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1. FamilIA Enterobacteriaceae

The familia Enterobacteriaceae includes 12 genera: Escherichia, Edwardsiella, Citrobacter, Salmonella, Shigella, Klebsiella, Enterobacter, Hafnia, Serratia, Proteus, Yersinia, Erwinia.

The bacteria of this family have common genetic bonds and have undergone considerable evolution during a long period of time.

According to the character of interrelationship with the macro-organism, three genera - Escherichia, Salmonella, Shigella - are discussed in the given lecture.

The entero-typhus-paratyphus and dysentery bacteria share characteristics in common they are rods with rounded ends and measure 0.3-0.8 mcm in breadth and 1.5-5.0 mcm in length. They do not form spores, take a Gram-negative stain, and are facultative anaerobes.

They differ in fermentative properties. E. coli is distinguished from the pathogenic species (Salmonella typhi, S. paratyphi A and B, etc.) by more marked biochemical activity.
It is very important, that the constant inhabitant of large intestine, E.coli, is differentiated from pathogenic organisms of familia Enterobacteriaceae (Salmonella and Shigella) on ability to fermentation of lactose. Therefore by inoculation of faeces on differential media contains lactose (End’s, Ploskirev’s, MacConkey,s) E. coli produces pink colonies whereas salmonellae and shigellae produce colourless colonies.
The entero-typhus-paratyphus and dysentery bacteria are differentiated according to a number of characteristics (table 1): motility, carbohydrate fermentation, formation of indole and hydrogen sulphide, and antigenic properties demonstrated in serological tests with known species-specific and type-specific agglutinating sera.
Table 1. Some biochemical properties of

 Enterobacteriaceae
	Type of microorganism
	Motility
	Production 


	Fermentation on  Hiss media
	Coagulation of litmus milk
	Colonies on Endo’s medium

	
	
	indole
	H2S
	lactose
	glucose
	maltose
	mannitol
	sucrose
	
	

	Escherichia coli
	+
	+
	+
	AG
	AG
	AG
	AG
	(
	+  A
	red

	Salmonella typhi
	+
	-
	+
	-
	A
	A
	A
	-
	-   A
	colorless

	Salmonella paratyphi
	+
	-
	-
	-
	AG
	AG
	AG
	-
	-  A
	colorless

	Salmonella schottmuelleri
	+
	-
	+
	-
	AG
	AG
	AG
	-
	-  alk
	colorless

	(A) Shigella dysenteriae 
	-
	-
	-
	-
	A
	A
	-
	-
	-
	colorless

	(B) Shigella flexneri
	-
	-
	-
	-
	A
	A
	A
	-
	-
	colorless

	(C Shigella boydii
	-
	+
	-
	-
	A
	A
	A
	-
	-
	colorless

	(D) Shigella sonnei
	-
	-
	-
	A*
	A
	A
	A
	A*
	-
	colorless


Note: A –acid formation; AG – acid and gas formation; alk. – alkaline formation; A* - slow acid formation.

2. Escherichia

Strains of Escherichia coli and related Gram-negative 'coliform' bacteria predominate among the aerobic commensal flora present in the gut of man and animals. Individuals have a rich flora in the lower ileum and, more especially, in the colon, which includes Esch. coli. It is acquired by ingestion of the organisms during the first few days after birth. The species Esch. coli encompasses a great variety of strains that include purely commensal organisms as well as those possessing combinations of virulence determinants that enable them to act as specific pathogens of the gut and of extraintestinal sites, especially the urinary tract.

Esch. coli is the type species of the genus but several other species have been described. Strains of Esch. coli are usually motile and some strains, especially those from extra-intestinal infections, produce a polysaccharide capsule. They grow well on non-selective media, forming smooth, colourless colonies 2-3 mm in diameter in 18 h on nutrient agar, and large, red colonies on Endo’s medium; there may be haemolysis on blood agar. Some strains are more heat-resistant than other members of the Enterobacteriaceae and will survive 60°C for 15 min or 55°C for 60 min.

 Although most strains ferment lactose with the production of acid and gas within 24-48 h, some do so only after extended incubation or are nonlactose fermenters. 

Studies of DNA-DNA recombination show that Esch. coli and Shigella organisms form a single genetic species and it is therefore to be expected that intermediate strains will occur. Certain of these, which are non-motile and anaeogenic, and often ferment lactose late or not at all, have caused difficulties in classification. They were at one time included in the so-called 'Alkalescens-Dispar' group but these strains are now considered to be atypical Esch. coli. Some workers believe that an intermediate group between Escherichia and Shigella should be established and that an important criterion for inclusion in it should be the ability to cause dysentery-like disease.

Antigenic structure.
The diagnostic serotyping scheme is based on the distribution of O, H and K antigens, as detected by the reactions obtained in agglutination tests.

Over 170 different somatic or  antigens have been described. Agglutination tests must be carried out on boiled or autoclaved cultures to overcome inagglutinability caused by K antigens. Numerous cross-reactions occur between individual Esch. coli O antigens, and between these and the O antigens of organisms belonging to the genera Citrobacter, Providencia, Salmonella, Shigella and Yersinia. In some instances the antigens appearing in the different genera are identical serologically and structurally. In contrast to Salmonella and Klebsiella species, which produce only neutral O – specific polysacchande, that produced by Esch. coli strains may be neutral or acidic. In most cases the acidic components are hexuronic acids.

Over 50 H (flagella) antigens are known. There are only a few significant cross-reactions between them and with the H antigens of other members of the Enterobactenaceae. Before use for H antigen determination it is often necessary to grow cultures in semi-solid agar.

The term ‘K antigen’ was first used collectively for surface or capsular antigens that cause ‘O inagglutinability’. In the past these antigens were divided into three classes (L, A and B) according to the effect of heat on the agglutinability, antigenicity and antibody-binding power of bacterial strains that carry them.

Antisera for serotyping purposes are not readily available except for enteropathogenic O groups (EPEC).

Many of the Enterobacteriaceae possess fimbriae. There is a distinction between common fimbriae, which are chromosomally determined and do not have an essential role in bacterial conjugation, and sex pili, which are determined by conjugative plasmids, and appear to be organs of conjugation. 

Little is known about the function of the common fimbriae. Type 1 fimbriae are able to mediate adhesion to a wide range of human and animal cells that contain mannose residues. Such adhesion might favour pathogenicity and there are some examples of this. The possible role of type 1 fimbriae in unnary tract infection remains controversial.

More recently, a number of filamentous protein structures resembling fimbriae have been described in Esch. coli. These cause a mannose-resistant haemagglutination, and there is good evidence that they play an important part in the pathogenesis of diarrhoeal disease and in urinary tract infection. They include the K88 antigen found in strains causing enteritis of pigs, the K99 antigen found in strains causing enteritis of calves and lambs, and the colonization factor antigens (CFAs) found in enterotoxigenic Esch. coli of human origin. Fimbriae that are of importance in urinary tract infection and cause mannose-resistant haemagglutination are distinguished according to their receptor specificities. These include the P fimbriae that bind specifically to receptors present on the P blood group antigens of human erythrocytes and uroepithelial cells.

Pathogenesis of diseases.
Esch. coli is a widespread intestinal commensal of mammals and birds and, although present wherever there is faecal contamination, appears not to lead an independent existence outside the animal body. Certain strains are pathogens in man and animals and cause both septic infection and diarrhoea.

Urinary tract and septic infections
Esch. coli is commonly implicated in infections of the urinary tract and is by far the most common cause of acute, uncomplicated urinary tract infection outside hospitals. Esch. coli also causes neonatal meningitis and septicaemia as well as septic complications of the operation wounds and abscesses in a variety of organs.

Strains of Esch. coli possess a battery of virulence determinants. The polysaccharides of the Î and K antigens protect the organism from the bactericidal effect of complement and phagocytes in the absence of specific antibodies. However, in the presence of antibody to K antigens alone, or to both 0 and K antigens, phagocytosis is successful. In a capsulate strain the presence of K antigens exerts only a partial protection against the effect of antibody to Î antigens alone. As many as 80 % of Esch. coli strains causing neonatal meningitis and 40% of those isolated from infants with septicaemia but without meningitis possess the Kl antigen. Strains possessing the KI or the K5 antigen may have greater virulence than those with other K antigens since they are very poorly immunogenic because of their structural identity with host components.

Many strains of Esch. coli form a haemolysin and a much higher proportion of Esch. coli isolated from human extra-intestinal infections are haemolytic than are those from human faeces. Furthermore, haemolytic strains have been found to be more virulent than non-haemolytic ones in animal experiments. It is likely that haemolytic strains of Esch. coli obtain iron from the lysed erythrocytes of the host. 

Some strains possess the Col V plasmid which carries the genetic determinants for an aerobactin-mediated iron uptake system and this may be responsible for enhanced virulence. Expression of the aerobactin-mediated iron uptake system occurs more frequently in strains from septicaemia, pyelonephritis and lower urinary tract infection than among human faecal isolates.

Esch. coli that cause urinary tract infection often originate in the gut of the patient and the infection is thought to occur in an ascending manner. There is evidence that the ability of Esch. coli to infect the urinary tract is associated with fimbriae that specifically mediate adherence to the uroepithelial cells. The receptor is part of the P blood group antigen and the fimbriae have therefore been termed P fimbriae. Some authorities doubt the importance of P fimbriae because bacteria freshly shed in the urine of infected patients do not adhere to epithelial cells. On the other hand, this may simply reflect the fact that a culture may contain a mixture of fimbriate and non-fimbriate cells; in this case it would not be too surprising if the non-fimbriate cells were shed in the urine.

Urinary tract infection is much often in females than in males since the shorter, wider female urethra appears to be less effective in preventing access of the bacteria to the bladder. Sexual intercourse is a predisposing factor. The high incidence in pregnant women can be attributed to impairment of urine flow due partly to hormonal changes and partly to pressure on the urinary tract. 

Other causes of urinary stagnation that may predispose to urinary tract infection include urethral obstruction, urinary stones, congenital malformations and neurological disorders, all of which occur in both sexes. In men, prostatic enlargement is the most common predisposing factor. Catheterization and cystoscopy may introduce bacteria into the bladder and therefore carry a risk of infection.

Since most urinary tract infections are thought to be caused by organisms originating from the patient's own bowel, each infection is generally regarded as sporadic. However, the prevalence of various serotypes of Esch. coli in urinary tract infections varies with geographical location and this fits well with the view that Esch. coli that cause such infections are specific pathogens for the urinary tract. Pathogenic strains, possibly transmitted in contaminated foods, are able to colonize the bowel and individuals with predisposing factors may acquire a urinary tract infection. The prevalence of infections due to a particular strain may therefore increase for a time in a locality.

Escherichioses.
The diseases caused E. coli and characyerized by diarrhoeae usually are termed «escherichioses».

Esch. coli may cause: acute enteritis of human infants and young animals, piglets, calves and lambs; acute enteritis in human subjects of all ages occurring mainly in the tropics and including travellers’ diarrhoea; a dysentery-like disease affecting man at all ages, and haemorrhagic colitis or 'bloody diarrhoea'.

Strains that cause diarrhoea fall into four groups with different pathogenic mechanisms (Table 1.):

Table 1. The major groups of diarrhoea-causing

Esch .coli

	Pathogenic group
	Common serogroups



	1.Enteropathogenic
    Esch. coli (EPEC)
	026, 055, 086, 0111, 0114, 0119, 0125, 0126, 0127, 0128, 0142



	2.Enterotoxigenic
    Esch. coli (ETEC)
	06, 08, 015, 025, 027, 063, 078, 0115, 0148, 0153, 0159, 0167



	3.Entero-invasive
    Esch coli (EIEC)
	028, 0112, 0124, 0136, 0143, 0144, 0152, 0164



	4.Vero cytotoxinproducing  Esch. coli (VTEC)


	0157 *



	* VTEC have been found in many other serogroups but
these are far less common than 0157 in human disease.






1. Enteropathogenic Esch. coli (EPEC). 

EPEC were first discovered by serotyping in epidemiological studies. They cause infantile enteritis, especially in tropical countries; outbreaks often occur in hospitals and may have a high mortality, but such outbreaks have become uncommon in industrialized countries.

The ability of EPEC strains to cause diarrhoea has been confirmed by oral administration of the organisms to babies and adults, but the mechanism by which they do so is incompletely understood. Most strains do not produce heat-stable enterotoxin (ST),  heat-labile enterotoxin (LT) or  Vero-toxin (VT) and are non-invasive.

Colonization of the upper part of the small intestine occurs in infantile enteritis associated with EPEC but the adhesive mechanism is less well understood than that of ETEC. In many patients EPEC are seen by electron microscopy to be intimately associated with the mucosal surface and to be partially surrounded by cuplike projections ('pedestals') of the enterocyte surface and in areas of EPEC attachment the brush border microvilli are lost. Such strains of Esch. coli have been termed attaching, or entero-adherent Esch. coli (EAEC).

It is clear that there is considerable diversity among the strains previously designated EPEC. A few are enterotoxigenic and are best regarded as ETEC while some produce VT and are best regarded as VTEC. The term EPEC is best reserved for strains that do not produce  toxins. Many of these are strongly adhesive to intestinal epithelial cells and this represents an important pathogenic mechanism. Nevertheless, some EPEC strains associated with human diarrhoea possess none of these characters and their pathogenic mechanism is still unclear.

The importance of EPEC as a cause of enteritis in adults is difficult to evaluate since few laboratories look for these organisms in patients over 3 years of age. However, a few outbreaks have been described.

2. Enterotoxigenic Esch. coli (ETEC). 

These strains produce a heat-stable enterotoxin (ST) or a heat-labile enterotoxin (LT) or both. In addition, they possess colonization factors that are specific for the host animal species and which enable the organisms to adhere to the epithelium of the small intestine.

Heat-labile enterotoxin (LT). LT is closely related to the toxin produced by strains of Vibrio cholerae. Both are protein complexes consisting of one polypeptide A subunit and five polypeptide B subunits with molecular weights of about 25 000 and 11 500 respectively. The B subunits are responsible for binding of the toxin to the epithelial cells. After translocation across the membrane of intestinal epithelial cells, subunit A catalyses the nicotinamide adenine dinuleotide (NAD)-dependent activation of adenylate cyclase to cause an increase in the concentration of cyclic adenosine 5'-monophosphate (cAMP). In the intestinal villus cells. cAMP inhibits the absorption of sodium and therefore of chloride and water while in the crypt cells cAMP increases sodium secretion and causes loss of chloride and water leading to profuse watery diarrhoea. LT has been shown to be plasmid encoded in many strains of human and animal origin and the organization of the operon encoding the A and B subunits is known in detail.

Occasional Esch. coli strains produce a heatlabile toxin (LT-II) which has similar biological activity to LT but which does not react with antiserum in neutralization or immunodiffusion tests. The structural genes for LT-II appear to be chromosomal although few strains have been studied.

Heat-stable enterotoxin (ST). In contrast to LT, the STs of Esch. coli have a low molecular weight and are poorly immunogenic. Two major classes of Esch. coli STs have been recognized and are designated sta and STB (or ST-I and ST-II). STA is detected by an infant mouse test in which secretion occurs in the intestine within 4 h following intragastic administration. This toxin activates guanylate cyclase activity resulting in an increase in the level of cyclic guanosine monophosphate (cGMP). The activity of STA is rapid, whereas LT acts after a lag period. The mechanism of secretion caused by STA, via cGMP, is not known but calcium may play a role.

STA,  has been shown to be plasmid encoded and these plasmids may also carry genes for LT, adhesive factors or antibiotic resistance.

STB is distinguished from STA, by its biological activity and by its insolubility in methanol. STB stimulates fluid accumulation in ligated intestinal loops of piglets but not in the infant mouse test. The mechanism of action of STg is not known but it appears not to act via cAMP or cGMP.
Adhesive factors. Enterotoxin is not sufficient to enable an Esch. coli strain to cause diarrhoea. The organism must also be able to adhere to the mucosal surface of the epithelial cells of the small intestine. This adhesion is usually mediated by fimbriae which bind to specific receptors in the cell membrane. Adhesive or colonization factors are antigenic and can be recognized by means of agglutination or immunodiffusion tests. Their presence can also be demonstrated by haemagglutination, by experimental colonization of animal intestines or by tissue or organ culture methods. In contrast to the haemagglutination due to type 1 pili of Esch. coli, that due to colonization factors associated with diarrhoeal disease is not inhibited by mannose. Plasmids that simultaneously carry genes for both a colonization factor and enterotoxin production have been described.

The first colonization factor in Esch. coli, initially recognized as a surface antigen (K88), is controlled by a transferable plasmid and is fimbrial in nature. Its importance in the pathogenesis of piglet enteritis was demonstrated in experiments in which it was shown that the loss of the K88 plasmid from a strain of Esch. coli O141 was accompanied by the loss of its capacity to cause diarrhoea when given orally to piglets. This was restored by introducing a K88 plasmid from another strain of Esch. coli. There is a gene in pigs which is inherited in a simple Mendelian manner and which determines the presence of receptors for K88 in the pig intestinal epithelium; pigs lacking this receptor are resistant to colonization of the small intestine by Esch. coli strains with the K88 antigen.

Several colonization factors have subsequently been discovered in human strains of ETEC and, no doubt, others remain to be discovered. 

ETEC are uncommon in geographical regions where hygiene and nutrition are good, but occasional outbreaks of diarrhoea and sporadic cases have been reported. In the developing countries, diarrhoeal diseases are a major cause of death in children under 5 years of age and ETEC cause a large proportion of these. In its most severe form ETEC infection resembles cholera, therefore such infections are named cholera-like escherichioses. 
ETEC are the commonest cause of «travellers» diarrhoea. This is a world-wide illness, usually of brief duration, often beginning with the rapid onset of loose stools and accompanied by variable symptoms, including nausea, vomiting and abdominal cramps. It occurs most frequently among those travelling from areas of good hygiene and temperate climate to areas with lower standards, particularly in warmer countries.

There have been several studies of travellers' diarrhoea in Mexico where 'turista' has an attack rate of 29-48 %; for example, among students and Peace Corps volunteers, ETEC have been found in 45-72% of sufferers in different surveys. Similarly, in African countries ETEC have been found in 31-75% of Peace Corps volunteers with diarrhoea.

The sources and modes of spread of ETEC infection in warm-climate countries are not well understood but it seems likely that water contaminated by human or animal sewage plays an important part in the spread of infection.

3. Entero-invasive Esch. coli (EIEC). 

EIEC cause an illness identical to shigella dysentery in patients of all ages – dysentery-like escherichiosis.

The epidemiology and ecology of EIEC is poorly studied but there is no evidence of an animal or environmental reservoir. Surveys suggest that they cause about 5 % of all diarrhoeas in areas of poor hygiene. In the UK and USA outbreaks are occasionally described, especially in schools and hospitals for the mentally handicapped. Infections are usually foodborne but there is also evidence of cross-infection. The most common serogroup is O124.

Shigellae and EIEC cause bacillary disease by an invasive mechanism in which the organisms penetrate the epithelial cells of the large intestine and multiply intracellularly. In order to survive their passage through the upper intestine they must resist the effects of gastric acidity, bile salts and pancreatic enzymes. They are assisted in this by the possession of a complete lipopolysaccharide capsule. The invasive mechanism depends on the presence of certain outer-membrane proteins that are cleaved by pancreatic enzymes during passage through the small intestine, rendering the organisms temporarily non-invasive, it is assumed that these proteins are restored in the colon. Once they arrive in the colonic lumen the organisms encounter a environment in which they must compete with the resident flora for available carbon sources. These environmental factors have probably provided selective pressure for the maintenance of the invasive phenotype which enables shigellae and EIEC to escape the lumen and to occupy an intracellular niche in which an endless source of carbon is available in the form of the host blood glucose.

In the course of the invasive process the organisms first penetrate the mucus layer with the help of glycosidases produced by the normal flora. They then attach to the cell surface where they appear to induce an endocytic process that does not rupture the plasma membrane. The intracellular organisms are briefly contained within an endocytic vacuole. The ability to lyse these vacuoles is an important virulence attribute as organisms that are unable to do this are unable to spread to neighbouring cells.

Following endocytosis there is an inhibition of host cell protein synthesis. Glucose and amino acid transport continue but these nutrients are used to support bacterial multiplication. There is tissue destruction and a consequent inflammation that is the underlying cause of the symptoms of bacillary dysentery.

Virulence in shigellae and EIEC depends on both chromosomal and plasmid genes. A large plasmid (120 MDa in Sh. sonnei and 140 MDa in other shigellae and in EIEC) carries genes for the expression of outer-membrane proteins that are required for invasion as well as genes that may be necessary for the insertion of these proteins into the cell membrane. Plasmid genes are also required for the ability to escape from the endocytic vacuole and to invade contiguous host cells. Chromosomal virulence genes include those required for the expression of a smooth lipopolysaccharide and genes for an aerobactin ironbinding system.

3. Vero cytotoxin-producing Esch. coli (VTEC).
Their name is caused  that VT production is confirmed by testing strains for a cytotoxic effect on Vero cells.

 Esch. coli 0157 is by far the most common serogroup found in human VTEC infections. VTEC produce one or both of two Vero cytotoxins (VT1 and VT2). VT1 is closely related to the so-called Shiga toxin produced by strains of Shigella dysenteriae 1 and is sometimes called Shiga-like toxin. VTEC cause a range of symptoms from mild, watery diarrhoea to a severe diarrhoea with large amounts of fresh blood in the stool (haemorrhagic colitis). An important complication, especially in children, is the haemolytic uraemic syndrome.
The importance of VTEC in human disease has only become clear since the association was established between VTEC and two diseases of previously unknown aetiology: haemorrhagic colitis and haemolytic uraemic syndrome (HUS).

Haemorrhagic colitis is a grossly bloody diarrhoea, usually in the absence of pyrexia. It is usually preceded by abdominal pain and watery diarrhoea. Outbreaks were recognized in the USA in 1982 and, since then, outbreaks and sporadic cases have been reported in several other countries.

HUS is characterized by acute renal failure, micro-angiopathic  haemolytic  anaemia  and thrombocytopenia. HUS occurs in all age groups but is more common in infants and young children and is a major cause of renal failure in childhood. HUS may be classified into two principal subgroups; 'typical' HUS is associated with a prodromal bloody diarrhoea while an 'atypical' form occurs without a diarrhoeal phase. Esch. coil O157 is associated with the typical form of HUS.

VTEC infection in man can be associated with a range of clinical symptoms from mild, nonbloody diarrhoea to severe manifestions such as HUS and a wide spectrum of illness can occur even within a single outbreak. VTEC infection may also be accompanied by thrombocytopenic purpura in which the clinical features of HUS are further complicated by neurological involvement and fever.

VTEC have also been implicated as a cause of disease in animals, particularly calves and pigs.

 When VT was first described it was found to be very similar to Shiga toxin, produced by strains of Sh. dysenteriae type 1, in terms of biological properties, physical characteristics and antigenicity. The term 'Shiga-like toxin' (SLT) was therefore used to describe the toxin produced by Esch. coli strains and both terms, VT and SLT, are widely used. VT that is neutralized by anti-Shiga toxin is now designated VTI and a second VT, first shown in strains of serogroup 0157 and not neutralized by anti-Shiga toxin, is termed VT2. VTI and VT2 are also known as SLT-I and SLT-II.

Like Shiga toxin, VTI and VT2 are made up of A and B subunits. For both toxins the A subunit possesses the biological activities of the toxin while the B subunits are thought to mediate specific binding and receptor-mediated uptake of the toxin. VTI and VT2 have the same biological activities as Shiga toxin: cytotoxicity for Vero and HeLa cells, enterotoxicity in ligated rabbit gut loops and mouse paralytic lethality.

The genes controlling production of VT are phage encoded in several Esch. coli strains. VT genes have been cloned in Esch. coli K12 from phages originating in strains of serogroups O26 and O157 and probes for the VT genes have been developed.

Human umbilical cord endothelial cells have been used in studies of the action of VT1. There is a direct, dose-dependent cytotoxic effect on these cells in culture and actively dividing cells are the most sensitive. Since a micro-angiopathy of the capillaries is a characteristic renal lesion in HUS the results with this model support the hypothesis that vascular endothelial cells are a primary target for VT.

A plasmid in VTEC of serogroup O157 is necessary for the expression of fimriae that determine the attachment of small numbers of bacteria in tissue culture. However, surface structures other than fimriae may also mediate attachment. A DNA probe derived from this plasmid has been evaluated for the detection of VTEC.

VTEC outbreaks have occurred in the community, in nursing homes for the elderly and in day care centres for young children. The most severe clinical manifestations are usually seen in the paediatric and geriatric populations.

Food is an important source of VTEC infection. In several outbreaks of haemorrhagic colitis due to Esch. coli O157 in the USA and Canada the causative organism has been isolated from hamburger meat and unpasteurized milk. Esch. coli O157:H7 was also isolated from healthy heifers on the farms associated with the milk-borne incidents and it seems likely that cattle are a reservoir of Esch. coli O157:H7.
Other Escherichia species (Esch. blattae,  Esch. fergussonii, Esch. germanii, Esch. vulneris)  are largely unknown.
Prevention and treatment of Esch. coli  enteritis (escherichioses).
General measures. The early correction of fluid and electrolyte imbalance is the most important single factor in preventing the death of the patient in severe infections.

The most effective means of preventing infection is to avoid exposure to the infecting agent. Contaminated food and water are probably the most important vehicles of ETEC infection in developing countries. The provision of safe supplies of water together with education in hygienic practice in the handling and production of food, particularly that given to young children, are essential. Travellers to countries with poor hygiene, especially in the tropics, should select eating places with care and if possible should consume only hot food and drinks, or bottled water. Selfpeeled fruits are probably safe, but salads should be avoided. Unheated milk should always be considered unsafe.
The spread of infantile enteritis in hospitals and nurseries is mainly from patient to patient - generally on the hands of attendants  - or from contaminated infant feeds. It can be prevented only by very strict hygiene. Infected patients, and recently admitted patients suspected of being infected, must be isolated by barrier nursing techniques to prevent faecal spread. In some cases outbreaks can be terminated only by closing the ward or nursery and cleaning thoroughly before reopening.

It is likely that VTEC infections are acquired most frequently from meat and from unpasteurized milk. Such infections should be avoided by normal food hygiene with particular attention to the thorough cooking of raw meats, especially if minced.

Vaccination. The most extensive studies of the use of vaccines have so far been in the veterinary field. Recently, a potential vaccine for human use has been prepared by cross-linking a synthetically produced ST with the non-toxic B subunit of LT. Tests in the rat showed that the vaccine protects against subsequent challenge with ST or LT or with organisms that produce them. In human volunteers oral administration causes an increase in antitoxin levels in serum samples and jejunal aspirates.

Inhibition of enterotoxin activity. A number of substances such as activated charcoal, bismuth subsalicylate and non-steroidal anti-inflammatory drugs inhibit or reverse the secretory effects of enterotoxins in experimental animals and may be of value in the prevention or treatment of diarrhoea. Clinical trials have shown some benefit from such substances but more work needs to be done to establish the optimum conditions for their use.

Antimicrobial prophylaxis. A number of antimicrobial drugs reduce the incidence of diarrhoea in travellers to tropical areas. These include phthalylsulphathiazole, neomycin, doxycycline, trimethoprim, norfloxacin and other. However, the widespread use of antibiotic prophylaxis has been criticized both on the grounds of drug toxicity and because of the possibility that the development and spread of drug resistance might be encouraged among a variety of enteropathogenic organisms.

Sanitary significance of E. coli. This organism is widely spread in nature. It occurs in soil, water, foodstuffs, and on various objects. For this reason E. coli serves as an indicator of faecal contamination of the external environment.

Detection of E. coli is of great importance in estimating the sanitary index of faecal contamination of water, foodstuffs, soil, beverages, objects, and hand-washings. The degree of contamination of water, soil and foodstuffs is determined by the coli titre or coli index (these terms have been discussed in the chapter concerning the spread of microbes in nature). Faecal contamination of articles of use is estimated by qualitative determination of the presence of E. coli.
3. SHIGELLA

Dysentery, the bloody flux of biblical times, is a clinical entity characterized by the frequent passage of blood-stained mucopurulent stools. Aetiologically it is divisible into two main categories, amoebic and bacillary. Both forms are endemic in most warm-climate countries. Bacillary dysentery, caused by members of the genus Shigella, is also prevalent in many countries with temperate climates.

Shigellae are typical members of the Enterobacteriaceae and are closely related to the genus Escherichia. Microscopically, in stained preparations, shigellae are Gram-negative bacilli indistinguishable from other enterobacteria. They are non-motile and non-capsulate. Culturally they are similar to most other enterobacteria except that on Endo’s or MacConkey’s agar are lactose-negative after incubation for 18-24 h. Thus, on such differential media colonies are colourless and similar to those of the salmonella. The main biochemical reactions which differentiate shigellae from the other members of the Enterobacteriaceae are summarized in Table 1.
The genus Shigella is subdivided on biochemical and serological grounds into four species: Shigella dysenteriae, Sh. flexneri, Sh. boydii and Sh. sonnei. One of these, Sh. dysenteriae, is unique in being unable to ferment mannitol. Another, Sh. sonnei, is a late lactose fermenter, and colonies growing on Endo’s medium for more than 24 h acquire a red coloration.

The antigenic structure of the shigellae is complex. Sh. dysentenae can be subdivided into 10 and Sh. boydii into 15 specific serotypes (serovars). A combination of group- and type-specific antigens allows subdivision of Sh. flexnen into six serotypes, each of which can be further subdivided. Sh. sonnet strains are serologically homogeneous, and a variety of other markers such as the ability to produce specific colicines or the carriage of drug-resistance or other plasmids are used to discriminate between strains for epidemiclogical purposes.

Resistance. Dysentery bacilli live in the external environment for a period of 5-14 days (in soil, foodstuffs and water, on objects, and dishes). Direct sunlight and a 1 per cent phenol solution destroy the organisms in 30 minutes and at a temperature of 60 °C the organisms perish in 10 minutes. The bacilli are easily killed by treatment with chloramine and calcium chloride solutions. The Shiga bacilli are most sensitive to physical and chemical factors, while the Sonne bacilli are relatively resistant to them.

Pathogemcity for animals. Monkeys are susceptible to dysentery bacilli. They contract the infection from sick people or carriers in the nurseries. In some cases they become sources of contamination of personnel in nurseries and zoological gardens.

Parenteral infection causes fatal toxicosis in rabbits. An intravenous injection of a S. dysenteriae culture exerts a highly toxic effect. The resulting infection constitutes diarrhoea, paresis or paralysis of the limbs, followed by collapse and death. Guinea pigs display low susceptibility to dysentery bacilli, but infection through the eye conjunctiva results in keratoconjunctivitis which is assumed to be a specific lesion.

Patbogenesis and disease in num. People suffering from acute and chronic dysentery as well as carriers are sources of infection. Infection takes place through the mouth by ingestion of contaminated foodstuffs and water, by contaminated hands, house flies, and various objects impregnated with dysentery bacilli. The infecting dose is small, between 10 and 100 organisms.
After reaching the large intestine the shigellae multiply in the gut lumen. Many bacteria adhere to the epithelial cells of the gut mucosa and induce these cells to ingest them. The shigellae multiply within the epithelial cells and spread laterally into adjacent cells and deep into the lamina propria. The infected epithelial cells are killed and the lamina propria and submucosa develop an inflammatory reaction with capillary thrombosis. Patches of necrotic epithelium are sloughed and ulcers form. The cellular response is mainly by polymorphonuclear leucocytes, which can be seen readily on microscopical examination of the stool, together with red cells and sloughed epithelium. Dysentery bacilli rarely invade other tissues. Transient bacteraemia can occur but septicaemia with metastatic infection is rare.

Although the main determinant of pathogenicity in shigella infection is invasion of the wall of the large bowel, with its consequent inflammatory reaction, many strains have been shown to produce an exotoxm able to cause secretion of water and electrolytes by cells of the small bowel by a mechanism similar to that of cholera and Escherichia coli toxins. This toxin may be responsible for the brief episode of watery diarrhoea which often precedes the onset of the severe bloody flux of classical dysentery.
The incubation period is usually between 2 and 3 d, but may be as short as 12 h. The onset of symptoms is usually sudden and frequently the initial symptom is abdominal colic. This is followed by the onset of watery diarrhoea, and in all but the mildest cases this is accompanied by fever and malaise. Many episodes resolve at this point, but others progress to abdominal cramps, tenesmus and the frequent passage of small volumes of stool, predominantly consisting of bloody mucus. In a typical case of dysentery the symptoms last about 4 d but, exceptionally, may continue for 10 d or more.

Dysentery caused by the Sh. dysenteriae was of the most severe type. It was accompanied by general intoxication, deep involvement of the intestinal wall oedema, hyperaemia, and haemorrhagic diarrhoea. The disease is aggravated to a considerable extent by the presence of lamblia and helminths which are fellow members in the parasite coenosis in dysentery.                          .

Inflammatory processes developing in the mucosa of the large intestine produce ulcers. The latter form scars on healing which cause stenosis of the intestinal lumen.
Immunity. Immunity acquired after dysentery is specific and type-specific but relatively weak and of a short duration. For this reason the disease may recur many times and, in some cases, may become chronic. This is probably explained by the fact that Shigella organisms share an antigen with human tissues.
Treatment. Most cases of shigella dysentery, especially those due to Sh. sonnei, are mild and do not require antibiotic therapy. Symptomatic treatment with the maintenance of hydration by use of oral rehydration salt solution is all that is required. Treatment with a suitable antibiotic is necessary in the very young, the aged or the debilitated, and in severe infections. Ampicillin, cotrimoxazole, tetracycline or ciprofloxacin are appropriate choices, provided they are shown to be active in vitro; each may be administered orally. There is no evidence that antibiotics reduce the period of excretion of the organisms, and they should not be used in the asymptomatic person either prophylactically or in attempts to hasten clearance after recovery.

Prophylaxis. Dysentery control is ensured by a complex of general and specific measures; (1) early and a completely effective clinical, epidemiological, and laboratory diagnosis; (2) hospitalization of patients or their isolation at home with observance of the required regimen; (3) thorough disinfection of sources of the disease; (4) adequate treatment of patients with highly effective antibiotics and use of chemotherapy and immunotherapy; (5) control of disease centres with employment of prophylaxis measures; (6) surveillance over foci and the application of prophylactic measures there; (7) treatment with a phage of all persons who were in contact with the sick individuals; (8) observance of sanitary and hygienic regimens in children's institutions, at home and at places of work, in food industry establishments, at catering establishments, in food stores.
4. Laboratory diagnosis of

       escherichioses and shigelloses
Laboratory diagnosis of escherichioses. 

The patients’ faeces, throat and nasal discharges, material obtained at autopsy (blood, bile, liver, spleen, lungs, contents of the small and large intestine, pus are all used for laboratory examination during escherichioses and other coli-infections. 

The tested material is inoculated onto solid nutrient media (Endo's, Levin's, MacConkey’s and other) and, simultaneously, onto Ploskirev's media and bismuthsulphite agar for isolation of bacteria of the typhoid-paratyphoid and dysentery group. Blood is first inoculated into broth and then subcultured on solid media when development of a septic process is suspected. The pure culture isolate is identified by its morphological, cultural, biochemical, serological, and biological properties

The corresponding O-group to which an pathogenic serovars belong is determined by means of the agglutination reaction after the K-antigen of the culture that is being studied has been destroyed by boiling.

Besides, the immunofluorescence method employing type specific labelled sera is also used for  accelerated identification of the isolated cultures or researched material. It yields a preliminary answer in one to two hours

In serological diagnosis of colienteritis beginning with the third to fifth day of the disease the indirect haemagglutmation reaction is used which excels the agglutination reaction in sensitivity. It is positive when the antibody titre grows in the course of the disease.

Tests for adhesion to HEp-2 cells and DNA probes for the detection of the EPEC adherence factor are available in some laboratories.

Enterotoxins are detecting during laboratory diagnosis of ETEC infection.  Tests in tissue cultures of mouse adrenal cells and Chinese hamster ovary cells are accepted as standard methods for the detection of heat-labile enteroxin (LT), but other cell lines, including Vero monkey kidney cells, are also sensitive to the toxin. Exposure of the cells to culture supernates containing LT or cholera toxin leads to a morphological response which can be seen by microscopy. The response can be regarded as stimulatory or 'cytotonic' in contrast to the cytotoxic effect of VTEC supenates on Vero cells. A wide range of immunological techniques is available for the detection of LT, including an enzyme-linked immunosorbent assay (ELISA) and a solid-phase radio-immunoassay (RIA). 

Many enterotoxigenic strains of Esch. coli produce only heat-stable enterotoxin and it is essential to include tests for ST production in any survey of enterotoxigenicity. Unfortunately the usual tests are cumbersome and time consuming. Subsequently, ELISA tests with monoclonal antibody specific for ST became available.

Genetic probes for the detection of ST and LT. Radiolabelled or biotin-labelled gene probes have been developed for the detection of ST or LT in stool, food or water samples containing ETEC.

The original test for entero-invasive Esch. coli (EIEC) is the guinea-pig eye test. The organism is instilled into the conjunctival sac of the guinea-pig and the animal is examined for up to 7 d for signs of conjunctivitis. Tissue culture methods are also available. in which monolayers of HEp-2 or HeLa cells are exposed to suspensions of the organism under test. After an appropriate infection period the cells are examined microscopically for the presence of intracellular organisms.

The proportion of VTEC in the faecal flora may be low, often less than 1 %, so that picking and testing of individual colonies may not always detect the presence of VTEC. DNA probes for the VTI and VT2 genes have been developed and by using these probes in colony hybridization tests several hundred colonies from each faecal specimen can be examined giving a considerable increase in sensitivity.

While 95 % of Esch. coli are sorbitol fermenters, O157 VTEC do not ferment sorbitol in 24 h and this characteristic has been used as the basis of tests to detect them, e.g. using sorbitol-MacConkey agar for primary culture followed by agglutination with an О157 antiserum. VT production is confirmed by testing strains for a cytotoxic effect on Vero cells. Evidence for VTEC infection has also been obtained by observing rising levels of VT neutralizing antibodies or of antibody directed against the O157 lipopolysaccharide in patients’ sera.

Laboratory diagnosis of dysentery. Reliable results of laboratory examination depend, to a large extent, on correct sampling of stool specimens and its immediate inoculation onto a selective differential medium. The procedure should be carried out at the patient’s bedside, and the plate sent to the laboratory.

In hospital conditions the stool is collected on a paper plate or napkin, placed into a bed-pan. The latter should be washed previously with running water or, better still, with boiling water, be dry, and should contain no disinfectants. It is best to collect the faeces directly from the rectum by means of a rectal tube or rectal swab. The specimen should be sown in the isolation department immediately after collection. Portions of the stool, containing pus and mucus are picked out with a swab and plated on Ploskirev's, Endo’s or MacConkey’s medium. The plates are incubated at 37 (C for 24 hours. The isolated pure culture is identified by its biochemical and serological properties.                       

1.  Enteric fever and paratyphoid salmonellae

2.  Causative agents of acute gastroenterocolites
1. Enteric fever and paratyphoid salmonellae

The genus of Salmonella was named by the name of American scientist D.Salmon, who described the first representative of genus - Salmonellae choleraesuis with Smith.

The genus of Salmonella includes 65 groups (about 2000 serovars). Salmonellae are parasitize in the organism of domestic and wild animals, birds, fishes, reptiles, some of them are pathogenic for the human.

 Among them there are the causative agents of enteric fever, paratyphoid and about 700 serovars, which usually caused humans’ and animals’ gastroenterocoltis - salmonellosis.

The international nomenclatative committee divided genus Salmonella on 4 subgenera.

Subgenus I - S. kauffmani includes the most part of pathogenic for human salmonella serogroups A, B, C, D, E.

Subgenus II - S. salamae is differentiated from the first genus with the possibility to liquefy gelatin and to ferment natrium malonit.

Subgenus III - S. arizonae ferments slowly lactose and indifferent to dulcit, is revealed in birds, reptiles, mammalia.

In the human S. arizonae is distinguished  in feverish states with diarrhea and gastroenteritis, these diseases become more frequent last years.

To IV subgenus - S. houtenau - we take to atypical in biochemical relation salmonellae II subgenus; they ferment salycine and grow in presence of Kalium cyanide, to which all pathogenic for the human enterobacteria are susceptible.

Enteric fever and paratyphoid salmonellae.

The causative agent of enteric (typhoid) fever, Salmonella typhi  was discovered in 1880 by K. Eberth  and isolated in pure culture in 1884 by G. Gaffky.

In 1896 the French scientists C. Archard and R. Bensaude isolated paratyphoid B bacteria from urine and pus collected from patients with clinical symptoms of typhoid fever. The bacterium responsible for paratyphoid A (Salmonella paratyphi) was studied in detail in 1902 by the German bacteriologists A. Brion and H. Kayser, and the causative agent of paratyphoid B (Salmonella schottmuelleri) was studied in 1900 by H. Schottmuller.

Morphology. The morphology of the typhoid salmonella corresponds with the general characteristics of the Enterobacteriaceae family. Most of the strains are motile and possess flagella, from 8 to 20 in number. It is possible that the flagella form various numbers of bunches.

The paratyphoid salmonellae do not differ from the typhoid organisms in shape, size, type of flagella, and staining properties

The typhoid salmonellae possess individual and intraspecies variability. When subjected to disinfectants, irradiation, and to the effect of other factors of the external environment they change size and shape They may become coccal, elongated (8-10 mcm), or even threadlike.

The cells’ cytoplasm is granular, there are the inclusions in it. Nucleoid is placed in the centre of cell, consists of thick ibrils DNA. The G + C  content in DNA of nucleoid ranges between 45 and 49 her cent. 

Cultivation. The typhoid and paratyphoid organisms are facultative anaerobes. The optimum temperature for growth is 37° C, but they also grow at temperatures between 15 and 41°C. They grow on ordinary media at pH 6.8-7.2. On meat-peptone agar S. typhi forms semitransparent fragile colonies which are half or one-third the size of E. coli colonies. On gelatine the colonies resemble a grape leaf in shape. Cultures on agar slants form a moist transparent film of growth without a pigment and in meat broth they produce a uniform turbidity, in 18-20 hrs.

On Ploskirev's and Endo's media S. typhi and S. paratyphi form semitransparent, colourless or pale-pink coloured colonies. On Levin's medium containing eosin and methylene blue the colonies are transparent and bluish in colour, on Drigalski's medium with litmus they are semitransparent and light blue, and on bismuth-sulphite agar they are glistening and black. The colonies produced by S. paratyphi A on nutrient media (Ploskirev's, Endo's, etc.) are similar to those of S. typhi.

Colonies of S. schottmuelleri have a rougher appearance and after they have been incubated for 24 hours and then left at room temperature for several days, mucous swellings appear at their edges. This is a characteristic differential cultural property.

Fermentative properties. S typhi does not liquefy gelatine, nor does it produce indole. It produces hydrogen sulphide, and reduces nitrates to nitrites. The organisms do not coagulate milk, but they give rise to a slightly pink coloration in litmus milk and cause no changes in Rotberger's medium. They ferment glucose, mannitol, maltose, levulose, galactose, raffinose, dextrin, glycerine, sorbitol and, sometimes, xylose, with acid formation.

S. paratyphi ferments carbohydrates, with acid and gas formation, and is also distinguished by other properties. Two types of S. typhi occur in nature: xylose-positive and xylose-negative. They possess lysine decarboxylase, ornithine decarboxylase and oxidase activity.

In the process of dissociation S. typhi changes from the S-form to the R-form. This variation is associated with loss of the somatic O-antigen (which is of most immunogenic value).
Differentiating Characteristics of Salmonella
	Species  
	Fermentation
	H2S

formation

	
	arabinose
	glucose
	mannitol
	maltose
	

	S. typhi
	A±
	A
	A
	A
	+

	S. paratyphi A
	AG
	AG
	AG
	AG
	-  

	S. schottmuelleri
	AG
	AG
	AG
	AG
	+


Note: A, acid formation, AG, acid and gas formation, +,
hydrogen sulphide formation, —, absence of carbohydrate fermentation and hydrogen sulphide formation,±, arabinose fermentation and hydrogen sulphide formation do not always occur.

Toxin production. S. typhi contains gluco-lipo-protein complexes. The endotoxin is obtained by extracting the bacterial emulsion with trichloracetic acid. This endotoxin is thermostable, surviving a temperature of 120° C for 30 minutes, and is characterized by a highly specific precipitin reaction and pronounced toxic and antigenic properties. Investigations have shown the presence of exotoxic substances in S. typhi which are inactivated by light; air, and heat (80° C), as well as enterotropic toxin, phosphatase, and pyrogenic substances.

Antigenic structure.  S. tvphi possesses a flagellar H-antigen and thermostable somatic O- and Vi-antigens. All three antigens give rise to the production of specific antibodies in the body, i.e. H-, O-, and Vi-agglutinins. H-agglutinins bring about a large-flocculent agglutination, while O- and Vi-agglutinins produce fine-granular agglutination.

F.Andrewes proved that the flagellar H-antigen is not homogenous but is composed of two phases:  phase 1 is specific and agglutinable by specific serum, phase 2 is non-specific and agglutinable not only by specific, but also by group sera. Salmonellae which possess two-phase H-antigens are known as diphasic, while those which posses only the specific H-antigen are monophasic.

The antigens differ in their sensitivity to chemical substances. The O-antigen is destroyed by formalin but is unaffected by exposure to weak phenol solutions. The H-antigen, on the contrary, withstands formalin but is destroyed by phenol.

 S. typhi, grown on agar containing phenol in a ratio of 1 :1000, loses the H-antigen after several subcultures. This antigen is also destroyed on exposure to alcohol. These methods are employed to obtain the O-antigen in its pure form. The H-antigen is isolated by treating the bacterial emulsion with formalin or by using a broth culture which contains a large number of flagellar components. Immunisation with H- and O-antigens is employed for obtaining the corresponding agglutinating sera.

Vi- and O-antigens are located within the microorganism, on the surface of the bacterial cell. It is assumed that the Vi-antigen occurs in isolated areas and is nearer to the surface than the O-antigen. The presence of Vi-antigens hinders agglutination of salmonellae by O-sera, and the loss of the Vi-antigen restores the O-agglutinability. S. typhi which contains Vi-antigens is not agglutinated by O-sera. Vi-agglutinating serum is obtained by saturation of S. typhi serum of animals inoculated with freshly isolated salmonellae, employing H- and O-antigens.

The Vi-antigen is a labile substance. It disappears from the culture when phenol is added to the medium and also when the temperature is low (20 °C) or high (40 °C). It is completely destroyed by boiling for 10 minutes and by exposure to phenol. Exposure to formalin and to temperature of 60° C for 30 minutes produces partial changes in the antigen.

Together with H-, O-, and Vi-antigens, other more deeply located antigens have been revealed. The latter are detected during the change transformation of the bacterial cell to the R-form when the superficial O- and Vi-antigens are lost. Located antigens are non-specific. Later, salmonellae were found to possess an M-mucous antigen (polysaccharide).

  It has been ascertained that the Vi-antigen content of cultures varies, some serovars possessing a large quantity of this antigen, while others only a small quantity. F. Kauffmann subdivides all salmonellae containing Vi-antigens into three groups: (1) pure V-forms with a high Vi-antigen content; (2) pure W-forms which contain no Vi-antigens; (3) transitional V-W-forms which possess Vi-antigens and are agglutinated by O-serum. S. paratyphi have been found to have antigens in common with isoantigens of human erythrocytes.

In accordance with the contents of O-antigens all salmonellae could be divided into 65 serogroups, signed by the Latin alphabet letters (A, B, C, D, etc.). They could be found in the scheme of F. Kauffmann and P. White, where O-antigens are signed by the figures. 

Serological classification of Salmonellae

	Group and 
	Antigenic structure

	species (type)
	somatic antigen
	flagella antigen

	
	
	phase 1
	phase 2

	group A

S. paratyphi A
	1, 2,.12
	а
	 - 

	group B

S. schottmuelleri

S.  abony
S. typhimurium
S. derby
S.  stanley

S. heidelberg

S. abortus-eguina

S. abortus-ovis

S. abortus-bovis
	1, 4, 5, 12

1, 4, 5, 12

1, 4, 5, 12

1, 4 (5), 12

4, 5, 12

4, 5, 12

4, 12

4, 12

1, 4, 12, 27
	b

b

i

f,g

d

r

-

c

b
	1, 2

e, n, x

1, 2

(1, 2)

1, 2

1, 2

e, n, x

1, 6

e, n, x

	group C(1,2)

S. hirschfeldii

S. cholerae-suis

S. typhisuis

S. thomson

S. duesseldorf

S.  newport

S. albany
	6, 7, Vi

6, 7

6, 7

6, 7

6, 8

6, 8

(8), 20
	c

c

c

k

z4, z24
e, h

z4, z24
	1, 5

1, 5

1, 5

1, 5

-  

1, 2

-

-

	group D(1)

S. typhi

S. enteritidis
S. dublin
S. rostoc
S.  moscow
S. gallinarum
	9, 12, Vi

1, 9, 12

1, 9, 12

9, 12

1, 9, 12

1, 9, 12
	d

g, m

g, p

g, p, u

g, q

i
	-

-

-

-

-

-

	group E(1,3)
S. london

S.  anatum

S. harrisonburg
	3, 10

3, 10

(3), (15), 34
	i, v

e, h

z10
	1, 6

1, 6

1, 6


 Each  serogroup includes the salmonellae with one or more identical O-antigens. Differentiation of salmonellae inside the serogroups are done with regards to antigenic specificity of H-antigens, the first phase of them denote with small letters of latin alphabet (a, b, c, d, etc.) and the second phase Arabic figures are used. 

In the scheme of Kaufmann and White S. typhi belongs to D serogroup, S.  paratyphi  is included in A group and S. paratyphi B in B serogroup.

The sensitivity to phages.

As regards to Vi-phage typhoid, paratyphoid A and B salmonellae have phagotypes. Salmonellae non-containing Vi-antigen are not typed by Vi-phages. 

Resistance. Typhoid and paratyphoid A and B salmonellae survive in ice for several months, in soil contaminated with faeces and urine of patients and carries for up to 3 months, in butter, cheese, meat and bread for 1-3 months, in soil, faecal masses, and water for several weeks, and in vegetables and fruits for 5-10 days. They remain unaffected by desiccation and live for a long time in dry faeces.  Salmonella survive for only a short time (3-5 days) in polluted water owing to the presence of a large number of saprophytic microbes and substances harmful to pathogenic micro-organisms.

S. typhi and S. parathyphi A are susceptible  to heat; are destroyed at 56(C in 45-60 minutes, and when exposed to the usual disinfectant solutions of phenol, calcium chloride, and cloramine, perish in several minutes. The presence of active chlorine in water in a dose of 0.5-1 mg per litre provides reliable protection from S. typhi and S. paratyphi A.

Pathogenicity for animals. Animals do not naturally acquire typhoid fever and paratyphoid. Therefore, these diseases are anthroponoses. A parenteral injection of the Salmonellae organism into animals results in septicaemia and intoxication, while peroral infection produces no disease. E. Metchnikoff and A.Bezredka produced a disease similar to human typhoid fever by enteral infection in apes (chimpanzee).

Pathogenesis in man.
The typhoid and paratyphoid diseases pathogenesis was fully explored by Schottmueller and Laveran. There is cyclic development of typhoid and paratyphoid diseases and Laveran discovered the following stages with special localisation and paths of excreting the microbes - causative agents.

   1. After the period of infection per os  bacteria pass be over the stomach, with the food masses enter in the clear space of the thin intestine were they stay for a short period. That first stage of being of typhoid-paratyphoid microbes in the intestine is named as digestive stage of the infection development. It means the first hours of the incubation period.
2.  Being  highly invased and transferred by the phagocytes the bacteria quickly penetrate in the lymph elements of the intestine wall and following through the lymph splits and lymph vessels enter the regional nodes (first of all the  mesenteric nodes), where they stay for the whole incubation period. The stage when the microbes could be found in lymph glands during the incubation period is called as the stage of the invasion.

3.  The microbes which reproduce during the incubation period in the lymph glands go through the gland - lymph barrier and enter the blood. This moment coincide with the end of incubation period and the first clinical symptoms of the disease, in particular, with the beginning of the feverish raising of the temperature. That is the stage of the bacteriemia of the infection development.
4.  The bacteria, which was penetrated into the blood go through the whole organism, subside and reproduce in the different parenchymatous organs and tissues of the reticuloendothelial system: in liver, spleen, kidneys, lymph glands, marrow. This stage, which follow after the previous one and occupy about the first week of the disease, is called as the stage of parenchymatous diffusion. 
The quantity of microbes circulating in blood in the first period of the disease depends of the reticulo-endothelial apparatus fixing strenth fluctuations and is characterized as dynamics and changeability. It was found that if the typhoid is quite complicated’ the quantity of microbes in blood is much bigger and the period of bacteriemia is much longer than in easy cases (Rapoport). 

5.  Under the influence of the increasing concentration of antimicrobial  immune antibodies gradually accumulated in blood - agglutinins, precipitins, opsonins, bacteriolysins, and with the increasing of the phagocitic activity of the reticulo-endothellial system, first of all the blood and follow in the parenchymatous organs gradually clear oneselves of microbes. However, the typhoid-paratyphoid microbes which penetrated from liver to the gall-bladder, have the good conditions for their preserving and reproduction. The gall loosen the bactericidal antibodies activity and at the same time it is the medium for the typhoid and paratyphoid microbes  reproduction. That why in the gall bladder the microbes persist for a long time and excreting in the mass to the intestine through the ductus choledochus stipulate for the second round of the microbes through the intestine, which coincide with the maximum development of the typical for typhoid pathoanatomic changes in the intestine. It is think  that the last changes may have allergic character. The name of the above-mentioned stage is excretive-allergic. At that period the microbes excreting in the gall and rejecting with necrotic elements of the intestine wall constantly persist in faeces of the patients. Quite often the bacteria could be found in urine (bacteriuria).

6.  Excretive-allergic stage is transferred into the stage of convalescence (recovery). However, the clinical recovery doesn't mean the bacterial cleansing of the organism from the pathogenic microbes. Persisting in the gall-bladder the microbes continue to excrete with the faeces and not infrequently bacterial urine secretion could be found. 

      Clinical recovery does not coincide with the elimination of the pathogenic bacteria from the body. The majority of convalescents become carriers during the first weeks following recovery, and 3-5 per cent of the cases continue to excrete the organisms for many months and years after the attack and, sometimes, for life. Inflammatory processes in the gall bladder (cholecystitis) and liver are the main causes of a carrier state since these organs serve as favourable media for the bacteria, where the latter multiply and live for long periods. Besides this, typhoid-paratyphoid salmonellae may affect the kidneys and urinary bladder, giving rise to pyelitis and cystitis. In such lesions the organisms are excreted in the urine.

In one, two, or three weeks following marked improvement in the patient's condition, relapses may occur as a result of reduced immunobiological activity of the human body and hence a low-grade immunity is produced.

Due to the wide range in the seventy of typhoid fever from gravely fatal cases to mild ambulant forms it cannot be differentiated from paratyphoids and other infections by clinical symptoms. Laboratory diagnosis of these diseases is of decisive importance. Diseases caused by S. paratyphi are similar to typhoid fever. The period of incubation and the duration of the disease are somewhat shorter in paratyphoid infections than in typhoid fever.

Immunity. Immunity acquired after typhoid fever and paratyphoids is relatively stable but relapses and reinfections sometimes occur. Antibiotics, used as therapeutic agents, inhibit the immunogenic activity of the pathogens which change rapidly and lose their O- and Vi-antigens. During the disease the immunoglobulins could appear in the human serum of blood, and they have the protective properties. They activate the phagocytic function of organism, promote lysis of bacretia. Titre of antibodies growes up from the second till the following weeks. Their determination in serodiagnosis is used.

Laboratory diagnosis. The present laboratory diagnosis of typhoid fever and paratyphoids is based on the pathogenesis of these diseases.

1. Isolation of haemoculture. Bacteriaemia appears during the first days of the infection. Thus, for culture isolation 1O-15 ml of blood (15-20 ml during the second week of the disease and 3O-40 ml during the third week) are inoculated into 100, 150 and 200 ml of 10 per cent bile broth, after which cultures are incubated at 37° C and on the second day subcultured into one of the differential media (Ploskirev's, Endo's, Levin's) or common meat-peptone agar.

The isolated culture is identified by inoculation into a series of differential media  and by the agglutination reaction. The latter is performed by the glass-slide method using monoreceptor sera or by the test-tube method using purified specific sera.

In order to find out the source and the ways of causative agent transmission in the outbursts of mass typhoid fever diseases the phagovar of typhoid rod should be found using Vi-phages.

2. Serological method. Sufficient number of agglutinins accumulate in the blood on the second week of the disease, and they are detected by the Widal reaction. Diagnostic typhoid and paratyphoids A and B suspensions are employed in this reaction. The fact that individuals treated with antibiotics may yield a low titre reaction must be taken into consideration. The reaction is valued positive in patient's serum in dilution 1 : 200 and higher.

The Widal reaction may be positive not only in patients but also in those who had suffered the disease in the past and in vaccinated individuals. For this reason diagnostic suspensions of 0and H-antigens are employed in this reaction. The sera of vaccinated people and convalescents contain H-agglutinins for a long time, while the sera of patients contain O-agglutinins at the height of the disease.

In typhoid fever and paratyphoids the agglutination reaction may sometimes be of a group character since the patient's serum contains agglutinins not only to specific but also to group antigens which occur in other bacteria. In such cases the patient's blood must be sampled again in 5-6 days and the Widal reaction repeated. Increase of the agglutinin titre makes laboratory diagnosis easier. In cases when the serum titre shows an equal rise with several antigens, O-, H-, and Vi-agglutinins are detected separately.

The best result indirect haemaglutination test with erytrocytic O-, H-, Vi-diagnosticums, ELISA, RIA, Co-agglutination tests are given.

The other immunological methods of human serum investigation are used: the detection of IgA, IgM and IgG, common bactericidity and titre of the bacterial antibodies of blood serum.

3. A pure culture is isolated from faeces and urine during the first, second, and third weeks of the disease. The test material is inoculated into bile broth, Muller's medium, Ploskirev's medium, or bismuth sulphite agar. Isolation and identification of the pure culture are performed in the same way as in blood examination.

Selective media are recommended for isolation of the typhoid-paratyphoid organisms from water, sewage, milk, and faeces of healthy individuals. These media slightly inhibit the growth of pathogenic strains of typhoid-paratyphoid organisms and greatly suppress the-growth of saprophytic microflora.

     A reaction for the detection of a rise in the phage titre is employed in typhoid fever and paratyphoid diagnosis. This reaction is based on the fact that the specific (indicator) phage multiplies only when it is in contact with homologous salmonellae. An increase in the number of phage corpuscles in the test tube as compared to the control tube is indicative of the presence of organisms homologous to the phage used. This reaction is highly sensitive and specific and permits to reveal the presence of the salmonellae in various substrates in 11-22 hours without the necessity of isolating the organisms in a pure culture. The reaction is valued positive if the increase in the number of corpuscles in the tube containing the test specimen is not less than 5-10 times that in the control tube.

When unagglutinable cultures of the typhoid and paratyphoid organisms are isolated, the agglutination reaction is performed using Vi-sera. If the latter are not available, the tested culture is heated for 30 minutes at 60° C or for 5 minutes at 100°C. The agglutination reaction is carried out with a suspension of this heated culture.

In some cases a bacteriological examination of duodenal juice (in search for carriers), bone marrow, and material obtained from roseolas is conducted.

Phage typing of typho-paratyphoid organisms is sometimes employed. The isolated culture is identified by type-specific O- and Vi-phages. Sources of typhoid and paratyphoid infections are revealed by this method.

Water is examined for the presence of typho-paratyphoid bacteria by filtering large volumes (2-3 litres) through membrane filters and subsequent inoculation on plates containing bismuth sulphite agar. If the organisms are present, they produce black colonies in 24-48 hours. The reaction of increase in phage titre is carried out simultaneously.

Treatment. Patients with typhoid fever and paratyphoids are prescribed chloramphenicol, oxytetracycline, and nitrofuran preparations. These drugs markedly decrease the severity of the disease and diminish its duration. Great importance is assigned to general non-specific treatment (dietetic and symptomatic). Treatment must be applied until complete clinical recovery is achieved, and should never be discontinued as soon as the bacteria disappear from the blood, urine, and faeces since this may lead to a relapse.

The eradication of the organisms from salmonellae carriers is a very difficult problem.

Prophylaxis. General measures amount to rendering harmless the sources of infection. This is achieved by timely diagnosis, hospitalisation of patients, disinfection of the sources, and identification and treatment of carriers. Of great importance in prevention of typhoid fever and paratyphoids are such measures as disinfection of water, safeguarding water supplies from pollution, systematic and thorough cleaning of inhabited areas, fly control, and protection of foodstuffs and water from flies. Washing of hands before meals and after using the toilet is necessary. Regular examination of personnel in food-processing factories for identification of carriers is also extremely important.

The vaccination is the specific method to prevent the typhoid fever but it is usually used like additional measure in the system of antiepidemic actions in typhoid fever. The vaccine which is made with spirit and enriched with Vi-antigen is used.

The people living together with the patients or had the food and water infected or suspicious on the infection by typhoid salmonellae the dry typhoid phage in tablettes is prescribed.

2. Causative agents of  gastroenterocolites 
(SALMONELLOSES)
The genus Salmonella comprises about 700 serovars are pathogenic for humans; they cause acute gastroenterocolites (salmonelloses).

In 1885 in America D. Salmon isolated the bacterium S. choleraesuis, which was long considered the causative agent of plague in pigs. Later it was shown to be in association with the causative agent of this disease and the cause of human toxinfections.

In 1888 during a large-scale outbreak of toxinfections in Saxony A. Gartner isolated S. enteritidis bacteria from the flesh of a cow which had to be killed, and also from the spleen of a dead person. The organisms proved to be pathogenic for mice, guinea pigs, rabbits, sheep, and goats.

In 1896 in Breslau K. Kensche and in 1898 in Ertike G. Nobel discovered S. typhimurium (Bacillus Breslau) in cases of food poisoning and isolated a pure culture of the organism.

More often the reason of salmonelloses are S.typimurium, S.haifa, S.anatum, S.panama, S.infantis, S.enteritidis.
Morphology. Morphologically Salmonella organisms possess the general characteristics of the family Enterobacteriaceae. They are motile and peritrichous.

Cultivation. The organisms are facultative aerobes, the optimum temperature for growth being 37° C. They grow readily on ordinary nutrient media.

Fermentative properties. Salmonellae do not liquefy gelatine and do not produce indole. The majority of species produce hydrogen sulphide and ferment glucose, maltose, and mannitol, with acid and gas formation.

Toxin production. Salmonellae produce no exotoxin. Their ability to cause diseases in animals and humans is associated with an endotoxin which is a gluco-lipo-protein complex and is characterised by its high toxicity.

Antigenic structure. According to the Kauffmann-White Scheme, S. enteritidis belongs to group D, S. typhimurium to group B, and S. choleraesuis to group C.

Classification. The organisms are classified according to their antigenic, cultural, and biological properties.

Resistance. Salmonellae are relatively stable to high temperatures (6O-75° C), high salt concentrations, and to certain acids. They withstand 8-10 per cent solution of acetic acid for 18 hours, and survive for 75-80 days at room temperature. The endotoxins remain active within large pieces of meat for long periods (even after the meat has been cooked) as well as in inadequately fried rissoles and other foods.

A characteristic feature of foodstuffs contaminated by salmonellae is that they show no changes which can be detected organoleptically.

Pathogenicity for animals. Salmonellae, the causative agents of gastroenterocolites, are pathogenic micro-organisms which may give rise to paratyphoid in calves, typhoid and paratyphoid in newly-born pigs, typhoid in fowls and pullorum disease in chickens, typhoid in mice and rats, and enteritis in adult cattle,

Among laboratory animals, white mice are most susceptible to the organisms (S. typhimurium, S. enteritidis, S. cholerae-suis, etc.). Enteral and parenteral inoculations result in septicaemia in these animals.

Pathogenesis in man. Ingestion of food contaminated by salmonellae is the main cause of disease. Most frequently food poisoning is due to meat prepared from infected animals and waterfowls without observance of culinary regulations. Eggs of infected waterfowls are also sources of infection. Seabirds are frequent salmonellae carriers. Meat may be infected while the animal is alive or after its death.

 The causative agents of salmonelloses get into the human organism with food. From the clear space of the intestine they take root into enterocytes and in phagosomasimilar vacuoles composition reach their own plate of thin intestinal mucous membrane, where are phagocytized by macrophages and leucocytes. The absorption of life products and endotoxin during the disintegration of microbes is the result of salmonellae inculcation to enterocytes and the influence of microbial ferments (proteases, mucinases, decarboxylases, etc.). The salmonellae are reproduced in macrophages and during the death of phagocytes the mediators of inflammation are released (histamine, serotonine, etc.). The bacteria pass in lymph nodes through the lymph ways and process generalisation of some patients leads to getting and reproduction of salmonellae in the internal organs. The toxins of salmonellae (endotoxin, enterotoxin, cytotoxin) are destroyed the mucous membrane, which cause the diarrhea; they damage the permeability of the cell membranes, that leads to intoxication, the diarrhoea becomes stronger, the organism is losing its liquids. The causative agent of salmonellosis and its toxins play the role for launching mechanism, and then caused by them disturbances of function of digestive, cardio-vascular, nervous systems dominate in clinical manifestation of the disease. Usually, the disease has the symptoms of acute enterocolitis and recovery will take in 3-5 days, 2-3% convalescents become the carries of salmonellae.

Along with typical zoonotic salmonella diseases, there are salmonelloses which occur as a result of infection from sick people and carriers. Such cases are predominant in newborn and prematurely born children, convalescents, and individuals with chronic diseases. In children's institutions, maternity hospitals, somatic departments of pediatric clinics, and among children suffering from dysentery in departments for contagious diseases the main sources of infection are sick children and bacteria carriers. Children suffering from salmonelloses display symptoms of dyspepsia, colitis (enterocolitis), and typhoid fever, and often these conditions are accompanied by septicaemia and bacteriemia. The diseases are of long duration or become chronic and are sometimes erroneously diagnosed as chronic dysentery.

As distinct from typhoid fever and paratyphoid A and B, salmonellae toxinfections are anthropo-zoonotic diseases.

Immunity acquired after salmonellosis is of low grade and short duration. Low titres of agglutinins (from 1:50 to 1 :400 and, rarely, up to 1 :800) appear in the blood of convalescents during the second week.

Laboratory diagnosis. Specimens of food remains, washings from objects, stools, vomit, lavage water, blood, urine and organs obtained at autopsy are carefully collected and examined systematically. In the beginning, the specimens are inoculated into nutrient media employed for diagnosis of typhoid fever and paratyphoids A and B. Then the cultural, serological, and biological properties of the isolated cultures are examined.

In some cases the biological test is performed not only with the cultures, but also with remains of the food which caused the poisoning.

For retrospective diagnosis blood of convalescents is examined for the presence of agglutinins on the eighth-tenth day after the onset of disease. This is performed by the Widal reaction with suspensions of the main diagnostic bacterial species which cause food toxinfections. Table 15 shows that differential laboratory diagnosis between S. typhimurium and S. schottmuelleri is particularly difficult since they have group, somatic, and flagellar phase 2 antigens in common. Pathogenicity for white mice and appearance of mucous swellings and daughter colonies on agar serve as differential criteria.

Treatment Therapeutic measures include antibiotics (chloramphemcol, oxytetracycline and tetracycline). Good effects are also obtained with stomach lavage, injections of glucose and physiological solution and cardiac drugs.

Prophylaxis of salmonellae toxinfections is ensured by veterinary and sanitary control of cattle, slaughter-houses, meat factories and fish industries, laboratory control of meat intended for sale, and sterilisation of meat which otherwise may not be sold. The medical hygiene service identifies carriers among people working in food factories, catering houses, and other food-processing establishments and controls the sanitary regulations at food enterprises, shops, store-houses, and in catering houses.

The carriers from convalescents are treated by salmonellae phage.

In prophylacxis we take into consideration that besides salmonellae the poisoning may be caused by staphylococci, streptococci, and conditionally - pathogenic microbes (Proteus, Escherichia, etc.).
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