertical transmission from mother to fetus during pregnancy. If the mother is suffering from secondary syphilis and not treated for the same, a higher proportion of infants are affected compared to untreated early latent syphilis. In more than 40% of untreated maternal infection, T. pallidum causes late abortion, still birth, and death. Deaths in neonates may occur due to secondary bacterial infection, fulminant hepatitis, or pulmonary hemorrhage. The infants suffering from congenital syphilis are born usually without any overt clinical manifestation of the disease. Poor feeding and rhinitis may be the earliest signs of congenital syphilis. Manifestations of the late onset congenital syphilis include neurosyphilis and involvement of the eighth cranial nerve, teeth, and bones.

Occupational syphilis: It is a condition that may occur in medical and paramedical workers handling a case of secondary syphilis. The lesion develops usually on the palm of infected health workers and may also occur on other exposed body part.

Epidemiology.

Syphilis is a sexually transmitted disease found worldwide.

Geographical distribution. Syphilis occurs worldwide, mostly in large cities. The disease is extremely common in areas of dry, hot climates. Also, it is common in areas of poor economic status, education, and personal hygiene. The condition is prevalent in parts of Africa (e.g., Sudan, Southern Rhodesia, South Africa), parts of the Middle East (e.g., Nomadic/Bedouin tribes of Saudi Arabia, Iraq, and Syria), and parts of Asia (e.g., Turkey, Southeast Asia, the Western Pacific) and India.

Habitat. T. pallidum inhabits the genital tract of infected males and females.
Reservoir, source, and transmission of infection. T. pallidum is a strict human pathogen and does not naturally occur in any animal species. Humans are the only natural hosts. Infected human hosts secreting T. pallidum in serous transudates from moist lesions, such as primary chancre, condyloma latum, mucous patch, etc., are the sources of infection. Transmission of syphilis occurs: Primarily through sexual contact by inoculation of the spirochetes through mucosal membranes and abrasions on epithelial surfaces. By vertical transmission transplacentally. Vertical transmission of early syphilis during pregnancy results in a congenital infection in at least 50–80% of exposed neonates. By transfusion of T. pallidum-contaminated blood. Unprotected sex, promiscuous sex, and intravenous drug use are the major risk factors for syphilis. Doctors, nursing staff, and other healthcare workers are at occupational risk. Syphilis in persons with human immunodeficiency virus (HIV) infection is a problem increasingly recognized recently. Concomitant HIV and syphilis are common. Serological tests for syphilis may be modified by the presence of HIV, usually resulting in extremely high antibody titers, which do not decrease in response to adequate treatment.

Laboratory Diagnosis

Since the clinical manifestations of the syphilis are protean, laboratory tests play an important role to confirm diagnosis of the disease.

Specimens for microscopy include serous transudates from moist lesions, such as primary chancre, condyloma latum, mucous patch, etc. Serum is used for serodiagnosis, and cerebrospinal fluid (CSF) is used for diagnosis of neurosyphilis.

Microscopy. Dark-field microscopy is useful for diagnosis of primary, secondary, or congenital syphilis by demonstration of treponemes in the clinical specimen. Dark-field microscopy is particularly helpful for diagnosis early in the disease before the appearance of serum antibodies. T. pallidum is identified by its slender spiral structure and slow movement. Dark-field microscopy, although useful, has many limitations. First, it is reliable only when examined by an experienced microscopist. Second, the method is of low sensitivity because as high as 104 bacteria/mL of the exudates need to be present for demonstration by dark ground microscopy. Specimens from oral cavity cannot be used because saprophytic nonpathogenic treponemes are present as normal flora of the oropharynx.

Direct antigen detection. Direct fluorescent antibody T. pallidum (DFA-TP) is a sensitive and better method for direct detection of treponemal antigen in the exudates for diagnosis of syphilis. The test using fluorescent- tagged T. pallidum antibodies is used to detect treponemal antigen directly in the acetone-fixed smears of the exudates. The test is 85–92% sensitive.

Culture. Since T. pallidum cannot be cultured on artificial medium, culture is not used for diagnosis of syphilis.

Serodiagnosis. Serology is the mainstay in the diagnosis of syphilis. It is extensively. used for diagnosis of the condition in most of the laboratories. The serological test depending on the nature of the antigen used can be classified as (a) nontreponemal tests and (b) treponema-specific tests.

Nontreponemal tests are nonspecific serological tests used for the diagnosis of syphilis. These tests are also called standard tests of syphilis (STS). This group of tests use nontreponemal antigen (known as cardiolipin) and detect reagin antibodies. Prozone phenomenon occurs (a) in approximately 2% of patients with secondary syphilis, (b) in patients with congenital syphilis, and (c) in pregnant women. High level of reaginic antibodies in these conditions may give rise to false negative reaction with undiluted serum. Repeating the test with several dilutions of the patient serum excludes this phenomenon. Wasserman complement fixation test, Kahn’s tube flocculation test, VDRL test, and rapid plasma reagin (RPR) test are the examples of STS.

1. Wasserman complement fixation test: This was the first serological test used in 1906 for serodiagnosis of syphilis. The test originally employed a watery extract of the lesion of a syphilitic fetus as the antigen. Subsequently, this antigen was substituted by an alcoholic extract of ox heart tissue supplemented with lecithin and cholesterol. This antigen was finally replaced by using cardiolipin antigen, a purified lipid extract of the bovine heart tissue supplemented with lecithin and cholesterol. The test, which was used as an important test in earlier days, now is no longer used.

2. Kahn’s tube flocculation test: This was the first flocculation test used by Kahn. But the test is no more used nowadays. 

3. VDRL test: VDRL test is a slide flocculation test used widely for the diagnosis of syphilis. The test is so named because it was developed first in the Venereal Disease Research Laboratory, USPHS, New York. This is a simple and more rapid test, which uses cardiolipin antigen with added lecithin and cholesterol. In this test, the serum is inactivated at 56°C for 30 minutes and a measured volume of serum is placed on a special cavity slide. The cardiolipin antigen after preparation is added to serum sample on a slide and is rotated on a VDRL rotator for a specified period of 4 minutes. The reaction is read under a low-power objective of microscope. In a positive test, the cardiolipin antigen reacts with reagin antibodies present in the infected serum and forms visible clumps. In a negative test, cardiolipin continues to remain as uniform crystals in the serum. The result of the test is reported as reactive, weak reactive, or nonreactive depending on the extent of the formation of the clumps. The antibody titer of the serum can also be determined by testing on serial dilutions. The reciprocal of the end point is considered as the titer (for example reactive 8 dilutions or titer 8). VDRL test can also be performed on CSF samples. Unlike serum samples, CSF samples are not heated prior to the test. The VDRL test becomes positive 4–5 weeks after exposure to T. pallidum and 1–2 weeks after appearance of chancre. The VDRL test is a highly sensitive test. Sensitivity of the test depends on the stage of the disease: The test is 60–75% sensitive in primary syphilis. The titers of antibodies, however, are relatively low. The test is 100% sensitive in secondary syphilis, and the serum reaginic antibody titers vary between 16 and 128 or more. High antibody titers may be found in patients developing gummatous lesions and neurovascular or cardiovascular complications. The test is usually negative in tertiary or third stage of syphilis. This test is negative in early primary syphilis, latent acquired syphilis, and late congenital syphilis. Quantitation of the sera is useful to monitor activity of the disease and is of prognostic value. The quantitative estimation of reaginic antibodies is a good prognostic marker used for treatment of syphilis. A fourfold decrease in titer following therapy suggests adequate therapy, whereas a fourfold increase in titer of reaginic antibodies following therapy suggests reinfection or relapse.

Biological false positive reactions: BFP reactions are defined as positive reactions observed with test using cardiolipin antigen but are negative with specific test using treponema antigen. These results are not due to technical faults. They represent antibody responses to nontreponemal cardiolipin antigens found in other tissues. BFP reactions are classified as acute or chronic reactions. The reactions that become negative within 6 months are called acute reactions, while those that are found for a longer period are called chronic reaction. Acute BFP reactions are typically seen in (a) acute bacterial or viral infections, (b) injuries, or inflammatory conditions and (c) in early HIV infection. Chronic false positive reactions last for more than 6 months and are seen in (a) patients with parenteral drug use, (b) autoimmune or connective tissue diseases, such as systemic lupus erythematosus, (c) aging, and (d) hypergammaglobulinemia, (e) also seen in other infectious conditions, such as tropical eosinophilia, malaria, infectious mononucleosis, hepatitis, leprosy, and relapsing fever. The BFP reactions can usually be ruled out by using treponema-specific test.

The VDRL enzyme-linked immunosorbent assay (ELISA): It is a modification of VDRL test which is being used to detect both IgM and IgG antibodies separately in the patient serum. This test is used mainly for large-scale screening of patient serum.

4. Rapid plasma reagin (RPR) test: RPR test is a popular test used for diagnosis of syphilis by demonstrating reaginic antibodies. The test uses VDRL antigen containing finely divided carbon particles suspended in choline chloride. The latter destroys inhibitory factors in the serum, thus avoiding the need to heat the serum before testing. Use of this antigen produces a clearer and welldefined flocculation reaction easily observed by the naked eye. The RPR test is used for testing serum or plasma, but not for the CSF. Automated reagin test is a modification of RPR test which is used for screening of large number of serum samples.

Treponema-specific tests. The Treponema-specific tests measure antibodies specific for T. pallidum. These tests use (a) live T. pallidum strains (T. pallidum immobilization test), (b) killed T. pallidum (T. pallidum agglutination test, T. pallidum immune adherence test, and fluorescent treponemal antibody test), or (c) T. pallidum extracts as antigens (TPHA test and EIA [enzyme immunoassay]).

T. pallidum immobilization test: TPI test was the first specific treponemal test, which was introduced in 1949. This test detects the treponemal antibodies in patient’s serum, which immobilize motile virulent T. pallidum. The test is performed by incubating live T. pallidum strains with test serum in the presence of complement. If the serum contains treponemal antibodies, the treponemes become immobilized, which can be demonstrated under dark ground microscope. The test when introduced was the most specific serological test for diagnosis of syphilis. But because of its complexity and difficulty in maintaining live treponemal strains, this test is no longer used and is replaced by newer tests, such as TPHA and fluorescent treponemal antibody absorption (FTA-Abs) tests.

T. pallidum agglutination test: T. pallidum agglutination test uses killed T. pallidum suspension inactivated by formalin. The test is performed by mixing the formalin inactivated suspension of T. pallidum with patient’s serum. If antibodies are present in the serum, it leads to agglutination of treponemal antigen, which can be demonstrated by dark ground microscopy. However, the test is no longer used, because it is non-specific and is associated with false positive reactions.

T. pallidum immune adherence test: In this test, a suspension of inactivated treponemes is incubated with test serum, complement, and fresh heparinized whole blood from normal individuals. If antibodies are present, treponemes are found to adhere to the erythrocytes. If antibodies are absent, the treponemes do not adhere to the erythrocytes. This test is also not used nowadays.

Fluorescent treponemal antibody test: FTA test is the most specific and popular test used for diagnosis of syphilis. FTA is an indirect immunofluorescence (IIF) test, which uses acetone fixed smears of T. pallidum on the slides. The test is performed by adding a drop of test serum to the smear on the slide followed by washing and re-incubating the smear with fluorescent labeled antihuman immunoglobulin. The slide is examined under a fluorescence microscope. Demonstration of fluorescent treponemes is suggestive of a positive FTA test.

FTA absorption (FTA-Abs) is a modification of FTA test, which shows high sensitivity and specificity. In this test, patient’s serum is first absorbed with a sonicated extract of non-pathogenic T. phagedenis (Reiter’s treponeme) to remove group-specific antibodies. The test is almost as specific as the TPI test and is considered as a standard reference test in syphilis serology. The FTA-Abs test is positive in 80% primary syphilis, 100% secondary syphilis, and 95% tertiary syphilis. The test is highly specific (92–99%). The test shows occasional false positive reactions in patients with rheumatoid arthritis, systemic lupus erythematosus, cirrhosis, and hypergammaglobulinemia. The IgM FTA-Abs test is another modification of FTA-Abs used to detect serum IgM antibodies in congenital syphilis. This test is used to differentiate seropositivity due to passively transferred IgG maternal antibodies to the fetus from IgM antibodies found in utero in congenital syphilis.

TPHA test: TPHA test uses erythrocytes sensitized with a sonicated extract of T. pallidum as antigen. TPHA is now been modified to perform in microtiter plates and is referred to as microtiter hemagglutination T. pallidum (MHA-TP) test. This test is performed by incubating the serial dilution of the patient’s serum with erythrocytes sensitized with T. pallidum antigen in a microtiter plate. If antibodies are present, hemagglutination of RBCs occur. The serum samples before testing for TPHA are reabsorbed with a diluent containing Reiter’s treponeme, rabbit testes, and sheep erythrocytes.

Enzyme immunoassay: EIA uses ultrasonicated T. pallidum antigen coated on tubes or ferrous metal beads as solid-phase carrier for antigen. The serum antibodies are detected by an enzymatic reaction. The test is available commercially. All the treponemal tests are not completely specific for syphilis. They also show false positive reactions in patients with other spirochetal diseases, such as leptospirosis, relapsing fever, Lyme disease, pinta, yaws, and rat-bite fever. 

Treatment

Penicillin is the drug of choice for treatment of all the stages of syphilis. A single intramuscular dose of benzathine penicillin G (50,000 units/kg, not to exceed 2.4 million units) is effective for treatment of primary, secondary, and early latent syphilis. No reports of T. pallidum showing resistance to penicillin have been documented. Doxycycline or tetracycline may be used for nonpregnant patients allergic to penicillin. Jarish-Herxheimer reaction is a noted complication observed following therapy with antibiotics. It is characterized by chills, rigors, and increase in temperature, decrease in blood pressure, and tachycardia. This reaction occurs due to production of endotoxin and other toxic products released following rapid killing and lysis of the bacteria.

Prevention and Control

Avoidance of sexual contact with infected partners avoids transmission of infection. Use of condoms during sexual intercourse or antiseptics (such as potassium permanganate) or prophylactic use of antibiotics may minimize the risk of transmission of the disease. The use of penicillin prophylaxis, however, carries the danger that it may suppress the primary lesion without eliminating the infection.

Nonvenereal Treponematosis

The condition includes three distinct entities, such as endemic syphilis, yaws, and pinta. These conditions are found in several parts of the world associated with poor socioeconomic condition and poor hygiene.

Endemic Syphilis  is a nonvenereal treponemal infection reported from different parts of the world. The condition, also known as Bejel in the Middle East, njovera in Zimbabwe, dichuchwa in Bechuanaland, Skerjevo in Eastern Europe, and siti in Zambia, is caused by T. pallidum subspp. endemicum. The condition has also been documented from India. The disease is transmitted from person-to-person by the use of contaminated utensils. The disease is commonly seen in young children. The initial lesions, such as primary chancre, are rarely seen. Secondary manifestations of syphilis are usually seen, which include lesions like oral papules and mucosal patches. Late manifestations of the disease include gummatous lesions of skin, bones, and nasopharynx. The laboratory diagnosis and treatment of endemic syphilis are similar to those of venereal syphilis.

Yaws is a nonvenereal treponemal disease caused by T. pertenue. The condition also known as Pian, Parangi, etc., is prevalent in the primitive tropical parts of central Africa, South America, and Southeast Asia. The condition is also documented in India from Andhra Pradesh and Madhya Pradesh. The causative agent T. pertenue is morphologically and antigenically similar to T. pallidum. The pathogen causes yaws, which is characterized by an extragenital papule, which subsequently enlarges and breaks down to form an ulcerating granuloma. Late manifestations of the disease include destructive lesions of the skin, bone, and lymph nodes. The disease is transmitted by direct contact with infected skin lesions. Laboratory diagnosis and treatment are similar to that of venereal syphilis.

Pinta is a contagious disease of the skin caused by T. carateum. Pinta, also known as carate, mal del pinto, is endemic in Central and South America and the neighboring islands. An extragenital papule is the primary skin lesion observed in the condition. Small pruritic papules develop on surface of the skin after an incubation period of 1–3 weeks. These lesions do not ulcerate, but enlarge and persist for months to years before resolving. The condition, if remains untreated, progresses to form disseminated recurrent and hypopigmented lesions leading to scarring and disfigurement. Pinta spreads by direct contact with infected lesions. Laboratory diagnosis and treatment are same as for syphilis.

Nonpathogenic Treponemes are a heterogenous group of treponemes found as commensals on the buccal and genital mucosa. They are also found on the surface of gastric and colonic epithelium in humans and animals. These include the following Treponema species: Treponema denticola, Treponema macrodentium, Treponema oralis, Treponema socranski, and Treponema pectinovorum. T. denticola is an oral treponeme, which is easily cultivable on artificial medium. T. phagedenis is also known as Reiter’s and Kazan strain, and T. refringens is also known as Nichol’s strain.

BORRELIA

Borreliae are Gram-negative bacilli, which are larger than other spirochetes. They measure 0.2–0.5 mkm in breadth and 3–30 mkm in length. They are motile and stained readily with aniline dye, such as Giemsa and Wright stain. The genus Borrelia consists of many species, which are found as commensals on buccal and genital mucosa. Members of the genus Borrelia cause two important diseases in humans: Epidemic or louse-borne relapsing fever is caused by Borrelia recurrentis, whereas endemic relapsing fever is caused by as many as 15 species of Borrelia. These include Borrelia duttoni, Borrelia henselae, Borrelia parkeri, Borrelia tunicatai, etc. Borrelia burgdorferi is responsible for causing Lyme disease.

BORRELIA RECURRENTIS

B. recurrentis is the causative agent of relapsing fever, which manifests as one or more relapses of fever after the subsidence of primary paroxysm of fever.

Morphology. B. recurrentis shows the following morphological features: B. recurrentis has an unequal spiral-shaped structure with one or both the ends pointed. It measures 8–20 mkm in length and 0.2–0.4 mkm in breadth. It possesses 15–20 endoflagella per cell and 5–10 loose uneven spiral coils. The spiral coils are coarser and more irregular than those of treponemes and leptospires. It is Gram negative. It can be stained by Wright and Giemsa stain for demonstration by microscope. It is actively motile in fresh blood preparation, moves in forward and backward waves, and exhibits cork-screw like motility.

Culture. Borrelia is microaerophilic. The bacteria grow at optimum temperature of 28–30°C. They have complex nutritional requirements, hence are difficult to grow on artificial media. They can grow in chorioallantoic membrane of chick embryo. Mice or rats are highly susceptible to infection. Primary isolation of bacteria from clinical specimens can be made by intraperitoneal inoculation of specimens in these laboratory animals. After inoculation, borreliae appear early in the blood and also are found in the brain for a longer time.

Cell Wall Components and Antigenic Structure. Antigenic variation is a unique property exhibited by Borrelia in humans. DNA rearrangement in linear plasmid present in Borrelia appears to be responsible: For antigenic variations shown by the bacteria and For causing relapse, characteristically seen in the relapsing fever caused by the bacteria.

Pathogenesis and Immunity. B. recurrentis is an invasive bacterium. It enters the skin and causes disease.

Virulence factors. The ability of B. recurrentis to undergo antigenic shift and escape from immune clearance of the host is the main virulence factor attributed to the bacteria. The antigenic shift or antigenic variations exhibited by the bacteria are primarily responsible for periodic febrile and afebrile stages observed in the relapsing fever.

Pathogenesis of relapsing fever. B. recurrentis penetrates the skin, reaches the blood circulation and invades various organs in the body and cause the disease. After invasion of blood by bacteria, Borrelia-specific IgM antibodies agglutinate Borrelia and cause complementmediated lysis. This leads to rapid clearing of Borrelia from the blood stream. Borrelia present in the internal tissue alters their serotype-specific outer proteins through gene rearrangement and exhibits a new antigen. The IgM antibodies produced against old antigens are not effective against the Borrelia pathogens exhibiting new antigenic variation. The host immunity responds again by producing specific antibodies against these new antigens and clears the organism from the circulation. Patients recover after a number of relapses due to development of humoral immunity.

Host immunity. Host immunity is characterized by the development of specific humoral immunity against Borrelia. The humoral immunity contributes to recovery in a patient after a number of relapses.

Clinical Syndromes. B. recurrentis causes relapsing fever—epidemic louse-borne and endemic tick-borne relapsing fever.

Relapsing fever. Clinical manifestations of epidemic louse-borne and endemic tick-borne relapsing fever are essentially similar. The incubation period is usually 7 days. Two or more episodes of high fever, headache, and myalgia are the hallmarks of the disease. Splenomegaly and hepatomegaly are the associated symptoms. These symptoms correspond to the bacteremic phase of the disease when Borrelia is found in large numbers in patient’s blood. The fever subsides after 3–7 days when the Borrelia is cleared from the circulation. After an afebrile period of 4–7 days, bacteremia occurs and fever reappears. The Borrelia reappears in the blood during relapse of the fever. The condition ultimately subsides after 3–10 relapses.

Epidemiology

Geographical distribution. Epidemic louse-borne relapsing fever now has disappeared with improvement in hygiene and the use of insecticides. It is an important disease only in north-eastern Africa, especially in the islands of Ethiopia and in South America. Endemic tick-borne relapsing fever has worldwide distribution and is endemic in western states of the United States.

Habitat. B. recurrentis is found in the blood stream and also in the spleen, liver, lungs, kidneys, and bone marrow of the infected patients suffering from relapsing fever.

Reservoir, source, and transmission of infection. Humans are the only reservoir of epidemic relapsing fever. No extra-human reservoir is known. The infection is transmitted only from person to person. Persons suffering from relapsing fever are the source of infection. Human body louse (Pediculus humanus corporis) is the vector of the disease. No extrahuman reservoir is known. The Borrelia organisms are found only in the hemolymph of the lice. They are not excreted in saliva or excreta. Hence, the infection is transmitted by them being crushed and rubbed into the absorbed skin. They are not transmitted by bite of the lice. Endemic tick-borne relapsing fever is a zoonotic disease transmitted from animals to humans, rodents, small mammals. Soft ticks (Ornithodoros species) are the main vectors of the disease. Unlike the louse-borne infection, B. recurrentis produces a disseminated infection in ticks. However, the vector survives from the infection and becomes reservoir of the infection by transovarian transmission. The Borrelia organisms are found in all parts of the body of tick; hence, they are secreted in the saliva and in excreta. Therefore, the infection is transmitted to human by the bite of the ticks. Several species of the genus Ornithodoros act as reservoir in different parts of the world. Ornithodoros tholozani, Ornithodoros crossi, Ornithodoros lahorensis, and the fowl tick, Argas persicus are the vectors in India. Soft ticks are primarily nocturnal feeders. They feed while the host is sleeping and remain attached for only a few minutes. Hence, the bite of the tick goes usually unnoticed.

Laboratory Diagnosis

Specimen. Blood collected from a patient during fever, but not from afebrile patient, is a useful specimen.

Microscopy. A wet mount preparation of the blood examined by darkfield or phase contrast microscopy is a useful method for direct observation of Borrelia. The organisms are identified by their dashing movements. Borrelia organisms can also be demonstrated in peripheral blood smear stained with Giemsa or Wright stains. Staining is the most sensitive method for diagnosis of 70% or more patients of louse-borne relapsing fever.

Culture. Cultures are not carried out routinely for isolation of Borrelia from clinical specimens. This is because Borrelia organisms have complex nutritional requirements for their growth and they grow very slowly on these media.

Animal inoculation. Animal inoculation is a more sensitive method. This test is performed by inoculating a mouse intraperitoneally with 1–2 mL of blood from the infected patient. The blood is collected from the tail vein of the mice after 1–10 days. Blood is examined for the presence of Borrelia daily for 2 weeks.

Serodiagnosis. B. recurrentis causing relapsing fever undergoes antigenic phase variation; hence, serological tests are not useful in the diagnosis of the condition.

Treatment. Tetracycline or erythromycin is most effective for treatment of relapsing fever. Doxycycline is usually recommended for children and pregnant women.

Prevention and Control. Prevention of louse infiltration and the use of insecticide are the measures that prevent louse-borne relapsing fever. Prevention o tick-borne relapsing fever consists of wearing protective clothings, use of insect repellants, and avoidance of ticks and their natural habitat. No vaccine is available for relapsing fever.

BORRELIA VINCENTI.

B. vincenti is a motile spirochete measuring 7–18 _m in length and 0.2–0.6 _m in breadth. It is Gram negative and is usually stained with Giemsa and Leishman stain. B. vincenti is an obligate anaerobe found as normal commensal in the mouth. The bacteria under certain predisposing conditions (such as malnutrition and viral infections) produce a condition known as Vincent’s angina. Vincent’s angina is an ulcerative gingivostomatitis or oropharyngitis often associated with fusiform bacilli (Fusobacterium fusiforme). It is characterized by formation of ulcer on the mouth and on tonsillar areas. Laboratory diagnosis of the condition is made by demonstration of B. vincenti and fusiform bacilli in stained smears of exudate from the lesion. This bacterium is grown with difficulty on enriched media anaerobically. Penicillin and metronidazole are effective for treatment of the condition.

BORRELIA BURGDORFERI

B. burgdorferi, a newly identified Borrelia species, is the causative gent of Lyme disease. Lyme disease was first demonstrated in children in 1975, during an outbreak of arthritis in Lyme, Connecticut, in the United States. The causative agent of the fever was isolated by Burgdorfer in 1982 after whom the species burgdorferi is named. B. burgdorferi is a fastidious bacterium, which measures 4–30 _m in length and 0.2 _m in breadth. It is helical and Gram negative. It is a microaerophilic spirochete, which can be grown on BSK (Barbour–Stoenner–Kelly) medium at 33°C after incubation for 2 weeks or longer. Lyme disease is a tick-borne disease transmitted to humans by ixodid ticks. The incubation period varies from 7 to 14 days. After bite of the tick, B. burgdorferi is inoculated through the skin and then spreads locally. The local spread of the bacteria causes erythema migrans, a rash seen in approximately two thirds of the cases. This skin rash may be a confluent patch of erythema or may have central clearing. The lesion begins as a small macular papule and becomes larger over the next many weeks and forms a large area of lesion of 5–50 cm in diameter. The patient may also complain of fever, chills, myalgias, and headache during early stage of the disease, with or without rash. Subsequently, during a period of time ranging from days to months, the bacteria spread through blood circulation and cause a disseminated disease. This disease is characterized by the presence of multiple erythema migrans, systemic complications (fever, myalgias, arthralgia, malaise, and headache) and even septic meningitis; this disease usually develops 3–10 weeks after the tick bite. The pathogenesis of these late manifestations is poorly understood. It is not known whether the live organisms cause these manifestations or these manifestations occur due to an antigenic cross-reactivity to Borrelia antigens. Lyme disease has been reported from USA, Germany, Austria, Switzerland, and Scandinavian countries.Lyme disease is a zoonotic disease. Rodents, bear, and other mammals are the natural reservoir hosts. Hard ticks (ixodid ticks) are the vectors of the disease. The infection is transmitted by the hard tick from mice to humans and occur by regurgitation during tick bite. Individuals exposed to hard ticks are at increased risk for Lyme disease. Clinical diagnosis of the condition may be made by the presence of erythema migrans in the early stage of the disease. Laboratory diagnosis of the condition is primarily serological. Serodiagnosis depends on demonstration of specific antibodies in the serum, which persist for many years even after eradication of the infection. ELISA and IIF are the most common serological tests employed for the diagnosis of the disease. Western blot is used to confirm the specificity of serum positive by ELISA or IIF. Serology is positive in one-third of the patients with the early disease, in 90% of patients with early disseminated disease, and in all the patients with late disease. Microscopy is not recommended because B. burgdorferi is rarely seen in clinical specimens. Culture is also not used, because the bacteria are difficult to culture. Amoxicillin, tetracycline, cefuroxime, or ceftriaxone are effective for the treatment of Lyme disease. voidance of exposure to ticks and use of insecticides are the useful methods  for prevention of the disease.

LEPTOSPIRA

Leptospires are finely coiled, thin, motile, and obligate aerobes. Their flagella help them to burrow deep into infected tissues.

Classification

The leptospires belong to the genus Leptospira, the family Leptospiraceae, and the order Spirochaetales. The nomenclature and taxonomy of the Leptospira has undergone a lot of revisions, making review of the literature often confusing. Traditionally, the genus Leptospira has been grouped by serological properties and by their pathogenicity into two species: the pathogenic Leptospira interrogans and nonpathogenic Leptospira biflexa. On the basis of shared antigens, these species were further divided into serogroups, serovars, and strains. Pathogenic species, L. interrogans currently includes more than 250 serovars. However, the classification is not consistent with recent classification based on nucleic acid analysis. The current classification based on nucleic acid analysis divides L. interrogans and L. biflexa complex into 12 species. These species are further subdivided into serogroups, serovars, and strains on the basis of microscopic agglutination tests (MAT): L. interrogans complex includes pathogenic leptospires that cause leptospirosis. L. biflexa consists of nonpathogenic leptospires and includes more than 63 serovars. L. biflexa is so called because of its double curved structure (Biflexa: twice bend). These are mostly free-living saprophytes found in moist environmental areas but are not associated with disease in humans and animals.

LEPTOSPIRA INTERROGANS COMPLEX

L. interrogans complex includes pathogenic leptospires that cause leptospirosis. The disease, often referred to as swamp fever, mud fever, or swine herd’s disease, is the most common zoonosis in the world.

Properties of the Bacteria

Morphology. L. interrogans shows the following morphological features: L. interrogans are thin, delicate, coiled spirochetes measuring 6–20 _m length and 0.1 _m in breadth. They are actively motile by means of two periplasmic flagella, each present at opposite end of the bacteria by continually spinning on the long axes. They possess tightly coiled spirals and hooked ends, resembling the handle of an umbrella. They stain poorly with aniline dyes but stain well with silver impregnation methods, such as Levaditi’s (Fig. 44-5) and Fontana’s method of staining.

Culture. L. interrogans are obligate aerobes. They use fatty acids and alcohols as source of carbon and energy. They grow at an optimum temperature of 25–30°C and optimum pH of 7.2–7.5. Leptospira can be grown on the chorioallantoic membrane of 10–20 days’ old chick embryo. The bacteria are demonstrated in the blood of the allantoic sac 4–5 days’ after inoculation. Animal inoculation is a useful method for obtaining pure culture of Leptospira. The bacteria are inoculated intraperitoneally in guinea pigs followed by collection of blood from the heart 10 minutes after inoculation. Culture of the heart blood yields pure colonies of L. interrogans.

Susceptibility to physical and chemical agents: Leptospira are readily killed by heating at 50°C for 10 minutes and at 60°C for 10 seconds. They are destroyed by acidity of gastric juice in 30 minutes and also by the bile. They are also readily destroyed by chlorine and commonly used antiseptics and disinfectants. They die rapidly in acidic urine, in salty or brackish water, and in nonaerated sewage.

Cell Wall Components and Antigenic Structure. Leptospira organisms show a considerable degree of antigenic cross-reactivity. A genus-specific somatic antigen is present in all Leptospira; on the basis of which, leptospires are classified into serogroups and serotypes. This has been divided further on the basis of DNA homology into serogroups, serovars, strains, etc.

Pathogenesis and Immunity. L. interrogans is an invasive bacterium.

Virulence factors. Direct invasion and multiplication in the blood and tissue is the main virulence determinant of Leptospira. Although direct invasion of leptospires may cause tissue damage, it is now observed that the degree of multiorgan tissue injury does not correlate with number of leptospira in infected tissues. Therefore, it is suggested that other factors, such as the endotoxin, hemolysin, and lipase, may also contribute to pathogenicity of Leptospira. However, the exact virulence factors of leptospira are not known. The factors responsible for causing injury to host tissues remain unclear and appear to be a complex interaction of many factors. 
Pathogenesis of leptospirosis. The severity of the leptospirosis depends on (a) host immunity, (b) virulence of infecting strain, and (c) the number of infecting leptospires. After Leptospira enters the body through various sites, it multiplies in blood and tissues, resulting in leptospiraemia. Leptospira can spread to any part of the body, but affects primarily the liver and kidney. In the kidney, the bacterium causes interstitial necrosis and tubular necrosis. Subsequently, the bacterium causes tubular damage, hypovolemia due to dehydration, and altered capillary permeability causing renal failure. In the liver, it caus es centrilobular necrosis and hepatocellular dysfunction leading to jaundice. Leptospira may also invade skeletal muscle, causing edema and focal necrosis.

Host immunity. Humoral immunity plays an important role in clearance of leptospires from the circulation. Immune reactions of the host to leptospira appears to be responsible for many complications, such as meningitis and other clinical manifestations seen during the later stage of the disease.

Clinical Syndromes

L. interrogans causes leptospirosis, which occurs as two recognizable clinical syndromes as anicteric leptospirosis and icteric leptospirosis. The incubation period varies from 2 to 30 days, but is usually about 10–14 days.

Anicteric leptospirosis. Approximately, 90% of infections with L. interrogans manifest as a mild anicteric (absence of jaundice) form of the disease. These clinically inapparent infections are diagnosed only by demonstration of specific leptospira antibodies in the patient serum.

Icteric leptospirosis. Approximately 10% of the patients develop icteric manifestations of the disease, otherwise known as Weil’s disease. The disease is characterized by the development of jaundice. The disease shows two distinct phases: septicemic and immune (leptospuric). These two phases of illness are continuous and indistinguishable. First stage is the septicemia or leptospiremia stage. This stage is so called because during this phase, Leptospira organisms are usually isolated from the blood, CSF, and most tissues by culture. This stage is characterized by a nonspecific influenza-like illness with fever and myalgias. This phase lasts for 4–7 days. The first stage is followed by 1–3 days’ period of improvement during which the temperature falls down and the patient becomes afebrile and relatively asymptomatic. Immune or leptospuric stage: The second stage starts with the recurrence of fever. This stage is called immune or leptospuric stage, because circulating antibodies may be detected in serum or leptospira may be isolated from the urine, but not from blood or CSF. This stage occurs as a result of body’s immune response to infection. This stage is characterized by the diseases affecting specific organs, such as meninges, liver, kidney, and eye. Aseptic meningitis is the most important clinical manifestation. Profound jaundice, renal dysfunction, pulmonary dysfunction, hepatic necrosis, and hemorrhagic diastases are other severe manifestations. Mortality is very high (5–10%) with Weil’s syndrome. It may be as high as 22% in cases of Weil’s syndrome associated with hepatorenal involvement and jaundice, and in older patients.

Epidemiology

Leptospirosis is the most common zoonotic bacterial disease throughout the world.

Geographical distribution. Leptospirosis is distributed worldwide, occurring with the greatest frequency in the tropics. This is not found in the polar regions. The condition is much more common in the Cannabian islands, the Pacific islands, Central and South America, and Southeast Asia including India.

Habitat. In an infected host, leptospires are found to multiply in blood and any organ of the body but most commonly in the liver, kidney, and meninges.

Reservoir, source, and transmission of infection. Leptospirosis is a zoonotic disease. Wild mammals are the primary reservoirs of infection. Leptospires infect as many as 160 mammalian species including rats, dogs, cats, cattle, pigs, raccoons, and other animals. Rodents are most important reservoirs, and rats are the most common source of infection worldwide. Leptospirosis in animals is usually a subclinical infection. Leptospires are found for a long period in kidney of these animals; as a result, animals excrete a large number of leptospires in their urine without showing any evidence of clinical disease. Urine of the infected animals containing a large number of leptospires is the most important source of infection. Direct contact with the infected urine or urine-contaminated inanimate objects results in human infections. Animal bedding, soil, mud, and aborted tissues are examples of such inanimate objects contaminated with infected urine. The infection is transmitted to humans: Through intact mucous membrane or conjunctiva; Through minor abrasions on the surface of the skin, waterlogged skin, Through the nasal mucosa and cribriform plate By inhalation of aerosolized body fluids; and By congenital infection (from infected mother to fetus through placenta). The leptospires survive in soil for as many as 24 days and in fresh water for as many as 30 days.

Laboratory Diagnosis

Specimens. Blood, urine, and CSF are used most commonly for demonstration of leptospires by microscopy or culture.

Microscopy. Dark-field microscopy is employed for direct demonstration of motile leptospires in wet mount preparation of blood specimen. The method is useful for detection of leptospires in the blood specimens early in the disease, but not in the late stage. The dark-field microscopy, however, is relatively insensitive and also shows false positive results. Protein filaments from erythrocytes and other blood artifacts can be easily mistaken for Leptospira. Gram stain or silver impregnation staining methods are not useful to detect leptospires.

Antigen detection. Direct fluorescent antibody assay is available for detection of leptospira antigen directly in blood or CSF. The method, however, is not widely used due to difficulty in availability of this test.

Culture. Isolation of the organism in culture of blood, CSF, and urine establishes the specific diagnosis of leptospirosis. The positivity of the culture depends upon the time of collection of blood: Blood culture may be negative if collected too early or too late. Positivity is possible if the specimen is collected 4 days after the onset of symptoms. CSF culture is positive when specimen is collected within first 10 days, and urine culture remains positive for several weeks after the initial infection. The specimens are cultured on Fetcher’s, Stuart’s, or EMJH media supplemented with neomycin and 5-fluorouracil. The culture bottles are incubated at 37°C for 2 days and thereafter in the dark, at room temperature for 2 weeks. The cultures are examined every third day for leptospires by examining in dark ground microscope. Primary isolation requires a longer period of incubation for many weeks to months. The identification of leptospira isolates is made by agglutination tests using type-specific sera. The identification of isolates in particular serogroups, serovars, etc., is cumbersome, hence is not carried out in routine laboratories, but at reference laboratories.

Animal inoculation. Leptospires can be isolated by animal inoculation. Blood is the usual specimen, which is inoculated intraperitoneally into young guinea pigs. If blood contains virulent L. interrogans, the guinea pig develops fever, jaundice, and dies within 8–12 days with hemorrhages into the veins and serous cavities.

Serodiagnosis. Serological tests are increasingly used for diagnosis of leptospirosis. Microscopic agglutination test (MAT) is the traditional gold standard, available only at reference laboratories, for serodiagnosis of leptospirosis. 

MAT: This test depends on the ability of the patient’s serum to agglutinate live leptospires obtained by culture. The MAT test uses a battery of live leptospires serovars commonly prevalent in the area endemic for the disease. The MAT uses a battery of antigens taken from common (frequently locally endemic) leptospire serovars prepared from the leptospire strains cultured on the media. The test is performed by mixing the leptospira antigen with serial dilutions of patient’s sera and examining microscopically for agglutination of leptospira antigens. A single titer exceeding 1:200 or serial dilutions exceeding 1:100 are suggestive of leptospirosis. A fourfold rise in convalescent serum is also considered positive. The MAT is highly sensitive (92%) and specific (95%). The MAT shows false negative reaction with serum specimens collected in immune phase of the disease and in patients treated with antibiotics. The MAT may show false positive reactions with serum from the cases of Lyme disease, Legionella infection, and syphilis.

Other serological tests: There is another group of serological tests, which detect serum-specific antibodies without the exact infective serovars. Nonpathogenic L. biflexa Patoc I strain is employed as antigen in these tests. Examples of such tests are the microscopic slide agglutination test, indirect hemagglutination assay (IHA), the leptospirosis immunoglobulin M (IgM) dipstick test, latex agglutination test, and the Leptospira immunoglobulin G (IgG) ELISA. IgM ELISA is of value for diagnosing new infections within 3–5 days. IHA is also rapid and simple method for diagnosis of the condition.

Molecular Diagnosis. Polymerase chain reaction (PCR) is a sensitive and specific test for diagnosis of leptospirosis. The test is yet to be available for routine use.

Treatment.

Antimicrobial therapy is the mainstay of treatment of leptospirosis. Oral doxycycline is the drug of choice for treatment of uncomplicated Leptospira infection, not requiring hospitalization. Intravenous penicillin or ampicillin is recommended for hospitalized patients. Streptomycin, tetracycline, or erythromycin is indicated for patients allergic to penicillin.

Prevention and Control.

Preventive measures include detection of cases and detection of common source of infection. Disinfection of water supplies, rodent control, and wearing of protective clothings control transmission of the disease. Leptospire infection in livestock is controlled by improved sanitation, immunization of animals, and proper veterinary care. Recently, human vaccines are available against leptospirosis. These vaccines are recommended only for high-risk workers. These vaccines are serovar specific and usually given every year.

TOPIC 10: RICKETTSIA@CHLAMYDIA INFECTIONS AND THEIR MICROBIOLOGICAL DIAGNOSTICS.

HOME WORK.
I) The questions for study:

1. Morphological and biological uniqueness of Rickettsia. Features of cultivation.

2. Classification by P.F.Zdrodovskomu rickettsial diseases. Pathogenesis of major rickettsial diseases.

3. Laboratory diagnosis of spotted typhus, Q fever, spotted fever.

4. Specific rickettsial diseases prevention. Non-specific control measures at rikketsiosis.

5. Chlamydia. Morfobiological properties.

6. Epidemiology and pathogenesis of chlamydia.

7. Laboratory diagnosis of chlamydiosis.

II) Before class draw this table in your workbook and fill in all empty fields:
	Infection
	Infectious agents (Lat.)
	Morphological differences (Fig.)
	The source of infection
	Diagnostic methods
	Specific therapeutic and prophylactic preparations

	Epidemictyphus
	
	
	
	
	

	Endemic typhus
	
	
	
	
	

	Q-fever
	
	
	
	
	


I) Entry test.

Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

II) Theoretical part. 

Answer the questions of teacher and demonstrate your knowledge of the theme.

The questions for discussing

1. Morphological and biological uniqueness of Rickettsia. Features of cultivation.

2. Classification by P.F.Zdrodovskomu rickettsial diseases. Pathogenesis of major rickettsial diseases.

3. Laboratory diagnosis of spotted typhus, Q fever, spotted fever.

4. Specific rickettsial diseases prevention. Non-specific control measures at rikketsiosis.

5. Chlamydia. Morfobiological properties.

6. Epidemiology and pathogenesis of chlamydia.

7. Laboratory diagnosis of chlamydiosis.

THE THEORETICAL REFERENCE.

Rickettsiae are obligate, intracellular, very small (0.3 – 1 mkm), Gram-negative bacilli that multiply within cytoplasm of eukaryotic cells. They have very small genome composed of 1–1.5 million base pairs. These organisms, because of their small size, were once thought to be viruses. Nevertheless, these organisms are bacteria because they show following characteristics: have typical Gram-negative cell walls; contain both DNA and RNA, enzymes for the Kreb’s cycle, and ribosomes for protein synthesis; multiply by binary fission; are susceptible to antibiotics. 

Rickettsiae are primary pathogens of arthropods, such as lice, fleas, ticks, and mites. In these hosts, they are found in their intestinal tract. They are usually transmitted to humans by arthropod vectors, such as lice, mites, ticks, etc. Coxiella burnetii causing Q fever is an exception, which is transmitted usually by airborne droplets. They also infect humans in whom they are found in the reticuloendothelial cells and vascular endothelium.

Classification

Rickettsiae are a group of bacteria that phylogenetically occupy a position between bacteria and viruses. These pathogens are included in the order Rickettsiales, tribe Rickettsiae, and family Rickettsiaceae. Family Rickettsiaceae comprises three genera: Rickettsia, Orientia, and Ehrlichia. Earlier the genus Coxiella was included in the family Rickettsiaceae but now has been excluded from it, because unlike other genera of the family Rickettsiaceae Coxiella organisms are not primarily obligate intracellular parasites. They can grow in cell-free media. Rickettsiae are strict intracellular parasites, but their intracellular locations vary. Rickettsia and Orientia are free in cytoplasm, whereas Coxiella and Ehrlichia are found in cytoplasmic vacuoles. These bacteria synthesize proteins and produce adenosine diphosphate by tricarboxylic acid cycle. The exact reason why these bacteria grow inside cells is not understood. It is suggested that these bacteria are energy parasites, which use ATP in host cell till it is available. They also use available host amino acids and host cell coenzyme A and nicotinamide adenine dinucleotide. Cell wall of all the four genera is typical of Gram-negative bacteria. They have lipopolysaccharide (LPS) and peptidoglycan layer. The LPS shows weak endotoxic activity. The bacteria are nonmotile, they do not have any flagella, and instead are surrounded by a loose slime layer. Rickettsia organisms cause a wide variety of diseases varying considerably in severity from self-limiting illness to fulminating, life-threatening infection.

Properties of the Bacteria

Morphology. They are small, Gram-negative coccobacilli varying from 0.3–0.6 to 0.8–2 mkm in size. They are nonmotile and noncapsulated. They are stained poorly with Gram stain but are stained well with the following: deep red with Machiavello and Gimenez stain and bluish purple with Giemsa and Castaneda stain.

Culture. Rickettsiae fail to grow on cell-free media. They usually grow inside the cell, usually in the cytoplasm (most Rickettsia) or in the nucleus of the cell (Rickettsia causing spotted fever). They grow well at optimum temperature of 32–350C. They grow in various cell lines, in the developing chick embryo, and also in many laboratory animals. 

Cell lines: They grow on HeLa, Hep2, Detriot-6, mouse fibroblasts, and other continuous cells lines. Cultures in the cell lines are used primarily for the maintenance of Rickettsia but are not useful for primary isolation of Rickettsia from clinical specimens.

Chick embryo: In the developing chick embryo 5–6 days old, Rickettsia spp. grow well in the yolk sac. The inoculated eggs are incubated at 350C for most Rickettsia spp. and at 33_C for spotted group. The yolk sac is widely used as a source of Rickettsia for preparation of rickettsial antigens and vaccines. Rickettsia shows poor growth on chorioallantoic membrane.

Laboratory animals: Guinea pigs and mice are the commonly used laboratory animals for isolation of Rickettsia organisms from animal specimens.

Susceptibility to physical and chemical agents: The extracellular Rickettsia organisms are very delicate microorganisms. They are rapidly killed by heating at 560C and also at room temperature. They are destroyed by usual strength of antiseptics, such as hypochlorite, 1% ethanol, 2% formaldehyde, 5% hydrogen peroxide, and 70% ethanol. They are preserved better in a special medium known as SPG medium containing sucrose, potassium phosphate, and glutamate, and also in the skimmed milk.

Cell Wall Components and Antigenic Structure

Rickettsia possesses three different types of antigens as follows:

1. Group-specific antigen: This is a soluble antigen present on surface of the organisms. This is extracted from rickettsial pathogens by repeated washings and centrifugations.

2. Species- or strain-specific antigen: Species-specific or strain-specific antigen (e.g., scrub typhus) is present in the cell wall of the bacteria.

3. Alkali-stable polysaccharide antigen: This is a surface antigen found in some species of Rickettsia and in some strains of Proteus species (Proteus OX19, OX2, and OXK). This sharing of antigen between Rickettsia and Proteus forms the basis of Weil– Felix test, which is employed for diagnosis of rickettsial infections by demonstration of antibodies using Proteus strains.

TYPHUS FEVER GROUP

Typhus refers to a group of infectious diseases that are caused by different rickettsial organisms. These are of three types. 

1. Epidemic or louse-borne typhus caused by Rickettsia prowazekii.

2. Relapsing louse-borne typhus or Brill–Zinsser’s disease caused by R. prowazekii.

3. Endemic or flea-borne murine typhus caused by Rickettsia typhi.

Rickettsia prowazekii

R. prowazekii is the causative agent of epidemic typhus, also called louse-borne typhus. This condition is an acute febrile illness transmitted by human body louse Pediculus humanus corporis. R. prowazekii is named after the scientist Von Prowazek who died of the typhus fever while studying the disease. This typhus fever is an ancient disease and has been reported from all parts of the world. This disease was widely prevalent in Russia and in Eastern Europe. This disease was also responsible for Napolean’s defeat in Russia in 1812. This was one of the three diseases responsible for misery and sufferings during the Irish famine of 1845–1850.

Properties of the Bacteria

R. prowazekii organisms like other rickettsiae are small, Gramnegative, intracellular bacteria. They stain poorly with Gram stain, but stain best with Giemsa or Gimenez stain. Like other rickettsiae, they can grow in various tissue cultures (HeLa, Hep2, Detriot-6, mouse fibroblasts, and other continuous cells lines) and in yolk sac of embryonated egg.

Other properties. Like other rickettsiae, they are susceptible to various physical and chemical agents, as described earlier.

Pathogenesis and Immunity

R. prowazekii is an invasive bacterium, which characteristically multiplies in endothelial cells of the blood vessels, leading to vasculitis.

Virulence factors. The capability to multiply inside the cell is important mechanism of the disease process caused by R. prowazekii. Adhesins are the most important virulent factor of rickettsia. These are outer membrane proteins, which facilitate the entry of rickettsiae into the host cells. Once inside the cells, they remain, multiply, and accumulate in large numbers before lysing the host cell.

Pathogenesis of rickettsial infections. After inoculation from the infected sites, the rickettsiae reach the circulation, multiply, and cause rickettsemia. Rickettsiae are localized in the endothelial cells of small arterial capillary and venous vessels. At these sites, they multiply and cause endothelial cellular hyperplasia resulting in multiorgan vasculitis. The process may end in thrombosis and development of small nodules. Thrombosis of supplying blood vessels may cause gangrene of the extremities, ear lobes, nose, and genitalia. The vasculitis process also may result in increased vascular permeability with consequent edema, loss of blood volume, hypoalbuminemia, reduced osmotic pressure, and hypotension. Brill–Zinsser’s disease is an example of a recrudescent case of typhus fever, which is observed in some people. The exact mechanism responsible for the recrudescence is not known.

Clinical Syndromes. R. prowazekii causes epidemic typhus and recrudescent typhus.

Epidemic typhus. Incubation period varies from as low as 2–3 days to an average period of 8 days. Epidemic typhus is characterized by high fever, severe headache, and chills. Appearance of a petechial or macular rash on the fourth or fifth day—first starting on the trunk and then spreading over to the extremities but without affecting the face, palms, and sole—is the characteristic feature of the condition. This rash is seen in nearly 40% of patients. The patient if left untreated may become stuporous and delirious. The name typhus is derived from the word “typhus”, meaning cloud or smoke, which denotes cloudy state of consciousness in the disease process. Myocarditis and central nervous system (CNS) dysfunction are the noted complications of epidemic typhus. The disease is associated with mortality rate as high as 60% in old or debilitated persons.

Recrudescent typhus. This condition was seen in some patients treated with antibiotics and has been apparently cured of the disease. R. prowazekii in such patients may persist in their body tissues, may reemerge, and cause a recurrence of typhus fever months, years, or even decades after antibiotic treatment. This condition is called recrudescent typhus. This disease was first noticed by Brill in 1988, and R. prowazekii were isolated from the areas in 1934. Hence, the disease is also called Brill–Zinsser disease. Improper or incomplete antibiotic therapy, poor general health, and malnutrition are some of the risk factors that may predispose a person to recrudescence. The presentation of this disease is less severe and mortality is much lower than the epidemic typhus.

Epidemiology.

Epidemic typhus is a disease known since ancient times.

Geographical distribution. Epidemic typhus is present in Central and South America, Africa (Ethiopia and Nigeria), Northern China, and in India.

Habitat. R. prowazekii organisms are obligate intracellular parasites of humans and arthropod hosts.

Reservoir, source, and transmission of infection. Humans are the primary reservoir of the epidemic typhus and are the sources of infection. The lice become infected with R. prowazekii after feeding on a person suffering from typhus fever or from Brill–Zinsser disease. Body louse, P. humanus corporis, is the arthropod vector of epidemic typhus. Occasionally, the head louse P. humanus capitis may transmit the infection, but not the pubic louse. R. prowazekii, the causative agent of typhus, lives and multiplies in the ali mentary tract of louse. The bacteria are excreted in feces within 3–5 days of infection. The lice are the only arthropod vector for rickettsial infection, which die after the infection. Infection is transmitted to humans when a rickettsia-harboring louse bites a human during a blood meal. Typically, lice defecate while feeding. When the host scratches the bite, the louse is crushed and the contaminated louse feces are inoculated into the minute lesions of the bite wound. From the infected sites the rickettsiae reach the circulation, multiply, and cause rickettsemia. Rarely, infection may also be transmitted through the conjunctiva or through inhalation of aerosols of dry louse feces. The disease epidemic typhus is much more common among people living in crowded and unhygienic conditions, which facilitate spread of the body lice from one person to another. Such condition is commonly seen during wars, famines, and natural disasters as people live closely together.

Laboratory Diagnosis

Diagnosis of rickettsial diseases, including epidemic typhus caused by R. prowazekii, is made by isolation of rickettsia in animal models or by serological tests.

Culture. Rickettsiae are highly infectious pathogens; therefore, isolation of these pathogens from clinical specimens is carried out only in the laboratory equipped with high safety provision. Rickettsiae may be isolated by growing in the cell culture. They grow better on Vero cells, in three and half days. The rickettsiae in these infected cell lines are identified by immunofluorescence, using group-specific and strain-specific monoclonal antibodies. Isolation of rickettsia in the eggs or chick embryos is usually not followed for primary isolation of rickettsia from clinical specimens.

Serodiagnosis. Weil–Felix test: This is a heterologous agglutination test used since long for diagnosis of rickettsial infections. The test detects antirickettsial antibodies that cross-react with O antigens of certain nonmotile strains of Proteus. In this test, nonmotile strains of Proteus vulgaris OX19 and OX2 and Proteus mirabilis OXK are used as antigens. The Weil–Felix test becomes positive 10–20 days after infection; sera from epidemic typhus strongly react with OX19 antigen and weakly agglutinate with OX2 antigen. They do not agglutinate with OXK antigen. Weil– Felix test is negative or weakly reactive in Brill–Zinsser disease. Complement fixation test, indirect hemagglutination, indirect immunofluorescence, latex agglutination, and enzyme immunoassay are the other tests, which employ rickettsial antigens for demonstration of rickettsial antibodies for diagnosis of rickettsial infections including R. prowazekii. Of these methods, the indirect fluorescent antibody (IFA) test is the method of choice for diagnosis of epidemic typhus.

Molecular Diagnosis. Polymerase chain reaction (PCR) is used to detect rickettsia in blood or tissue for early diagnosis of the condition.

Treatment . Tetracycline and chloramphenicol are the drugs of choice for the treatment of epidemic typhus. Antibiotic therapy in combination with treatment of louse infestation of the human host is effective.

Prevention and Control. Control of human lice population and sanitation are the effective measures to control epidemic typhus. Vaccines. A live vaccine containing attenuated “E” strain of R. prowazekii is available and is recommended for use in high-risk population.

Rickettsia typhi is the causative agent of endemic or murine typhus.
Properties of the Bacteria and Pathogenesis and Immunity. The morphology, cultural characteristics, and pathogenesis of the disease caused by R. typhi are similar to that caused by R. prowazekii. Infection with R. typhi can confer immunity to subsequent infection.

Clinical Syndrome. The typhus fever caused by R. typhi is a milder disease than the epidemic typhus and has a shorter duration. The incubation period varies from 7 to 14 days. The condition has a sudden onset of symptoms with fever, headache, malaise, and myalgia. A rash develops on third to fifth day of infection in approximately half of the infected patients. The rash is typically present on the chest and abdomen but may spread to palms and soles. Untreated course of the disease may last up to 3 weeks. The endemic typhus differs from epidemic in being a mild illness of shorter duration, associated with few complications and case fatality rate less than 1%.

Epidemiology. The murine typhus occurs in many parts of the world particularly in subtropical temperate coastal areas. The condition occurs mainly in sporadic forms. Rats (Rattus rattus), mice, and cats are the natural reservoirs of infection. Humans are the accidental hosts. Rat flea (Xenopsylla cheopis) or cat flea (Ctenocephalides felis) are the main vectors responsible for the transmission of disease. Endemic or flea-borne murine typhus is transmitted from rats to rats by a rat flea and accidentally to humans by the feces of infected fleas. Fleas become infected by feeding on the mice, cat, or other natural host. These infected fleas may subsequently transmit the disease to humans during act of biting. During bite, they transmit the disease by direct inoculation or indirect inoculation of the infected feces into the site of the bite. The cat flea C. felis may also transmit the disease. The infection can also be transmitted by inoculation or inhalation of aerosolized infectious specimens. The infection may also be transmitted by ingestion and food contaminated with infected rat urine or flea feces.

Laboratory Diagnosis. Weil–Felix test used for diagnosis of epidemic typhus is also used for the diagnosis of endemic typhus. IFA test using R. typhi-specific antigen is used as a specific test for serodiagnosis of endemic typhus. A single titer of 1:128 or a fourfold rise in antibody titer in paired sera is diagnostic of the disease. R. typhi is differentiated from R. prowazekii by Neil Mooser reaction and by partial DNA homology.

Treatment. Tetracycline, doxycycline, and chloramphenicol are highly effective in the treatment of endemic typhus.

Prevention and Control Control of endemic typhus is difficult because the fleas causing the disease are distributed widely. The control measures are essentially based on the control of rodent population and flea population in the area endemic for disease.

Spotted Fever Group

Spotted fever group of rickettsial diseases include: Rocky Mountain spotted fever caused by Rickettsia rickettsiae, Rickettsial pox caused by R. akari, and Boutonneuse fever (i.e., Kenya tick-bite fever, African tick typhus, Mediterranean spotted fever, Indian tick typhus, and Marseilles fever) caused by R. conori. Rickettsiae of this group possess a common soluble group antigen. They also multiply in the nucleus as well as in the cytoplasm of the infected cells. All these species except R. akari are transmitted by ticks. A total of 12 species of rickettsiae have been associated with humans causing spotted fever and seven species have been isolated from arthropod vectors. R. rickettsiae is the most common species belonging to the spotted fever group and is responsible for Rocky Mountain spotted fever.

Rickettsia rickettsiae

R. rickettsiae causes Rocky Mountain spotted fever, the most serious type of spotted fever. Rocky Mountain spotted fever was the first among the spotted fever group to be described. This disease was earlier called as Mediterranean disease and later boutonneuse fever by Connor who described this condition for the first time in 1910. Megaw in 1917 first described this disease in the foothills of Himalaya in India.

Properties of the Bacteria. Morphology, culture, biochemical reactions, and other properties of R. rickettsiae are similar to those of other rickettsial pathogens. They are small intracellular bacteria, which multiply in the cytoplasm of the infected cells. They stain poorly with Gram stain, but stain well with Giemsa or Gimenez stain.

Pathogenesis and Immunity. R. rickettsiae like other rickettsiae multiply within the endothelial cells of the small blood vessels and invade the blood streams. Subsequently, they cause vasculitis and vascular lesions, which are found in almost all organs but are commonly found in the skin and in the adrenal glands, liver, heart, and CNS. The condition progresses to hypoalbunemia, hyponatremia, and hypovolemia due to loss of plasma into the tissues.

Clinical Syndrome. R. rickettsiae cause Rocky Mountain spotted fever.

Rocky mountain spotted fever. Incubation period is 7 days. The condition is characterized by development of fever, severe headache, chills, and myalgia. A rash may develop after three or more days and typically appears initially on wrist, ankles, and palms and soles and then spreads to the trunk. The rash is maculopapular early in the disease but may later become petechial and hemorrhagic. This is a serious disease associated with many complications, such as respiratory failure, encephalitis, and renal failure. The patient may die within 5 days of onset of symptoms. The overall mortality rate is nearly 4% despite effective antibiotic therapy. The deficiency of enzyme glucose-6-phosphate dehydrogenase (G6PD) is usually associated with more severity of infection.

Epidemiology

Geographical distribution. Rocky Mountain spotted fever is distributed in southern Canada, Central America, Mexico, and parts of South America. R. rickettsiae, causing the condition, is the most common rickettsial pathogen in the United States.

Habitat. R. rickettsiae is an intracellular pathogen of endothelial cells and blood vessels of humans. The bacteria are also found in ticks.

Reservoir, source, and transmission of infection. Ticks are the natural hosts, reservoirs, and vectors of R. rickettsiae. Different tick hosts are associated with the infection in different parts of the world. These vectors include the wood tick (Dermacentor andersoni) in the western United States and western Canada, the American dog tick (Dermacentor variabilis) in the eastern Canada and eastern United States, and Lone star tick (Amblyomma americana) in the southwestern United States. Rickettsia multiplies in these ticks and is transmitted transovarially to the next generation. R. rickettsiae is transmitted to humans through saliva during the bite by a tick. It usually takes 6 hours of attachment and feeding before rickettsiae are transmitted to the host. Infection can also be transmitted occasionally by scratching and rubbing infectious tick feces into the abraded skin.

Laboratory Diagnosis

Specimens. These include skin biopsy for antigen detection and serum for serodiagnosis.

Culture. R. rickettsiae can be isolated in embryonated egg or tissue cultures, but cultures are rarely attempted because of associated risk of infection.

Direct detection of rickettsial antigen. Direct detection of R. rickettsiae in skin biopsy specimens of the rash from infected patients by direct fluorescent antibody test using the specific antirickettsial antibodies is a rapid and specific method for confirming diagnosis of Rocky Mountain spotted fever. This test is recommended for its use prior to therapy or within the first 48 hours after the antibiotic therapy. 

Serodiagnosis. Definite diagnosis of Rocky Mountain spotted fever is made by employing serological tests that detect R. rickettsiae immunoglobulin G (IgG) antibodies. IFA and enzyme linked immunosorbent assay (ELISA) are new serological tests that are used for early diagnosis of the condition. The IFA is most commonly used test. This test uses groupspecific heat-labile proteins and the LPS antigens of scrub typhus group. Therefore, the test is not species specific. The IFA is 95–100% sensitive and 100% specific. Demonstration of a fourfold rise in antibody titers between acute and convalescent sera or demonstration of antibody titre of 1:64 or more in a single serum is diagnostic of the disease. These antibodies are detected in the serum 2–3 weeks after the onset of the disease and remain in the serum after a very long period of time.

Molecular Diagnosis. PCR has been used to detect R. rickettsiae DNA in the skin biopsy specimens of the rash with good sensitivity and high specificity.

Treatment. Tetracyclines, chloramphenicol, and fluoroquinolones, such as ciprofloxacin are effective against R. rickettsiae.

Prevention and Control. The use of protective clothing and insect repellents and avoidance of tick-infested areas are preventive measures against R. rickettsiae infection. No vaccine is available against the Rocky Mountain spotted fever.

Genus Orientia contains Orientia tsutsugamushi, the causative agent of scrub typhus.

Orientia tsutsugamushi, formerly known as R. tsutsugamushi, is the causative agent of scrub typhus. The condition is transmitted to humans by the mite Leptotrombidium akamushi and also possibly by Leptotrombidium deliense. Four stages of development usually take place in the life cycle of the mite. Of these stages, only larval stage (chigger) is infectious to humans and other mammals because these stages require blood meal for further development. O. tsutsugamushi shows a remarkable antigenic heterogeneity. Three major serotypes are recognized. These are Kart, Gili, and Kata types. The organism is transmitted to humans by chiggers that live and reproduce in the soil and in the scrub vegetation. Scrub typhus is restricted in its geographical distribution. The condition is present in the western Pacific regions, Australia, and Eastern Asia. Once the mice are infected, they act as reservoir of O. tsutsugamushi. Rats, mice, and larger mammals are the usual hosts. Humans are the accidental hosts. The mites feed on the blood of animals only once during the cycle of development, hence are not believed to be an important reservoir for human diseases. The infection is transmitted from rats to the progeny by transovarial transmission. Scrub typhus is a mild and self-limiting disease, but if untreated it has a fatality of 7%. The incubation period on an average varies from 10 to 12 days. The condition manifests with severe headache, fever, myalgia, and rash. The maculopapular rash develops initially on the trunk and later on the limbs, and is present in nearly 50% of the patients. In untreated patients, fever disappears after 2–3 weeks. Splenomegaly, CNS complications, generalized lymphadenopathy, and heart failure are the complications of this condition. Tetracyclines, doxycycline, or chloramphenicol are highly effective in treatment of scrub typhus. An effective vaccine is not available. Use of insect repellants and wearing protective clothings to avoid exposure to chiggers prevent the disease.
GENUS EHRLICHIA.

Ehrlichia are small, Gram-negative, obligate, intracellular bacilli that parasitize mononuclear and granulocytic phagocytes but not erythrocytes. The bacteria multiply in the cytoplasm of infected phagocytic cell as mulberry-like clusters called morula. The genus Ehrlichia consists of three species that cause infections in human. These are (a) Ehrlichia sennetsu causing sennetsu fever, (b) Ehrlichia chaffeensis causing monocytic ehrlichiosis, and (c) Ehrlichia phagocytophila causing human granulocytic ehrlichiosis. The genus Ehrlichia is named after the scientist Paul Ehrlich. The first case of Ehrlichia infection in humans was reported in Japan in 1954. The cases resembled glandular fever with the serum positive for antibodies against the agents of canine ehrlichiosis. The causative agent isolated from the cases was named E. sennetsu. Sennetsu is a Japanese word, meaning glandular fever.

Properties of the Bacteria. Ehrlichia are small intracellular bacteria. They stain poorly with Gram stain, but stain well with Giemsa or Gimenez stain. They multiply in phagosomes of infected cells. Culture and other characteristics are same as described for rickettsia.

Pathogenesis and Immunity. Ehrlichia are intracellular pathogens. Intracellular location of these pathogens protects them from immune response of the host. Inside the cell, they are able to prevent fusion of phagosome with lysosome of monocytes or granulocytes, hence are not lysed by the host’s antibody response.

Clinical Syndromes. Ehrlichia species cause three clinical syndromes: (a) sennetsu fever, (b) human monocytic ehrlichiosis, and (c) human granulocytic ehrlichiosis.

Sennetsu fever is caused by E. sennetsu. The condition presents typically as an acute febrile illness and resembles glandular fever. Cervical lymphadenopathy, atypical lymphocytosis, and increase in number of peripheral mononuclear cells are the typical manifestations of the disease.

Human monocytic ehrlichiosis. This condition is caused by E. chaffeensis, which infects mostly monocytes. Human diseases are associated with headache, malaise, and myalgia after 1–3 weeks of tick bite. Leukopenia, thrombocytopenia, and elevated liver enzymes are other manifestations. Rash is found in only 20% of the patients. Mortality due to condition is less than 5% and is seen primarily in patients with immunocompromised status and also in elderly patients.

Human granulocytic ehrlichiosis. This condition is caused by E. phagocytophila as well as Ehrlichia ewingii, which infect mostly granulocytes. This condition is characterized by a febrile illness having similar manifestations to that of human monocytic ehrlichiosis. The condition is associated with leukopenia and thrombocytopenia similar to that in human monocytic ehrlichiosis.

Epidemiology. Geographical distribution. Sennetsu fever is a tick-borne disease restricted to Japan. Human monocytic ehrlichiosis is distributed mainly in the southeastern, mid-Atlantic, and south-central parts of the United States. There are areas in which lone star tick (Amblyomma americanum) are found in large numbers. Human granulocytic ehrlichiosis is distributed in the Northeast and Central Atlantic states and in midwestern states of the United States and also in the Europe.
Habitat. Like other rickettsia, Ehrlichia is found as obligate intracellular parasite in infected hosts.

Reservoir, source, and transmission of infection. Ehrlichiosis are tick-borne diseases. Ticks are the vectors for all Ehrlichia species causing diseases in humans and animals. White tick deer and domestic dogs are reservoirs for E. chaffeensis, and the bacteria are transmitted by the lone star tick (A. americanum). Dogs are the vectors for E. ewingii. The lone star tick also transmits the infection. Small mammals, such as white-footed mouse, chipmunks, and whorls are the reservoirs for E. phagocytophila. Ixodes species including Ixodes capillaris, Ixodes ricinus, and Ixodes pacificus are the vectors for the pathogen. Reservoirs are not known for sennetsu fever. It is an exception, which is transmitted by ingestion of raw fish infected with flukes but not by ticks. 

Laboratory Diagnosis  depends on demonstration of the pathogen by microscopy and isolation by culture.

Microscopy. Human ehrlichiosis may be diagnosed by microscopy. Giemsastained smear of blood films shows morulae, the intracellular form of the bacteria and is the diagnostic of the disease. However, this method has low sensitivity. Morulae are detected only in less than 10% of patients with human monocytic ehrlichiosis and in 20–80% of patients with human granulocytic ehrlichiosis.

Culture. Isolation of Ehrlichia by culture is frequently used for diagnosis of ehrlichiosis.

Serodiagnosis. The IFA is used to demonstrate specific antibodies in the serum by using Ehrlichia antigen prepared from the cell culture. The limitations of serological tests are that they cannot differentiate between E. ewingii and E. chaffeensis infections because they are antigenically closely related.

Molecular Diagnosis. Molecular methods, such as DNA probes and PCR are used for specific diagnosis of E. ewingii and E. chaffeensis infections.

Treatment. Doxycycline is the drug of choice for treatment of human ehrlichiosis. Chloramphenicol and fluoroquinolones are not that effective.

Prevention and Control. Use of insect repellants, wearing protective clothings, etc., are the preventive measures against bites by ticks. Effective vaccine is not available.

GENUS COXIELLA

Genus coxiellawas originally classified with rickettsia because the bacteria showed features of a rickettsial pathogen. Like rickettsiae they (a) stain poorly with Gram staining, (b) multiply intracellularly in eukaryotic cells, and (c) are transmitted by arthropods. Coxiella differs from rickettsiae by the following features: 1. They are not transmitted by arthropod vectors but are transmitted by inhalation or ingestion. 2. They show relatively more resistance to actions of dry heat. The genus Coxiella now has been separated from rickettsiae and is placed in the group Protobacteria along with other genera, such as Legionella and Francisella. This is because Coxiella was found to be more closely related to these two genera. The genus Coxiella includes the species C. burnetii, which causes Q fever.

Coxiella burnetii

C. burnetii is the causative agent of Q fever, a zoonotic disease transmitted from animals to humans. Q fever was first studied in an experimental infection of guinea pigs by inoculation of blood from patients suffering from typhus-like fever to guinea pigs by Derrick in 1935. As the etiological agent of the disease was not known, the condition was referred to as query or Q fever. Subsequently, Burnett identified the causative agent as a rickettsial, after which the pathogen was named as Rickettsia burnetii. Cox in the United States demonstrated the agent in ticks and named it Rickettsia diaphorica. Later, both the rickettsial strains were shown to be identical. The organism is now named as C. burnetii and reclassified in the group Protobacteria.

Properties of the Bacteria

Morphology. C. burnetii shows following features: C. burnetii is an obligate intracellular bacterium. It is pleomorphic and measures 1 _ 0.3 _m in size. The bacterium is Gram negative, but stains poorly with Gram staining. These bacteria like other rickettsiae stain best with Giemsa or Gimenez stains.

Culture. C. burnetii primarily infects the monocytic macrophage cell. It multiplies in phagolysosomes of the infected cell. It grows well in various cell lines and in the yolk sac.

Susceptibility to physical and chemical agents: Coxiella are most resistant pathogens to heat and dryness. They are not completely killed at 60_C or by 1% phenol in 60 minutes. Hence, pasteurization by holding method is not effective method for killing C. burnetii, but the flash method is effective. The bacteria survive for a month in meat and for a year or more in dried feces at 4_C.

Cell Wall Components and Antigenic Structure

Characteristically, Coxiella exists antigenically in two forms: (a) phase 1 antigen and (b) phase 2 antigen.

Phase 1 antigen: It is a cell wall LPS antigen with a complex carbohydrate structure. This antigen usually prevents interaction of antibodies with surface protein. Coxiella in phase 1 antigen is highly infectious. Phase 1 is highly immunogenic and elicits a strong antibody response to both 1 and 2 antigens. 

Phase 2 antigen: This occurs by following repeated passage in yolk sac in which the LPS is modified by exposing the surface proteins to antibodies. In this phase, the surface proteins act with host antibodies. Coxiella occurring in phase 2 is a less infective form of the bacterium.

C. burnetii either in phase 1 or phase 2 do not show any antigenic sharing with rickettsia or Proteus bacillus antigen. Therefore, Weil–Felix test is not useful for detection of C. burnetii infection. The antibodies in serum of Q fever do not react with Proteus antigens used in the Weil–Felix test. Acute stage of Q fever is characterized by the presence of antibody titers against phase 2 antigen, whereas chronic disease is characterized by presence of antibodies against both phase 1 and phase 2 antigens. These high titers of antibodies appear to be responsible for pathological changes in various organs during the disease. The cell-mediated immunity is associated with recovery from the clinical illness.

Pathogenesis and Immunity. C. burnetii causes infection by penetrating through abraded skin, mucosa, lung, or intestinal tract. They typically grow and multiply in acidic environment of fused phagosome and lysosome. Phase 1 form of C. burnetii is protected from the action of antibodies. Coxiella affects lungs and heart valves and has also been found in macrophages in the lungs and in vegetations of heart valves. The bacteria also cause granulomatous changes in reticuloendothelial organs, such as liver, spleen, etc. Host-mediated pathogenic mechanisms are believed to play an important role in the pathogenesis of Q fever.

Clinical Syndrome. C. burnetii causes Q fever, which can occur in acute or chronic forms.

Q fever. Incubation period is 20 days. The acute stage of Q fever manifests as sudden onset of severe headache, high fever, chills, and myalgia. The bacteria produce a respiratory infection mimicking the atypical pneumonia. They also cause hepatosplenomegaly, which is found in approximately half of the patients. The chronic form of Q fever has a long incubation period varying from months to years. Onset of the disease is usually insidious. Subacute endocarditis on a previously damaged heart valve or a prosthetic heart valve is the most common manifestation of the condition. Hepatitis and meningoencephalitis are the other manifestations of the disease. Uncomplicated acute disease is a self-limiting disease, which lasts for 1–2 years. Complications in chronic diseases may increase mortality rate to as high as 30–60%.

Epidemiology. Q fever like other human rickettsial infection is a zoonotic disease transmitted from infected animals to humans. Geographical distribution. C. burnetii infection is common in domestic livestock in many parts of the world. C. burnetii infection in birds and animals has been documented by serological studies. Sporadic cases of human infections have been reported. Habitat. C. burnetii are intracellular pathogens in infected livestock and also in humans. Reservoir, source, and transmission of infection. Q fever is a zoonosis distributed worldwide. Farm animals, such as sheep, cattle, and goats as well as cats, dogs, and rabbits are primary reservoirs of infection. Ixodid ticks are responsible for transmitting the disease to rodents and domestic animals and for maintaining infection in these animals. C. burnetii infection in ticks is transmitted transovarially to progeny. Coxiella are excreted in the feces and survive in dried feces over a long period of time. In infected animals, Coxiella are excreted in the milk and particularly in their products of conception during parturition of these animals. These bacteria contaminate surroundings of the animals, where they remain as potential source of infection to humans for months.

Laboratory Diagnosis. C. burnetii can be diagnosed by isolation of the bacteria from clinical specimens in guinea pigs, mice, and developing chick embryo. But isolation of the bacteria by these methods is not attempted, because these procedures are biohazardous and are also not required.

Serodiagnosis. Serology is the mainstay of diagnosis of Q fever. Serological tests include immunofluorescence test, complement fixation test, and ELISA. All these tests detect IgM or IgG antibodies by using phase 1 and 2 antigens. Serodiagnosis of acute Q fever is made by demonstration of (a) IgG titer of 1:200 or more, or IgM titer of 1:50 or more in a single serum specimen, or (b) a fourfold rise of antibody titer between acute and convalescent sera. The IgG antibodies are present in serum for more than 1 year in 90% of patients, whereas IgM antibodies are present only for 2 weeks and become negative after 2 weeks. Serodiagnosis of chronic Q fever is made by demonstration of high antibody titer against phase 1 and 2 antigens. Antibodies against phase 1 antigen are always higher. Weil–Felix test is not used for diagnosis of Q fever. Molecular Diagnosis PCR is currently evaluated to detect C. burnetii in clinical specimens; however, it still remains to be a research tool and is not widely used in the diagnosis.

Treatment with tetracyclines, such as doxycycline, is effective for acute Q fever. A combination of a tetracycline and cotrimoxazole or rifampicin for a prolonged period is essential for treatment of subacute endocarditis and other chronic diseases caused by C. burnetii.

Prevention and Control. Preventive measures for Q fever include: Wearing protective clothing (mask, gloves) while handling carcasses and animal hides, Pasteurization of milk by flash method instead of holder method, and Isolation of facilities for parturition of animals.

CHLAMYDIA

The taxonomy of Chlamydia has undergone extensive revision recently on the basis of genomic studies of this microorganism. Chlamydia is included in the order Chlamydiales, which contains one family Chlamydiaceae. Previously, the family consisted of a single genus Chlamydia with four species (Chlamydia trachomatis, Chlamydia psittaci, Chlamydia pneumoniae, and Chlamydia pecorum).

Now the family has been reclassified into two genera: Chlamydia and Chlamydophila. The species C. trachomatis is included in the genus Chlamydia, whereas C. psittaci and C. pneumoniae are included in the new genus Chlamydophila. In addition, there are other species that are uncommon human pathogens, which have been placed in either of the two genera.

Chlamydia

Chlamydiae are obligate intracellular parasites of humans and animals with marked affinity for the squamous epithelial cells of the gastrointestinal and respiratory tracts. The chlamydiae were once considered viruses due to their filterability through 0.45 _m filter and due to their failure to grow in cell-free media. Earlier they were named Psittacosis lymphogranuloma trachoma (PLT) viruses or PLT agents. However, the Chlamydia shows the following properties of bacteria by which they differ from viruses: contain both DNA and RNA; possess cell wall as that of Gram-negative bacteria; contain prokaryotic ribosomes; multiply by binary fission; produce and synthesize their own nucleic acid, lipids and proteins; are susceptible to a wide range of antibiotics, such as tetracyclines, erythromycin, macrolides, and rifampicin.

General Properties

The chlamydiae occur in two morphologically distinct forms: elementary body and reticulate body.

Elementary body: The elementary body (EB) is a small, extracellular, infective form. It is a round particle measuring 300–400 nm in size. The cell wall possesses a rigid trilaminar structure as seen in the cell walls of Gram-negative bacteria. These bacteria lack peptidoglycan layer found in other bacteria. However, their outer membrane proteins due to the presence of extensive cross-linked protein of the outer membrane confer rigidity to the cell wall. The chlamydiae do not multiply in the EB form, but are infectious. They cause infections by binding to receptors on the epithelial cells and stimulate uptake of the bacteria by infiltration.

Reticulate body: The reticulate body (RB) is a large, noninfectious form of Chlamydia. It measures 500–1000 nm in size. It is metabolically active and replicating form of Chlamydia. The extensive cross-linked proteins that confer rigidity are absent in the RBs. Hence, this form of Chlamydia is osmotically fragile and friable. This form, however, is protected by its intracellular location. A genus-specific lipopolysaccharide (LPS) is present in the cell wall of Chlamydia. This LPS can be detected by a complement fixation test (CFT) and species-specific and strain- specific outer membrane protein.

Growth and Multiplication

The Chlamydia multiplies by a characteristic growth cycle that takes place within susceptible host cells. Elementary bodies are the infective form, which initiate the cycle. The infection is initiated by the attachment of the EB to the microvilli of susceptible epithelial cells followed by penetration into the host cell. Inside the host cells, EB remains within the cytoplasmic phagosomes in which EBs begin to multiply. The fusion of EB containing phagosome with cell wall lysosome is prevented; thus intracellular killing of EB is inhibited. This phagolysosomal fusion is usually prevented in the host cells with the intact outer membrane.
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Within 6–8 hours after entering the cell, the EBs within the phagosome are transformed to large, metabolically active RBs. These RBs synthesize their own proteins and nucleic acids but lack the ability to produce their own high-energy phosphate compound. The chlamydiae are called energy parasites because of this deficiency. Some strains of Chlamydia also depend on the host for the requirement of their amino acid. The RBs multiply by binary fission, which continues for next 18–24 hours. The developing phagosome with accumulated reticulated bodies within the host cell is called the inclusion body. The mature inclusion body contains nearly 100–500 EBs, which can be readily demonstrated by various staining procedures. Ultimately, the host cell ruptures, releasing the EBs. In C. trachomatis infection, the release of EBs occurs within 70–96 hours. The release of the host cell is marked by the presence of a scar. The release of EBs in C. psittaci infection occurs within 48 hours by lysis of the host cell leading to severe damage of the infected host cell. Chlamydiae during the active growth express the Chlamydiaspecific LPSs on the cell surface of the infected host cell. These LPSs expressed on the outer surface of the cell are highly antigenic and induce immunological and inflammatory responses.

Chlamydia trachomatis is a strict human pathogen.

Properties of the Bacteria

Morphology. C. trachomatis are Gram-negative bacteria. However, they can be stained better by Giemsa, Castaneda, Machiavello, or Gimenez stains. C. trachomatis like other chlamydiae occurs in two morpho logically distinct forms: elementary body and reticulate body. EB is an extracellular infectious particle. It is small and spherical and measures 800–1200 nm in diameter. These inclusion bodies in the infected cells, such as conjunctiva, urethra, and corneal smears can be demonstrated after staining with Giemsa, Castaneda, or Machiavello methods. These inclusion bodies are large-sized particles, which can be easily demonstrated under light microscope. These bodies consist of glycogen matrix, hence are demonstrated on staining with Lugol’s iodine. Reticulate body is metabolically active and replicating form of Chlamydia.

Culture. C. trachomatis grows better in various tissue cultures, using nonreplicating stationary-phase cells. The bacteria can grow in a few cell lines, such as HeLa-229, McCoy, BHK-21, and buffalo green monkey kidney cells. McCoy and HeLa cells are frequently used for the isolation of the bacteria. C. trachomatis can be grown by inoculation into embryonated eggs and also by experimented infection in animals, such as mice. Chlamydia spp. grow in yolk sac of 6–8 days old chick embryo. The growth of chlamydia is demonstrated by the presence of elementary and inclusion bodies as well as group-specific complement-fixing antigen in the yolk sac. C. trachomatis strains differ in their infectivity (L1, L2, and L3) and cause infection in mice when injected intracellularly.

Susceptibility to physical and chemical agents: Chlamydiae are heat-labile bacteria and are readily killed within minutes by heating at 56°C. They are susceptible to ethanol, ether, phenol, formalin, iodine, potassium permanganate, sodium hypochlorite, silver nitrite, and chlorite. They remain fully viable for several days at 4°C. Moreover, they can be preserved at 70°C or in liquid nitrogen for a long period.

Cell Wall Components and Antigenic Structure

Chlamydiae possess three types of major antigens: (a) genusspecific antigens, (b) species-specific antigens, and (c) serotypespecific antigen.

Genus-specific antigen. This is a heat-stable, complement-fixing, and genus-specific antigen. It is an LPS–protein complex resembling the LPS of Gram-negative bacilli. It is present in EBs and RBs. The antigen can be extracted by ether, chloroform, or methanol. The antigen is identified by CFT.

Species-specific antigen. This antigen is present at the envelope surface and is species specific. This antigen is present in all the strains of Chlamydia.

Serotype-specific antigen. This antigen is present only in a few species of chlamydiae. They are located in the major outer membrane proteins (MOMPs) and are useful for intraspecies typing of Chlamydia species.

Typing of species. On the basis of these antigens, Chlamydia species are classified into various serovars and serologic variants. C. trachomatis has been subdivided into three biological variants known as biovars: (a) trachoma biovar causing trachoma and inclusion conjunctivitis (TRIC), (b) lymphogranuloma venereum (LGV) biovar causing LGV, and (c) serovars causing mouse pneumonitis. These biovars on the basis of antigenic differences in the MOMPs have been further classified into 20 serotypes. The trachoma biovar consists of 13 serotypes (A, B, Ba, C, D, Da, E, F, G, H, I, Ia, J, Ja and K). The LGV biovar consists of only five serotypes (L1, L2, L2a, L2b, and L3).

Pathogenesis and Immunity.

C. trachomatis is an obligate intracellular bacterium that causes diseases of many systems in humans.

Virulence factors. The ability to multiply intracellularly in the infected cell is the key mechanism of virulence of C. trachomatis. The bacteria prevent fusion of phagolysosome with cellular liposomes, thereby preventing intracellular killing of the bacteria by the host cell. Repeated infections caused by C. trachomatis contribute to pathology seen in the infected eye in trachoma.

Pathogenesis of C. trachomatis infection. C. trachomatis causes disease mainly by (a) direct destruction of infected host cells during multiplication and (b) inducing inflammatory responses in the host. C. trachomatis enters the host through minute abrasions or injuries in the skin. The bacteria react specifically with the receptors that are found on the nonciliated columnar, cuboidal, or transitional epithelial cells. These epithelial cells are typically found on the mucous membranes of the conjunctiva and genitourinary system, such as urethra, endocervix, endometrium, fallopian tube, and respiratory tract. The LGV biovar multiplies in mononuclear phagocytes found in the lymphatic system. The pathological lesions are typically found in the lymph nodes draining the site of primary infection. Granuloma is characteristic pathological lesion. Subsequently inflammatory process spreads to other surrounding tissues and finally rupture of the lymph nodes leads to the formation of abscess or sinus tracts. Infections with trachoma serovars are associated with severe inflammatory reaction consisting of neutrophils, lympho cytes, and plasma cells as seen in case of trachoma.

Host immunity. Infections with C. trachomatis do not induce any long- lasting immunity. Instead reinfection by C. trachomatis typically produces a strong inflammatory response with severe tissue damage. Such responses are responsible for causing loss of vision in patients with chronic ocular infections and sterility and sexual dysfunction in patients with genital infections.

Clinical Syndromes

C. trachomatis causes a variety of diseases. It is an important cause of genital and ocular infections worldwide. C. Trachomatis LGV biovar causes lymphogranuloma venereum (LGV) and ocular LGV. C. trachomatis trachoma biovar causes (a) trachoma, (b) adult inclusion conjunctivitis, (c) neonatal conjunctivitis, (d) infant pneumonia, and (e) urogenital infections.

Lymphogranuloma venereum. C. trachomatis LGV biovar (serotypes L1, L2, L2a, L2b, and L3) causes lymphogranuloma venereum. Serotype L2 is most commonly responsible for the condition. LGV is a sexually transmitted disease that affects the cervix, urethra, salpinges, and epididymis. Incubation period varies from 1 to 4 weeks.

Fever, headache, and myalgia are the other associated symptoms. Inflammation and swelling of the lymph nodes draining the primary site of infection is the next stage of the disease. The regional lymph nodes, such as inguinal lymph nodes in males and intrapelvic and pararectal lymph nodes in females, are most commonly involved. These lymph nodes become painful, enlarged, fluctuant, and finally may rupture with the formation of draining fistulas. Such lymph nodes are called buboes. Fever, chills, anorexia, headache, and myalgia are the other associated manifestations. Proctitis is a common manifestation in women with LGV. This occurs due to lymphatic spread of the bacteria from the infected cervix or the vagina. Proctitis also occurs in men, resulting from lymphatic spread from the urethra or following anal intercourse. In untreated cases of LGV, the infection may progress to a chronic ulcerative stage leading to development of ulcers, strictures, fistula, or genital elephantiasis. In some other cases, the infection may resolve at this stage.

Ocular LGV. C. trachomatis LGV biovar also causes ocular LGV. This causes Parinaud’s oculogenital conjunctivitis. It is a condition characterized by inflammation of the conjunctiva associated with periauricular, submandibular, and cervical lymphadenopathy.

Trachoma is a communicable disease of the eye caused by C. trachomatis serotypes A, B, Ba, and C. This is a condition characterized by follicular hypertrophy, papillary hyperplasia, pannus formation, and in late stages cicatrization. The condition begins in patients with follicular conjunctivitis with diffuse inflammation that affects entire conjunctiva. Subsequently, the condition progresses with the formation of pannus, which indicates invasion of blood vessels of cornea and finally loss of vision. The loss of vision is the most important and serious complication of trachoma.

Adult inclusion conjunctivitis results from the infection with C. trachomatis strains associated with genital infection (A, B, Ba, and D–K). This infection is more frequently seen in sexually active adults. The condition can also occur in neonates. A uniocular and less commonly binocular red eye, ocular discharge, marked hyperemia, papillary hypertrophy, and a predominant follicular conjunctivitis are the important manifestations. The condition if untreated progresses to a chronic remittent course, keratitis, and possible iritis.

Neonatal conjunctivitis. This is the neonatal form of inclusion conjunctivitis. The condition develops in infants acquiring the infection from infected birth canal. The infection is usually seen in infants born to pregnant mothers who have chlamydial infections of the cervix. Incubation period varies from 5 to 12 days. Swelling of the infant’s eyelid, hyperemia, and purulent discharge characterize the condition. Conjunctival scarring and corneal vascularization occurs in untreated infections of long duration.

Infant pneumonia caused by C. trachomatis is seen in infants between 4 and 16 weeks of age. It is one of the most common causes of pneumonia in the newborns. This infection is seen in 60% of neonates born to infected mothers. The incubation period is variable but usually takes 2–3 weeks after birth. The condition is characterized by respiratory symptoms, such as rhinitis with cough and wheezing. Child is usually afebrile during the disease.

Urogenital infection is the most common infection caused by C. trachomatis. Approximately, 80% of infected females and 50% of infected males are asymptomatic. Genital chlamydiasis is the most common sexually transmitted disease worldwide. The clinical manifestations in symptomatic patients include urethritis (nongonococcal urethritis), epididymitis, proctitis, and conjunctivitis in males; in females, it causes a mucopurulent cervicitis, endometritis, and salpingitis. Ascending infection can result in pelvic inflammatory disease, chronic pelvic pain, and perinephritis. Chlamydial infection with C. trachomatis; especially serotype C is shown to be at a risk of developing cervical cancer, nearly 6.5 times more than in women without infection.

Epidemiology

C. trachomatis is distributed worldwide.

Geographical distribution. LGV caused by C. trachomatis is highly prevalent in Asia, Africa, and South America. The disease occurs sporadically in Europe, Australia, and North America. LGV is responsible for 10% of genital ulcer disease in developing countries. Genital chlamydiasis and gonorrhea caused by Neisseria gonorrhoeae may often coexist. These two pathogens are the most common causes of epididymitis in sexually active adult men. Trachoma is worldwide  in distribution and nearly 500 million people are infected worldwide. The infection is endemic in the Middle East, Africa, Far East, and India. The condition is responsible for blindness in 7–9 million patients. Trachoma is particularly prevalent in these countries because of overcrowding, poor sanitation, and poor personal hygiene. All these factors facilitate transmission of infection. Moreover, C. trachomatis is the common cause of infant pneumonia worldwide.

Habitat. C. trachomatis is a strict human pathogen. It is found in the conjunctiva and genitourinary tract in an infected host. C. trachomatis also inhabits the respiratory and gastrointestinal tracts of humans.

Reservoir, source, and transmission of infection. Humans are the only natural host of C. trachomatis and thus are only significant reservoir of infections. Ocular discharges from infected cases are the common source of eye infection for trachoma. Occasionally, respiratory discharges and human feces can be a source of infection. Trachoma is transmitted by eye-to-eye contact through (a) droplets, (b) contaminated hands, and (c) contaminated clothings. All these methods facilitate transmission of ocular discharges from the eyes of infected children to those of normal children. Trachoma is also transmitted by inoculation of respiratory droplets or by ingestion of food and water contaminated with human feces. Genital discharges are the source of infection for adult inclusion conjunctivitis. Adult inclusion conjunctivitis is usually transmitted by orogenital contact and also by autoinoculation. Although rare, eye–hand transmission has been reported for adult inclusion conjunctivitis. Inclusion conjunctivitis in the newborns is acquired by the infants born vaginally from mothers who are infected with C. trachomatis. C. trachomatis eye infection occurs in approximately 25% of infants whose mothers’ genital tract is infected with C. trachomatis. Infected genital discharge is also the source of infection for pneumonia of the newborn. Pneumonia develops in 10–20% of infants during their birth through an infected birth canal. Chlamydial genital infections are usually caused by vaginal, anal, and oral sexual contact.

Laboratory Diagnosis

Various approaches are there for laboratory diagnosis of chlamydial infections as mentioned below. The sensitivity of these methods, however, depends on (a) the nature of the disease, (b) site of infection from where the specimen is collected, and (c) the population of the patient examined.

Specimens from urethra, cervix, rectum, oropharynx, and conjunctiva are the frequently collected specimens. In addition, other specimens such as, blood, respiratory secretions, sputum, lung, and other tissues are collected and examined. Pus from bubo is also useful for diagnosis of LGV.

Microscopy. Laboratory diagnosis of chlamydial infection is made by microscopic examination of various clinical specimens for demonstration of chlamydial inclusion bodies. These inclusion bodies can be demonstrated in specimens stained by Giemsa, Castaneda, Machiavello, or Gimenez stains. C. trachomatis infections of conjunctiva, urethra, and cervix are diagnosed by demonstration of typical reniform inclusion bodies surrounding the nucleus in the stained smear of conjunctiva, urethra, and cervical smears.

Culture. Isolation of C. trachomatis in cell cultures is the more specific method for diagnosis of C. trachomatis infection. Clinical specimens are inoculated in different cell lines for isolation of Chlamydia. The sensitivity of the cell cultures for isolation of C. trachomatis is increased by (a) pretreatment with cycloheximide (i.e., a metabolic inhibitor, which inhibits the metabolism of  host cells) and (b) use of irradiated cell lines (treated McCoy cells are most commonly used cell lines for isolation of C. trachomatis). C. trachomatis infection in cell culture is demonstrated by the presence of intracellular inclusion bodies. These are detected by the use of iodine stains or fluorescence-conjugated antibodies. The culture methods are difficult and expensive. These are specifically preferred for isolation of C. trachomatis from rectal specimens, because noncultural methods are usually negative. The culture shows a sensitivity of 50–90% and specificity of 99%.

Antigen detection. Chlamydial antigen can be detected in clinical specimens by direct fluorescent antibody (DFA) staining and enzyme immunoassay (EIA). Antibodies prepared against either the Chlamydia MOMP or the cell wall LPS are used to detect antigens in clinical specimens by these two methods. Both DFA staining and EIA are approximately 80% sensitive and 95% specific. Both the methods, however, are labor intensive and require trained personnel.

Serodiagnosis  is based on detection of antibodies against C. trachomatis in serum. Patients with LGV show a very high level of serum antibodies. Antibody-based tests are useful for diagnosis of LGV. CFTs, microimmunofluorescence (MIF), and ELISA are employed to detect specific antibodies in the sera:

CFT uses a genus-specific LPS antigen for detection of antibodies. A single serum showing a high antibody titer of 1:256 or more, or a fourfold increase in antibody titer of a paired sera sample is highly suggestive of LGV.

MIF test is a specific test, which utilizes the species- and serovar-specific antigens, such as Chlamydia MOMPs. Confirmation of LGV is carried out by the MIF test.

ELISA is a genus-specific test that uses LPS antigen like CFT. The antibodies-based serological tests are of limited value in diagnosis of urogenital infections caused by C. trachomatis. This is because antibody titers cannot differentiate between recent and past infection, since antibodies are present in circulation for a long period of time. Detection of IgM antibody by ELISA, however, is very useful for diagnosis of Chlamydia pneumonia in infants.

Frei’s skin test is an intradermal skin test used for the diagnosis of LGV. A heat-inactivated C. trachomatis LGV serovar grown in the yolk sac of embryonated egg is used as antigen and 0.1 mL of antigen is injected intradermally in the forearm and a control antigen prepared from uninfected yolk sac is injected in the other forearm. Frei’s skin test is a delayed hypersensitivity reaction in which positive reaction is shown by development of an inflammatory macule, measuring _ 7 mm in diameter, on the test arm after 2 days. The nodule reaches maximum size within 4–5 days. The skin test becomes positive 2–6 weeks after infection and remains positive for several years. However, nowadays skin test is rarely used for diagnosis.

Molecular Diagnosis of C. trachomatis infection is made by DNA probes and PCR (polymerase chain reaction). DNA probes are currently available, which detect the presence of a species-specific sequence of 16S rRNA. This method is not highly sensitive. PCR is used for diagnosis of infection with a reported sensitivity of 80–90% and specificity of 99%. The method is useful specifically for testing urine specimens, but is less sensitive for detection of the bacteria in genital swabs collected from infected women.

Treatment

Azithromycin is the drug of choice for treatment of genital chlamydial infections. This antibiotic has the advantage of being given in a single dose regimen and has high tolerability and few contraindications. Tetracyclines are usually recommended for treatment of patients with LGV for at least 3 weeks. Children below 9 years, pregnant women, and patients unable to tolerate tetracyclines are treated with a macrolide, such as erythromycin or azithromycin in combination with sulfisoxazole. Doxycycline for 7 days or fluoroquinolone (e.g., ofloxacin) for 7 days is also effective for treatment of genital and ocular infections. Erythromycin given for 10–14 days is very useful for treatment of conjunctivitis in infants and infant pneumonia. Erythromycin may be administered orally and topically for treatment of ophthalmia neonatorum. Local application and oral administration of erythromycin and tetracycline given for several weeks are effective for treatment of trachoma.

Prevention and Control

Although it is difficult to prevent C. trachomatis infection, the morbidity (such as, blindness associated with trachoma) can be prevented by immediate treatment at early stage of the disease and by taking measures to prevent re-exposure to the bacteria. Chlamydial genital infections are prevented by using safe sexual practices and by prompt treatment of symptomatic patients and their partners.

Chlamydophila

C. pneumoniae was first isolated from the conjunctiva of a child in Taiwan in 1965 and subsequently from throat of a patient with pharyngitis in 1983. These organisms were initially believed to be C. psittaci strains TWAR (from Taiwan acute respiratory), because they produced inclusion bodies in cell cultures similar to those produced by C. psittaci. Taiwan isolate was designated as TW-183, and the pharyngeal isolate was designated as AR-9. These two strains were initially believed to be related to psittaci strains, but later on were found to be different. These two organisms were then classified as Chlamydia pneumoniae but now have been reclassified and finally placed in a new genus Chlamydophila.

Chlamydophila pneumoniaeis the third common cause of pneumonia following Streptococcus pneumoniae and Haemophilus influenzae. It is an important cause of respiratory disease in older children and adults worldwide. C. pneumoniae causes mostly asymptomatic infections. Pharyngitis, sinusitis, bronchitis, and pneumonia are the common manifestations of symptomatic cases in severe respiratory tract infection. C. pneumoniae is also a strict human pathogen and does not have any animal reservoir. Infection is transmitted by respiratory secretions from person to person without any avian or animal host. Approximately, 2–3 lakh cases of C. pneumoniae occur every year, and most of these cases occur in adults. Diagnosis of infection is made by demonstration of C. pneumoniae antigen in specimens by enzyme immunoassay or DFA test. Diagnosis by culture is not done as C. pneumoniae grows poorly in cell cultures. Serodiagnosis is carried out by using CFT, ELISA, or MIF. Antibodies have been demonstrated in sera of more than 50% of people. PCR is also used to detect bacterial genome in the specimen. Tetracycline, doxycycline, erythromycin, and azithromycin are given for 10–14 days for treatment of C. pneumoniae infection. Control of C. pneumoniae infection is difficult.
Chlamydophila psittaci is the causative agent of psittacosis, a disease of parrots and psittacine birds which can be transmitted to humans. The disease was first observed in parrots, hence named psittacosis (Greek word psittakos means parrot). A similar disease of nonpsittacine birds was called ornithosis (Greek word ornithos means bird). Now both the conditions are called psittacosis. Infection in birds may occur as asymptomatic or symptomatic. Symptomatic infection may manifest as respiratory infection, diarrhea, and emaciation. In the infected birds, the bacteria are present in the blood, tissue, and feathers and are also excreted in the feces, nasal discharges, aerosols, etc. C. psittaci can be transmitted from birds to humans as well as sheep, cows, and goat. Humans acquire the infection mostly from psittacine birds, such as parrots, parakeets, cockatiels, and macaws. They get infected by inhalation of dried bird droppings, urine, or respiratory secretions of these infected birds. Human infections are mostly occupational, and veterinarians, poultry workers, pet-shop workers, pigeon farmers, etc. are at increased risk for this infection. Person-to-person transmission is rare. Ingestion of poultry birds also does not cause any infection. Laboratory infection is well documented. C. psittaci in humans causes a clinical syndrome, which varies from a mild influenza-like illness to a fatal pneumonia. Incubation period varies from 5 to 14 days. Headache, high fever, chills, malaise, and myalgia are the symptoms at the initial stage of the illness. Nonproductive cough, rales, and consolidation are the respiratory manifestations. The untreated cases may be severe and progress to encephalitis, endocarditis, pericarditis, and even death. Laboratory diagnosis of the condition is based mainly on the serological tests. Demonstration of a fourfold rise in antibody titer in the paired acute and convalescent sera by the CFT is suggestive of C. psittaci infection. MIF test is a specific test used to confirm the diagnosis.

Levinthal-Cole-Lille (LCL) inclusion bodies: These are demonstrated in mouse brain, yolk sac, cell cultures, and in infected cells including alveolar macrophages from patients suffering from C. psittaci infection. These inclusion bodies are not stained by iodine, and are more diffuse and irregular. They are not inhibited by sulfadiazine or cycloserine. C. psittaci can be grown in cell cultures, such as L cells after 5–10 days of incubation, but is not used routinely. Tetracycline, doxycycline, erythromycin, and azithromycin are useful for treatment of C. psittaci infection. Infection is prevented by controlling it in birds.

TOPIC 11:  NORMAL MICROBIAL FLORA. NOSOCOMIAL INFECTION. 

HOME WORK.

I) The questions for study:

1. The concept of "permanent and transient microflora", "pathogenic microorganism",  opportunistic infection". Factors contributing to the development of opportunistic infections.
2. Main types of UPB, the causative agents of opportunistic infections (enterobacteria, staphylococci and streptococci). UPB anaerobic (Clostridium and anaerobes nonspore). 
3. Pathogenicity factors of UPB (the factors of colonization, virulence and persistence). Mechanisms of persistence of bacteria.
4. Etiology, pathogenesis and clinical features of endogenous diseases. 
5. Laboratory diagnosis of endogenous infections.
6. Features of the epidemiology of HAIS.
7. Characteristics of hospital strains and their identification criteria. 
8. The main directions of the prevention and treatment of opportunistic and hospital-acquired infections.
II) Before class draw this table in your workbook and fill in all empty fields:
Conditionally pathogenic microorganisms, causative agents of opportunistic infections


	Anaerobic microorganisms
	Facultative anaerobic microorganisms

	Gram-Positive
	Gram-Negative
	Gram-Positive
	Gram-Negative

	Bacilli
	Cocci
	Bacilli
	Cocci
	Bacilli
	Cocci
	Bacilli
	Cocci

	
	
	
	
	
	
	
	


I) Entry test.

Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

II) Theoretical part. 

Answer the questions of teacher and demonstrate your knowledge of the theme.

The questions for discussing

1. The concept of "permanent and transient microflora", "pathogenic microorganism",  opportunistic infection". Factors contributing to the development of opportunistic infections.
2. Main types of UPB, the causative agents of opportunistic infections (enterobacteria, staphylococci and streptococci). UPB anaerobic (Clostridium and anaerobes nonspore). 
3. Pathogenicity factors of UPB (the factors of colonization, virulence and persistence). Mechanisms of persistence of bacteria.
4. Etiology, pathogenesis and clinical features of endogenous diseases. 
5. Laboratory diagnosis of endogenous infections.
6. Features of the epidemiology of HAIS.
7. Characteristics of hospital strains and their identification criteria. 
8. The main directions of the prevention and treatment of opportunistic and hospital-acquired infections.
THE THEORETICAL REFERENCE.

The term “normal microbial flora” denotes the population of microorganisms that inhabit the skin and mucous membrane of normal healthy individuals. It has been estimated that humans have approximately 1013 cells in their body and about 1014 bacteria are associated with them. The majority of bacteria are present in the large bowel, which constitutes the normal flora. The organisms are present in those parts of the body that are exposed to, or communicate with, the external environment, namely, the skin, nose, mouth, and intestinal and urogenital tracts. Internal organs and tissues are normally sterile. The human fetus, in pregnant mother, lives in a sterile environment protected from microbes except when pathogens like cytomegalovirus, rubella virus, or Toxoplasma gondii cross the placenta for first 9 months of life. At the time of birth, the newborn is confronted with the mother’s vaginal microbes and environmental organisms. The infant’s skin surface is initially colonized followed by the oropharynx, gastrointestinal tract, and mucosal surfaces. 

Microbes that have the ability to cause serious diseases are normally found in and on the human body. Not the recovery of specific organism, but the recovery of the organism in a normally sterile site is the hallmark of pathogenesis of microbial infections. For example, Escherichia coli is a normal resident confined to the gastrointestinal tract. If it is demonstrated in the stool, it may be considered normal, but if found in the abdominal cavity or the patient’s blood stream, this would be considered abnormal. Similarly, there are certain organisms that are never present as part of the normal microbial flora in humans; hence their recovery in humans is always associated with clinically significant diseases (e.g., Bacillus anthracis, Brucella spp., Francisella tularensis, and Histoplasma capsulatum, etc.). Viruses and parasites are not considered as members of the normal microbial flora because they are not found as commensals in the host.

Functions of Resident Flora

It should be appreciated that microbes serve a useful purpose  in their human hosts. The normal microbiota maintains a protected environment that prevents colonization with potentially pathogenic organisms. For example, Clostridium difficile produces gastrointestinal disease when the normal intestinal flora have been reduced or removed by antibiotics. The production of proteolytic enzymes by microbes augments host factors in the digestion of food. Intestinal bacteria can also synthesize vitamins and other biological products (e.g., biotin, pantothenic acid, pyridoxine, riboflavin, vitamin K, etc.). Colicins produced by some bacteria of normal flora prevent harmful effects of the bacteria.

The normal microbial flora is more or less constant for each mammalian species and is broadly divided into residents and transients. The interaction between microbes and humans can result in the following general outcomes: (a) disease, (b) transient colonization, and (c) prolonged colonization.

Disease results when the interaction between microbe and human host results in a pathological process. This process is mediated by microbial factors or by the host’s immune response to the presence of the organism. The other outcome of microbe and host interaction is colonization, either transient or prolonged.

Infection is another term used for colonization, which does not imply disease, but rather the association of the microbe with the human hosts for a time. The transient and prolonged colonization imply a distinction based on the duration of the interaction, which may extend to weeks, months, or years.

Factors Determining the Colonization by Microbes

Factors that determine whether exposure to a microbe result in transient passage through a human host or prolonged colonization are complex and involve microbial properties, host characteristics, and environmental factors. The most important factors that determine colonization in human body are the properties of the specific organism. For example, the oropharynx provides the organisms opportunities to colonize saliva, mucosal surface, tongue, and gingiva and teeth line. Thus oxygen-sensitive bacteria proliferate in the gingival crevices. Streptococcus mutans organisms adhere to the hard surface of teeth by polysaccharide. Bacteria can also bind to cells lining the oropharynx, intestine, and vagina via specific receptors for the bacterial pili. This type of adhesion prevents the mechanical elimination of organisms.

Various host factors determine the success of colonization with microbe. Nutritional and environmental conditions must favor the survival of microbes. The age of the host also influences microbial colonization. The hormonal secretions, alteration of dietary habits, person-to-person interaction, sexual activity, and many other factors determine the establishment of normal microbiota.

Normal Flora at Various Sites of the Body

Respiratory Tract is subdivided into (a) the upper airways, which include the anterior and posterior nares and the nasopharynx; (b) the middle airways comprising the oropharynx and tonsils; and (c) the lower airways with larynx, trachea, bronchi, and lungs. The structural and physiological differences at each site provide an environment compatible for some organisms and hostile for others.

Nares and nasopharynx. Nares are inhabited by a small number of organisms, which include Staphylococcus, Corynebacterium, Peptostreptococcus, and Fusobacterium species. The microbial population in the nasopharynx is more complex with the predominance of streptococci and Neisseria species. Streptococcus salivarius, Streptococcus parasanguis, and Streptococcus pneumoniae can be readily recovered from the nasopharynx. Twelve species of Neisseria have been recovered from nasopharyngeal carriers. Colonization with Neisseria meningitidis varies from 10% to 95% with the highest incidence in young adults. Other Neisseria species that colonize the nasopharynx are Neisseria subflava, Neisseria sicca, Neisseria mucosa, and Neisseria lactamica. Gramnegative coccobacilli that colonize the nasopharynx include Moraxella catarrhalis and Kingella species. Noncapsulated strains of Haemophilus influenzae are also commonly found in the nasopharynx.

Oropharynx and tonsils. The oropharynx is a complex mixture of ecosystems. Gram-positive and Gram-negative cocci predominate in the oropharynx. Overall, anaerobes outnumber aerobes with a ratio of 100:1. The most common anaerobic bacteria present in the oropharynx are Peptostreptococcus, Veillonella, Actinomyces, and Fusobacterium, whereas the most common aerobic bacteria are Streptococcus and Neisseria. Nearly 20% of individuals are colonized with Staphylococcus aureus. Streptococcus species that colonize the oropharynx are S. salivarius (saliva), Streptococcus sanguis and S. mutans (tooth surface), Streptococcus vestibularis and S. sanguis (oral mucosa), S. pneumoniae, and beta-hemolytic streptococci. Other Gram-positive cocci that are present in the oropharynx include Stomatococcus mucilaginosus, Gemella species, etc. Gram-negative cocci and coccobacilli also colonize the oropharynx. Veillonella, anaerobic Gram-negative cocci, are the most numerous Gram-negative cocci found in the oropharynx. Other Gram-negative cocci include Neisseria, Moraxella, Kingella, Cardiobacterium, and Eikenella species. Haemophilus spp. are present in almost all individuals in less than 5% of the microbial population. Fifty percent of them are noncapsulated. H. parainfluenzae makes 10% of the bacterial flora in saliva. Members of the Enterobacteriaceae and nonfermentative Gram-negative bacilli are also present in the oropharynx in small numbers or transiently.

Gram-positive bacteria are also predominant microbes that constitute normal flora of the oropharynx. Actinomyces are present in large numbers, comprising 20% of bacterial flora in saliva and on the tongue, 35% in the gingival crevices, and 40% in the dental plaque. The ability of Actinomyces spp. to colonize various surfaces is mediated by the fimbriae and other extracellular polysaccharides present in the bacteria. Other Gram-positive bacilli present in the oropharynx are Actinobacillus, Corynebacterium, Eubacterium, Lactobacillus, Propionibacterium, and Rothia species. The predominant anaerobes that are found in the oropharynx are Fusobacterium, Bacteriodes, Porphyromonas, Prevotella, and Selenomonas species. Fusobacterium nucleatum is the most common Fusobacterium found in the mouth. Fungal colonization of the oropharynx is restricted to yeasts only; Candida albicans is present in almost all individuals. Entamoeba gingivalis and Trichomonas tenax are the only protozoa present in the oropharynx.

Trachea, larynx, bronchi, and lungs. Colonization of the lower airways is transient with few organisms present at any one time. Long-term colonization may occur when the ciliated epithelial cells are damaged or altered in a disease process.

Gastrointestinal Tractcan be divided into various distinct anatomical areas. These include esophagus, stomach, jejunum and upper ileum, distal small intestine, and large intestine. The microbial flora present on the mucosa, within crypts, and in the lumen is different. Complete information has been obtained for the stomach and large intestine by studying the microbial composition of feces or the specimens collected during the intra-abdominal surgery.

Esophagus. Sufficient information is not available about the microbial flora of the esophagus. However, transient colonization by oropharyngeal bacteria and yeasts is known to occur.

Stomach is an inhospitable organ containing hydrochloric acid and pepsinogen. For this reason, the normal microbial flora is very sparse. The organisms present in the stomach are acidtolerant Lactobacillus spp., Streptococcus spp., and Helicobacter pylori. H. pylori causes gastritis and gastric and duodenal ulcers and is associated with gastric malignancy.

Jejunum and upper ileum. The number of microbes in the upper part of the small intestine is less than 105/mL of fluid. They are predominantly anaerobic, consisting of Lactobacillus, Peptostreptococcus, Streptococcus, Porphyromonas, and Prevotella. If upper tract obstruction and stasis occur, then the microbial flora shifts to resemble colonic bacteria, thereby leading to malabsorption syndrome.

Distal small intestine. This is the transition area between the stomach (where a sparse number of acid-tolerant bacteria are found) and the large intestine (which is inhabited by a plethora of microbes). The microbial population is large (108–109 organisms/g of feces) and diverse with the predominance of anaerobes.

Large intestine. This is the most densely populated organ in the human body. It consists of more than 108 aerobic bacteria and 1011 anaerobic bacteria per gram of feces. Various yeasts and nonpathogenic parasites reside in this area. The bacteria in the large intestine that are present in large numbers include Bifidobacterium spp., Bacteroides fragilis, Eubacterium spp., Enterococcus spp., and E. coli. Although B. fragilis is the most virulent species, Bacteroides thetaiotaomicron is more numerous in the colon. Eubacterium spp. is the second most common bacterium in the large intestine. The most commonly isolated species are Eubacterium aerofaciens, Eubacterium cylindroides, Eubacterium lentum, and Eubacterium rectale. Nine species of Bifidobacterium have been isolated in feces. Among Enterococcus species, the most frequently isolated ones are Enterococcus faecalis and Enterococcus faecium. E. coli causes colonization soon after an infant is born. It is the most common facultative organism responsible for intraabdominal infections. Other members of Enterobacteriaceae like Citrobacter spp., Klebsiella spp., Enterobacter spp., and Proteus spp. can establish residence in the intestine. Streptococcus species and Actinomyces have been isolated from fecal specimens. A variety of Peptostreptococcus and Gemella species are members of the normal intestinal flora. The sporeforming Bacillus species and Clostridium species are isolated from fecal specimens. Vibrio parahaemolyticus can also colonize the intestinal tract, but only in small numbers. Other organisms commonly isolated in small numbers include species of Fusobacterium, Porphyromonas, and Prevotella species. Various species of Candida and protozoa colonize the large intestine.

Genitourinary Tract. With the exception of female urethra and vagina, the genitourinary tract is generally sterile. The ureters, kidneys, prostrate, and cervix are normally sterile. The female urethra is colonized with large number of lactobacilli, streptococcal species, and coagulase-negative staphylococci. Fecal organisms, such as E. coli, Enterococcus spp., and Candida spp. can also colonize the female urethra, which is transient. The microbial flora in the vagina is more numerous and diverse. Lactobacilli are the predominant organisms with most commonly isolated species being Lactobacillus acidophilus, Lactobacillus fermentum, Lactobacillus casei, and Lactobacillus cellobiosus. Other anaerobes commonly isolated from the vagina are Bifidobacterium, Peptostreptococcus, Porphyromonas, and Prevotella species. Actinomyces species are believed to be present in the vagina because they are associated with vaginal infections. Actinomyces israeli is the most common Actinomyces species associated with genital actinomycotic infections. Propionibacterium and Mobiluncus spp. are also present in the vagina. The aerobic bacteria present in the vagina include coagulasenegative Staphylococcus, Streptococcus (viridans group and betahemolytic strains), Corynebacterium spp., Gardnerella vaginalis, Neisseria spp., Haemophilus spp., and members of Enterobacteriaceae. Three species of nonpathogenic Treponema (Treponema phagedenis, Treponema refringens, and Treponema minutum) are found in vaginal specimens. Six species of Mycoplasma and Ureaplasma are common inhabitants of vagina, which have pathogenic potential. The flagellate Trichomonas vaginalis is present in small numbers in healthy women. Candida species and Torulopsis glabrata are common members of the microbial flora of vagina.

Body Surface

Human skin is constantly bombarded by organisms present in the environment. The skin is exposed to extremes of temperature, moisture, and to chemical disinfectants. There the microbial population is less numerous and complex than at other body sites. The skin is not a homogenous surface. There are relatively dry areas like palms and soles; areas with more apocrine glands, such as axillary, inguinal, and perianal areas; and areas rich with sebaceous glands like forehead and nasolabial folds. Most organisms proliferate in the moist area. Thus higher densities of microbes are present in areas rich with sweat glands. The skin of face, perirectal area, or groin has a more complex microbial flora than that at other sites. Anaerobic bacteria are 10- to 100-fold more numerous on the skin surface as compared to aerobic bacteria. Grampositive bacteria predominate over Gram-negative bacteria. The bacteria more commonly recovered from skin surfaces are Staphylococcus spp., Micrococcus spp., Corynebacterium spp., Peptostreptococcus, and Propionibacterium spp. Staphylococcus epidermidis is the most commonly isolated bacterium. Other coagulase- negative staphylococci found on the skin include Staphylococcus hominis, Staphylococcus haemolyticus, Staphylococcus warneri, and Staphylococcus capitis. Micrococcus luteus is the most common Micrococcus spp. present on the skin and represents 20% of the bacterial population on the head, legs, and arms. Aerococcus viridans, Streptococcus pyogenes, and anaerobic Peptostreptococcus spp. also establish residence on the skin surface. Corynebacterium species present on the skin surface include Corynebacterium xerosis, Corynebacterium jeikeium, and Corynebacterium minutissimum. The anaerobic Gram-positive bacilli present on the skin surface are Propionibacterium spp. and Clostridium perfringens. Gram-negative bacteria are generally not recovered from the surface of skin, except during transient colonization. Acinetobacter spp. organisms have adapted to survive in moist areas of the skin. Fungal colonization of the skin surface is transient. This includes colonization with yeasts (C. albicans, Malassezia furfur, and Rhodotorula) and dermatophytes. Among these, M. furfur is present in most of the individuals.

Conjunctiva. The flushing action of tears and presence of lysozymes in the tears usually make the conjunctiva free of bacteria. The organisms that may be present in the conjunctiva are C. xerosis, Moraxella spp., S. aureus, and nonhemolytic streptococci.

Sterile Sites. The body fluids which include blood, cerebrospinal fluid, synovial, pleural, pericardial, peritoneal, and other exudates are normally sterile or transiently infected by microbes. Some microbes from the mouth and gastrointestinal tract can invade the blood stream in healthy individuals (during tooth brushing or a bowel movement). These organisms are rapidly removed and are of little significance. Thus, the isolation of an organism from body fluids should be considered significant unless the specimen is contaminated during its collection. Organ tissues are also generally sterile unless they are infected following systemic spread. Some bacteria like Mycobacterium tuberculosis may be disseminated to lungs, liver, and kidney during initial infection and remain dormant. In this situation, the organism can be recovered from tissue samples. Long-term colonization with organisms like Pneumocystis carinii or latent viruses, such as herpes simplex virus or cytomegalovirus may commonly occur. The external auditory meatus, being an extension of the skin, is colonized primarily by S. epidermidis and diphtheroids. Human body serves as a home for numerous microbes qualitatively and quantitatively. They cover the skin and mucosal surfaces; occasionally, they invade into sterile sites to produce disease. These microorganisms act as a barrier to more virulent microorganisms, provide vitamins and required growth factors, or exist as commensal inhabitants. The complexity of the microbiota is influenced over time by environmental, host, and microbial factors. Thus, the knowledge of the human microbiota forms a fundamental building block of the normal physiological processes in the human body.
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Acinetobacter spp. organisms have adapted o survive in moist
areas of the skin.

Fungal colonization of the skin surface is transient. This
includes colonization with yeasts (C. albicans, Malassezia furfur,
and Rhodotoruld) and dermatophytes. Among these, M. furfiur is
present in most of the individuals.

Conjunctiva

‘The flushing action of tears and presence of lysozymes in the
tears usually make the conjuncriva free of bactetia. The organ-
isms that may be present in the conjunctiva are C xeross,
Moraxella spp. S. aureus, and nonhemolytic sereptococci.

Sterile Sites

‘The body fluids which include blood, cerebrospinal fluid, syno-
vial, pleural, pericardial, peritoneal, and other exudates are nor-
mally sterile or transiently infected by microbes.

Some microbes from the mouth and gastrointestinal ract
can invade the blood stream in healchy individuals (during
tooth brushing ora bowel movement). These organisms are rap-
idly removed and are of lccle significance. Thus, the isolation of
an organism from body fluids should be considered significant
unless the specimen is contaminated during its collection.

Organ tissues are also generally sterile unless they are
infected following systemic spread. Some bacteria like

FIG.75-1. ~Sites of microbial flora. Mycobacterium tuberculosis may be disseminared to lungs, liver,
and kidney during initial infection and remain dormant. In chis
Peptostreptococcus, and  Propionibacterium spp. Staphylococcus  situation, the organism can be recovered from tissue samples.
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HOSPITAL-ACQUIRED OR NOSOCOMIAL INFECTION

The term hospital infection, hospital-acquired infection, or nosocomial infection is applied to infections occurring in hospitalized patients who were neither infected nor were in incubation at the time of their admission to the hospital. Approximately, 5% of hospitalized patients experience a nosocomial infection. Nosocomial infection represents an important public health problem in developing countries, as in developed ones today, and as a major cause of high morbidity, mortality, and economic consequences in hospitalized patients. The impact of hospital-acquired infections is considerable— the patient may need longer hospital treatment, readmission, or even further surgery, increasing the time of absence from work and use of hospital and community resources. The recent trend of shorter hospital stays means that more patients with hospital-acquired infections are presenting to general practitioners in the community. In addition, as home administration of intravenous medications becomes increasingly common, cannula- associated infections, once confined to hospital patients, may present in the community.

Factors Affecting Hospital-Acquired Infection

Hospital infections as a group differ from other communityacquired infections, both in their patient profile and the severity and treatment of the disease caused by them. The factors influencing hospital-acquired infections are as follows:

Hospitalized patients: Susceptible hospitalized patients are one of many factors responsible for hospital-acquired infections. This is because most patients admitted in wards have impaired immunity either as a part of their preexisting disease processes or, in some instances, due to the treatment they have received in the hospital. They are therefore highly susceptible to infection.

Hospital environment: The hospital environment harbors a higher load of microorganisms due to the multitudes of infected patients visiting the hospital. These organisms manage to infect the susceptible hosts through the medium of fomites in certain cases and through human carriers in others. Contamination of food, water, and in a few cases air has also been implicated in outbreaks of hospital infections.

Antibiotics resistance: The infectious agents present in the hospital environment also possess the dubious distinction of being more difficult to treat as they are usually resistant to a range of drugs which are used commonly. The initial resistant strains of bacteria are present in large numbers due to the constant selection pressure exerted because of the necessary antibiotic usage inside the hospitals and these then spread, replacing the other strains in the hospital.

Diagnostic or therapeutic procedures: Diagnostic or therapeutic interventions, such as insertion of intravenous or urethral catheters, may introduce infection to susceptible patients and cause iatrogenic infections. There is a good chance that hospital infections are caused by the patient’s own flora as many invasive procedures are carried out within the hospitals, which exposes them to this risk.

Transfusion: Transfusion of blood, blood products, and intravenous fluids, if not properly screened, may transmit blood-borne pathogens to the recipient hospitalized patients.

Epidemiology of Hospital-Acquired Infection

Sources of Infections. The sources of hospital-acquired infection may be exogenous or endogenous.  Exogenous infection is most important and occurs mostly from 1) another patient, 2) a member of the medical and paramedical staff harboring the pathogens, or 3) from the environment. The latter includes inanimate objects, such as medical equipments (e.g., catheters, endoscopes, cystoscopes, etc.), bed pans, and surfaces contaminated by the patient’s secretions, excretions, blood, and other body fluids. It also includes hospital food, water, and environmental air. Endogenous infection is due to microbes present in the patient’s own flora present in the body. Microorganisms from these floras may cause infections in different tissues of the patient during certain surgical operations, manipulation by instruments, or nursing procedures.

Microorganisms Causing Infections

Though initially much of the hospital outbreaks were caused by Gram-positive organisms like Streptococcus pyogenes and methicillin-resistant Staphylococcus aureus (MRSA), presently Gram-negative enteric pathogens including Escherichia coli, Klebsiella, Enterobacter species, etc., have emerged as an important cause of these infections. Pseudomonas and Acinetobacter species are also common nosocomial pathogens, because they can survive as saprophytes in the environment and are extremely hardy, developing resistance to most of the commonly used antibiotics, and in some cases managing to grow even inside bottles of disinfectant solutions. There is also concern that these organisms may spread from hospitals into the general community—as evidence suggests that MRSA has done—especially into long-term care facilities, such as nursing homes, thereby causing a more serious health problem in the community.

Transmission of Infections

Many organisms gain entry to the body through breaches or evasion of “first line” body defenses. Breaches in epithelial integrity (e.g., surgical wounds, intravascular cannulas, and drain tubes), loss of the washing action of body fluids (e.g., because of a urinary catheter), and interference with first-line respiratory defenses (e.g., by anesthesia and endotracheal intubation) are common precursors of hospital-acquired infections. Infections can be transmitted by following ways.

Air-borne transmission. Hospital infections may be transmitted by air-borne droplets, dust particles, and aerosols. Inhalation of air-borne droplets or droplets’ nuclei transmits Mycobacterium tuberculosis and many other respiratory pathogens. Hospital dusts generated from beddings, hospital floors, from skin by natural shedding of skin scales are rich sources of many pathogens, such as S. aureus, Pseudomonas aeruginosa, etc. Therefore, inhalation of these infective dust particles transmits infections. Aerosols produced by nebulizers, humidifiers, and air conditioning apparatus transmit certain pathogen, such as Legionella pneumophila.

Transmission by direct contact. Direct contact is the principal route of transmission of hospital-acquired infections. Direct contact with hands and clothings of medical personnel harboring microorganisms may transmit infection from one person to another. S. aureus and S. pyogenes are two important pathogens that are transmitted by hand contact. Certain pathogen, such as P. aeruginosa, can also be transmitted by contact with certain hospital instruments (e.g., endoscopes, bronchoscopes, cystoscopes, etc.) if not properly disinfected.

Transmission by oral route. Certain gastrointestinal pathogens may be transmitted by hospital foods served to hospitalized patients. The food may be the source of antibiotic-resistant P. aeruginosa, E. coli, Klebsiella spp., and other pathogens. These pathogens may colonize the intestine and later cause infection in the susceptible patients.

Transmission by parenteral route. Blood-borne pathogens, such as hepatitis B and C and HIV (human immunodeficiency virus), may be transmitted by transfusion of blood or blood products, through contaminated needles or sharp instruments that have not been properly disinfected. Infections are also common among residents of long-term care facilities, such as nursing homes, special accommodation facilities, and rehabilitation hospitals. Predisposing factors include intrinsic patient factors (e.g., age and chronic medical conditions), presence of indwelling catheters, close communal living, immobility, incontinence, and frequent transfers back and forth between acute hospitals and the care facility. Urinary and respiratory tract infections and gastroenteritis are common, and outbreaks of scabies have been described.

Common Types of Hospital Infections

Common types of hospital infections can be grouped as follows:

Urinary tract infections (UTIs) account for as many as 40–45% of nosocomial infections. Although UTIs contribute only 10–15% to prolongation of hospital stay and to extra costs, these infections are important reservoirs and sources for spread of antibiotic-resistant bacteria in hospitals. Almost all nosocomial UTIs are associated with preceding instrumentation or indwelling bladder catheters, which create a 3–10% risk of infection each day. The most common pathogens causing UTI are E. coli, nosocomial Gram-negative bacilli, enterococci, and Candida. A patient who develops infection while the catheter is in place may complain of urethral discomfort, frequency, fever, and pericatheter discharge. Infection occurring after catheter removal causes the usual symptoms of UTI. The presence of asymptomatic catheter-associated bacteriuria should not generally indicate a need for antimicrobial therapy. Possible exceptions include immunocompromised patients and patients undergoing urological surgery. Asymptomatic catheter-associated candiduria often reflects vaginal or gastrointestinal carriage. When symptoms are present, the catheter should be removed; if possible, a urine sample should be sent for culture, and a short course of antibiotic therapy should be given. If the urinary catheter must be kept in place, then antibiotic therapy may relieve the symptoms, but the organism is likely to persist. Prolonged antibiotic therapy in the presence of an indwelling catheter will result in the emergence of antibiotic-resistant organisms.

Nosocomial pneumonia accounts for 15–20% of nosocomial infections. Almost all cases of bacterial nosocomial pneumonia are caused by aspiration of endogenous or hospital-acquired oropharyngeal (and occasionally gastric) flora. Nosocomial pneumonias are associated with more deaths than are infections at any other body site. The risk of dying from nosocomial pneumonia is affected greatly by many factors, including comorbidities, inadequate antibiotic treatment, and the involvement of specific pathogens (particularly P. aeruginosa and Acinetobacter). Surveillance and accurate diagnosis of pneumonia are often problematic in hospitals because many patients, especially those in the intensive care units (ICUs), have abnormal chest roentgenographs, fever, and leukocytosis potentially induced by many causes. Early-onset nosocomial pneumonia, which manifests within the first 4 days of hospitalization, is most often caused by community-acquired pathogens, such as Streptococcus pneumoniae and Haemophilus species. Late-onset pneumonia is most commonly caused by S. aureus, P. aeruginosa, Enterobacter species, K. pneumoniae, or Acinetobacter species—the pathogens of increasing concern in many ICUs. Infection is polymicrobial in as many as 20–40% of cases. The role of anaerobic bacteria in ventilator-associated pneumonia is not well defined. The appropriate duration of therapy for nosocomial pneumonia, although usually ranges from 10 to 21 days, is not well studied.

Surgical wound infections  account for nearly 30% of all hospital infections. These occur in up to 10% of patients undergoing clean surgery; the incidence varies with complexity of surgery, intrinsic patient risk, and surgical skills. Most surgical wound infections result from contamination of the surgical wound with the patient’s own flora or that of operating-room personnel or environment at the time of the surgery. Postoperative hematogenous seeding of the wound site is uncommon. The common clinical features of surgical wound infection are localized pain, redness, and discharge. Fever that occurs within 4 weeks of surgery, without other localizing features, is likely to be caused by infection at the surgical site. Superficial wound infection may resolve with or without antibiotics. Deeper or organ-space infection may require imaging for diagnosis, surgical drainage, and antimicrobial therapy guided by culture of purulent material. The likely causative organisms of surgical wound infections depend on the location and type of surgery. MRSA is most common cause in some hospitals. Gram-negative bacilli (e.g., E. coli) are more common causes of infection following gastrointestinal or genitourinary tract surgery.

Diagnosis of Hospital-Acquired Infections

Diagnosis of hospital-acquired infections is made by routine bacteriological methods, such as direct demonstration of microorganisms in specimens by microscopy, isolation by culture, and testing bacterial isolates for their antibiotics sensitivity pattern. The specimens are usually sampled from possible sources of infections, such as environment, inanimate objects, water, air, food, hospital personnel, etc. The source of infection may be traced by performing phage typing, bacteriocin typing, biotyping, or molecular typing. 

Prevention and Control of Hospital-Acquired Infections

Up to a third of hospital-acquired infections are preventable. The two main arms of prevention are stopping the development of antibiotic resistance and preventing the spread of resistant organisms between patients. Many of the principles for preventing spread of hospital-acquired organisms are well known. There is no single successful recipe, and the approach for individual hospitals is usually based on the epidemiology of the organism and the resources available. For example, the most important measures for preventing nosocomial UTIs are (a) the placement of catheters only when absolutely necessary and not solely for the convenience of caregivers, (b) the use of aseptic technique for catheter insertion and for urinary tract instrumentation, (c) the manipulation and opening of drainage systems as infrequently as possible, and (d) the removal of catheters as soon as feasible. Strategies shown to decrease the risk of surgical wound infection include (a) antibiotic prophylaxis, (b) short preoperative hospital stay, (c) optimization of patient’s risk factors (e.g., diabetes control), and (d) surveillance of surgical-site infections with feedback to the operating teams. Components of a program to prevent hospital-acquired infection are many. 

Active Surveillance for Hospital-Acquired Infection

Hospital surveillance is the key for successful hospital infection control. This includes prospective collection of high-quality data, their analysis, and timely feedback to healthcare practitioners. To achieve this, hospital surveillance systems need to be prospective, targeted, and risk-adjusted, to use validated definitions and methods, and to be open to valid inter-hospital comparison. A further recent advance in hospital infection surveillance is the use of molecular methods to identify and type organisms, thereby clarifying the clonal or polyclonal nature of apparent outbreaks. Molecular testing has confirmed that some apparently “endemic” infections are caused by MRSA strains and other bacteria.

Infection Control Committee

In the twenty first century, the specialty of infection control requires a breadth of expertise that no sole practi tioner can possess. Therefore, every hospital should have an infection control committee. The major responsibilities of the committee should be the control of hospital-acquired infection and monitoring of hygienic practices in the hospital. The committee essentially is a multidisciplinary team consisting of clinicians, infection control practitioners, a hospital epidemiologist, biostatistician, medical records officer, infectious diseases physician, blood bank officer, and microbiologist.  The committee is usually chaired by the medical superintendent with the medical microbiologist being the member-secretary. The committee (a) reviews regularly the infection control activities of the hospital, (b) monitors emergence of drug resistance, (c) formulates the antibiotics policy of the hospital, (d) recommends suitable sterilization and disinfection procedures in a hospital, and (e) maintains data on the incidence and types of infections and antibiotics susceptibility patterns of the common prevalent pathogens.

 A table for determining the number of microorganisms in one milliliter of the test sample
	Count of bacteria on a sector
	Amount of bacteria in 1 ml
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TOPIC 12: INFECTIONS CAUSED BY OBLIGATE ANAEROBES AND THEIR MICROBIOLOGICAL DIAGNOSTICS. 

HOME WORK

I) The questions for study:

1. Clostridium. Classification. Morphological, cultural and biochemical properties.  Resistance.

2. Clostridium perfringens. Morphological, cultural and biochemical properties.  Resistance. Toxigenicity. Epidemiology and pathogenesis of gas gangrene, food poisoning, necrotising enteritis and other diseases. Lab diagnostics and prophylaxis.

3. Clostridium tetani. Morphological, cultural and biochemical properties.  Resistance. Toxigenicity. Epidemiology and pathogenesis of tetanus. Lab diagnostics, treatment and prophylaxis.

4. Clostridium botulinum. Morphological, cultural properties.  Resistance. Toxigenicity. Epidemiology and pathogenesis of botulism. Lab diagnostics, treatment and prophylaxis.

5. Clostridium difficile. Morphological properties.  Toxigenicity. Pathogenesis, lab diagnostics, treatment.

6. Nonsporing anaerobes. Classification. Characteristics of anaerobic cocci, Gram-positive and Gram-negative bacilli.

7. Anaerobic infections caused by nonsporing anaerobes, their lab diagnostics and treatment.

II) Before class draw this table in your workbook and fill in all empty fields:
«Features of Clostridium»

	Morphology of the bacteria (shape, arrangement, Gram’s staining, motility, spore-forming)
	

	Drawings of bacterial cell with spores
	C. perfringens
	C. tetani
	C. botulinum

	Type of nutrition and respiration
	

	Nutrient media for Clostridium
	

	Names of Clostridium species causing gas gangrene (7)
	

	Toxins of C. perfringens
	

	Methods of gas gangrene Lab diagnostics
	

	Measures of gas gangrene prophylaxis
	

	Toxins of C.tetani
	

	Mechanism of tetanospasmin sinaptic action
	

	Methods of tetanus Lab diagnostics
	

	Medicines for specific prophylaxis of tetanus and 

mechanism of their action
	Active immunization 
	Passive immunization 
	Combined prophylaxis

	
	
	
	

	Toxin types of C.botulinum (8)
	

	Mechanism of botulotoxin sinaptic action
	

	Clinical types of botulism (3)
	

	Methods of botulism Lab diagnostics
	

	Medicines for immunisation against botulism 
	Specific treatment 
	Specific prophylaxis

	Disease caused by C. difficile and its reason
	

	Methods of Lab diagnosticsof C. difficile infection 
	

	Methods of Lab diagnostics of non-spore forming infections
	

	Nutrient media for non-spore forming anaerobes
	

	Methods of creation of anaerobic conditions
	


I) Entry test.

Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

II) Theoretical part. 

Answer the questions of teacher and demonstrate your knowledge of the theme.

The questions for discussing

1. Clostridium. Classification. Morphological, cultural and biochemical properties.  Resistance.

2. Clostridium perfringens. Morphological, cultural and biochemical properties.  Resistance. Toxigenicity. Epidemiology and pathogenesis of gas gangrene, food poisoning, necrotising enteritis and other diseases. Lab diagnostics and prophylaxis.

3. Clostridium tetani. Morphological, cultural and biochemical properties.  Resistance. Toxigenicity. Epidemiology and pathogenesis of tetanus. Lab diagnostics, treatment and prophylaxis.

4. Clostridium botulinum. Morphological, cultural properties.  Resistance. Toxigenicity. Epidemiology and pathogenesis of botulism. Lab diagnostics, treatment and prophylaxis.

5. Clostridium difficile. Morphological properties.  Toxigenicity. Pathogenesis, lab diagnostics, treatment.

6. Nonsporing anaerobes. Classification. Characteristics of anaerobic cocci, Gram-positive and Gram-negative bacilli.

7. Anaerobic infections caused by nonsporing anaerobes, their lab diagnostics and treatment.

THE THEORETICAL REFERENCE.

GENUS CLOSTRIDIUM

The genus Clostridium consists of anaerobic, spore forming, Gram positive bacilli. The spores are wider than the bacterial bodies, giving the bacillus a swollen appearance resembling a spindle. The name Clostridium is derived from the word 'Kloster' (meaning a spindle).

Most species are saprophytes found in soil, water and decomposing plant and animal matter. Some of the pathogens (e.g. C. tetani and C. perfringens) are commensals of the intestinal tract of human and animals. The genus contains bacteria that cause three major diseases of man—tetanus, gas gangrene and food poisoning. Clostridial pathogenicity is mainly due to production of a powerful exotoxin. C. botulinum is non-invasive, C. tetani is slightly invasive and Clostridia causing gas gangrene are not only toxigenic but are also invasive.

Most species of the genus are motile with peritrichous flagella except C. perfringens and C. tetani type VI which are non-motile. All Clostridia are non-capsulated with the exception of C. perfringens and C. butyricum.

CLASSIFICATION

Clostridia of medical importance may be classified on the basis of diseases they produce:

General features

Morphology. Clostridia are Gram positive, spore forming rods, usually 3-8 um x 0.4-1.2 um in size and are highly pleomorphic. The shape and position of spores varies in different species and is useful in identification of Clostridia.  Spores may be (1)
central   or   equatorial   in   C.   bifermentans (2)
 sub-terminal in C. perfringens (3) Oval and terminal in C. tertium (4) spherical and terminal, giving a drumstick appearance, in C. tetani.

Culture. Clostridia grow well on ordinary media under anaerobic conditions. Inoculated culture (e.g. blood agar) is placed in anaerobic jar (Macintosh Filde's jar) from which air is removed andreplaced with a mixture of nitrogen and carbon dioxide. The anaerobic jar containing culture media is incubated at 37°C for 2-3 days. Most Clostridia produce colonies surrounded by haemolysis on blood agar.

Liquid media like cooked meat broth (CMB) or thioglycollate media (containing reducing agent thioglycollate and 0.1% agar) are very useful for growing Clostridia. CMB contains unsaturated fatty acids which take up oxygen, the reaction is catalysed by haematin in the meat and also sulphydryl compounds which lower down the redox potential. Growth appears as turbidity in the medium. Proteolytic Clostridiaturn the meat black and produce foul odour whereas saccharolytic species turn the meat pink.

Biochemical Reactions. Most Clostridia ferment a variety of sugars and hydrolyse protein.

Resistance. The vegetative cells of Clostridia do not differ from other non-sporing bacilli in their resistance to various physical and chemical agents. The spores exhibit a variable resistance. Spores of C. tetani persist for years in dried earth. C. perfringens spores are destroyed by boiling for less than five minutes, but spores ofsome strains (type A) that cause food poisoning survive for several hours. Spores of C. botulinum are not killed completely even at 105°C for less than 100 minutes. However all spores are killed at 121°C within 20 minutes (autoclaving). Halogens and glutaraldehyde (2%) are very effective in killing spores. Aqueous iodine solution (1%) kills spores within three hours. Spores are resistant to phenolic disinfectants. Formaldehyde is not very active. Clostridia are susceptible to metronidazole, penicillin, chloramphenicol and erythromycin but are resistant to aminoglycosides and quinolones.

Toxin. Most Clostridia produce one or more protein toxins which are responsible for pathogenic effects. Toxins of C. tetani and C. botulinum attack nervous system and are called neurotoxin. The gas gangrene Clostridia toxin attacks soft tissues and is known as histotoxic.

CLOSTRIDIUM PERFRINGENS (CLOSTRIDIUM WELCHII)

The organism was originally cultivated by Achalme (1891) and was first described in detail by Welch and Nuttal (1892). C. perfringens is the most important and common aetiological agent of gas gangrene (60%), followed by C. novyi (30-40%) and C. septicum (10-20%). C. perfringens also produces food poisoning and necrotising enteritis in man. C. perfringens is a commensal in the large intestines of man and animals. The spores are commonly found in soil and dust.

Morphology. It is a large, stout, Gram positive bacillus measuring 4-6 mkm with subterminal spore. It usually occurs singly or in chains and is pleomorphic. Involution forms are common. It is capsulated and non-motile. The spores are rarely seen in artificial culture or in tissue and their absence is one of the characteristic features of C. perfringens. Spore formation can be induced only on special media.

Culture. It grows on blood agar, cooked meat broth (CMB) and thioglycollate broth within 24-48 hours. It grows best in carbohydrate containing media like glucose blood agar. It is anaerobic and grows over a pH range of 5.5-8.0 and wide temperature range of 20°C-50°C. The optimum temperature for growth is 37°C. On blood agar, colonies of most strains show a target haemolysis, resulting from a narrow zone of complete haemolysis caused by theta-toxin and a much wider zone of incomplete haemolysis due to alpha toxin. In cooked meat broth, the meat pieces turn pink but are not digested. 

Biochemical Reactions. C. perfringens is predominantly saccharolytic but also have mild proteolytic action (gelatin liquefaction). It ferments glucose, lactose, sucrose and maltose with the production of acid and gas. It is indole negative, H2S is formed abundantly. MR is positive and VP negative. Most strains can reduce nitrates. In litmus milk, lactose fermentation leads to formation of acid, which changes the colour of litmus from blue to red. The acid coagulates the casein (acid clot) and the clotted milk is disrupted due to vigorous gas production and this is known as stormy fermentation.

Resistance. Spores are usually destroyed within five minutes by boiling but those of the 'food poisoning' strains (type A and certain type С strains) resist boiling for 1-3 hours. Autoclaving at 121°C for 15 minutes is lethal. Spores are resistant to commonly used antiseptics and disinfectants.

Classification. C. perfringens produce at least 12 distinct toxins but on the basis of production of four major toxins (alpha, beta, epsilon and iota), these are classified into five types A to E.

1.
Type A strains produce alpha toxin.

2.
Type В strains produce alpha, beta and epsilon toxins.

3.
TypeС strains produce alpha and beta toxins.

4.
Type D strains produce alpha and epsilon toxins.

5.
Type E strains produce alpha and iota toxins Type A causes gas gangrene in man and some strains of type A produce enterotoxin which causes food poisoning.

Alpha Toxin. It is produced by all types of C. perfringens but most abundantly by type A strains. Chemically it is a phospholipidase (lecithinase.C) and is responsible for profound toxaemia in gas gangrene. It is relatively heat stable, lethal, dermonecrotic and haemolytic. The toxin is haemolytic for red blood cells of most animal species, except those of horse and goat. The haemolysis is of the hot-cold variety i.e. best seen after incubation at 37°C followed by chilling at 4°C. The toxin splits lecithin, an important constituent of mammalian cell membrane. This specific effect of toxin is utilised for rapid detection of C. perfringens in clinical specimens (Nagler reaction).

Nagler reaction. C. perfringens is grown on a medium containing 6% agar, 5% Fildes' peptic digest of sheep blood and 20% human serum or 5% egg yolk in a plate. Neomycin sulphate may be added to the medium to make it more selective by inhibiting aerobic spore bearers and coliforms. To one half of the plate, antitoxin is spread on the surface. The inoculated culture plate is incubated at 37°C for 24 hours. Colonies on the half plate without the antitoxin will be surrounded by opacity while colonies on the other half with antitoxin shows no opacity, due to specific neutralisation of the alpha toxin. Alpha toxin (lecithinase C) splits lecithin into phosphoryl choline and a diglyceride (lipid). The lipid deposits around the colonies resulting in opacity. Certain lecithinase forming bacteria (C. novyi, some vibrios, some aerobic spore bearers) may produce opacity in egg yolk media but is not neutralised by C. perfringens antitoxin, except with C. bifermentans which produces a serologically related lecithinase. 

Other Toxins. Beta, epsilon and iota toxins have lethal and necrotising properties. Gamma and eta toxins have only minor lethal actions. The delta toxin is lethal and haemolytic. The theta toxin is oxygen labile and is antigenically related to streptolysin O. The kappa toxin is a collagenase. The lambda toxin is a proteinase and gelatinase. The mu toxin is a hyaluronidase. The nu toxin is a deoxyribonuclease.

Enterotoxin. Some strains of type A produce enterotoxin which causes diarrhoea and other symptoms of food poisoning. Other soluble substances - haemagglutinins, neuraminidase, fibrinolysin, haemolysin and histamine are produced.

Pathogenesis

C. perfringens produces the following human infections:

1.
Gas Gangrene . C. perfringens type A is the predominant bacterial agent causing gas gangrene. When a wound gets contaminated by faecal matter or soil, it may lead to 'simple wound contamination, anaerobic cellulitis or myonecrosis (gas gangrene proper). It is only when muscle tissues are invaded that gas gangrene results. The incubation period varies from six hours to six weeks.

2.
Food Poisoning. Some strains of type A produce food poisoning. Incubation period varies from 8 to 12 hours. A heat labile enterotoxin is liberated in the small intestine after ingestion of a contaminated food, usually cooked meat and poultry. The toxin acts like enterotoxin of V. cholerae and leads to fluid accumulation in the rabbit ileal loop.

3.
Necrotising Enteritis. A severe and fatal necrotising jejunitis (enteritis necroticans) is caused by type С strains of C. perfringens. Active immunistation with C. perfringens type С toxoid offers protection against this condition.

4.
Other Diseases. These include gangrenous appendicitis, urogenital infections, brain abscess, meningitis, panophthalmitis and puerperal infection.

Laboratory Diagnosis

The diagnosis of gas gangrene must be made primarily on clinical grounds and the laboratory only confirms the clinical diagnosis. The specimens to be collected are exudates from wound, necrotic tissue and muscle fragments.

1. Microscopical method. Gram stained smears give presumptive diagnosis. Large number of Gram positive bacilli without spores is strongly suggestive of C. perfringens. 'Citron bodies' and boat or leaf shaped pleomorphic bacilli with irregular staining suggest C. septicum and large bacilli with oval, subterminal spores indicate C. novyi. In case of anaerobic streptococcal myositis, which may be indistinguishable from gas gangrene clinically in the early stages, Gram stained smears shows large number of streptococci and pus cells, but no bacilli.

2. Immunological rapid tests. For detection of toxins in specimen specific serological tests such as ELISA or passive hemagglutination with specific antitoxic sera are used.

3. Cultural method. The specimens are inoculated on fresh and heated blood agar and cooked meat broth (CMB). Growth in CMB is subcultured on blood agar plates after 24-48 hours. The blood agar is incubated anaerobically for 48-72 hours. Most strains produce beta haemolysis on blood agar and few are non-haemolytic. A plate of serum or egg yolk agar is used for Nagler reaction. The bacterial isolates are identified by morphology, cultural characteristics, biochemical reactions and reverse CAMP test. Toxigenicity of the strain can be done by animal pathogenicity.

Laboratory diagnosis of food poisoning is made by isolating heat resistant C. perfringens Type A from the faeces and food. Laboratory methods are same but selective media are used for direct plating. CMB broth is inoculated and heated at 100°C for 30 minutes. After cooling, it is incubated at 37°C for 18 hours and subcultured on selective medium which is then incubated anaerobically at 37°C for 18 hours. The bacterial isolates are identified by morphology, cultural characteristics, biochemical reactions and Nagler reaction. As C. perfringens may be present in normal intestines, isolation from faeces, except in large numbers is not meaningful.

Prophylaxis

1.
Surgery: As a prophylatic measure, all damaged tissue should be removed promptly and the wound is irrigated with antiseptic solution to remove blood clots, necrotic tissue and foreign materials. In established gas gangrene, uncompromising excision of all affected tissue may save life.

2.
Antibiotics: Gas gangrene organisms are susceptible to metronidazole, penicillin, sulphonamide, tetracycline and amoxycillin.

3.
Antitoxin: Passive immunisation with anti-gas gangrene serum is used prophylactically in cases with extensively soiled wounds. Precautions must be taken to guard against hypersensitivity to horse serum.

4.
Hyperbaric oxygen: Hyperbaric oxygen is introduced in the depth of wound to reduce anaerobiosis.

5.
Active immunisation: Toxoids have been found, experimentally, to induce antitoxic response, but it has not come into practical use.

CLOSTRIDIUM TETANI

C. tetani is the causative agent of tetanus, a disease, which has been known since very early times. C. tetani is widely distributed in soil and intestine of man and animals. It is ubiquitous.

Morphology. It is a Gram positive, slender bacillus (measuring 4-8 mkm x 0.5 mkm) with spherical, terminal spores giving the bacillus the characteristic drumstick appearance. It is non-capsulated and motile (except CI. tetani type VI) with peritrichate flagella. The young cultures are stongly Gram positive but older cultures may show variable staining and may even be Gram negative.

Culture. It is an obligate anaerobe which grows on ordinary media. Growth is improved by the addition of blood or serum. The optimum temperature for growth is 37°C and pH 7.4. It can grow well in cooked meat broth (CMB), thioglycollate broth, nutrient agar and blood agar. In CMB, growth occurs as turbidity and there is also some gas formation. The meat is not digested but becomes black on prolonged incubation. The bacilli produce a swarming (thin spreading film) growth on blood agar. However, on horse blood agar, they produce a-haemolytic colonies which subsequently develop into p-haemolytic, due to the production of a haemolysin (tetanolysin).
Biochemical Reactions. C. tetani has slight proteolytic, but no saccharolytic property. Gelatin liquefaction occurs very slowly. It does not ferment any sugar. It forms indole but is MR and VP negative. H2S is not formed. Nitrates are not reduced. A greenish fluorescence is produced on media containing neutral red (e.g. MacConkey's medium).
Resistance. The resistance of C. tetani spores to heat vary in different strains. Most of the strains are killed by boiling for 10-15 minutes but some resist boiling for three hours. However, autoclaving (at 121°C for 20 minutes) kills the spores of most strains. Spores are also killed with Iodine (1% aqueous solution), hydrogen peroxide (10 volumes) and glutaraldehyde (2%) within a few hours. The spores may survive in soil for years.

Toxins. C. tetani produces two distinct toxins—tetanolysin (haemolysin) and tetanospasmin (neurotoxin).

1.
Tetanolysin. Tetanolysin is a heat labile, oxygen labile toxin which causes lysis of erythrocytes of several animal species, especially the rabbit and the horse. It may act as a leucotoxin but its pathogenic role is not clear.

2.
Tetanospasmin. Tetanospasmin is a heat labile, oxygen stable, powerful neurotoxin and rapidly gets destroyed by proteolytic enzymes. It is protein in nature. It is plasmid coded. This is responsible for clinical manifestations of tetanus. On its release from the bacillus, it is autolysed to form a heterodimer consisting of a large polypeptide chain (93,000 MW) and a smaller polypeptide chain (52,000 MW) joined by a disulphide bond. It is lethal to mice and guinea pigs in minute doses (0.0000001 mg for mouse). Tetanospasmin is a good antigen and is specifically neutralised by the antitoxin.

Pathogenesis

C. tetani has little invasive power. Tetanus develops following the contamination of wound with C. tetani spores. The source of infection may be soil, dust, faeces etc. Infection strictly remains localized in the wound. Germination of spores and toxin production occur only if favourable conditions exist, such as reduced O-R potential, devatilised tissues and foreign bodies. Pathogenic effects are mainly due to tetanospasmin (neurotoxin) of CI. tetani. The tetanus toxin specifically blocks synaptic inhibition in the spinal cord. The toxin acts presynaptically. The abolition of spinal inhibition leads to uncontrolled spread of impulses initiated anywhere in the central nervous system. This results in muscle rigidity and spasms due to the simultaneous contraction of agonists and antagonists.

Laboratory Diagnosis

The diagnosis of tetanus should always be made clinically and laboratory tests are done only to confirm it. Laboratory diagnosis may be made by demonstration of bacilli by microscopy, culture or by animal inoculation. Specimens generally collected are wound swab, exudate or tissue from the wound.

1. Microscopical method. Gram staining may show Gram positive bacilli with drumstick appearance but these are indistinguishable from morphologically similar non-pathogenic bacilli like CI. tetanomorphum and CI. sphenoides. Hence microscopy alone is unreliable but diagnosis by culture is more dependable.

2. Cultural method. Specimen is inoculated on freshly prepared blood agar and incubated at 37°C for 24-48 hours under anaerobic conditions. The incorporation of polymyxin В in culture medium makes it more selective as Clostridia are resistant to this antibiotic. C. tetani produces a swarming growth. The specimen is also inoculated in three tubes of cooked meat broth. One of these tubes is heated at 80°C for 15 minutes, the second tube for five minutes and the third left unheated. Heating for different periods is to kill vegetative bacteria, while leaving tetanus spores undamaged. These cooked meat broths are incubated at 37°C and subcultured on blood agar plates daily for upto four days. Gram stained smear from culture shows typical Gram positive bacilli with drumstick appearance.

3. Biological method with neutralization test (Toxigenicity Test). Pathogenicity of the isolated organism is established with demonstration of toxin production. It is best tested in animals. 0.2 ml of 2 to 4 days old cooked meat culture is injected into the root of the tail of one mouse (test animal), same amount is injected into another animal (control) that has received tetanus antitoxin (1000 units) an hour earlier.

In positive case, the test animal develops symptoms within 12-24 hours, beginning with stiffness of the tail. Rigidity proceeds to the leg on the inoculated side, the another leg, trunk and forelimbs, in that particular order. Death occurs within two days, but may be killed earlier as the ascending tetanus is very much diagnostic. The control animal does not show any change due to neutralisation of toxin by antitoxin.

Prophylaxis

The available methods are:

1.
Surgical. It aims at removal of foreign body, blood clots etc., in order to prevent anaerobic conditions favourable for the bacillus. Depending on the type of wound, surgical prophylaxis may vary from simple cleansing to radical excision.

2.
Antibiotics destroy or inhibit tetanus bacilli and other pyogenic bacteria in wounds and thus the production of toxin is prevented. Long acting penicillin injection or erythromycin may be given. Antibiotic prophylaxis does not replace immunisation but is a useful adjunct.

3.
Immunisation. Tetanus is a preventable disease.

Active immunization. It is the most effective method of prophylaxis. Tetanus toxoid (formol toxoid), which is available either as 'plain toxoid', or adsorbed on aluminium hydroxide or phosphate (APT), is commonly used for active immunisation. Three doses of 0.5 ml tetanus toxoid (APT) each are given intramuscularly, with an interval of 4 to 6 weeks between first two doses and 6-12 months between the second and third dose. A full course of three doses confers immunity for a period of at least 10 years. A 'booster dose' of toxoid is recommended after 10 years. Tetanus toxoid is given along with diphtheria toxoid and pertussis vaccine (DPT) in children. Pertussis vaccine acts as adjuvant. Three doses are given intramuscularly at interval of 4-6 weeks, starting at age as early as 6 weeks. Booster doses are given at age of 18 months and then at five years.

Passive immunization. Antitetanus serum (ATS), prepared by immunising horses with toxoid, has been used for preventing tetanus. The dose is 1500 IU by intramuscular route immediately after the person is wounded.The dose is same for adults and children. Being a horse serum, it carries the risk of hypersensitivity reaction, therefore, a skin test (subcutaneous injection of 0.5 ml ATS) is recommended before administersing ATS. Homologous serum prepared from humans, human antitetanus immunoglobulins (HTIG), is now being used without the risk of hypersensitivity. Dose of 250 units is used in prophylaxis.

Combined prophylaxis. In non-immune person, it is ideal to immunise with first dose of tetanus toxoid in one site along with administration of ATS or HTIG in another arm, followed by the second and third doses of tetanus toxoid at monthly interval. In combined prophylaxis, adsorbed toxoid should be used as the immune response to plain toxoid may be interfered with antitetanus serum.

Treatment

Tetanus patients are treated in special isolated units. The reason for isolation is to protect them from noise and light which may provoke convulsions. These patients are not infectious and person to person transmission does not occur at all. Treatment consists of controlling spasms, maintaining airway by tracheostomy and attention to feeding. The antitoxin may be used to neutralise unbound toxin. Antibiotic therapy with penicillin or metronidazole should be started and continued for a week or more. Patients recovering from tetanus should be immunised with full course of toxoid, as an attack of the disease does not confer immunity.

CLOSTRIDIUM BOTULINUM

Clostridium botulinum causes a severe form of food poisoning named botulism. The term botulism means sausage (botulus, Latin for sausage) as poorly cooked sausages were formerly associated with this type of food poisoning. It is a widely distributed saprophyte and is found in soil, animal manure, vegetables and sea mud.

Morphology. It is a Gram positive, non-capsulated bacillus about 5 mkm x 1 mkm, motile by peritrichate flagella and produces subterminal, oval, bulging spores.
Culture. It is a strict anaerobe and can grow on ordinary media. Optimum temperature is 35°C but some strains may grow at 1-5°C. Commonly used media are blood agar and cooked meat broth. Colonies are large, irregular, semitransparent, with fimbriate border. On blood agar, haemolysis around the colonies is observed.

Resistance. The spores are highly resistant, and can withstand heat for several hours at 100°C and for upto 10 minutes at 120°C, whereas spores of types В, E and F are less resistant to heat. They are also resistant to radiation.
Toxin. C. botulinum forms a powerful exotoxin. The toxin differs from other exotoxins in that it is not released during the life of the bacterium. It is produced intracellularly and appears in the medium on autolysis of the cell. It is believed to be synthesised as a non-toxic protoxin or progenitor toxin. Progenitor toxin is converted to active toxin by trypsin and other proteolytic enzymes. The toxin has been isolated as a pure crystalline protein with a M.W. 70,000. It has a lethal dose for mice 0.000,000,033 mg and a lethal dose for humans is probably one microgram. It is a neurotoxin and acts slowly, therefore, takes several hours to kill. Type A toxin is the most potent. Botulinum toxin is the most toxic substance known so far.

The toxin is relatively stable, being inactivated only after 30-40 minutes at 80°C and 10 minutes at 100°C. Preformed toxin in food is destroyed by boiling for 20 minutes. It is a good antigen and can be neutralised specifically by its antitoxin. The toxin acts by blocking the production or release of acetylcholine at synapses and neuromuscular junctions. Death occurs due to respiratory failure. The toxin production is probably determined by the presence of bacteriophage. Eight types—A, B, CI, C2, D, E, F and G have been identified on the basis of their antigenically distinct toxins. The toxins of different types are identical in their pharmacological action, but are neutralised only by the homologous antiserum.

Pathogenesis

C. botulinum is non-invasive and its pathogenicity is due to the action of preformed toxin, the manifestations of which are collectively called botulism. Botulism is of three types—foodborne, infant and wound botulism.

1. Foodborne Botulism. It is due to preformed toxin in food contaminated with C. botulinum. Human disease is usually caused by types А, В, E and very rarely by types C, F and G. The source of botulism is usually various preserved foods—meat, fish, vegetables etc. The contaminated food usually exhibits signs of spoilage, and cans may be inflated and show bubbles on opening. Often the food may look normal and there is no alteration in taste. The symptoms appear 12-36 hours after ingestion of contaminated food. Vomiting, thirst, constipation, ocular paresis, difficulty in swallowing, speaking and breathing are the common symptoms. Diarrhoea is not a symptom. Fatality rate is 25-70% and death results from respiratory failure.

2.
Infant Botulism. It affects infants, usually below 6 months. It is a disease due to ingestion of food contaminated by spores of C. botulinum. Honey has been incriminated as a source of infection. It is a toxico-infection. The disease is characterised by constipation, weakness, lethargy and cranial palsies. Infants exhibit flaccid paralysis, usually with a weak sucking response, generalised loss of tone ("the floppy baby syndrome") and respiratory complications. Spores and toxin are excreted in the faeces of the patient. Management is by supportive care and assisted feeding. Severity of illness varies from mild illness to fatal disease.

3.
Wound Botulism . It is a very rare condition which results from wound infection with C. botulinum. Toxin produced is absorbed into the blood and the symptoms similar to foodborne botulism occur except for the gastrointestinal components which are absent. Type A has been recovered from most of the cases studied.

Laboratory Diagnosis.

Diagnosis may be confirmed by demonstration of the bacillus or the toxin in suspected residual food or in faeces.

Microscopical and cultural methods. Smears made from suspected food or faeces are examined by Gram's staining which may show Gram positive sporing bacilli. Culture is done on blood agar or cooked meat broth. Growth on culture media may be confirmed by Gram's staining. Presence of bacilli in food or faeces in absence of toxin is of no significance. Hence, toxin in culture fluid must be demonstrated by toxigenicity test in mice.
Biological method with neutralization test (Toxigenicity Test). Specimens (stool, food and vomitus) are macerated in sterile saline and the filtered extract is divided into three parts. One portion of extract is heated at 100°C for 10 minutes and other two kept unheated. Two mice or guinea pigs are injected with unheated filtrate; one of them (control) is protected with polyvalent botulinum antitoxin prior to injection. The third animal is injected with heated filtrate. The test animal (unprotected) develops dyspnoea, flaccid paralysis and dies within 24 hours whereas control animal (protected) remains healthy. The animal injected with heated filtrate also remains free of any toxic symptoms. Typing of C. botulinum is done by using a series of animals protected with type specific antitoxins instead of polyvalent antitoxin.

Prophylaxis and Treatment

As botulism follows consumption of canned or preserved food, control may be achieved by proper canning and preservation. By the time symptoms appear, the toxin is fixed to nervous tissue and it can no longer be inactivated by antitoxin. Intensive supportive therapy may bring down the mortality rate. However, if outbreak occurs, prophylactic dose of antitoxin should be given intramuscularly to all who have consumed the suspected food. Antitoxin may be tried for treatment. Polyvalent antiserum to types А, В and E may be given. Supportive therapy with maintenance of respiration is also very important.

If immunisation is needed, as in laboratory workers exposed to the risk, two injections of toxoid may be administered at an interval of ten weeks, followed by a booster dose a year later.

CLOSTRIDIUM DIFFICILE

C. difficile was first isolated from the faeces of newborn infants. It was so named due to unusual difficulties involved in its isolation.

Morphology. It is a long, slender, Gram positive bacillus containing oval and terminal spores. There is a tendency to lose its Gram reaction.

Toxins. It produces two toxins, an enterotoxin (toxin A) and a cytotoxin (toxin B). The enterotoxin is primarily responsible for diarrhoea whereas cytotoxin is capable of producing cytopathogenic effects in several tissue culture cell lines. 

Pathogenesis. The pathogenic role of C. difficile is established in 1977, when it was found to be responsible for antibiotic associated colitis. Acute colitis with or without membrane formation is an important complication in patients on oral antibiotic therapy. Many antibiotics have been incriminated but lincomycin and clindamycin are particularly prone to cause pseudomembranous colitis. Active multiplication of C. difficile and the production by it of an enterotoxin as well as a cytotoxin is responsible for antibiotic associated colitis. If the condition is not recognised early and properly treated, it terminates fatally.

Laboratory Diagnosis. C. difficile can be grown from the faeces of patients with subsequent test for toxigenicity. Cycloserine-cefoxitin-fructose agar (CCFA) is a selective medium to primarily isolate Clostridium difficile from faeces of patients suspected of antibiotic associated colitis or pseudomembsanous colitis. C. difficile colonies appear yellow due to fructose fermentation. Toxin can be demonstrated in the faeces by its characteristic effect on human diploid cells and HEp-2. ELISA can also be used for the demonstration of toxin. The toxin is specifically neutralised by the C. sordelli antitoxin.

Treatment.C. difficile are generally resistant to most antibiotics, but these are susceptible to vancomycin. Clindamycin and lincomycin should be avoided. Metronidazole is the drug of choice.

NON-SPORING ANAEROBES

Non-sporing anaerobes have been recognised as an important cause of human and animal infections. Many of these bacteria form commensal flora of man and animals in mouth, oropharynx, gastro-intestinal tract and genital tracts. In the gut the anaerobic bacteria outnumber the aerobes (Escherichia coli) by a ratio of 1000:1. Even in such seemingly aerobic situations as the mouth and the skin, anaerobic bacteria are more frequent than aerobes (ratio may be 10:1 to 30:1).The number of anaerobes have been estimated to be 104 to 105 per ml in the small intestine, 108 per ml in saliva and 1011 per gram in the colon. Some of these anaerobic bacteria act as opportunistic pathogens when body resistance is lowered. These non-sporing anaerobes are particularly likely to set up infections where there is damaged and necrotic tissue. Anaerobic infections of the head, neck and respiratory tract are often associated with commensals in the mouth, while infection in the abdominal and pelvic regions at; more commonly associated with those of gut.

Bacteroides and Prevotella

Bacteroides occur as commensals in the mouth, gastrointestinal and female genital tracts. Normal stools contain 1011 organisms per gram. The most common are B. fragilis group isolated from the large intestine. P. melaninogenica is isolated particularly from the oropharynx, gut and vagina. These are Gram negative, strict anaerobes, non-sporing, non-motile bacilli and are very pleomorphic. They require enriched media containing blood or haemin for growth. They grow readily in media such as brain-heart infusion agar in atmosphere containing 10% carbon dioxide.

They cause peritonitis following bowel injury and pelvic inflammatory disease (PID). They are also found in abdominal and brain abscesses and in empyema. Pus is often foul smelling. B. fragilis is probably the most frequent among non-sporing anaerobes isolated from clinical specimens. P. melaninogenica is recognised easily because of black or brown coloured colonies. The colour is due to a haemin derivative and not by a melanin pigment, as was once thought. Cultures of P. melaninogenica give a characteristic red fluorescence when exposed to ultraviolet light. It has been isolated from lung or liver abscess, mastoiditis, lesions of intestine, mouth and gums. Anaerobic infections are generally mixed infections.

ANAEROBIC INFECTIONS

Anaerobic infections are usually endogenous and are caused by normal flora of body surfaces. Anaerobic bacteria are normally present on the skin, mouth, nasopharynx, intestines and vagina. They produce disease when the host's resistance is lowered. Trauma, tissue necrosis, diabetes, malnutrition, malignancy or prolonged treatment with antibiotics may act as predisposing factors. Anaerobic infections are usually polymicrobial, more than one anaerobe is involved along with aerobic organisms. Infections are usually localised but general dissemination may occur by bacteraemia. Pus produced by anaerobes is usually putrid with a nauseating odour. Cellulitis is a common feature of anaerobic wound infections. Toxaemia and fever are not marked. 

LABORATORY DIAGNOSIS

As anaerobic bacteria form part of the normal flora of the skin and mucous surfaces, their isolation from clinical specimens has to be interpreted cautiously. The mere presence of an anaerobe does not prove it as a causative agent.

Specimens are to be collected in such a manner to avoid normal resident flora. For example, material collected by aspiration in case of lung abscess is acceptable but not the sputum. As these anaerobic bacteria die on exposure to oxygen, care has to be taken to minimise contact of specimen with air during collection, transport and handling of specimens. A satisfactory method of collection is to aspirate the specimen into an airtight syringe. After collection, the needle is plunged into a sterile rubber cork and send it immediately to the laboratory. Pus and other fluids may be collected in small bottles with air-tight caps and transported immediately. Specimens should fill the bottles completely without leaving any airspace. Swabs are unsatisfactory specimens, but where they are to be used, they should be sent in Stuart's transport medium. Other clinical samples unsuitable for anaerobic culture include sputum, urine, faeces and secretions obtained by nasotracheal suction. Specimens should be inspected for characteristics that strongly indicate the presence of anaerobes, such as foul odour; sulphur granules associated with Actinomyces sp., Propionibacterium sp. or Eubacterium. Other clues suggestive of anaerobic infection include:

1. Failure to isolate organisms from pus (sterile pus)

2. Deep abscesses.

3.  Failure to respond to conventional antimicrobial treatment.

Direct Microscopy. Examination of a Gram stained smear is very useful. Pus in anaerobic infection shows a variety of organisms and numerous pus cells. Examination of specimen under ultraviolet light may show the bright red fluorescence in cases of P. melaninogenica.

Culture. Freshly prepared blood agar with neomycin, yeast extract, haemin and vitamin К is a suitable culture medium. Culture plates are incubated at 37°C in anaerobic jar with 10 per cent CO2. Anaerobiosis can also be maintained by Gas-Рак system. Plates are examined after 24-48 hours. Parallel aerobic cultures (such as Pseudomonas aeruginosa) should always be set up to ensure the proper anaerobiosis inside the anaerobic jar. To verify the anaerobic conditions in the jar, reduced methylene blue indicator is generally used for this purpose. This indicator remains colourless anaerobically but turns blue on exposure to oxygen. Other anaerobic media, such as cooked meat broth (CMB) and thioglycollate broth, may alsc be used for incoculating the specimens. For more details about the anaerobic jar, and the CMB, refer to Chapter 6. Specimens should also be put up for growth of aerobic bacteria as in most anaerobic infections aerobic bacteria are also involved.

Definitive identification of the anaerobe-depends on colony morphology and various biochemical tests. It takes time and is difficult, but it is possible to report on the following (1) whether the infection is solely aerobic, anaerobic or mixed (2) the identification of the commoner anaerobes, particularly of B. fragilis (3) an indication of antimicrobial agents likely to be used. Antibiotic sensitivity tests can be done by disc or dilution methods.

Other Anaerobic Techniques. Gloved anaerobic chambers with continuous gas flow may be used for culture of specimens. Pre-reduced anaerobically sterilised media (PRAS) can also be employed but are not essential for rountine diagnostic procedures. Gas liquid chromatography (GLC) is also useful to identify anaerobes in specimens.

Treatment

Besides antibiotic therapy, most anaerobic infections also require surgical intervention. Penicillin is effective against most anaerobes except B. fragilis. Tetracycline and chloramphenicol are also used. Clindamycin is effective, but is not commonly used because it is prone to cause pseudomembranous colitis. Metronidazole is the drug of choice. It is also useful as a prophylactic measure in large bowel surgery.

Technique of bacteriological method of diagnosis of non-clostridial anaerobic. The test material was seeded on a nutrient medium for the transport of anaerobes. Then do the planting on a special nutrient medium, for example Sadler-agar, source of nutrients which are Peptones, glucose, yeast extract and growth factors – mutton (rabbit) blood, hemin, vitamin K1 (K3). The cultivation is carried out under anaerobic conditions (80 % N2 , 10 % H2 and 10 % CO2). On cups with blood agar Bacteroides fragilis form with smooth round edges slightly convex, from transparent to translucent colonies with a diameter of 1-3 mm Colonies have an internal structure with concentric rings, do not give hemolysis on agar with horse and rabbit blood. Some strains (<1 %) B. fragilis in the drainage areas of growth have beta-hemolytic properties. For preliminary identification of pure culture odevayut on stubble agar with 20 % bile in agar with kanamycin and for the test on aerotolerance on blood agar. Key characteristics of bacteria of the B. fragilis group are the ability to grow in the presence of 20% bile salts and resistance to kanamycin. Carry out further identification by biochemical properties (anartist) and determine the type of agent.
TOPIC 13: MEDICAL MYCOLOGY. FUNGI AS CAUSATIVE AGENTS OF OPPORTUNISTIC INFECTIONS. 

HOME WORK

I)The questions for study:

1. The importance of fungi in human life. Structure of fungal cells. Taxonomic position and systematics of fungi.
2. Morphological properties of fungi. The peculiar morphology of yeasts, molds, Pseudomys.
3. The etiology of candidosis. The main types of pathogens. Epidemiology and pathogenesis of candidosis. Diagnosis. 
4. The etiology of aspergillosis. The main types of pathogens. Epidemiology and pathogenesis of aspergillosis. Diagnosis of aspergillosis. 
5. The pathogens of endemic deep mycoses (blastomycosis, histoplasmosis), epidemiology, diagnosis, prevention.
6. The treatment of fungal infections. The main group of antimycotics. The mechanism of action of drugs.

II) Before class draw this table in your workbook and fill in all empty fields:
	The causative agents of subcutaneous mycoses:

	
	Pathogenesis 


	Laboratory diagnosis 
	Therapy
	Prevention

	Sporothrix schenckii
	
	
	
	

	Exophiala jeanselmei
	
	
	
	

	Madurella grisea
	
	
	
	

	The causative agents of superficial mycoses

	Malassezia furfur


	
	
	
	

	Exophiala werneckii
	
	
	
	

	Piedraia hortae
	
	
	
	


I) Entry test.

Write answer the questions of the entry test in the separate piece of paper and give it to your teacher.

II) Theoretical part. 

Answer the questions of teacher and demonstrate your knowledge of the theme.

The questions for discussing

1. The importance of fungi in human life. Structure of fungal cells. Taxonomic position and systematics of fungi.
2. Morphological properties of fungi. The peculiar morphology of yeasts, molds, Pseudomys.
3. The etiology of candida’s infection. The main types of pathogens. Epidemiology and pathogenesis. Diagnosis. 
4. The etiology of aspergillosis. The main types of pathogens. Epidemiology and pathogenesis of aspergillosis. Diagnosis of aspergillosis. 
5. The pathogens of endemic deep mycoses (blastomycosis, histoplasmosis), epidemiology, diagnosis, prevention.
6. The treatment of fungal infections. The main group of antimycotics. The mechanism of action of drugs.

THE THEORETICAL REFERENCE.

Mycology is the study of fungi. The name “fungi” is derived from “mykos” meaning mushroom. The fungi are eukaryotic organisms and they differ from the bacteria, which are prokaryotic organisms, in many ways. The fungi possess rigid cell walls, which possess two characteristic cell structures: chitin and ergosterol.

Chitin: The fungi consist primarily of chitin, unlike peptidoglycan present in cell wall of bacteria. Hence, fungi are not sensitive to action of penicillin and other antibiotics that inhibit peptidoglycan synthesis. Chitin is a polysaccharide consisting of long chains of N-acetylglucosamine. In addition to chitin, the fungal cell wall also contains mannan and other polysaccharides. Of these, beta-glucan is most important, because it is the target of antifungal drug caspofungin.

Ergosterol: The cell membrane of fungus contains ergosterol, unlike human cell membrane which contains cholesterol. The antifungal agents, such as amphotericin B, fluconazole, and ketoconazole have selective action on the fungi due to this basic difference in membrane sterols.

Classification of Fungi

Taxonomical Classification. The fungi are placed in the phylum Thallophyta. There are four classes of fungi: Zygomycetes, Ascomycetes, Basidiomycetes, and Deuteromycetes or Fungi Imperfecti.

Morphological Classification. The fungi can be classified into the following four main groups based upon the morphology: (a) yeast, (b) yeast-like form, (c) molds, and (d) dimorphic fungi.

Reproduction of Fungi

Fungi can reproduce sexually by forming sexual spores and asexually by forming conidia or asexual spores. Sexual spores are of three types: zygospores, ascospores, and basidiospores. Ascospores are formed in a sac called ascus, whereas basidiospores are formed outside on the tip of a pedestal called a basidium. Zygospores are single, large spores with thick wall. The fungi that do not produce sexual spores are called imperfect and are classified as Fungi imperfecti. Asexual spores are produced by mitosis. Fungi reproduce asexually by forming conidia. The shape, color, and arrangement of the conidia are helpful for identification of the fungi. Asexual spores can be vegetative or aerial spores as follows:

Vegetative spores: These include (a) arthrospores, (b) chlamydospores, and (c) blastospores.

1. Arthrospores are formed by fragmentations of the ends of hyphae, resulting in rectangular thick-walled spores. The arthrospores are the infective stage of C. immitis.

2. Chlamydospores arise by rounding and thickening of hyphal segments. They are round and thick walled. The terminal chlamydospores help in the identification of C. albicans.

3. Blastospores are formed by budding process from parent cells, such as yeast. Some yeasts, such as C. albicans can form multiple buds that do not detach from the parent yeast, thus producing elongated structures called pseudohyphae.

Aerial spores: These include (a) sporangiospores, (b) conidiospores, (c) microconidia, and (d) macroconidia.

1. Sporangiospores are spores formed within a sac called sporangium, which develops at the ends of the hyphae called sporangiophores (e.g., Mucor and Rhizopus).

2. Conidiospores, or otherwise called conidia, are spores found externally on the sides or tips of hyphae. Conidia can be macroconidia or microconidia.

3. Macroconidia are large, aseptate, often multicellular conidia.

4. Microconidia are small and single.

Pathogenesis of Fungal Infection

Most fungi are obligate aerobes or facultative anaerobes, but none are obligate anaerobes. The natural habitat of most fungi is environment, because all these fungi require a preformed organic source of carbon, hence their constant association with decaying matter. C. albicans is exception and is an important fungus, which is a part of the normal human flora. Fungi are ubiquitous in nature, i.e., they occur as free-living saprobes, hence determining their role in human infection may sometimes be difficult. The effects of fungi on humans can be grouped in three major ways as follows: (a) colonization and disease, (b) hypersensitive diseases, and (c) diseases caused by mycotoxins or fungal toxins.

Colonization and Disease

Most fungal infections are mild and self-limited. Intact skin is an effective host defense against certain fungi. But if the skin is broken, organisms, the fungi enter through that broken skin and initiate the infection. Fatty acid content, pH, epithelial turnover, and normal bacterial flora of the skin contribute to host resistance against fungi. For example, the mucous membrane of the nasopharynx traps inhaled fungal spores. Cell-mediated immunity is much important in conferring protection against fungi. Suppression of cell-mediated immunity can lead to reactivation and dissemination of asymptomatic fungal infection and to diseases caused by opportunistic fungi. The humoral immunity is mediated by production of IgG and IgM antibody. But their role in protection from fungal disease is uncertain.
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Fungal infection that occurs in the immunocompromised hosts is called as opportunistic mycosis. If such conditions are not rapidly diagnosed and immediately managed, they can prove to be life-threatening.

Hypersensitivity Diseases

Humans are continually exposed to air-borne fungal spores and other fungal elements present in the environment. These spores can be antigenic stimulants and depending on individual’s immunological status may induce a state of hypersensitivity by production of immunoglobulins or sensitized lymphocytes. Rhinitis, bronchial asthma, alveolitis, and various forms of atopy are the clinical manifestations of hypersensitive pneumonitis. The clinical manifestations of the hypersensitivity disease are seen only in sensitized person, after repeated exposure to the fungus, fungal metabolites, or other cross-reactive materials. Allergies to the fungal spores are manifested primarily by an asthmatic reaction including rapid bronchial constriction mediated by IgE, eosinophilia, and positive hypersensitivity skin test reaction. These are caused due to immediate hypersensitivity reactions of the host to fungal spores.

Diseases Caused by Fungal Toxins

Mycotoxicosis is caused by ingested fungal toxins. Mycotoxicosis caused by eating amanita mushroom is the best example of mycotoxicosis. This group of fungi produces five toxins. Of these, amanitine and phalloidin are the two most potent hepatotoxins. The toxicity of amanitine is due to its ability to inhibit cellular RNA polymerase, which prevents mRNA synthesis. Aflatoxin is another fungal toxin produced by Aspergillus flavus that causes disease in humans. Aflatoxin-B causes a mutation in the P53 tumor-suppressor gene, resulting in a loss of P53 protein, thereby in a resultant loss of growth control in the hepatocytes. Hence, it causes damage to liver, and it induces tumor in liver in animals and is associated with hepatic carcinomas in humans. Claviceps purpurea is a mold that infects brain and produces alkaloids, such as ergotamine and lysergic acid diethyl amide. These compounds cause serious vascular and neurological effects. Yellow rice toxicosis in Japan and elementary toxic aleukia in the former Soviet Union are the examples of other mycotoxicoses. 

Laboratory Diagnosis of fungal infections depends on: (a) direct microscopy, (b) culture, (c) serological tests, (d ) nonculture methods, and (e) molecular methods.

Direct Microscopy examination depends on demonstration of characteristic asexual spores, hyphae, or yeast in various clinical specimens by light microscopy. The commonly used clinical specimens are sputum, lung biopsy material, and skin scrapings. The specimen is either treated with 10% KOH or stained with special fungal stains. Use of 10% KOH dissolves tissue material, leaving the alkali-resistant fungi intact. Calcofluor dye is a fluorescent dye that combines with fungal cell wall and is useful in identification of fungi in tissue specimens. Methenamine silver stain is useful for demonstration of fungi in tissues. India ink preparation of cerebrospinal fluid (CSF) is a useful method for demonstration of white capsule of C. neoformans in CSF. Gram staining is also useful to demonstrate Gram-positive Candida species in the specimen. The disadvantages of microscopy are that it shows low sensitivity and requires an experienced microscopist for specific identification.

Culture. Fungal culture is a frequently used method for confirming the diagnosis of fungal infection. SDA is the most commonly used medium for fungal culture. Other media include CHROM agar, blood agar, etc. The low pH of the medium and addition of chloramphenicol and cycloheximide to the medium inhibit the growth of bacteria in the specimen and thereby facilitate the appearance of slow-growing fungi. Fungal colony is identified by rapidity of growth, color, and morphology of the colony at the obverse and pigmentation at the reverse. Microscopy of the fungal colony is carried out in lactophenol cotton blue (LPCB) mount to study the morphology of hyphae, spores, and other structures. The appearance of the mycelium and the nature of the asexual spores are very much helpful to identify the fungus. Culture, however, is time-consuming in most cases and also the yield is not very good. Culture following lysis of the specimens, such as blood, obviates this problem. Blood lysed by addition of certain substances, followed by centrifugation, increases yield of fungi by culture. Yield can be further increased with a shortening of time by combining with BACTEC systems.

Serological Tests. Demonstration of the antibodies in patient’s serum or CSF is useful for diagnosis of fungal infections, especially in systemic fungal infections. A significant rise of antibody titer in a paired sera sample confirms the diagnosis. The complement fixation test was the earliest test used in fungal serology and is still used in the diagnosis of suspected cases of histoplasmosis, blastomycosis, or coccidiomycosis. Recently, newer tests like ELISA (enzyme-linked immunosorbent assay), Western blot, and radioimmunoassays are increasingly used for serodiagnosis of fungal infections.

Nonculture Methods. These methods include (a) detection of fungal antigen, (b) detection of fungal cell wall markers, and (c) detection of fungal metabolites.

Antigen detection. It is useful in immunocompromised hosts where antibody detection is not as sensitive. Detection of fungal antigen in serum, CSF, and urine is increasingly used for diagnosis of many fungal infections. Demonstration of antigen indicates recent or active infection. Latex agglutination test is a frequently used test to demonstrate polysaccharide capsular antigen of C. neoformans in CSF for diagnosis of cryptococcal meningitis. False-positive reactions due to Trichosporon beigelli and Capnocytophaga canimorsus are known.

Detection of fungal cell wall markers. Mannan is a highly immunogenic component of the candidal cell wall. Mannan antigen detection, therefore, is most widely used method in the diagnosis of candidiasis. Galactomannan is a heat-stable heteropolysaccharide found in the cell walls of all Aspergillus species. Production of the galactomannan antigen is proportional to fungal load in tissue, hence is being used as the prognostic marker for diagnosis of invasive aspergillosis. A sandwich ELISA using rat monoclonal antibody EB-A2 against galactomannan antigen is being currently used in Europe for diagnosis of invasive aspergillosis. Most pathogenic fungi have 1, 3-beta-D-glucan in their cell walls and minute quantities are secreted into the circulation during the life cycle. Detection of this antigen can also be used as an indicator of invasive fungal infections. Detection of 1, 3-beta-D-glucan is based on its ability to activate a coagulation cascade within amebocytes derived from the hemolymph of horseshoe crabs. This uses a different cascade than endotoxin to cause coagulation, hence is specific for fungi. The test does not detect certain species, such as C. neoformans and Zygomycetes.

Detection of fungal metabolites.  Detection of distinctive fungal metabolites is another approach for the diagnosis of fungal infections. Gas liquid chromatography is being used to quantify arabinitol for diagnosis of C. albicans infections. 

Molecular Diagnosis. DNA probes are the recent techniques, which are very useful to identify colonies growing in culture at an earlier stage of growth. These DNA probes are very useful for rapid diagnosis of these cultures in comparison to traditional methods of visual detection of colonies. DNA probes are now available for detection of Cryptococcus, Histoplasma, Blastomyces, and Coccidioides. Mitochondrial DNA has been used for the diagnosis of C. albicans and Aspergillus species.

Antifungal Drugs

A few drugs are available for therapy of systemic fungal infection, unlike a large number of antibiotics available to treat bacterial infections. The drugs used to treat bacterial disease have no effect on fungal diseases. Amphotericin B and various azoles are the most effective antifungal drugs. They act on the ergosterol of fungal cell membrane that is not found in bacterial or human cell membrane. Similarly, caspofungin inhibits synthesis of beta-glucan, which is found only in fungal membrane but not in bacterial or human cell membrane. Fungal infections, depending on the tissues that are initially colonized, can be classified into three major groups as follows:

Superficial mycoses: These are surface infections of the skin, affecting the outermost layers of skin, hair, and mucosa.

Cutaneous mycoses: These are infections of the skin involving the epidermis and its integuments, the hair, and nails.

Subcutaneous mycoses: These are infections of the dermis, subcutaneous tissue, muscle, and fascia.

SUPERFICIAL MYCOSES

Superficial mycosis caused by different fungi is restricted to the outermost layers of the skin and hair. The condition usually causes cosmetic problem, which can be easily diagnosed and treated. It includes four important conditions: (a) pityriasis versicolor, (b) tinea nigra, (c) black piedra, and (d) white piedra.

Pityriasis Versicolor or tinea versicolor is a superficial infection of the skin caused by Malassezia furfur (Pityrosporum orbiculare). M. furfur requires fatty acids for growth, hence is cultured on the Sabouraud’s dextrose agar (SDA) overlayed with a layer of olive oil. On incubation at 37°C, the fungus produces creamy colonies within 5–7 days. The lactophenol cotton blue (LPCB) wet mount of these colonies shows budding yeast cell along with a number of bottle-shaped cells. The fungus is found in parts of the body rich in sebaceous glands. The lesions of pityriasis versicolor are found most commonly on the upper tissue, arms, and abdomen. They appear as hypopigmented macular lesions often associated with slight scaling or itching. The condition is mostly asymptomatic. It occurs most frequently in hot and humid weather. Laboratory diagnosis of the condition is usually made by demonstration of both budding yeast cell and hyphae in KOH preparation of skin scrapings. Characteristic “spaghetti and meatballs” appearance of fungus is demonstrated in the microscopy of KOH preparation of the skin. Culture is not carried out routinely for diagnosis. Topical miconazole is treatment of choice.

Tinea Nigra is an infection of keratinized layer of skin caused by Exophiala werneckii or Cladosporium werneckii. C. werneckii is a dimorphic fungus that produces melanin. The fungus on the SDA grows as yeast with many cells in various stages of cell division producing typical two-celled oval structure, on primary isolation from clinical specimen. On prolonged incubation, elongated hyphae develop and in older cultures, mycelia and conidia are predominantly found. A well-demarcated brown-black macular lesion, which appears as brownish spot of the skin, is typical manifestation of the condition. These brownish to black lesions are most commonly seen on palms and soles. Laboratory diagnosis of tinea nigra is made by microscopy of the KOH preparation of skin scrapings collected from the affected part. Typical darkly pigmented yeast-like cells and hyperfragmented hyphae are demonstrated. Culture of the skin scraping on the SDA confirms the diagnosis.

Black Piedra is a superficial infection of the hair caused by Piedraia hortae, a dematiaceous fungus. The fungus occurs in the perfect state when it colonizes the shaft of hairs. Culture of specimens on SDA shows slow-growing brown to reddish black mycelium, which is considered asexual or anamorphic stage of the fungus. The teleomorphic state, which is the perfect state of the fungus, is occasionally found in old cultures. At this state asci, which contain spindle-shaped ascospores, develop within specialized structures. Infection of shaft of hairs of beard and scalp is the major clinical feature of black piedra. Laboratory diagnosis of the condition is made by demonstration of nodules containing asci with spindle-shaped ascospores in 10% KOH mount of the hair.

White Piedra is an infection of the hair caused by yeast-like organism Trichosporon beigelli. The fungus can be grown on SDA and other media containing cycloheximide. On SDA, it forms green-colored colonies, which subsequently become yellowish gray and wrinkled. Microscopic examination of the colony shows septate hyphae that break rapidly to form arthroconidia. The latter subsequently become round and develop to blastoconidia. White piedra is commonly found in South America, Central and Eastern Europe, and Japan. The hair of scalp, moustache, and beard are commonly affected in white piedra. The development of a soft, pasty, cream-colored growth along infected hair shaft characterizes the condition. The initial growth of T. beigelli occurs beneath the epidermis of hair. The infected hair shaft consists of mycelium that rapidly fragments to arthroconidia. Laboratory diagnosis of the condition is made by demonstration of fragmented hyphae that develop into arthroconidia or produce blastoconidia in 10% KOH mount of hair. Culture of the fungus from clinical specimen confirms the diagnosis.

Cutaneous Mycoses. Dermatophytoses or cutaneous mycoses are diseases of the skin, hair, and nail. These infections are caused by a homogeneous group of closely related fungi known as dermatophytes. These dermatophytes infect only superficial keratinized structures, such as skin, hair, and nail, but not deeper tissues.

Dermatophytes. The most important dermatophytes that cause infection in humans are classified into the following three genera: Trichophyton—causes infection of hair, skin, and nail. Microsporum—causes infection of hair and skin. Epidermophyton—causes infection of skin and nails, but  not hair.

The dermatophytes on the basis of their natural habitat and host preferences can be classified into following groups:

1) Anthropophilic species: These dermatophytes are typically adapted to live on human host. They are transmitted from human to human through fallen hairs, desquamated epithelium, combs, hair brushes, towels, etc. Examples are Trichophyton rubrum, Microsporum audouinii, and Epidermophyton floccosum.

2) Zoophilic species: These are the dermatophytes that live on animals and often cause infection in their animal host. These zoophilic species are transmitted from infected animals to humans by direct and indirect contacts with domestic animals (e.g., cat and dog) and occasionally wild animals. Examples are Trichophyton violaceum and Microsporum canis.

3) Geophilic species: These are saprophytic fungi found in soil or in dead organic substances. They occasionally cause infection in humans and animals. Examples are Microsporum gypseum and Trichophyton ajelloi. Dermatophytes usually grow only on keratinized skin and its appendages, and do not penetrate the living tissues. In some infected persons, hypersensitivity to fungus antigen may cause secondary eruptions, such as vesicles on the finger. This reaction is known as dermatophytid (id) reaction. This reaction occurs as a result of hypersensitivity response to circulating fungal antigen, and these lesions do not contain any fungal hyphae. 

Clinical syndromes

The skin infections caused by dermatophytes are chronic infections of the skin often found in the warm humid areas of the body, such as athlete’s foot and jock itch. Typical ringworm lesions are circular, which have an inflamed border containing papules and vesicles surrounding a clear area of relatively normal skin. These lesions are associated with variable degrees of scaling and inflammation. Broken hair and thickened broken nails are often seen in this lesion. Clinically, ringworm can be classified depending on the site affected. These are (a) Tinea capitis involving scalp, (b) Tinea corporis involving nonhairy skin of the body, (c) Tinea cruris affecting groin, (d) Tinea pedis affecting foot, and (e) Tinea barbae affecting beard areas of face and neck. Favus is a chronic ringworm infection affecting hair follicle. It leads to alopecia and scarring.

Laboratory diagnosis is based on demonstration of fungal element in clinical specimen by microscopy and confirmation by culture. The specimens include skin scrapings and nail clippings or hair taken from the areas suspected to be infected by dermatophytes. These entire specimens are treated with alkali solution to clear epithelial cells and other debris. Direct microscopy is useful only for diagnosis, while culture is always carried out to identify the specific causative fungal agent.

Direct microscopy. Examination of 10% direct KOH mount may show fungal hyphae. Three types of hair infections can be demonstrated in microscopy of 10% KOH wet mount as follows:

Ectothrix: Ectothrix infection is characterized by presence of a layer of arthrospores on the surface of hair shaft. It is caused by M. audouinii, M. canis, and Trichophyton mentagrophytes.

Endothrix: The clusters of arthrospores are found entirely within the hair shaft in endothrix infection. It is caused by Trichophyton tonsurans, T. violaceum, and Trichophyton schoenleinii.

Favus: In favus, there is sparse hyphal growth and formation of air spaces within hair shaft. It is caused by T. violaceum, T. schoenleinii, and M. gypseum.

Culture. The clinical specimens are cultured by inoculation on SDA containing antibiotics like cycloheximide. The media after inoculation are incubated at 25–30°C for 3 weeks. At 25°C most of the pathogenic fungi grow well, while saprophytic fungi and bacteria are inhibited. The cultures are examined at regular intervals, and dermatophytes are identified based on (a) colony morphology, ( b) pigment production, and (c) presence of microconidia and macroconidia. The LPCB preparation of the colonies shows microconidia, macroconidia, or both. Only macroconidia are present in the Epidermophyton infection. Few macroconidia and more microconidia are present in Trichophyton infection. Macroconidia are predominantly present in Microsporum infection. The differentiation of three genera is based mainly on the nature of macroconidia. 

Hair perforation test: This test is performed to differentiate T. rubrum from T. mentagrophytes. The test is also used to differentiate M. canis from Microsporum equinus. This test is performed by collecting 5–10 mm short shaft of human hair and placing it in a Petri dish with 20 mL of distilled water. Then, two to three drops of 10% sterile yeast extract is added to the Petri dish with hair shafts. These hair shafts are inoculated with test fungus cultured on SDA. The culture is incubated at 25°C for up to 1 month, during which the hairs are removed and LPCB mount of the hair is examined microscopically at weekly intervals for the demonstration of the perforation of hair. T. mentagrophytes shows a positive hair perforation test characterized by a wedge-shaped perforation of the hair. This test is negative for T. rubrum in which only surface eruption of hair shaft is demonstrated.

Urease test: Urease test is carried out to differentiate T. mentagrophytes from T. rubrum. This test is performed by inoculating a tube of Christensen’s medium with the fungus and incubating at 25°C for 5 days at room temperature. Most T. mentagrophytes are urease positive within 5 days.

Growth on rice grains: This test is useful to differentiate M. canis from M. audouinii. In this test, sterile, nonfortified rice is inoculated with the hyphae of the fungi to be tested. The medium is observed for growth after 10 days of incubation at room temperature. M. canis usually grows well and forms many conidia on rice grain, whereas M. audouinii fails to grow.

Treatment of dermatophyte infection is carried out by use of local antifungal drugs, such as miconazole, clotrimazole, econazole, etc., or by treatment orally with griseofulvin.

SUBCUTANEOUS MYCOSIS

Subcutaneous mycosis is defined as fungal infection associated with development of characteristic lesion in subcutaneous tissue and overlying skin with or without extension to bone and muscle. This is caused by a heterogeneous group of fungal infection of low pathogenic potential introduced in the body percutaneously from a trivial trauma. Table 72-4 shows the classification of subcutaneous mycoses.

Mycetoma is a slowly progressive, chronic granulomatous infection of skin and subcutaneous tissues with occasional involvement of underlying fascia and bone usually affecting extremities. The condition is characterized by a triad of (a) tumefaction, (b) draining sinuses, and (c) grains or granules. The condition was described as early as in Atharva-Veda: padmavalmikam means anthill foot. John Gill first described the condition in Madurai (India) in 1842. Colebrook confirmed it in 1846. Henry Vandyke Carter, a professor at Grants Medical College, Mumbai, coined the term mycetoma in 1874. Chalmer and Christopherson coined the term maduramycosis in 1916. Mycetoma is caused by a number of actinomycetes and filamentous fungi that enter through penetrating injuries resulting from thorn pricks, splinters, etc. Lower extremities are most commonly involved. Microabscesses are formed in subcutaneous tissues surrounded by polymorphonuclear inflammatory reaction. The center of the lesion consists of tangled filaments of these organisms. During the course of infection, microabscesses burst open with the formation of chronic multiple sinuses discharging copious, seropurulent fluid containing granules. The color and consistency of these granules vary depending on the fungi that cause the disease. The condition is characterized by formation of painless, localized, swollen lesions on the affected limbs. Multiple discharging sinuses are present. Discharge is purulent, mucopurulent, or serosanguinous and usually contains granules of varying size, color, and consistency. Fascia and bone may be affected but underlying tendons and nerves are never affected. The condition during period of time spreads slowly, but over years by contiguity. Sometimes the infection becomes extensive by involving buttock and trunk. Actinomycetes spread faster than eumycetes. Hematogenous spread is rare. Mycetoma is documented worldwide but is common in tropical and subtropical countries. Actinomycetoma accounts nearly for 65% of mycetomas and for 35% of eumycetoma in India. Actinomadura madurae is the major causative agent. Streptomyces somaliensis infection is seen more frequently in eastern India. The condition is more common in rural areas and in males (3.5:1) than females. It affects mostly highly active persons aged 20–40 years. It is an occupational hazard affecting farmers, herdsmen, carpenters, builders, land workers, field workers, etc. Mycotic mycetomas require surgical treatment by amputation, while actinomycotic mycetomas are treated well by sulfonamides and antibiotics.

Chromomycosis. The term chromomycosis includes chromoblastomycosis and phaeohyphomycosis caused by dematiaceous fungi.

Chromoblastomycosis is a slowly progressing granulomatous infection caused by several soil fungi. These are Fonsecaea pedrosoi, Fonsecaea compactum, Cladosporium carrionii, and Phialophora verrucosa. These fungi are collectively called dematiaceous fungi because they have brown to black melanin pigment in their cell wall, and their conidia or hyphae are dark colored, either gray or black. All the fungi causing chromoblastomycosis appear morphologically similar in tissues stained by hematoxylin and eosin (H and E) or other stains. The infection occurs following introduction of any of the dematiaceous fungi into the skin through trauma. The development of warty nodules that appear at site of inoculation characterizes chromoblastomycosis. During the course of infection, these lesions vegetate and develop to a cauliflowerlike lesion. The disease is more common in tropical and subtropical countries.

Phaeohyphomycosis is a heterogeneous group of cutaneous diseases caused by various dematiaceous fungi. Phaeohyphomycotic cyst is the most common form described in this condition. A wide number of dematiaceous fungi have been associated with various types of phaeohyphomycosis. Some of the common causes of phaeohyphomycosis are Exophiala jeanselmei, Bipolaris spicifera, and Wangiella dermatitidis. Diagnosis of phaeohyphomycosis is made by demonstration of darkly pigmented, septate hyphae measuring 5–10 mkm diameter in tissues. The drug of choice for treatment of chromoblastomycosis is 5-fluorocytosine. Cautery and surgical removal of early lesion is also useful.

Sporotrichosis is a chronic pyogenic granulomatous lesion of the skin and subcutaneous tissue caused by Sporothrix schenckii. S. schenckii is a dimorphic fungus found all over the world. The fungus is found in soil, decaying woods, thorns, and on infected animals including rats, cats, dogs, and horses. Spore is the infective stage of the fungus. It causes infection primarily on the hand or the forearm through direct contact of the skin by spores. Typically, infection is introduced in skin through a penetration of thorn. At the site of thorn injury, it causes a local pustule or ulcer with the nodules along the draining lymphatics. Frequently, the regional lymph nodes draining the ulcer enlarge, suppurate, and ulcerate. The primary lesion may remain localized or in the immunocompromised individuals may disseminate to involve the bones, joints, lung, and rarely the central nervous system. S. schenckii occurs in two phases. Yeast phase occurs in tissue and in culture at 37°C, while mycelium phase occurs in culture at 22–25°C. In infected tissue, the yeast appears as round, oval, or cigarshaped cells with irregular borders. Periodic acid-Schiff (PAS) or Gomori’s methenamine silver (GMS) stain is useful to demonstrate these structures in the stained smears. The fungus on SDA at 25°C produces black and shiny colonies, which become wrinkled and foggy during course of time. The mold contains hyphae bearing flower-like structures of small conidia on delicate sterigmata. Laboratory diagnosis of sporotrichosis is made by demonstration of asteroid bodies in pus of the abscesses. Asteroid bodies consist of a central basophilic budding yeast cell with eosinophilic material, which radiates from the center.

Rhinosporidiosis is a chronic granulomatous disease caused by Rhinosporidium seeberi. More than 90% of cases are reported from India, Sri Lanka, and South America. The cases have been reported from throughout India. The endemic foci of infection have been reported from Tamil Nadu, Andhra Pradesh, Kerala, and Madhya Pradesh. R. seeberi cannot be cultured in cell-free artificial media. Animal inoculation is also not successful. The mode of infection of this fungus is not known. However, it is suggested that it is transmitted in dust and water. Fish is believed to be the natural host of this fungus. Infection is seen most commonly in persons taking bath in stagnant pools and in individuals who dive in streams to collect sand from river beds. The disease is characterized by the development of large friable polyps or wart-like lesion in the nose, conjunctiva, or eye. The lesion is also occasionally seen in ears, larynx, bronchus, urethra, vagina, rectum, and skin. Treatment of the condition is carried out by surgery or cauterization. Chemotherapy with dapsone is also useful. Systemic mycoses are caused by fungi of soil, which are inherently virulent and cause disease in healthy humans. The systemic mycoses include coccidioidomycosis, paracoccidioidomycosis, histoplasmosis, blastomycosis, and cryptococcosis.

Coccidioidomycosis caused by Coccidioides immitis was first recognized as a distinct disease entity in 1892. C. immitis is a dimorphic fungus, which occurs as a mold in soil and in culture at 25°C and as a spherule in tissue and in culture at 37°C. The spherule is oval with a thick, double refractile wall that is filled with endospores. Each endospore, measuring 2–5 mkm in diameter gives rise to a new spherule. C. immitis grows in mycelial form in the soil of endemic areas. Subsequently, the hyphal cells either develop into barrelshaped structures or shrink and die, producing the characteristic arthroconidia. The arthroconidia are the infective stage of the fungus. When the soil is disrupted, the arthroconidia become air-borne and if inhaled by a susceptible host, initiate the infection. The arthrospore inside the pulmonary acinus gives off its outer layer, swells, and develops to a spherical structure called the spherule. The spherule is the parasitic stage of the organism, which reproduces by a process known as endosporulation. Rupture of the spherule leads to release of endospores, each of which matures into spherules and the cycle is repeated. If the organism is cultured, it re-enters the mycelial phase with hyphae formation. The spherule is the characteristic tissue form of the organism. Resistance of the spherule to eradication by host defenses is the main factor in the pathogenesis of disease. Spherules cause progressive suppuration and tissue necrosis. More than half of the cases are asymptomatic. In symptomatic cases, C. immitis causes a primary pulmonary disease and disseminated disease. Pulmonary infection is the most frequent presentation in symptomatic patients. In disseminated disease, virtually every tissue of the body including central nervous system (CNS), skin, and bones is involved. The condition is uncommon, but is highly fatal. C. immitis has a distribution restricted primarily to areas of the Western hemisphere. The southern-central part of California (San Joaquin Valley), Arizona, southern New Mexico, western Texas, and northern Mexico are the areas of highest endemicity. Laboratory diagnosis of coccidioidomycosis is made by demonstration of spherules containing endospores in (a) sputum, or smears from the lesion stained by calcofluor white and (b) in biopsy material stained by hematoxylin and eosin, silver, or periodic acid-Schiff stains. Culture is the most definitive method for diagnosis. The fungus grows well on Sabouraud’s dextrose agar (SDA) and other media producing white and cottony colony within 5 days. Identification of colonial morphology is not adequate, because other fungi show similar mycelial forms. Therefore, demonstration of typical arthroconidia is useful to identify the organism. However, arthroconidia  are infectious, hence pose a significant risk to laboratory personnel. Serodiagnosis of coccidioidomycosis is based on the demonstration of antibodies to coccidioidal antigens in patient’s serum. Tube-precipitating antigen and the complementfixation antigen are the two major antigens used to detect antibodies. Enzyme immunoassay (EIA) is the most frequently used test to detect serum tube-precipitating antibodies that are IgM antibodies to mycelial phase antigens. These IgM antibodies appear in more than 85% of patients with primary infection and are found within the first week after the onset of symptoms. In most patients, these antibodies disappear within 6 months. IgG antibodies detected by complement fixation appear later, with results becoming positive in 85–90% of patients. DNA probe is a recent method used for accurate identification of the fungus. Amphotericin B is the drug of choice for treatment of the condition. Fluconazole can be used for the treatment of mild to moderate disease and, occasionally, for the treatment of life-threatening disease in patients in whom amphotericin B is contraindicated for use. It is used as the drug of choice for long-term therapy of meningeal infection.

Paracoccidioidomycosis, also known as South American blastomycosis and Lutz–Splendore–Almeida disease, is a chronic progressive systemic mycosis caused by Paracoccidioides brasiliensis. P. brasiliensis is a thermally dimorphic fungus found in the soil. It occurs as a mold in the soil and as a yeast in tissue. These yeasts are unique in that one large mother cell produces multiple blastoconidia (daughter cells) that arise from multiple sites, resembling a “Mickey Mouse head” or a “pilot wheel.” This characteristic appearance helps to differentiate this yeast from Blastomyces dermatitidis and all other yeasts. Infection occurs by inhalation of conidia or mycelial fragments. The lungs are the primary site of infection. From this site, the fungus then disseminates to other organs through the venous and lymphatic systems. Cell-mediated immunity (CMI) is the most important defense mechanism in an immunocompetent host. However, most initial infections are subclinical. In adults, the course of disease is long-term and the outcome is better with appropriate therapy. Pulmonary infection is the most common manifestation. The disease in younger patients is subacute and carries a worse prognosis. Paracoccidioidomycosis has a restricted geographical distribution. It is found in South and Central America. The highest incidence is in the southeast province of Brazil, followed by Colombia, Venezuela, Ecuador, and Argentina. P. brasiliensis causes natural infection only in armadillos. Bats and saguis may serve as reservoirs. The infection is transmitted by inhalation of conidia or mycelial fragments that are found in the soil. Direct inoculation of the skin or oral mucous membranes is uncommon. However, it may occur from the use of twigs to clean teeth, which is commonly practiced in rural Brazil. The infection can also be transmitted orally by ingestion. Person-to-person transmission does not occur. Laboratory diagnosis depends on demonstration of large, multiple budding yeasts (blastoconidia) in 30% KOH wet mount preparation of sputum. Gomori’s methenamine silver (GMS) staining of biopsy specimens shows yeast cells measuring 2–30 mkm in diameter. Tissue reactions are diffuse in the juvenile form, while granuloma formation is typical in the adult form. The organism is isolated by culture on SDA at 37°C after 20–30 days. Itraconazole is the drug of choice for treatment of paracoccidioidomycosis and is effective in 95% of patients. Imidazole is also an effective agent with a cure rate of 85–90%. Amphotericin B is used as a reserve for treatment of severe cases that are refractory to treatment with these drugs.

Histoplasmosis is primarily a disease of reticuloendothelial system caused by an intracellular fungus Histoplasma capsulatum. H. capsulatum is a dimorphic fungus, which occurs in two stages: as a mold in soil and as yeast at body temperature in mammals. On SDA medium at 37°C, this fungus produces cottony mycelial growth. The colony is characterized by thin, branching, septate hyphae that produce tuberculate macroconidia and microconidia. The macroconidia are thick-walled, spherical spores measuring 8–20 mkm in diameter and have finger-like projections. These are diagnostic form of the fungus. The microconidia are smaller and thin-walled spores, and are the infectious form of the fungus. The parasitic or tissue phase of the fungus is a yeast that measures 2–4 _m in diameter. It is exclusively found within macrophages in the infected host. H. capsulatum infection is acquired by inhalation of conidia and mycelial fragments from contaminated soil. Once inhaled, it is deposited in alveoli of the lung and transformation from the mycelial to the pathogenic yeast form occurs intracellularly inside the macrophages. The yeast inside the macrophages multiplies in approximately 15–18 hours. Multiplication continues within the phagosomes despite fusion with lysosomes. This is possibly due to production of certain proteins by yeasts that inhibit the activity of lysosomal proteases. CMI is key component of host defense against the fungus. T lymphocytes are crucial in limiting the extent of infection. In persons with impaired CMI, Histoplasma species which remained latent in healed granulomas may be reactivated, resulting in histoplasmosis. Most infected individuals are asymptomatic. Nevertheless, H. capsulatum causes acute pulmonary histoplasmosis, chronic pulmonary histoplasmosis, and progressive disseminated histoplasmosis. Majority of patients with acute pulmonary histoplasmosis are asymptomatic. Incubation period varies from 3 to 14 days. Fever, headache, malaise, myalgia, abdominal pain, and chills are common symptoms. Cough, hemoptysis, dyspnea, and/or chest pain may be present. Chronic pulmonary histoplasmosis is seen in patients with underlying pulmonary disease. Cough, weight loss, fevers, and malaise are symptoms. Progressive disseminated histoplasmosis is seen in patients who are immunocompromised, such as patients with AIDS. H. capsulatum is predominantly found in river valleys in North and Central America. It is endemic in the Ohio, Missouri, and Mississippi River valleys of the United States. In endemic areas, the soil provides an acidic, damp environment with high organic content, which favors the growth of fungal mycelia. Bats play an important role in transmission of the disease. They can become infected, and they transmit the fungus through their droppings. The soil contaminated with birds’ excretions and droppings of bats remains highly infectious for years. Moreover, human infection occurs following inhalation of spores from contaminated soil. Laboratory diagnosis depends on demonstration of oval yeast cells within macrophages in bone marrow aspirates and in tissue biopsy specimens. Biopsy of oropharyngeal ulcers is usually diagnostic (refer the box Biopsy). Culture of sputum and blood on SDA at 25°C shows hyphae with tuberculoid macroconidia and at 37°C shows yeasts. Sputum culture is positive in approximately 10–15% patients with acute pulmonary histoplasmosis and in 60% of patients with chronic pulmonary histoplasmosis. Complement-fixation test (CFT) and immunodiffusion (ID) are useful serological tests for demonstration of specific antibodies in serum. The CFT titer greater than 1:8 is considered positive. A titer of 1:32 or more suggests active histoplasmosis. Cross-reactivity with antigens from B. dermatitidis and C. immitis is a noted problem that may give rise to a falsepositive reaction. The ID test detects antibodies to two glycoproteins, H and M, of H. capsulatum. Anti-H antibody is more specific for active histoplasmosis, is positive in 50–80% of patients, and remains elevated for years.  Amphotericin B is the drug of choice for treatment of disseminated disease. Fluconazole is often recommended for meningitis due to its better penetration of the cerebrospinal fluid (CSF). Asymptomatic or mild condition needs no treatment.

Biopsy. Tissue biopsy smear stained by hematoxylin and eosin may show the presence of yeast forms in tissue. Yeast may be detected in areas of caseation necrosis and calcified lymph nodes by using Grocott–Gomori methenamine silver stain. Yeast forms are rarely seen in stained peripheral blood smear.
Blastomycosis is a granulomatous fungal infection caused by B. dermatitidis. B. dermatitidis is a dimorphic fungus, which occurs in two stages: as mold in soil and as yeast in tissue.  On culture at 37°C and in tissue, the yeast is a round structure with a double refractile wall and a single broad-based bud. This appearance helps to differentiate it from the Cryptococcus neoformans yeast, which has a narrow-based bud. On culture at 25°C, the fungus produces a mycelial growth showing typical pyriform microconidia, which measure 2–4 _m in diameter. B. dermatitidis infection occurs by inhalation of microconidia found in soil, its natural habitat. Inside the lungs, the conidia are transformed to the yeast phase at body temperature. The thick cell wall of the yeasts offers resistance to phagocytosis and induces expression of blastomyces adhesin 1 (BAD1), an immune-modulating virulence factor on the cell surface. Then, the yeasts replicate and may disseminate through the blood and lymphatics to other organs to cause the disease. Pulmonary infection is the major clinical manifestation. A flu-like illness with fever, chills, myalgia, headache, and a nonproductive cough may occur, which resolves within days. In some cases, it may develop to a progressive pulmonary disease or may result in extrapulmonary dissemination. Extrapulmonary dissemination to other organs, more often, occurs in patients with chronic pulmonary illness and in those who are immunocompromised. The skin is the most common site of extrapulmonary blastomycosis. Blastomycosis is documented from the United States and also from Canada and the African continent. In endemic areas, blastomycosis is a common infection among dogs. It is also reported in horse, cow, cat, bat, and lion. Microconidia are the infective stages that are present in the soil. Infection is transmitted to humans through inhalation of aerosolized conidia. Amphotericin B and itraconazole are the drugs of choice for treatment of blastomycosis.

Cryptococcosis, also called European blastomycosis, is an acute to chronic disease caused by an encapsulated yeast, C. neoformans. Cryptococcosis is the most common life-threatening fungal disease in patients with AIDS. It is the only systemic mycosis frequently documented from India. Of the 19 species that comprise the genus Cryptococcus, human disease is associated with only C. neoformans. C. neoformans was first described by Busse, a pathologist, in 1984. Kwon-Chung (1976) have described the perfect (i.e., sexual, teleomorphic) form of C. neoformans, which was named Filobasidiella neoformans. Prior to the identification of F. neoformans, which is mycelial, C. neoformans was considered monomorphic yeast.

Morphology. C. neoformans is a true yeast. It is an oval and budding cyst and measures 3–6 mkm in diameter. The yeast may be single or may have a single budding daughter cell. Within the host and in certain culture media, the yeast is surrounded by a wide polysaccharide capsule. The polysaccharide capsule is composed of mannose, xylose, and glucuronic acid. This fungus forms a narrow-based bud in contrast to that of B. dermatitidis, which forms a broad-based bud. Rarely, pseudohyphae develop. C. neoformans on SDA medium forms smooth, convex, cream-colored colonies at 20–37°C. Lactophenol cotton blue (LPCB) wet mount of the colony shows budding yeast cells. C. neoformans has two varieties: C. neoformans var neoformans and C. neoformans var gattii. Based on antigenic specificity of the capsular polysaccharide, the species has been classified into four serotypes. These are serotypes A and D (C. neoformans var neoformans) and serotypes B and C (C. neoformans var gattii).

Pathogenesis and Immunity. The immune status of the host is the crucial factor in pathogenesis of cryptococcosis. C. neoformans usually causes most serious infections in patients with impaired CMI. These include: patients with AIDS, patients undergoing corticosteroid treatment, patients undergoing organ transplantation, patients with reticuloendothelial malignancy, and patients with sarcoidosis. C. neoformans is primarily transmitted by inhalation. Following inhalation, the yeasts are deposited into the pulmonary alveoli, in which they survive before they are phagocytosed by alveolar macrophages. Glucosylceramide synthase has been identified as an essential factor in the survival of C. neoformans in pulmonary alveoli. Cryptococcal polysaccharide capsule has antiphagocytic properties. Hence, unencapsulated yeast are readily phagocytosed and destroyed than the encapsulated organisms, which are more resistant to phagocytosis. The antiphagocytic properties of the capsule prevent recognition of the yeast by phagocytes and inhibit leukocyte migration into the area of fungal replication. 

Host immunity. The host immunity in cryptococcal infection is mediated by both cellular and humoral responses. CMI is mediated by natural killer cells and T lymphocytes can inhibit or kill cryptococci. An increase in helper T-cell activity, skin test conversion, and a reduction in the number of viable organisms in the tissues indicates a successful host response against the fungus. Humoral immunity is mediated by anticryptococcal antibodies and soluble anticryptococcal factors. Both anticryptococcal antibodies and the complement play a crucial role in facilitating the macrophage- and lymphocyte-mediated immune response to the organism.

Clinical Syndromes . C. neoformans causes (a) pulmonary cryptococcosis in immunocompetent hosts and in immunocompromised hosts, (b) CNS cryptococcosis, and (c) disseminated nonpulmonary non-CNS cryptococcosis.

Pulmonary cryptococcosis. The clinical manifestations of pulmonary cryptococcosis are widely variable. Pulmonary disease varies from asymptomatic colonization of the respiratory tract to acute respiratory distress syndrome affecting immunocompromised hosts. It depends on the immune status of the host.

CNS cryptococcosis. Both the brain and meninges are involved in cryptococcal infection of the CNS infections. Meningitis and meningoencephalitis are the most common manifestations. These are usually subacute or chronic in nature. Without specific therapy, the infection is invariably fatal. The patient dies due to the disease 2 weeks to several years after the symptom onset.

Disseminated nonpulmonary non-CNS cryptococcosis includes the skin, prostate, and medullary cavity of the bones, next only to the lungs and CNS, and it occurs most commonly in patients with AIDS and other immunosuppressed conditions.

Epidemiology. C. neoformans is distributed worldwide. The incidence of cryptococcosis is increasing and now it represents a major lifethreatening fungal infection in patients with AIDS. Most cases of cryptococcosis are caused by serotypes A and D. C. neoformans var gattii is the most common variety that causes disease in immunocompetent patients. C. neoformans var neoformans is the most common variety that causes disease in immunocompromised patients, e.g., AIDS. C. neoformans is primarily transmitted by inhalation. Human-to-human transmission does not occur.

Laboratory Diagnosis of cryptococcal infection is made by demonstration of the yeast in CSF, sputum, pus, and brain biopsy tissue by smear and culture. Methenamine silver or periodic acid-Schiff stains are used to stain the tissue specimens for demonstration of the capsule of C. neoformans. Fixed tissue may also be stained with mucicarmine, which preferentially stains C. neoformans. India ink preparation is commonly used to detect budding yeast cells in the CSF. The capsule appears as a clear halo around the yeast cells. By this method, cryptococci can be demonstrated in 25–50% of patients with cryptococcal meningitis. Gram-stained smear of the CSF shows Gram-positive yeast cells. The culture of centrifuged CSF specimens confirms diagnosis of the condition. This fungus is identified based on its microscopic appearance, biochemical test results, and ability to grow at 37°C (98.6°F). Latex agglutination test (LAT) is a frequently used serological test to detect cryptococcal polysaccharide antigen in the serum or CSF for diagnosis of meningitis. LAT is an extremely important adjunct to the diagnosis.

Treatment. Amphotericin B is the drug of choice for initial therapy in meningitis or other disseminated infections caused by C. neoformans. Amphotericin B may be used alone or in combination with flucytosine. The therapeutic goal for patients with cryptococcal disease not complicated by HIV infection is to achieve a permanent cure of the fungal infection. The therapeutic goal for patients with concomitant HIV infection without a CD4 count of greater than 100 cells/mL is to control the acute infection, followed by lifelong suppression of C. neoformans.

THE OPPORTUNISTIC FUNGI

The opportunistic fungi usually cause infections in persons with impaired host defense, but do not cause disease in most of the immunocompetent hosts. Since these fungi become pathogens in individuals with impaired immunity by taking advantage of the host’s debilitated conditions, they are called opportunistic fungi. In recent times, there is an increasing list of exotic and rare fungi, which have been associated to cause opportunistic infections. But most opportunistic infections are caused by Candida albicans, Aspergillus spp., Penicillium marneffei, and variousn  Zygomycetes .

Candidiasis

Candida species are the most common fungal pathogens that affect humans. These species are true opportunistic pathogens that take advantage of the host’s debilitated condition and gain access to the circulation and deep tissues. The genus Candida includes more than 100 species, of which only few cause disease in humans. C. albicans and occasionally other species cause candidiasis, a major infection in immunocompromised hosts.

Candida albicans is the most common Candida species, which causes opportunistic infections in immunocompromised hosts. It forms the part of the normal flora of the mucous membrane of the gastrointestinal, genitourinary, and respiratory tract.

Properties. C. albicans is ovoid or spherical yeast with a single bud. It forms the part of the normal flora of the mucous membrane of the gastrointestinal, genitourinary, and respiratory tract. It produces pseudohyphae in the cultures and in tissues. Pseudohyphae are elongated yeast that may resemble hyphae morphologically, but are really not true hyphae. Candida grows readily on Sabouraud’s dextrose agar and on bacteriological culture media. C. albicans produces creamy white, smooth colonies with a yeasty odor. It can be differentiated from other Candida species by carbohydrate fermentation reaction and by characteristic growth properties. Only C. albicans produces chlamydospores on cornmeal agar culture at 25°C.

Pathogenesis and Immunity. Candida spp. are usually present as part of normal flora on healthy mucosal surface of the oral cavity, gastrointestinal tract, and vagina. Candida shows colonization at these sites in more than 80% of healthy people. The organism, however, is rarely present on the surface of normal human skin, except occasionally from certain intertriginous area, such as the groin.

Pathogenesis of Candida infection. Under certain conditions, Candida gains access to systemic circulation from the oropharynx of the gastrointestinal tract. Colonization of the mucocutaneous surface is the first stage in the pathogenesis of Candidal infection. The fungus causes invasion in human tissue through different routes. Disruption of the skin or mucosa allows the organism access to the blood stream. Massive colonization with large numbers of Candida also permits the organism to pass directly into the blood stream, causing the infection. In immunocompromised hosts, Candida may disseminate to many organs, such as lung, spleen, liver, heart, and brain. Candidamay induce inflammation of the eye, causing endophthalmitis and also may involve skin in 10–30% of patients with disseminated infection. Deficiency in host defence mechanisms plays a significant role in development of Candida infection.

Host immunity. Both cell-mediated and humoral antibodies confer protection against Candida in healthy adults. Cell-mediated immunity (CMI) is, however, most important. Alteration in CMI may cause extensive superficial candidiasis, despite having normal or elevated humoral antibodies. The humoral antibodies appear to play minimal role in protection against the disease. Humoral antibodies confer protection against Candida in healthy adults.

Clinical Syndromes. Candida causes a wide spectrum of clinical illnesses as follows:

Cutaneous candidiasis: Candida species in immunocompetent host can cause infection of any warm and moist part of the body exposed to environment. It causes infection of the nail, rectum, and other skin folds.

Mucocutaneous candidiasis: Mucocutaneous candidiasis (thrush, perianal disease, etc.) is the most common manifestation of candidiasis, but usually does not cause any mortality. In patients with advanced immunodeficiency due to HIV infection, Candida species can cause severe oropharyngeal and esophageal candidiasis that result in poor intake of food, leading to malnutrition, wasting, and early death. These patients are also usually resistant to treatment with antifungal therapy.

Chronic mucocutaneous candidiasis: This is a heterogeneous group of clinical syndromes. This syndrome is characterized by chronic, treatment-resistant, superficial Candida infection of the skin, nails, and oropharynx. However, these patients do not show any evidence of disseminated candidiasis.

Systemic candidiasis: These include endocarditis, gastrointestinal tract candidiasis, respiratory tract candidiasis, genitourinary candidiasis, and hepatosplenic candidiasis. Systemic candidiasis may be candidemia and disseminated candidiasis. In patients with AIDS, oral thrush and Candida esophagitis are more common but not candidemia and disseminated candidiasis. Candida endophthalmitis and central nervous infection (CNS) infection due to Candida species are other complications of Candida infection.

Disseminated candidiasis: This is increasingly becoming a problem in patients with serious hematologic malignancies that are treated with immunosuppressive drugs for over a long period of time. Severe neutropenia in these patients is the most important predisposing condition for life-threatening infection caused by Candida. In this condition, Candida usually spreads through the circulation and involves many organs, such as lungs, spleen, kidney, liver, heart, and brain. However, disseminated candidiasis is not a major problem in patients with AIDS. In such patients, serious infection of the oropharynx and the upper gastrointestinal tract is the major problem. The development of these conditions in previously healthy individuals not receiving broad-spectrum antibiotic therapy should be strongly suspected for possibility of infection with HIV.

Epidemiology. Candida species is distributed worldwide. In recent times, Candida species have replaced Cryptococcus species as the most common fungi affecting the CNS of immunocompromised patients worldwide. C. albicans and Candida glabrata are responsible for causing infection in 70–80% of patients with invasive candidiasis. Candida tropicalis is an important cause of candidemia in patients with leukemia and in those who have undergone bone marrow transplantation. Candida parapsilosis is an important pathogen associated with the use of vascular catheters. Since Candida is present as a part of normal flora already in the skin and mucous membrane of the host, it causes infection in the infected host; it is therefore not transmitted.

Laboratory Diagnosis

Specimens. These include exudates or tissues for microscopy obtained from skin or nails examined by microscope for demonstration of pseudohyphae or budding yeast cells of Candida.

Microscopy. Gram-stained smear of the exudates or tissue shows Grampositive, oval, budding yeast and pseudohyphae. Since Candida is found as a part of normal flora on normal skin or mucosa, only the presence of large numbers of Candida is of significance. Demonstration of pseudohyphae indicates infection, and tissue invasion is of more diagnostic value.

Culture. Culture on Sabouraud’s dextrose agar (SDA) produces typical creamy white, smooth colonies. Different Candida species are identified by their growth characteristics, sugar fermentation, and assimilation tests. Germ tube is a rapid method for identification of C. albicans and Candida dubliniensis. This test depends on the ability of C. albicans to produce germ tube within 2 hours when incubated in human serum at 37°C. This phenomenon is called Reynold–Braude phenomenon . Chlamydospores are typically produced by C. albicans on cornmeal agar at 25°C, but not by other Candida species. Moreover, CHROM agar allows for the presumptive identification of several Candida species by using color reaction in specialized media, thereby showing different colors of the colonies depending on the Candida species. Different Candida species can also be identified with more accuracy by biochemical assays, such as AP120C and AP131C. These assays evaluate the assimilation of various sugars for identification of different fungal species.

Nonculture Candida detection tests. These include (a) Candida mannan assay, (b) Candida heat-labile-antigen assay, (c) D-arabinitol assay, (d) D-inositol assay, and (e) 1,3-beta-D-glucan assay. Beta-Dglucan assay is a broad-spectrum test that detects Candida as well as Aspergillus, Fusarium, Acremonium, and Saccharomyces species. This test depends on the principle that beta-D-glucan is a component of the cell wall of these fungi, which can be detected by its ability to activate factor G of the horseshoe crab coagulation cascade. This test is a highly specific and sensitive test.

Immunological tests. Serological tests are not that useful in diagnosis of patients with candidiasis because antibodies against Candida appear in sera of patients as well as in that of normal persons. Skin test with Candida antigen is a delayed hypersensitivity skin test, which is used as an indicator of functions of the CMI. The skin test is uniformly positive in immunocompetent adults and indicates that the person has intact CMI. The skin test is negative in individuals who have deficient CMI. Such a person is anergic and is negative to other skin tests, such as purified protein derivative (PPD) skin test for tuberculosis.

Molecular Diagnosis. DNA probe and polymerase chain reaction (PCR) are still under evaluation, but appear to be promising.

Treatment. Antifungal therapy forms the mainstay of treatment of the infections caused by Candida. These agents include azoles ( fluconazole, triazole, ketoconazole), nystatin, and amphotericin B. C. glabrata is becoming increasingly important worldwide and is intrinsically less susceptible to amphotericin B and other azoles (ketoconazole, fluconazole, etc). Candida krusei is increasingly recognized because of its resistance to many antifungal agents. It is intrinsically resistant to ketoconazole and fluconazole. It is also less susceptible to all other antifungal agents including itraconazole and amphotericin B. C. lusitaniae is also of clinical significance because it is resistant to amphotericin B, but it is susceptible to azoles and echinocandins.

Prevention and Control. Antifungal prophylaxis is indicated for patients with invasive candidiasis who are at high risk of developing invasive candidiasis. There is no vaccine available against candidiasis.

ASPERGILLOSIS

A broad spectrum of diseases in humans ranging from direct invasion to hypersensitive reactions are caused by Aspergillus species. Although more than 100 species have been described, the majority of human diseases are caused by Aspergillus fumigatus and Aspergillus niger, and less frequently by Aspergillus flavus and Aspergillus clavatus.

Aspergillus Species

Properties. Aspergillus species are molds. They have septate hyphae that form V-shaped dichotomous branches. The Aspergillus species are identified by (a) their morphological features, (b) the pattern of conidiophore development, and (c) the color of the conidia. The presence of septate hyphae that branch at 45° angles is the typical feature of Aspergillus species hyphae. The hyphae in tissues are best demonstrated with silver stains. The walls of the hyphae are more or less parallel, unlike those of Mucor and Rhizopus, which are more or less irregular. Lactophenol cotton blue (LPCB) preparation of the colonies shows septate hyphae and branching conidiophores. Asexual conidia arranged in chains are present on elongated cells known as sterigmata. The latter is present on the vesicle of the conidiophores. The conidia of Aspergillus typically form radiating chains in contrast to Rhizopus and Mucor, which are found within sporangia. The fungus grows rapidly on SDA and other culture media at 25°C. Aspergillus produces colonies within 1–2 days and shows a velvety surface.

Pathogenesis and Immunity. Aspergillus species rarely cause infections in immunocompetent individuals. They cause invasive infections mostly in the patients who are immunocompromised either due to (a) use of immunosuppressive drugs, (b) underlying lung diseases, or (c) immunodeficiency diseases, such as HIV. In immunocompromised host, Aspergillus species cause invasion of the blood, thereby causing infarction, hemorrhage, and necrosis of lung tissues. Aspergillus spp. also produces toxic metabolites that inhibit macrophage and neutrophil phagocytosis, facilitating dissemination of the infection. Aspergillus species unlike Candida species do not form the part of normal flora of humans. They are ubiquitous in the environment; hence transmission of infection is mostly exogenous.

Clinical Syndromes. In immunocompetent hosts, Aspergillus species may primarily affect the lungs, causing four main syndromes including (a) allergic bronchopulmonary aspergillosis, (b) chronic necrotizing aspergillus pneumonia, (c) aspergilloma, and (d) invasive aspergillosis.

Allergic bronchopulmonary aspergillosis: It is a hypersensitivity reaction to A. fumigatus organisms, which have colonized in tracheobronchial tree. This condition occurs often in association with asthma and cystic fibrosis.

Chronic necrotizing pulmonary aspergillosis: It is a subacute infection seen in patients with some degree of immunosuppression. The condition occurs in conjunction with alcoholism, underlying lung disease, or chronic corticosteroid therapy. 

Aspergilloma. It is a condition that occurs in a preexisting cavity in the lung parenchyma. This cavity may have been caused earlier by tuberculosis, sarcoidosis, cystic fibrosis, and emphysematous bullae. The condition is characterized by the presence of a ball of fungus within the cavity. The fungus, however, does not invade the cavity. It may cause hemoptysis. 

Invasive aspergillosis: It is a rapidly progressive infection in patients who are severely immunocompromised. The condition is mostly fatal. In immunocompromised host, Aspergillus organisms cause a disseminated disease, leading to endophthalmitis, endocarditis, and abscesses in the viscera, such as liver, spleen, kidney, soft tissues, and bone.

Epidemiology. Various clinical manifestations of Aspergillus infection have. been documented worldwide. The incidence of allergic bronchopulmonary aspergillosis has been increasingly documented in people with asthma in United Kingdom. Aspergillus species unlike Candida species do not form the part of normal flora of humans. They are ubiquitous in the environment; hence transmission of infection is mostly exogenous.

Laboratory Diagnosis. Laboratory diagnosis of invasive aspergillosis or chronic necrotizing

aspergillus pneumonia depends on demonstration of Aspergillus in tissue by direct microscopy and culture.

Treatment. Amphotericin B is most frequently used for treatment of invasive aspergillosis. However, the outcome of treatment is not satisfactory. Caspofungin is an alternative drug given to patients who do not respond to amphotericin B. Aspergilloma is treated best by removal of the fungus ball from the cavity by surgery.

Prevention and Control. There are no specific preventive measures available against aspergillosis.

ZYGOMYCOSIS

Zygomycosis, also known as mucormycosis or phycomycosis, is an infection caused by saprophytic molds, such as Mucor, Rhizopus, and Absidia. These fungi are ubiquitous in the environment and generally saprophytic. They rarely cause disease in immunocompetent hosts, but they are the third most frequent cause of invasive fungal infection in immunocompromised patients. Rhizopus species are the most common causative agents of zygomycosis in humans. Of many Rhizopus species, Rhizopus arrhizus is the most common agent of zygomycosis. The fungal agents of zygomycosis have a high degree of predilection to invade major blood vessels, leading to ischemia, necrosis, and infarction of adjacent tissues. They are also known to affect patients with acidosis secondary to renal insufficiency, diarrhea, and aspirin intake. Most of the infections produced by Zygomycetes are acute and are usually fatal despite early diagnosis and treatment. The agents of zygomycosis are transmitted by air, through their asexual spores. In humans, they invade tissues of patients with reduced host defense. From there, they enter the blood vessels and proliferate in the walls of blood vessels particularly paranasal sinuses, lungs, or intestines. This results in infarction and necrosis of tissues distal to blocked vessels. Zygomycetes cause a spectrum of diseases in humans depending on the immune status of the host and the portal of entry. These cause rhinocerebral zygomycosis, pulmonary zygomycosis, and gastrointestinal zygomycosis. Rhinocerebral zygomycosis is the most common manifestation of disease seen in patients with diabetic acidosis. Fever, unilateral facial pain or headache, nasal congestion, epistaxis, visual disturbance, and lethargy are the common manifestations. Clinical diagnosis of the zygomycosis is frequently difficult. It requires a high degree of suspicion and a host with appropriate risk factors. Laboratory diagnosis is by microscopy, culture, and histopathology: Amphotericin B is the drug of choice for mucormycosis. Surgical removal of necrotic, infected tissues is frequently useful.

Pneumocystosis. Pneumocystis jiroveci, previously known as Pneumocystis carinii 
is the causative agent of P. carinii pneumonia (PCP). PCP is the most common opportunistic infection in HIV-infected patients.

Pneumocystis jiroveci . Pneumocystis is a unicellular fungus found in the respiratory tracts of many mammals and humans. The genus Pneumocystis was initially mistaken for trypanosome, then later as a protozoan. Biochemical analysis of the nucleic acid composition of Pneumocystis rRNA and mitochondrial DNA in 1980s established it as a fungus. The cyst wall closely resembles that of fungi. However, it does not have ergosterol in its membrane as do the fungi, but instead has cholesterol.

Properties. The organism has three distinct morphologic stages: The trophozoite or tropic form, where it often exists in clusters, The sporozoite, which is a precystic form, and The cyst, which contains several intracystic bodies known as spores.

Pathogenesis and Immunity

Transmission of infection occurs by inhalation. Once inhaled, the tropic form of the organism attaches to the alveoli. Defects in both cellular immunity and humoral immunity allow for uncontrolled replication of the organism and development of the disease. Activated alveolar macrophages without CD4cells fail to eradicate the organism.

Clinical Syndromes. P. jiroveci causes PCP in HIV patients with their CD4_ cells count below 200/_L. It also causes PCP in other patients with primary immune deficiencies including hypogammaglobulinemia and severe combined immunodeficiency, in organ (e.g., heart, lung, liver kidney)-transplant recipients’ long-term immunosuppressive regimens, and in patients with hematologic and nonhematologic malignancies. Most cases of PCP are asymptomatic. In symptomatic cases, sudden onset of fever, nonproductive cough, dyspnea, and tachypnea are typical manifestations. Bilateral rales and ronchi are present. Extrapulmonary manifestations are rare. It occurs in AIDS patients during their advanced stage.

Epidemiology. Pneumocystis first came to attention when it was found to cause interstitial pneumonia in Central and Eastern Europe during World War II in severely malnourished and premature infants. Prior to 1981, there were only few reports (less than 100) from the United States. However, in 1981, CDC in the United States reported the occurrence of PCP in five healthy homosexual males residing in the Los Angeles. Now P. jiroveci is recognized as one of the common causes of life-threatening opportunistic infections in patients with HIV infection worldwide. Lungs of healthy individuals are the habitat of the fungus. Most children are believed to have been exposed to the organism by age 3 or 4 years. PCP causes a mortality of 10–20% in patients with HIV depending on the stage of the disease. It also causes a considerable degree of mortality and morbidity in non-HIV patients. In developing countries many of the cases are not being reported due to nonavailability of modern healthcare. Pneumocystis is found to be responsible for up to 80% of HIV-infected infants with pneumonia in Africa.

Laboratory Diagnosis. Chest radiographs in most patients show diffuse bilateral infiltrates extending from the perihilar region. Patchy asymmetric infiltrates and pneumatoceles are less common finding. Treatment of the condition is carried out by administration of amphotericin B for 2 weeks followed by oral itraconazole for 10 weeks.

Pseudoallescheria boydii Infection is a mold that causes an opportunistic infection in immunocompromised persons, such as patients with HIV. It causes a disease, which clinically resembles  aspergillosis. The diagnosis is made by demonstration of septate hyphae in tissue that resemble with those of Aspergillus. It can be differentiated from Aspergillus by culture on SDA medium. On culture, P. boydii produces pear-shaped conidia. The fungus causes cutaneous zygomycosis and disseminated zygomycosis. Ketoconazole and itraconazole are the drugs of choice for treatment of P. boydii infection. Amphotericin B is not useful. Surgical removal of necrotic infected tissue is also useful.

Fusarium solani Infection is a mold that causes disease primarily in neutropenic patients. It resembles Aspergillus in that it is a mold with aseptate hyphae, which tends to invade blood vessels. Fever associated with lesions in the skin is the common clinical presentation. The fungus differs from Aspergillus by culture in which it produces banana-shaped conidia. F. solani causes a disseminated disease primarily in neutropenic patients. Blood culture is frequently useful for diagnosis of the condition. Amphotericin B is the drug of choice.

TESTS
1. The cell wall of Gram positive bacteria is composed of: 

a) thin peptidoglycan layer 

b) thick peptidoglycan layer 

c) nucleic acids 

d) outer membrane with lipopolysaccharide 

e) periplasmic space 

2. The cell wall of Gram negative bacteria contains: 

a) inorganic components 

b) thin peptidoglycan layer 

c) teichoic & lipoteichoic acids 

d) thick peptidoglycan layer 

e) nucleic acids 

3. Pure culture of bacteria is represented by: 

a) the cells of one and the same genus 

b) the cells derived from different sources 

c) the cells of one and the same species 

d) genetically different organisms 

e) cells of different species 

4. Facultative anaerobes are bacteria 

a) which can produce energy only by fermentation 

b) which carry out only respiration 

c) which die in the presence of oxygen 

d) in which the final electron acceptor is molecular oxygen 

e) which can proliferate regardless of presence of oxygen 

5. Obligate aerobes are bacteria 

a) which can produce energy from glucose by fermentation 

b) in which the final acceptor is organic substance 

c) which require the presence of molecular oxygen for growth 

d) in which the final electron acceptor is nitrogen 

e) which can proliferate regardless of presence of oxygen 

6. Transformation as the mechanism for gene transfer 

a) accomplishes several types of transfer for genes from donor cell into recipient cell 

b) is mediated by the temperate bacteriophages 

c) involves uptake of fragments of free DNA by competent cells 

d) depends on the presence of a conjugative plasmid in the donor cell 

e) requires viable donor cells 

7. Conjugation as the mechanism for gene transfer 

a) accomplishes different ways of transfer for genes from donor cell to recipient cell 

b) is mediated by temperate bacteriophages 

c) involves uptake of fragments of free DNA by competent cells 

d) depends on the presence of a conjugative plasmid 

e)requires inactivated donor cells 

8. Probiotics are biopreparations for the correction of microflora which consist of: 

a) live indigenous microorganisms 

b) complex of live indigenous microorganisms with non-metabolizable substrates 

c) toxoids 

d) non-metabolizable non-absorbable substrates that are useful for growth of indigenous microbial flora 

e) bacteriophages 

9. Humoral components of innate (nonspecific) immunity defense is: 

a) complement system proteins 

b) insulin 

c) macrophages 

d) bacteriophages 

e) endotoxin 

10. Cell component of innate immunity defense is: 

a) macrophages 

b) B-cells 

c) T-cells 

d) normal antibodies 

e) erythrocytes 

11. Passive immunity refers 

a) to the protection based on the transfer of preformed specific antibodies 

b) to the protection based on the transfer of preformed cell-mediated immunity 

c) to the protection based on the transfer of preformed cytokines 

d) provides local immunity 

e) provides long-term protection 

12. Active immunity refers 

a) to the protection based on the production of specific antibodies by the host after immunization or infectious disease 

b) to the protection based on activity of NK-cells 

c) to the protection based on the transfer of preformed cytokines 

d) provides short-term protection 

e) to protection based on the transfer of preformed specific antibodies 

13. Agglutination reaction in tubes 

a) is interaction between specific antibody and soluble antigen resulting in formation of clumps 

b) is interaction between specific antibody and particulate antigen resulting in formation of sediment 

c) is interaction between specific antibody and cytokine resulting in formation of clumps 

d) positive result - formation of insoluble ring precipitate 

e) negative result - hemolysis 

14. Slide agglutination reaction 

a) is a reaction of specific antibody with a soluble antigen resulting in formation of precipitate 

b) is a reaction of specific antibody with a particulate antigen resulting in formation of clumps 

c) negative result - formation of clumps 

d) positive result - change of color 

e) positive result - hemolysis 

15. Killed viral vaccine is used for specific prophylaxis of 

a) measles 

b) mumps 

c) hepatitis C 

d) rubella 

e) rabies 

16. Live vaccines are used for specific prophylaxis of 

a) diphtheria 

b) hepatitis D 

c) botulism 

d) tetanus 

e) tuberculosis 

17. Live vaccine for specific prophylaxis against tuberculosis is called: 

a) MMR 

b) DTP 

c) HLA 

d) BCG 

e) DT 

18. Positive result of ELISA is detected by: 

a) hemolysis 

b) change of color 

c) formation of clumps 

d) formation of sediment 

e) flocculation formation 

19. Live viral vaccines are used for specific prophylaxis of 

a) diphtheria 

b) rubella 

c) hepatitis B 

d) tetanus 

e) tuberculosis 

20. Toxoids are used for specific prophylaxis of 

a) diphtheria 

b) rubella 

c) measles 

d) mumps 

e) tuberculosis 

21. Choose the infection for which prophylaxis we can use live or inactivated vaccine due to immune state of recipient: 

a) tetanus 

b) rubella 

c) mumps 

d) measles 

e) poliomyelitis  

22. Salmonella Typhi 

a) Gram positive cocci arranged in grape-like clusters 

b) Gram positive rods arranged in chains 

c) Gram negative cocci arranged in pairs 

d) Gram negative rods arranged singly 

e) Gram positive pleomorphic rods with bulge or bifurcation at the end 

23. Neisseria gonorrhoeae 

a) Gram positive cocci arranged in grape-like clusters 

b) Gram positive rods arranged in chains 

c) Gram negative cocci arranged in pairs 

d) Gram negative rods arranged singly 

e) Gram positive pleomorphic rods with bulge or bifurcation at the end 

24. Neisseria meninditidis 

a) Gram positive cocci arranged in grape-like clusters 

b) Gram positive rods arranged in chains 

c) Gram negative cocci arranged in pairs 

d) Gram negative rods arranged singly 

e) Gram positive pleomorphic rods with bulge or bifurcation at the end 

25. Bifidobacterium bifidum 

a) Gram positive cocci arranged in grape-like clusters 

b) Gram positive rods arranged in chains 

c) Gram negative cocci arranged in pairs 

d) Gram negative rods arranged singly 

e) Gram positive pleomorphic rods with bulge or bifurcation at the end 

26. Staphylococcus aureus 

a) Gram positive cocci arranged in grape-like clusters 

b) Gram positive rods arranged in chains 

c) Gram negative cocci arranged in pairs 

d) Gram negative rods arranged singly 

e) Gram positive pleomorphic rods with bulge or bifurcation at the end 

27. Streptococcus pneumoniae 

a) Gram positive cocci arranged in grape-like clusters 

b) Gram positive rods arranged in chains 

c) Gram positive cocci arranged in pairs 

d) Gram negative rods arranged singly 

e) Gram positive pleomorphic rods with bulge or bifurcation at one end 

28. Bacillus anthracis 

a) Gram positive cocci arranged in pairs 

b) Gram positive rods arranged in chains with central spores 

c) Gram negative cocci arranged in pairs 

d) Gram negative rods arranged singly 

c) Gram positive rods with terminal spores 

29. Clostridium tetani 

a) Gram positive cocci arranged in pairs 

b) Gram positive cocci arranged in grape-like clusters 

c) Gram positive rods arranged in chains 

d) Gram negative rods arranged singly 

e) Gram positive rods with terminal spores 

30. Pseudomonas aeruginosa 

a) Gram positive cocci arranged in pairs 

b) Pleomorphic cells without cell wall 

c) Gram negative cocci arranged in pairs 

d) Gram negative motile curved rods 

e) Gram negative motile rods arranged singly 

31. Vibrio cholerae 

a) Gram positive cocci arranged in pairs 

b) Pleomorphic cells without cell wall 

c) Gram negative cocci arranged in pairs 

d) Gram negative motile curved rods 

e) Gram negative motile rods not arranged in groups 

32. Mycoplasma pneumoniae 

a) Gram positive cocci arranged in pairs 

b) Gram negative motile rods arranged singly 

c) Pleomorphic cells without cell wall 

d) Gram negative cocci arranged in pairs 

e) Gram negative motile curved rods 

33. Bacteria can be divided into the groups by Gram staining as they have 

a) thick or thin peptidoglycan layer (murein) 

b) inclusions 

c) capsule 

d) outer lipopolysaccharide membrane 

e) mycolic acids 

34. Microscopical diagnosis method of tuberculosis is performed using 

a) Gram stain 

b) Ziehl-Neelsen stain 

c) Methylene blue stain 

d) Giemsa stain 

e) Silver stain 

35. Which method may be used for detection of motile bacteria 

a) Brightfield microscopy of stained smears 

b) Electron microscopy 

c) Darkfield microscopy 

d) immune electron microscopy 

e) Fluorescent microscopy 

36. Direct immunofluorescent test 

a) is the reaction between specific antibody and soluble antigen, 

b) is the reaction between antibody labeled with fluorescent dye and antigen 

c) is the reaction of antibody with a particulate antigen 

d) is used to detect bacterial genomic DNA 

e) is used to detect bacterial ribosomal RNA 

37. Gram staining is used to 

a) detect capsule 

b) differentiate gram positive and negative bacteria 

c) differentiate acid fast and nonacid fast bacteria 

d) stain spores 

e) detect nucleic acids 

38. Ziehl-Neelsen staining is used to 

a) detect capsule 

b) differentiate Gram-positive and Gram-negative bacteria 

c) differentiate acid fast and nonacid fast bacteria 

d) stain spores 

e) detect nucleic acids 

39. Burry-Gins staining is used to 

a) detect capsule 

b) differentiate Gram-positive and Gram-negative bacteria 

c) differentiate acid fast and nonacid fast bacteria 

d) stain spores 

e) detect nucleic acids 

40. The cell wall of acid-fast bacteria is composed of 

a) thick peptidoglycan layer without mycolic acids 

b) thin peptidoglycan layer with mycolic acids 

c) only teichoic & lipoteichoic acids 

d) thick peptidoglycan layer with mycolic acids 

e) nucleic and teichoic acids 

41. Incompleted phagocytosis lacks the stage of: 

a) chemotaxis 

b) digestion 

c) attachment 

d) endocytosis 

e) antigen presentation 

42. The term "species of bacteria" means a group of organisms 

a) with a close genetic resemblance to one another 

b) which are derived from a single cell 

c) which are genetically different 

d) which inhabit the same biological niche 

e) which has similar phenotype but dissimilar genotype 

43. Incompleted phagocytosis is typical to pathogenesis of: 

a) tuberculosis 

b) botulism 

c) rubella 

d) mumps 

e) herpes 

44. Incompleted phagocytosis is typical to pathogenesis of: 

a) whooping cough 

b) gas gangrene 

c) rubella 

d) gonorrhea 

e) measles 

45. Incompleted phagocytosis is typical to pathogenesis of: 

a) plaque 

b) diphtheria 

c) tetanus 

d) gas gangrene 

e) botulism 

46. Transduction as the mechanism of gene transfer 

a) involves uptake of fragments of free DNA by competent cells 

b) is mediated by bacteriophages 

c) accomplishes only one-way transfer of RNA from donor cell to recipient cell 

d) depends on the presence of a conjugative plasmid 

e) depends on the presence of a non-conjugative plasmid 

47. Choose the antibiotic which influence on the cell wall synthesis by inhibiting cross-linkage of peptidoglycan layers: 

a) ampicillin 

b) erythromycin 

c) gentamicin 

d) rifampin 

e) polymyxin 

48. Bacteriophages 

a) are prokaryotic organisms; 

b) are naked viruses infecting bacteria 

c) are enveloped viruses infecting bacteria 

d) have lipopolysaccharide membrane; 

e) genome contains two types of nucleic acid simultaneously 

49. Choose the group of infections which are transferred only between humans 

a) sapronoses 

b) zoonoses 

c) anthroponoses 

50. Choose the group of infections which are transferred to humans from the environment 

a) sapronoses 

b) zoonoses 

c) anthroponoses 

51. Choose the group of infections which are transferred to humans from animals 

a) sapronoses 

b) zoonoses 

c) anthroponoses 

52. Genetically engineered vaccines are used for specific prophylaxis of: 

a) hepatitis A 

b) hepatitis B 

c) hepatitis C 

d) poliomyelitis 

e) tuberculosis 

53. Skin test with specific allergens is used for diagnosis of: 

a) tuberculosis 

b) enteric fever 

c) staphylococcal infection 

d) influenza 

e) cholera 

54. Choose a NON-serological reaction 

a) Complement fixation test 

b) Ring test 

c) Slide agglutination 

d) Tube agglutination 

e) PCR 

55. Which of the following tests is serological reaction? 

a) color probe 

b) Ring test 

c) urease activity 

d) Hemagglutination of virus 

e) PCR 

56. Choose the soluble factor of innate antibacterial immunity: 

a)interferon 

b) IgE 

c) macrophages 

d) lysozyme 

e) urease 

57. Choose a member of family Enterobacteriaceae 

a) P.aeruginosa 

b) C.perfringens 

c) L.interrogans 

d) S.typhi 

e) S.pneumoniae 

58. Name the main (basic) method for laboratory diagnosis of staphylococcal infection 

a) immunofluorescent method 

b) bacteriological method 

c) skin test 

d) molecular genetic method 

e) serological method 

59. Choose the microorganism which produces toxin, acting on protein synthesis: 

a) C.diphtheriae 

b) M.pneumoniae 

c) C.trachomatis 

d) L.interrogans 

e) M.tuberculosis 

60. Сhoose the soluble factor of innate antiviral immunity: 

a) interferon 

b) IgD 

c) macrophages 

d)lysozyme 

e) protease 

61.Choose the biopreparation, which is used for passive specific prophylaxis of infectious diseases: 

a) hormones 

b) probiotics 

c) antibiotics 

d) serums 

e) vitamins 

62. Choose the biopreparation, which is used for passive specific prophylaxis of infectious diseases: 

a) hormones 

b) probiotics 

c) antibiotics 

d) immunoglobulins 

e) vitamins 

63. Name the bacterium, which is used in probiotic preparations 

a) Lactobacillus 

b) Clostridium 

c) Staphylococcus 

d) Borrelia 

e) Mycoplasma 

64. Name the bacterium, which is used in probiotic preparations 

a) Bifidobacterium 

b) Klebsiella 

c) Staphylococcus 

d) Leptospira 

e) Chlamydia 

65. Which staining technique is used for detection of C.diphtheriae? 

a) Neisser's stain 

b) Romanowsky-Giemsa stain 

c) Burry-Gins stain 

d) Silver impregnation 

e) Acid fast stain 

66. Which immunoglobulin ensures local immunity? 

a) IgG 

b) IgM 

c) IgA 

d) IgE 

e) IgD 

67. Which toxin changes water-salt balance? 

a) Choleragen 

b) Botulinum toxin 

c) Endotoxin 

d) Diphtheriae toxin 

e) Anthrax toxin 

68. Which toxin is regarded to superantigens? 

a) Choleragen 

b) Botulinum toxin 

c) Endotoxin 

d) Diphtheriae toxin 

e) Staphylococcal enterotoxin 

69. Superantigen is toxin which induces: 

a) excessive production of proteolytic enzymes 

b) excessive release of cytokines and T-cell proliferation 

c) decrease nucleic acid and protein synthesis 

d) causes endotoxic shock 

e) change of water-salt balance 

70. Which immunoglobulin is synthesized initially during primary infectious disease? 

a) IgG 

b) IgM 

c) IgA 

d) IgE 

e) IgD 

71. Which immunoglobulin is synthesized during recurrent infection? 

a) IgG 

b) IgM 

c) IgA 

d) IgE 

e) IgD 

72. Which method is used for detection of toxin in the clinical specimen? 

a) Serological method 

b) Immunofluorescent method 

c) Skin test 

d) Bacterioscopical method 

e) Electron microscopy 

73. Which cells participate in innate and adoptive immunity simultaneously? 

a) B-cells 

b) Erythrocytes c) Macrophages 

d) Neutrophils 

e) NK-cells 

74. Which microorganism can't be cultivated on artificial solid media? 

a) Treponema pallidum 

b) Staphylococcus aureus 

c) Escherichia coli 

d) Klebsiella pneumoniae 

e) Bacillus cereus 

75. Which microorganism can't be cultivated on artificial solid media? 

a) Chlamydia trachomatis 

b) Staphylococcus epidermidis 

c) Salmonella typhi 

d) Mycobacterium tuberculosis 

e) Bacillus anthrax 

76. Antitoxic immunity is induced by inoculation of: 

a) antibiotics 

b) bacteriophages 

c) probiotics 

d) toxoids 

e) live vaccines 

77. Choose the combined live vaccine 

a) MMR 

b) DTP 

c) DT 

d) pyobacteriophage 

e) BCG 

78. Toxoid is used for specific prophylaxis of 

a) tetanus 

b) mumps 

c) measles 

d) tuberculosis 

c) meningococcal infection 

79. Toxoid is used for specific prophylaxis of 

a) diphtheria 

b) rubella 

c) varicella 

d) influenza 

e) pneumococcal infection 

80. Subunit vaccine is used for specific prophylaxis of 

a) tetanus 

b) mumps 

c) measles 

d) tuberculosis 

e) meningococcal infection

81. Subunit vaccine is used for specific prophylaxis of 

a) diphtheria 

b) rubella 

c) varicella 

d) influenza 

e) pneumococcal infection 

82. Which serological reaction is used for diagnosis of typhoid fever? 

a) PCR 

b) CFT 

c) tube agglutination 

d) ring test 

e) RIA 

83. Which serological reaction uses particulate antigen? 

a) passive agglutination test 

b) ring precipitation 

c) flocculation test 

d) Ouchterloni method 

e) ordinary diffusion in gel 

84. Which method of laboratory diagnosis is useless for diagnosis of syphilis? 

a) microscopy 

b) serological method 

c) immunofluorescent method 

d) biological method 

e) genetic engineering method 

85. Which method of sterilization is used for serums? 

a) ultraviolet radiation 

b) chemical exposition 

c) filtration 

d) hot air oven 

e) X-ray 

86. Name the cellular factor of innate immunity: 

a) NK-cells 

b) T-lymphocytes 

c) B-lymphocytes 

d) Precursor cells 

e) erythrocytes 

87. Positive result in paired serum for diagnosis of infectious disease means 

a) 2-fold or more increase in antibody titer 

b) 4-fold or more increase in antibody titer 

c) 8-fold or more increase in antibody titer 

d) 16-fold or more increase in antibody titer 

e) 32-fold or more increase in antibody titer 

88. Choose the method of rapid diagnosis for infectious diseases: 

a) skin test 

b) inoculation into animals 

c) immunofluorescent method 

d) bacteriological method 

e) paired serums 

89. Choose the microorganism which can form capsule 

a) Mycoplasma pneumoniae 

b) Chlamydia trachomatis 

c) Leptospira interrogans 

d) Bacillus anthracis 

e) Mycobacterium tuberculosis 

90. Choose the microorganism which lacks cell wall 

a) Staphylococcus aureus 

b) Mycoplasma pneumoniae 

c) Escherichia coli 

d) Treponema pallidum 

e) Brucella abortus 

91. Choose the microorganism which can form capsule 

a) Mycoplasma hominis 

b) Chlamydia pneumoniae 

c) Clostridium perfringens 

d) Treponema pallidum 

e) Mycobacterium bovis 

92. Choose the most rapid test of diagnosis among enumerated serological reactions 

a) Immunobloting 

b) ELISA 

c) Ouchterloni test 

d) Latex-agglutination 

e) Radioimmunoassay 

93. Which serological reaction is used for measurement of activity of serums, which are applied in treatment of infections? 

a) ELISA 

b) Flocculation reaction 

c) Latex-agglutination 

d) Immunobloting 

e) Slide agglutinations 

94. Which infectious disease is treated by antitoxic serum? 

a) Tuberculosis 

b) Brucellosis 

c) Syphilis 

d) Mycoplasmal pneumonia 

e) Botulism 

95. Which infectious disease is treated by antitoxic serum? 

a) Trachoma 

b) Diphtheria 

c) Gonorrhea d) Brucellosis 

e) Typhoid fever 

96. Which infectious disease is treated by antitoxic serum? 

a) Dysentery 

b) Gas gangrene 

c) Syphilis 

d) Leptospirosis 

e) Legionellosis 

97. Which method is used for recommendation of rational treatment of infectious diseases? 

a) ELISA 

b) Disc diffusion test 

c) Biochemical activity of microorganism 

d) Production of pigment by microorganism 

e) Radioimmunoassay 

98. Beta-lactamase activity is ensured by enzyme: 

a) protease 

b) DNA-ase 

c) hyaluronidase 

d) penicillinase 

e) lecithinase 

99. Choose the infectious disease in which phage typing is widely used for epidemiological analysis: 

a) Dysentery 

b) Typhoid fever 

c) Coli-enteritis 

d) Botulism 

e) Campylobacteriosis 

100. Choose the microorganism which can form spores 

a) Mycoplasma pneumoniae 

b) Chlamydia pneumoniae 

c) Leptospira interrogans 

d) Bacillus anthracis 

e) Mycobacterium tuberculosis 

101. Choose the microorganism which can form spores 

a) Mycoplasma hominis 

b) Chlamydia pneumoniae 

c) Clostridium perfringens 

d) Treponema pallidum 

e) Mycobacterium africanum 

102. Choose the microorganism which lacks cell wall: 

a) Mycoplasma pneumoniae 

b) Klebsiella pneumoniae 

c) Streptococcus pneumoniae 

d) Chlamydia pneumoniae 

e) Actinomyces bovis 

103. All prokaryotes lack: 

a) ribosomes 

b) fimbriae 

c) mitochondria 

d) inclusions 

e) flagella 

104. L-forms of bacteria lack: 

a) plasmids 

b) inclusions 

c) cytoplasmic membrane 

d) ribosomes 

e) cell wall 

105. Hepatitis A is diagnosed by: 

a) biological method 

b) skin test 

c) bacteriological method 

d) serological method 

e) chicken embryo 

106. Hepatitis B is diagnosed by: 

a) bacteriological method 

b) serological method 

c) chicken embryo 

d) biological method 

e) skin test 

107. Serums are sterilized by: 

a) Filtration 

b) Ultraviolet radiation 

c) Hot air oven 

d) Chemical sterilization 

e) Boiling 

108. AIDS is diagnosed by: 

a) bacteriological method 

b) serological method 

c) microscopy 

d) biological method 

e) skin test 

109. AIDS is diagnosed by: 

a) Slide agglutination 

b) ELISA 

c) Latex agglutination 

d) Flocculation 

e) CFT 

110. Escherichia coli is typical inhabitant of: 

a) oral cavity 

b) stomach 

c) skin 

d) small intestine 

e) large intestine 

111. Choose the antibiotic which inhibits cell wall synthesis 

a) lincomycin 

b) fluconasol 

c) nalidixic acid 

d) rifamycin 

e) carbenicillin 

112. Choose the antibiotic which inhibits cell wall synthesis 

a) clindamycin 

b) ciprofloxacin 

c) chloramphenicol 

d) vancomycin 

e) polymyxin E 

113. Choose the antibiotic which inhibits DNA synthesis 

a) clindamycin 

b) ciprofloxacin 

c) chloramphenicol 

d) vancomycin 

e) polymyxin B 

114. Choose the antibiotic which inhibits protein synthesis 

a) clindamycin 

b) ciprofloxacin 

c) cyclocerine 

d) vancomycin 

e) polymyxin E 

115. Choose the antibiotic which is ineffective against Mycoplasma: 

a) tetracycline 

b) penicillin G 

c) doxycycline 

d) azithromycin 

e) clarithromycin 

116. Choose the antibiotic which is used for treatment of mycoses: 

a) nafcillin 

b) cefoxitin 

c) clotrimazole 

d) erythromycin 

e) chloramphenicol 

117. Choose the microorganism which lacks capsule: 

a) Bacillus anthracis 

b) Staphylococcus aureus 

c) Streptococcus pneumoniae 

d) Klebsiella pneumoniae 

e) Leptospira interrogans 

118. Choose the microorganism which is monotrichous: 

a) Escherichia coli 

b) Salmonella enteritidis 

c) Proteus vulgaris 

d) Vibrio cholerae 

e) Pseudomonas aeruginosa 

119. Choose the microorganism which lacks endotoxin: 

a) Escherichia coli 

b) Salmonella enteritidis 

c) Neisseria meningitidis 

d) Streptococcus pyogenes 

e) Pseudomonas aeruginosa 

120. Choose the microorganism which lacks O-antigen: 

a) Klebsiella pneumoniae 

b) Streptococcus pneumoniae 

c) Pseudomonas aeruginosa 

d) Escherichia coli 

e) Salmonella enteritidis 

121. Choose the enzyme which has antiphagocytic activity in virulent bacteria: 

a) coagulase 

b) lecithinase 

c) hyaluronidase 

d) collagenase 

e) DNA-ase 

122. Choose the microorganism, producing neurotoxin: 

a) Streptococcus pyogenes 

b) Bacillus cereus 

c) Proteus vulgaris 

d) Clostridium botulinum 

e) Brucella abortus 

123. Choose the microorganism, producing neurotoxin: 

a) Streptococcus pneumoniae 

b) Bacillus subtilis 

c) Salmonella typhimurium 

d) Bacteroides fragilis 

e) Clostridium tetani 

124. Choose the microorganism which possesses cord-factor: 

a) Mycobacterium tuberculosis 

b) Mycoplasma pneumoniae 

c) Neisseria meningitidis 

d) Streptococcus pneumoniae 

e) Prevotella melaninogenica 

125. Choose the method which is useful for retrospective diagnosis of infection after complete recovery of patient 

a) Bacteriological method 

b) Biological method 

c) PCR 

d) Serological method 

e) Microscopy 

Correct answers: 

1b, 2b, 3c, 4e, 5c, 6c, 7d, 8a, 9a, 10a, 
11a, 12a, 13b, 14b, 15e, 16e, 17d, 18b, 19b, 20a, 
21e, 22d, 23c, 24c, 25e, 26a, 27c, 28b, 29e, 30e, 
31d, 32c, 33a, 34b, 35c, 36b, 37b, 38c, 39a, 40d, 
41b, 42a, 43a, 44d, 45a, 46b, 47a, 48b, 49c, 50a, 
51b, 52b, 53a, 54e, 55b, 56d, 57d, 58b, 59a, 60a, 
61d, 62d, 63a, 64a, 65a, 66c, 67a, 68e, 69b, 70b, 
71a, 72a, 73c, 74a, 75a, 76d, 77a, 78a, 79a, 80e, 
81e, 82c, 83a, 84d, 85c, 86a, 87b, 88c, 89d, 90b, 
91c, 92d, 93b, 94e, 95b, 96b, 97b, 98d, 99b, 100d, 
101c, 102a, 103c, 104e, 105d, 106b, 107a, 108b, 109b, 110e, 
111e, 112d, 113b, 114a, 115b, 116c, 117e, 118d, 119d, 120b, 
121a, 122d, 123e, 124a, 125d
SUPPLEMENT 1 (The  list of macropreparations) that a student must know and must be able to explain the purpose of such a study, the technique of its conduct and the interpretation of the results of the study.
1. Egg-yolk salt agar with Staphylococcus colonies.

2. Coagulase tube test.

3. Mannitol fermentation test for staphylococci.

4. STAPHYtest.

5. Phagotyping of Staphylococcus culture.

6. Disk diffusion test with antibiotics.

7. Blood agar with haemolytic culture. 

8. BCG vaccine.

9. PPD in ampule.

10. Corynebac agar (as Tellurite blood agar).

11. Biochemical properties of  Corynebacterium diphtheriae in 96-cell plate.

12.Triple vaccine (DPT).

13. Diphtheria toxoid combined with tetanus toxoid (DT).

14. Antidiphtheric serum (ADS).

15. Elek’s test for toxigenicity.

16. Biochemical tests for Identification V. cholerae

17. Identification of V. cholerae biotype

18. Serological method (Widal’s test) for diagnostics of salmonellosis

19. Cultural method for diagnostics of salmonellosis

20. Serological diagnostics of bacillary dysentery
21. Cultural method for diagnostics of bacillary dysentery
22. Cultural method for diagnostics of escherichiosis

Description consists of answers the following 4 questions.

1. What is its name?

2. What does it consist of?

3. How does it work? 

4. What is its purpose? For immune medicine tell about its production, type of inducing immunity, age of vaccination, application instructions, method of diagnostics for diagnostic medicine.

For example, the description of Antidiphtheric serum is following.

1. Antidiphtheric serum is a specific medicine for treatment and prophylaxis of diphtheria.

2. It contains antibodies to diphtheria exotoxin. It is produced by immunization of horse or human donor with diphtheria toxoid.

3. It produces passive immunity after intravenous or intramuscular injection.  

4. It is administered immediately for treatment of patient suffered from diphtheria. Moreover it uses for emergency prophylaxis (combination with Diphtheria toxoid) to persons who was in contact with infected one.

EGG-YOLK SALT AGAR

 It is a complex artificial dense nutrient medium. It is elective for the genus Staphylococcus and differential diagnostic for Staphylococcus aureus because it reveals the presence of lecithinase activity in Staphylococcus aureus (only Staphylococcus aureus has this activity).

 Lecithinase activity is revealed by inoculation of a pure culture on a petri dish with a yellow-salt agar method of streaks or plaques. The plates are incubated in a thermostat at 37 ° C for 24 hours. With a positive result around the colonies, a rainbow whisk is formed. Take into account in reflected light.
SUPPLEMENT 2 (Control questions )
Answers for Questions 

1. Taxonomy and morphology of staphylococci. Nutrient media for staphylococci. Biochemical reactions. Differentiation of S. aureus from other species.

2. Antigenic structure. Determinants of virulence. Enzymes and toxins. Pathogenesis of staphylococcal diseases, their main symptoms. Epidemiology of  staphylococcal diseases. Resistance to environment. Role of carriers as a source of the infection. Hospital staphylococcal infection. MRSA and MRSE. Typing of S. aureus.

3. Laboratory diagnostics of staphylococcal diseases. Recommended antibiotics and hospital control. 

4. Taxonomy and classification of streptococci. Streptococcus pyogenes. Morphological, cultural and physiological properties. Types of haemolysis. Antigenic structure. Toxins and enzymes. Pathogenesis and clinical signs of streptococcal infections. Epidemiology. Microbiological diagnostics. Non-suppurative complications, treatment and prophylaxis with antibiotics. 

5. Streptococcus pneumoniae. Morphological, cultural and physiological properties. Differentiation from other streptococci. Antigenic structure. Determinants of virulence. Pathogenesis and clinical signs. Epidemiology. Lab diagnostics. Treatment and prophylaxis. 

6. Classification and taxonomy of Gram-negative cocci. Neisseria meningitidis. Morphological, cultural and physiological properties. Antigenic structure. Determinants of virulence. Pathogenesis and clinical signs. Epidemiology. Lab diagnostics. Treatment and prophylaxis.
7. Neisseria gonorrhoeae. Morphological, cultural and physiological properties. Antigenic structure. Determinants of virulence. Pathogenesis and clinical signs. Epidemiology. Lab diagnostics. Treatment and prophylaxis.

8. Taxonomy and classification of mycobacteria. Mycobacterium  tuberculosis. Morphological, cultural and physiological properties. Resistance to environmental factors. Biochemical reactions. Antigenic structure and determinants of virulence. 

9. Epidemiology and pathogenesis of tuberculosis. Immunity and hypersensitivity. Koch's Рhеnоmеnоn.

10. Microbiological diagnostics of tuberculosis. Tuberculin skin test. Lab diagnostics. Treatment and prophylaxis. ВCG Vассinе. Revised National Tuberculosis Control Programme (RNTCP).

11. Non-tuberculous mycobacteria (NTM). Classification.Morphological, cultural and physiological properties. Pathogenesis and clinical signs. Epidemiology. Lab diagnostics. Treatment and prophylaxis. 

12. Mycobacterium leprae. Morphological, cultural and physiological properties. Antigenic structure. Determinants of virulence. Pathogenesis and clinical signs. Epidemiology. Lab diagnostics. Treatment and prophylaxis.

13. Taxonomy and general characteristics of corynebacteria. Corynebacterium diphtheriae. Morphological, cultural and biochemical properties. Diphtheria toxin. Properties and mode of action. Resistance to environmental factors. Antigenic structure and phage typing. 

14. Epidemiology and pathogenesis of diphtheria. Local and systemic effects of toxin. Complications. Manifestations and complications of diphtheria. 

15. Microbiological diagnostics of diphtheria. Collection of specimen. Microscopical examination. Cultural method. Detection of exotoxin. Rapid tests. Specific prophylaxis. Active and passive immunization. DPT vaccine. Combined immunization. Treatment with antitoxic serum and antibiotics.

16. Other pathogenic corynebacteria and diphtheroids.Characteristics and distinguishing  from C.diphtheriae.
17. Taxonomy and general characteristics of family Enterobacteriaceae. 

18. Escherichia coli. Morphological, cultural and biochemical properties. 

19. Antigenic structure of  E. coli.

20. Toxins of  E. coli. 

21. Epidemiology of Escherichiosis.

22. Pathogenesis of enteric and extraenteric forms of escherichiosis.

23. Lab diagnostics of enteric and extraenteric forms of escherichiosis.

24. Shigella spp.Morphological, cultural and biochemical properties. 

25. Antigenic structure and classification of Shigella. Bacteriophage and colicin tурing.

26. Toxins of  Shigella. Epidemiology  and pathogenesis of bacillary dysentery.

27. Lab diagnostics, treatment and prophylaxis of  bacillary dysentery.

28. Etiology and epidemiology of typhoid, paratyphoid, food toxic infections. 

29. Antigenic structure of Salmonella (table the Kauffman-white) and its use for the determination of Salmonella. 

30. Phases of the pathogenesis of typhoid fever. The mechanism of inflammatory and allergic phase. The pathogenesis of food toxic infections.

31. Methods of laboratory diagnostics of typhoid fever and food toxic infections in different phases of the disease: a) bacteriological; b) serology – widal reaction and its diagnostic value of anamnestic reaction. 

32. Diagnosis of Salmonella carriers.

33. Specific prophylaxis and therapy of salmonellosis
34. Classification of vibrios. The etiology of cholera. 

35. Epidemiology and pathogenesis of cholera. 

36. Laboratory diagnosis of cholera. 

37. Differentiation of biovars of V. cholerae. Rapid methods of diagnosis of cholera.

38. Prevention of cholera.

39. The originality of the reservoir and sources of infection with zoonotic infections. Natural focal diseases. 
40. Species of Brucella and their pathogenicity. Phase of pathogenesis. 
41. Principles and methods of laboratory diagnostics of brucellosis. Immunity and Allergy in brucellosis, reaction Burne. Specific prevention and treatment of chronic brucellosis. 
42. Species of Francisella and their pathogenicity Pathogenesis and clinical forms of tularemia. Principles and methods of laboratory diagnostics of tularemia. Specific prophylaxis of tularemia. 
43. Species of Yesinia and their pathogenicity Clinical forms of plague. Principles and methods of laboratory diagnostics of plague. Specific prophylaxis and treatment of plague.
44. Circulation of the bacilli of anthrax in nature as a spore-forming microbe. 
45. The pathogenesis of anthrax. The pathogenicity factors of the pathogen. Clinical forms.
46. Principles and methods of laboratory diagnostics of anthrax.  Specific prophylaxis and treatment of anthrax.
47. Etiology, pathogenesis and epidemiology of syphilis.

48. Methods of laboratory diagnosis of syphilis in different periods disease.

49. The mechanism of reaction of Wasserman, its difference from the RAC.

50. Leptospirosis. Etiology, epidemiology, laboratory diagnosis

51. Specific therapy and prevention of leptospirosis.

52. Morphological and biological uniqueness of Rickettsia. Features of cultivation.

53. Classification by P.F.Zdrodovskomurickettsial diseases.

54. Pathogenesis of major rickettsial diseases.

55. Laboratory diagnosis of spotted typhus, Q fever, spotted fever.

56. Specific rickettsial diseases prevention.

57. Non-specific control measures at rikketsiosis.

58. Chlamydia. Morfobiological properties.

59. Epidemiology and pathogenesis of chlamydia.

60. Laboratory diagnosis of chlamydiosis.

61. Clostridium. Classification. Morphological, cultural and biochemical properties.  Resistance.

62. Clostridium perfringens. Morphological, cultural and biochemical properties.  Resistance. Toxigenicity. Epidemiology and pathogenesis of gas gangrene, food poisoning, necrotising enteritis and other diseases. Lab diagnostics and prophylaxis.

63. Clostridium tetani. Morphological, cultural and biochemical properties.  Resistance. Toxigenicity. Epidemiology and pathogenesis of tetanus. Lab diagnostics, treatment and prophylaxis.

64. Clostridium botulinum. Morphological, cultural properties.  Resistance. Toxigenicity. Epidemiology and pathogenesis of botulism. Lab diagnostics, treatment and prophylaxis.

65. Clostridium difficile. Morphological properties.  Toxigenicity. Pathogenesis, lab diagnostics, treatment.

66. Nonsporing anaerobes. Classification. Characteristics of anaerobic cocci, Gram-positive and Gram-negative bacilli.

67. Anaerobic infections caused by nonsporing anaerobes, their lab diagnostics and treatment.

68. The concept of "permanent and transient microflora", "pathogenic microorganism",  opportunistic infection". Factors contributing to the development of opportunistic infections.
69. Main types of UPB, the causative agents of opportunistic infections (enterobacteria, staphylococci and streptococci). UPB anaerobic (Clostridium and anaerobes nonspore). 
70. Pathogenicity factors of UPB (the factors of colonization, virulence and persistence). Mechanisms of persistence of bacteria.
71. Etiology, pathogenesis and clinical features of endogenous diseases. 
72. Laboratory diagnosis of endogenous infections.
73. Features of the epidemiology of HAIS.
74. Characteristics of hospital strains and their identification criteria. 
75. The main directions of the prevention and treatment of opportunistic and hospital-acquired infections.
76. 1. The importance of fungi in human life. Structure of fungal cells. Taxonomic position and systematics of fungi.

77. Morphological properties of fungi. The peculiar morphology of yeasts, molds, Pseudomys.

78. The etiology of candidosis. The main types of pathogens. Epidemiology and pathogenesis of candidosis. Diagnosis. 

79. The etiology of aspergillosis. The main types of pathogens. Epidemiology and pathogenesis of aspergillosis. Diagnosis of aspergillosis. 

80. The pathogens of endemic deep mycoses (blastomycosis, histoplasmosis), epidemiology, diagnosis, prevention.

81. The treatment of fungal infections. The main group of antimycotics. The mechanism of action of drugs.
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2. Lansing M. Prescott. Microbiology. 5th edition. 
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4. Basic laboratory procedures in clinical bacteriology / J. Vandepitte . . . [et al.]. 2nd edition.


