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    N.I.Kovalenko
The Enterobacteriaceae are among the most important bacteria medically. A number of genera within the family are human intestinal pathogens (e.g. Salmonella, Shigella, Yersinia). Several others are normal colonists of the human gastrointestinal tract (e.g. Escherichia, Enterobacter, Klebsiella), but these bacteria, as well, may occasionally be associated with diseases of humans.

Learning guide includes sections of morphology, culture and biochemical properties of opportunistic representatives of the family Enterobacteriaceae. The most modern information on pathogenesis, methods of laboratory diagnosis and specific prophylaxis is represented.



Theme: Microbiological diagnosis of diseases caused by Escherichia, Salmonella and Shigella.
Actuality of the theme. 
Goal: Studying of laboratory diagnosis of diseases caused by Escherichia, Salmonella and Shigella.
Concrete goals:

1. Study of biological properties and classification of opportunistic and pathogenic representatives of Enterobacteriacea family.

2. Study pathogenesis and clinical manifestations of escherichiosis, salmonellosis, enteric fever and dysentery.

3. Study of the methods of laboratory diagnosis of escherichiosis, salmonellosis, enteric fever and dysentery.
4. Interpret the results of the bacteriological examination of microorganisms.

Students should be able to: 

1. Differentiate of pathogenic enterobacteria on biochemical and antigenic properties.

2. Isolate pure cultures of Escherichia, Salmonella and Shigella and examine colonies on Endo agar.

3. Identify of isolated pure culture of Escherichia, Salmonella and Shigella for morphology, culture and biochemical properties, antigenic structure.

Equipment: slides, immersion microscope, brouth culture of E.coli, plate culture on MPA, basic dyes, inoculating loops, tables, atlas.

The Enterobacteriaceae is a large, heterogeneous group of gram-negative rods whose natural habitat is the intestinal tract of humans and animals. The taxonomy of the Enterobacteriaceae is complex and rapidly changing since the introduction of techniques that measure evolutionary distance, such as nucleic acid hybridization and sequencing. More than 25 genera and 110 species or groups have been defined; however, the clinically significant Enterobacteriaceae comprise 20-25 species, and other species are encountered infrequently. The Enterobacteriaceae are among the most important bacteria medically. A number of genera within the family are human intestinal pathogens (e.g. Salmonella, Shigella, Yersinia). Several others are normal colonists of the human gastrointestinal tract (e.g. Escherichia, Enterobacter, Klebsiella), but these bacteria, as well, may occasionally be associated with diseases of humans.
Genus Escherichia
Escherichia coli (abbreviated as E. coli) is the most prevalent infecting organism in the family of gram-negative bacteria known as Enterobacteriaceae. The genus Escherichia is named after Theodor Escherich, who isolated the type species of the genus.

E. coli is often referred to as the best or most-studied free-living organism. More than 700 serotypes of E. coli have been identified. 

E. coli normally lives in the intestines of people and animals and is a major facultative inhabitant of the large intestine.
E.coli is a large and diverse group of bacteria. Although most strains of E. coli are harmless, others can make you sick. As long as these bacteria do not acquire genetic elements encoding for virulence factors, they remain benign commensals. Strains that acquire bacteriophage or plasmid DNA encoding enterotoxins or invasion factors become virulent and can cause either a plain, watery diarrhea or an inflammatory dysentery. These diseases are most familiar as traveler's diarrhea, but they are also major health problems in endemic countries, particularly among infants. Some kinds of E. coli can cause diarrhea, while others cause urinary tract infections, respiratory illness and pneumonia, cholecystitis, bacteremia, cholangitis, neonatal meningitis and other illnesses. Still other kinds of E. coli are used as markers for water.

Structure, Classification, and Antigenic Types

E. coli are Gram-negative, short rods not visibly different from E. coli found in the normal flora of the human large intestine. Escherichia organisms exist singly or in pairs (Fig. 1.A). They are either nonmotile or motile by peritrichous flagella (Fig. 1.B). Virulence-associated fimbriae are too small to be seen by light microscopy.
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Figure 1. Morphology of E.coli: A – arrangement; B - E. coli with pili and flagella.
Enterobacteriaceae have a complex antigenic structure. They are classified by more than 170 different heat-stable somatic O (lipopolysaccharide) antigens, more than 100 heat-labile K (capsular) antigens, and more than 50 H (flagellar) antigens (Fig. 2). 
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Figure 2. Antigenic structure of Enterobacteriaceae.
Most E. coli isolates produce heat-labile, surface-associated proteins antigenically unrelated to O and H. These antigens can be seen in electron micrographs as filamentous structures called pili (fimbriae), which are much thinner and usually more rigid than flagella. O antigens are resistant to heat and alcohol and usually are detected by bacterial agglutination. Antibodies to O antigens are predominantly IgM.

Occasionally, O antigens may be associated with specific human diseases, eg, specific O types of E. coli are found in diarrhea and in urinary tract infections.

E. coli organisms are serogrouped according to the presence or absence of specific heat-stable somatic antigens (O antigens) composed of polysaccharide chains linked to the core lipopolysaccharide (LPS) complex common to all Gram-negative bacteria. O specificity is determined by sugar or amino-sugar composition and by the sequence of these outer polysaccharide chains. More than 170 different O-specific antigens have been defined since Kauffmann began this method of typing E. coli in 1943. In normal smooth strains, which are typable, the core LPS is buried beneath the O antigen. Also occurring are untypable O-minus mutants in which the core LPS is exposed; these are called rough strains. There is considerable cross-reactivity among E. coli O antigens; also, many O groups of E. coli are cross-reactive or identical with specific O groups of Shigella, Salmonella, or Klebsiella.

H antigens are located on flagella and are denatured or removed by heat or alcohol. They are preserved by treating motile bacterial variants with formalin. Such H antigens agglutinate with anti-H antibodies, mainly IgG. The determinants in H antigens are a function of the amino acid sequence in flagellar protein (flagellin). H antigens on the bacterial surface may interfere with agglutination by anti-O antibody.

E. coli serotypes are specific O-group/H-antigen combinations. H typing is important for E. coli associated with diarrheal disease because a strain causing an outbreak or epidemic can be differentiated from the normal stool flora by its unique O:H antigenic makeup.
K antigens are external to O antigens on some but not all Enterobacteriaceae. Some are polysaccharides, including the K antigens of E.coli; others are proteins. K antigens may interfere with agglutination by O antisera, and they may be associated with virulence (eg, E. coli strains producing K1 antigen are prominent in neonatal meningitis, and K antigens of E. coli cause attachment of the bacteria to epithelial cells prior to gastrointestinal or urinary tract invasion).

Six groups of E. coli are associated with diarrheal diseases and collectively are referred to as diarrheagenic E. coli. 
· Enterotoxigenic E. coli (ETEC)
· Enterohemorragic E. coli (EHEC)

· Enteropathogenic E. coli (EPEC)
· Enteroinvasive E.coli (EIEC)
· Diffusely adherent E. coli (DAEC)

· Enteroaggregative E. coli (EAEC)

E. coli strains that produce enterotoxins are called enterotoxigenic E. coli (ETEC). There are numerous types of enterotoxin. Some of these toxins are cytotoxic, damaging the mucosal cells, whereas others are merely cytotonic, inducing only the secretion of water and electrolytes. 
A second group of E. coli strains have invasion factors called Shiga toxin and cause tissue destruction and inflammation resembling the effects of Shigella (EIEC). The bacteria that make these toxins are called “Shiga toxin-producing” E. coli, or STEC for short or enterohemorrhagic E. coli (EHEC). Enterohemorrhagic E. coli, such as E. coli 0157:H7, produce a shiga-like toxin that kills epithelial cells of the large intestines causing hemorrhagic colitis, a bloody diarrhea. In rare cases, the shiga-toxin enters the blood and is carried to the kidneys where, usually in children, it damages vascular cells and causes hemolytic uremic syndrome. 
A third group of serotypes, called enteropathogenic E. coli (EPEC), are associated with outbreaks of diarrhea in infants younger than 6 months, but produce no recognizable toxins or invasion factors.. The bacterium disrupts the normal microvilli on the epithelial cells of the small intestines resulting in maladsorbtion and diarrhea. 
Enteroinvasive E. coli (EIEC) invade and kill epithelial cells of the large intestines causing a dysentery-type syndrome similar to Shigella common in underdeveloped countries. 
Diffuse aggregative E. coli (DAEC) causes watery diarrhea in infants 1-5 years of age. They stimulate elongation of the microvilli on the epithelial cells lining the small intestines. 
Enteroaggregative E. coli (EAEC) is a cause of persistant diarrhea in developing countries. It probably causes diarrhea by adhering to mucosal epithelial cells of the small intestines and interfering with their function. The distinguishing feature of EAEC strains is their ability to attach to tissue culture cells in an aggregative manner. They resemble ETEC strains in that the bacteria adhere to the intestinal mucosa and cause non-bloody diarrhea without invading or causing inflammation. This suggests that the organisms produce a toxin of some sort. They also produce a hemolysin related to the hemolysin produced by E. coli strains involved in urinary tract infections.
Culture properties
E. coli is facultatively anaerobic with a type of metabolism that is both fermentative and respiratory. E. coli grows well on ordinary media, e.g. peptone or meat extract media, blood agar, Mac-Conkey agar, Endo agar in wide range of temperatures.
Identification: 

Lactose fermentation: e.g. Mac-Conkey agar or Endo agar contains lactose and a pH indicator, so lactose-fermenting colonies are pink.

Biochemocal tests are used to identify species of enterobacteria, usually by means of test kits based on 10 or 20 biochemical tests. Enterobacteria ferment glucose often with formation of gas, reduce nitrates into nitrites, form catalase, oxidase negative, and reduce nitrate to nitrite.
E. coli typically produces positive tests for indole, lysine decarboxylase, and mannitol fermentation and produces gas from glucose. An isolate from urine can be quickly identified as E coli by its hemolysis on blood agar, typical colonial morphology with an iridescent "sheen" on differential media such as EMB agar, and a positive spot indole test. 

Epidemiology
E. coli diarrheal disease of all types is transmitted from person to person with some important animal vectors. E. coli O157:H7 bacteria and other pathogenic E. coli are believed to mostly live in the intestines of cattle, but these bacteria have also been found in the intestines of chickens, deer, sheep, and pigs. Shiga toxin-producing E. coli does not make the animals that carry it ill, the animals are merely the reservoir for the bacteria.

Exposures that result in illness include consumption of contaminated food, unpasteurized (raw) milk, water that has not been disinfected, contact with cattle, or contact with the feces of infected people. Some foods are considered to carry such a high risk of infection with E.coli O157 or another germ that health officials recommend that people avoid them completely. These foods include unpasteurized apple cider, and soft cheeses made from raw milk. Sometimes the contact is pretty obvious (working with cows at a dairy or changing diapers, for example), but sometimes it is not (like eating an undercooked hamburger or a contaminated piece of lettuce). People have gotten infected by swallowing lake water while swimming, touching the environment in petting zoos and other animal exhibits, and by eating food prepared by people who did not wash their hands well after using the toilet. Almost everyone has some risk of infection.

The incidence of E. coli diarrhea is clearly related to hygiene, food processing sophistication, general sanitation, and the opportunity for contact. Adults traveling from temperate climates to more tropical areas typically experience traveler's diarrhea caused by ETEC. This phenomenon is not readily explained, but contributing factors are low levels of immunity and an increased opportunity for infection.
Pathogenesis

E. coli is responsible for three types of infections in humans: urinary tract infections, neonatal meningitis, and intestinal diseases (gastroenteritis). These three diseases depend on a specific array of pathogenic (virulence) determinants. The virulence determinants of various strains of pathogenic E.coli are summarized in Table 1.

Table 1. Summary of the virulence determinants of pathogenic E. coli
	Function
	Virulence determinants

	Adhesins
	CFAI/CFAII
Type 1 fimbriae
P fimbriae
S fimbriae
Intimin (non-fimbrial adhesin)

	Invasins
	hemolysisn
siderophores and siderophore uptake systems
Shigella-like "invasins" for intracellular invasion and spread

	Motility/chemotaxis
	flagella

	Toxins
	heat-labile enterotoxin (LT toxin)
heat-stable enterotoxin (ST toxin)
Shiga-like toxin
cytotoxins
endotoxin LPS

	Antiphagocytic surface properties
	Capsules, 
K antigens
LPS

	Defense against serum bactericidal reactions
	LPS
K antigens

	Defense against immune responses
	capsules
K antigens
LPS
antigenic variation


E. coli diarrheal disease is contracted orally by ingestion of food or water contaminated with a pathogenic strain shed by an infected person. ETEC diarrhea occurs in all age groups, but mortality is most common in infants, particularly in the most undernourished or malnourished infants in developing nations.

The pathogenesis of ETEC diarrhea involves two steps: intestinal colonization, followed by elaboration of diarrheagenic enterotoxin(s) (Fig. 3). ST is actually a family of toxic peptides ranging from 18 to 50 amino acid residues in length. Those termed STa can stimulate intestinal guanylate cyclase, the enzyme that converts guanosine 5′-triphosphate (GTP) to cyclic guanosine 5′-monophosphate (cGMP). Increased intracellular cGMP inhibits intestinal fluid uptake, resulting in net fluid secretion. Those termed STb do not seem to cause diarrhea by the same mechanism. Specific DNA gene probes and PCR assays have been developed to test isolated colonies for the presence of genes encoding ST and LT.
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Figure 3. Cellular pathogenesis of E coli having CFA pili.
ETEC possess specialized pili which act as ligands to bind the bacterial cells to specific complex carbohydrate receptors on the epithelial cell surfaces of the small intestine. Since this interaction results in colonization of the intestine by ETEC, with subsequent multiplication on the gut surface, these pili are termed colonization-factor antigens (CFAs).

Genes coding for the production of CFAs reside on the ETEC virulence plasmids, usually on the same plasmids that carry the genes for one or both of the two types of E. coli enterotoxin, heat-labile enterotoxin and heat-stable enterotoxin. 

The E. coli LTs are antigenic proteins whose mechanism of action is similar to that of Vibrio cholerae enterotoxin. LT shares antigenic determinants with cholera toxin, and its primary amino acid sequence is similar.

LT is composed of two types of subunits. One type of subunit (the B subunit) binds the toxin to the target cells via a specific receptor that has been identified as Gm1 ganglioside. The other type of subunit (the A subunit) is then activated by cleavage of a peptide bond and internalized. It then catalyzes the ADP-ribosylation (transfer of ADP-ribose from nicotinamide adenine dinucleotide [NAD]) of a regulatory subunit of membrane-bound adenylate cyclase, the enzyme that converts ATP to cAMP. This activates the adenylate cyclase, which produces excess intracellular cAMP, which leads to hypersecretion of water and electrolytes into the bowel lumen.

E. coli strains belonging to the classic EPEC serogroups bind intimately to the epithelial surface of the intestine, usually the colon, via the adhesive BFP. The lesion caused by EPEC consists mainly of destruction of microvilli. There is no evidence of tissue invasion. Cell damage occurs in two steps, collectively termed attaching and effacing; first is intimate contact, sometimes characterized as pedestal formation; second is loss of microvilli which is the result of rearrangement of the host cell cytoskeleton. Loss of microvilli leads to malabsorption and osmotic diarrhea. Diarrhea is persistent, often chronic, and accompanied by fever. EPEC are negative for ST and LT, but most strains produce relatively small amounts of a potent Shiga-like toxin that has both enterotoxin and cytotoxin activity.

The E. coli strains associated with hemorrhagic colitis (enterohemorrhagic E. coli, or EHEC) most notably O157:H7, produce relatively large amounts of the bacteriophage-mediated Shiga-like toxin. This toxin is called Vero toxin (VT), or Vero cytotoxin after its cytotoxic effect on cultured Vero cells. Many strains of O157:H7 also produce a second cytotoxin (Shiga-like toxin 2, or Vero toxin 2), which is similar in effect but antigenically different.
Unlike other E. coli pathogens, which remain on intestinal surfaces, Shiga toxin-producing bacteria, like O157:H7, are invasive (Fig. 4). After ingestion, E. coli bacteria rapidly multiply in the large intestine and then bind tightly to cells in the intestinal lining. This snug attachment facilitates absorption of the toxins into the small capillaries within the bowel wall. Once in the systemic circulation, Shiga toxin becomes attached to weak receptors on white blood cells, thus allowing the toxin to “ride piggyback” to the kidneys where it is transferred to numerous avid (strong) Gb3 receptors that grasp and hold on to the toxin. An acute inflammatory response and tissue destruction produce diarrhea with little fluid, much blood, and sheets of mucus containing polymorphonuclear cells.
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Figure 4. Cellular pathogenesis of invasive E coli.
Once Shiga toxins attach to receptors on the inside surface of blood vessel cells (endothelial cells), a chemical cascade begins that results in the formation of tiny thrombi (blood clots) within these vessels. Some organs seem more susceptible, perhaps due to the presence of increased numbers of receptors, and include the kidney, pancreas, and brain. Once they move into the interior of the cell (cytoplasm), Shiga toxins shut down protein machinery, causing cellular injury or death. This cellular injury activates blood platelets too, and the resulting “coagulation cascade” causes the formation of clots in the very small vessels of the kidney, leading to acute kidney failure.

The red blood cells are either directly destroyed by Shiga toxin (hemolytic destruction), or are damaged as cells attempt to pass through partially obstructed micro-vessels. Blood platelets become trapped in the tiny blood clots, or they are damaged and destroyed by the spleen. 

By definition, when fully expressed, HUS presents with the triad of hemolytic anemia (destruction of red blood cells), thrombocytopenia (low platelet count), and renal failure (loss of kidney function).

The Shigella-like E. coli strains are highly virulent; oral exposure to a very small number of these invasive bacteria causes severe illness. What makes E.coli O157:H7 remarkably dangerous is its very low infectious dose, and how relatively difficult it is to kill these bacteria. As few as 20 organisms may be sufficient to infect a person and, as a result, possibly kill them. 
The six recognized categories of diarrheagenic E. coli each have unique features in their interaction with eukaryotic cells. The interaction of each category with a typical target cell is schematically summarized in Fig. 5. 
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Figure 5. Pathogenic schemes of diarrheagenic Escherichia coli.
Clinical Manifestations
Enteric infections. Patients with E. coli traveler's diarrhea (ie, watery nonbloody diarrhea; caused by enterotoxigenic E coli [ETEC] or enteroaggregative E. coli [EAggEC]) may appear to be dehydrated. Traveler's diarrhea is observed in young healthy travelers to tropical countries and is watery diarrhea without polymorphonuclear (PMN) leukocytes.

Patients with E. coli childhood diarrhea (ie, watery nonbloody diarrhea; caused by EAggEC, enteroadherent E. coli [EAEC], or E. coli [EPEC]) may also appear to be dehydrated. These infections produce a noninflammatory watery diarrhea observed especially in children.

The diarrheal disease caused by ETEC is characterized by a rapid onset of watery, nonbloody diarrhea of considerable volume, accompanied by little or no fever. Other common symptoms are abdominal pain, malaise, nausea, and vomiting. Diarrhea and other symptoms cease spontaneously after 24 to 72 hours.

Patients with E. coli dysentery (caused by enteroinvasive E. coli [EIEC] or enterohemorrhagic E. coli [EHEC]) have fever, bloody diarrhea, and dehydration. Intestinal mucosa produces a significant inflammatory response. Clinically, patients with E. coli dysentery present with fever and have blood and PMN leukocytes in their stool.

The colitis caused by E. coli O157:H7 is characterized by severe abdominal cramps, diarrhea that typically turns bloody within 24 hours, and sometimes fever. The incubation period in outbreaks is usually reported as 3 to 4 days, but may be as short as 1 day or as long as 10 days.
Inflammation caused by the Shiga toxins is believed to be the cause of hemorrhagic colitis, the first symptom of E. coli infection, which is characterized by the sudden onset of abdominal pain and severe cramps. Such symptoms are typically followed within 24 hours by diarrhea, sometimes fever. 

The duration of an uncomplicated illness can range from one to twelve days. In reported outbreaks, the rate of death is 0-2%, with rates running as high as 16-35 % in outbreaks involving the elderly, like those that have occurred at nursing homes. 

On rare occasions, E. coli infection can cause bowel necrosis (tissue death) and perforation. 

E. coli O157:H7 and other Shiga toxin-producing E. coli (STEC) infections can lead to a severe, life-threatening complication called the hemolytic uremic syndrome (HUS) that is now recognized as the most common cause of acute kidney failure in infants and young children. HUS accounts for the majority of the acute deaths and chronic injuries caused by the bacteria. HUS occurs in 2-7% of victims, primarily children, with onset five to ten days after diarrhea begins. Patients with E. coli HUS have fever, bloody diarrhea, dehydration, hemolysis, thrombocytopenia, renal failure, and uremia requiring dialysis or transplantation. Other long-term problems include the risk for hypertension, proteinuria (abnormal amounts of protein in the urine that can portend a decline in renal function), and reduced kidney filtration rate.
Acute bacterial meningitis. Newborns with E. coli meningitis present with fever and failure to thrive or abnormal neurologic signs. Other findings in neonates include jaundice, decreased feeding, periods of apnea, and listlessness.

Patients younger than 1 month present with irritability, lethargy, vomiting, lack of appetite, and seizures.

Those older than 4 months have neck rigidity, tense fontanels, and fever.

Older children and adults with acute E. coli meningitis develop headache, vomiting, confusion, lethargy, seizures, and fever.

Pneumonia. Patients with E. coli pneumonia usually present with fever, shortness of breath, increased respiratory rate, increased respiratory secretions, and crackles upon auscultation.

Intra-abdominal infections. Patients with E. coli cholecystitis or cholangitis develop right upper quadrant (RUQ) pain, fever, and jaundice. In severe cases, hypotension and confusion also develop.

Urinary tract infections. Acute E. coli urethral syndrome manifests as low-grade fever and dysuria. Patients present with dysuria, increased frequency, and urgency, and they have colony counts.
Patients with E. coli pyelonephritis or complicated UTI present with localized flank or low back pain, high fever (>102°F), and urinary frequency and urgency. Findings also include rigors, sweating, headache, nausea, and vomiting. It can be complicated by necrotizing intrarenal or perinephric abscess, which manifests as a bulging flank mass or pyelonephritis that does not respond to antibiotics.

Patients with E. coli acute prostatitis or prostatic abscess have chills, sudden fever, and perineal and back pain with a tender, swollen, indurated, and hot prostate. Acute prostatitis also manifests as dysuria, urgency, and frequent voiding. Some patients may have myalgia, urinary retention, malaise, and arthralgia.

Host Defenses

As in any orally transmitted disease, the first line of defense against E. coli diarrhea is gastric acidity. Other nonspecific defenses are small-intestinal motility and a large population of normal flora in the large intestine.

Information about intestinal immunity against diarrheal disease is still somewhat superficial. However, intestinal secretory immunoglobulin (IgA) directed against surface antigens such as the CFAs and against LT appears to be the key to immunity from E. coli diarrhea. Passive immune protection of infants by colostral antibody is important. Human breast milk also contains nonimmunoglobulin factors (receptor-containing molecules) that can neutralize E. coli toxins and CFAs.
These defenses are frequently deficient or lacking in the infant and the elderly. 

Diagnosis

Infection with E. coli is usually confirmed by the detection of the bacteria in a stool specimen from an infected individual.

Confirmation is achieved by serotyping, serologic identification of a specific CFA on isolates, demonstration of LT or ST production, and identification of genes encoding these virulence factors (Fig. 6).
Treatment

No single specific therapy is available. The sulfonamides, ampicillin, cephalosporins, fluoroquinolones, and aminoglycosides have marked antibacterial effects against the enterics, but variation in susceptibility is great, and laboratory tests for antibiotic sensitivity are essential. Multiple drug resistance is common and is under the control of transmissible plasmids.

Control

E. coli diarrheal disease is best controlled by preventing transmission and by stressing the importance of breast-feeding of infants, especially where EPEC is endemic. The best treatment is oral fluid and electrolyte replacement (intravenous in severe cases). Antibiotics are not recommended because this practice leads to an increased burden of antibiotic-resistant pathogenic E. coli and of more life-threatening enteropathogens.
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Figure 6. Laboratory methods for isolation and identification of E. coli

Salmonella

Classification

Salmonella nomenclature has been controversial since the original taxonomy of the genus was not based on DNA relatedness, rather names were given according to clinical considerations, e.g., Salmonella typhi, Salmonella cholerae-suis, Salmonella abortus-ovis, and so on. When serological analysis was adopted into the Kauffmann-White scheme in 1946, a Salmonella species was defined as "a group of related fermentation phage-type" with the result that each Salmonella serovar was considered as a species. Since the host-specificity suggested by some of these earlier names does not exist (e.g., S. typhi-murium, S. cholerae-suis are in fact ubiquitous), names derived from the geographical origin of the first isolated strain of the newly discovered serovars were next chosen, e.g., S. london, S. panama, S. stanleyville.

The classification of salmonellae is complex because the organisms are a continuum rather than a defined species. The members of the genus Salmonella were originally classified on the basis of epidemiology, host range, biochemical reactions, and structures of the O, H, and Vi (when present) antigens. The names (eg, Salmonella typhi, Salmonella typhimurium) were written as if they were genus and species; this form of the nomenclature remains in widespread but incorrect use. DNA-DNA hybridization studies have demonstrated that there are seven evolutionary groups. Nearly all of the salmonella serotypes that infect humans are in DNA hybridization group I; there are rare human infections with groups IIIa and IIIb. A single species composed of seven subspecies, and the nomenclature had to be adapted. Each subspecies contains various serovars defined by a characteristic antigenic formula.
The species name Salmonella enterica has been widely accepted, and the organisms in DNA hybridization group I are S.enterica subspecies enterica. The organisms in the other groups have other subspecies names. It seems probable that the widely accepted nomenclature for classification will be as follows: S. enterica subspecies enterica serotype Typhimurium, which can be shortened to Salmonella Typhimurium with the genus name in italics and the serotype name in roman type. National and international reference laboratories may use the antigenic formulas following the subspecies name because they impart more precise information about the isolates (Fig. 7).
There are more than 2500 serotypes of salmonellae, including more than 1400 in DNA hybridization group I that can infect humans. Four serotypes of salmonellae that cause enteric fever can be identified in the clinical laboratory by biochemical and serologic tests. These serotypes should be routinely identified because of their clinical significance. They are as follows: Salmonella Paratyphi A (serogroup A), Salmonella Paratyphi B (serogroup B), Salmonella Choleraesuis (serogroup C1), and Salmonella Typhi (serogroup D). The more than 1400 other salmonellae that are isolated in clinical laboratories are serogrouped by their O antigens as A, B, C1, C2, D, and E; some are nontypeable with this set of antisera. The isolates are then sent to reference laboratories for definitive serologic identification. This allows public health officials to monitor and assess the epidemiology of salmonella infections on a statewide and nationwide basis.

Morphology and Antigenic Structure

Salmonella is a Gram-negative motile facultative rod-shaped bacterium in the same family as Escherichia coli, the family Enterobacteriaceae, trivially known as "enteric" bacteria. Salmonellae vary in length. Most isolates are motile with peritrichous flagella. 
Salmonellae live in the intestinal tracts of warm and cold blooded animals. Some species are ubiquitous. Other species are specifically adapted to a particular host. In humans, Salmonella are the cause of two diseases called salmonellosis: enteric fever (typhoid), resulting from bacterial invasion of the bloodstream, and acute gastroenteritis, resulting from a foodborne infection/intoxication.
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Figure 7. General overview of the current classification of S. enterica

As with all Enterobacteriaceae, the genus Salmonella has three kinds of major antigens with diagnostic or identifying applications: somatic, surface, and flagellar.

Somatic (O) or Cell Wall Antigens are heat stable and alcohol resistant. Cross-absorption studies individualize a large number of antigenic factors, 67 of which are used for serological identification.

Surface (envelope) antigens in Salmonella may mask O antigens, and the bacteria will not be agglutinated with O antisera. One specific surface antigen is well known: the Vi antigen. The Vi antigen occurs in only three Salmonella serovars (out of about 2,200): Typhi, Paratyphi C, and Dublin. Strains of these three serovars may or may not have the Vi antigen.

Flagellar (H) antigens are heat-labile proteins. Mixing salmonella cells with flagella-specific antisera gives a characteristic pattern of agglutination (bacteria are loosely attached to each other by their flagella and can be dissociated by shaking). Also, antiflagellar antibodies can immobilize bacteria with corresponding H antigens.

Most Salmonella serovars, however, can alternatively produce flagella with two different H antigenic specificities. The H antigen is then called diphasic.

Organisms may lose H antigens and become nonmotile. Loss of O antigen is associated with a change from smooth to rough colony form. Vi antigen may be lost partially or completely. Antigens may be acquired (or lost) in the process of transduction.

Isolation and Identification of Salmonella

A number of nutrient media have been devised for the isolation of Salmonella. Some media are differential and nonselective, i.e., they contain lactose with a pH indicator, but do not contain any inhibitor for non salmonellae (e.g., bromocresol purple lactose agar). Other media are differential and slightly selective, i.e., in addition to lactose and a pH indicator, they contain an inhibitor for nonenterics (e.g., MacConkey and Endo agar).

The most commonly used media selective for Salmonella are bismuth sulfite agar, Hektoen enteric (HE) medium, brilliant green agar and xylose-lisine-deoxycholate (XLD) agar. All these media contain both selective and differential ingredients and they are commercially available.

Characteristics shared by most Salmonella strains: lactose negative; acid and gas from glucose, mannitol, maltose, and sorbitol; indole test negative; H2S is produced from thiosulfate.
Epidemiology
The principal habitat of the salmonellae is the intestinal tract of humans and animals. Salmonellae are disseminated in the natural environment (water, soil, sometimes plants used as food) through human or animal excretion. Typhi and Paratyphi A are strictly human serovars that may cause grave diseases often associated with invasion of the bloodstream. Humans and animals (either wild or domesticated) can excrete Salmonella either when clinically diseased or after having had salmonellosis, if they remain carriers. Salmonella organisms do not seem to multiply significantly in the natural environment (out of digestive tracts), but they can survive several weeks in water and several years in soil if conditions of temperature, humidity, and pH are favorable.

Salmonellosis in these cases is transmitted through fecal contamination of water or food. 
Salmonella may be associated with all kinds of food. Contamination of meat (cattle, pigs, goats, chicken, etc.) may originate from animal salmonellosis, but most often it results from contamination of muscles with the intestinal contents during evisceration of animals, washing, and transportation of carcasses. Surface contamination of meat is usually of little consequence, as proper cooking will sterilize it (although handling of contaminated meat may result in contamination of hands, tables, kitchenware, towels, other foods, etc.). However, when contaminated meat is ground, multiplication of Salmonella may occur within the ground meat and if cooking is superficial, ingestion of this highly contaminated food may produce a Salmonella infection. Infection may follow ingestion of any food that supports multiplication of Salmonella such as eggs, cream, mayonnaise, creamed foods, etc., as a large number of ingested salmonellae are needed to give symptoms. Prevention of Salmonella toxic infection relies on avoiding contamination (improvement of hygiene), preventing multiplication of Salmonella in food (constant storage of food at 4°C), and use of pasteurized and sterilized milk and milk products. Vegetables and fruits may carry Salmonella when contaminated with fertilizers of fecal origin, or when washed with polluted water.

The feces of persons who have unsuspected subclinical disease or are carriers are a more important source of contamination than frank clinical cases that are promptly isolated, eg, when carriers working as food handlers are "shedding" organisms. Many animals, including cattle, rodents, and fowl, are naturally infected with a variety of salmonellae and have the bacteria in their tissues (meat), excreta, or eggs. The high incidence of salmonellae in commercially prepared chickens has been widely publicized. 
Pathogenesis 
Salmonella infections in humans vary with the serovar, the strain, the infectious dose, the nature of the contaminated food, and the host status. Certain serovars are highly pathogenic for humans; the virulence of more rare serovars is unknown. Strains of the same serovar are also known to differ in their pathogenicity. The mean infective dose to produce clinical or subclinical infection in humans is 103 Salmonella Typhi, whereas at least 105–108 S.Typhimurium cells (oral dose) are needed to cause symptoms of a toxic infection. Infants, immunosuppressed patients, and those affected with blood disease are more susceptible to Salmonella infection than healthy adults.

In the pathogenesis of typhoid the bacteria enter the human digestive tract, penetrate the intestinal mucosa (causing no lesion), and are stopped in the mesenteric lymph nodes. There, bacterial multiplication occurs, and part of the bacterial population lyses. From the mesenteric lymph nodes, viable bacteria and LPS (endotoxin) may be released into the bloodstream resulting in septicemia. Release of endotoxin is responsible for cardiovascular “collapsus and tuphos” (a stuporous state - origin of the name typhoid) due to action on the ventriculus neurovegetative centers.

Salmonella excretion by human patients may continue long after clinical cure. Asymptomatic carriers are potentially dangerous when unnoticed. About 5% of patients clinically cured from typhoid remain carriers for months or even years. Antibiotics are usually ineffective on Salmonella carriage (even if salmonellae are susceptible to them) because the site of carriage may not allow penetration by the antibiotic.

Typhoid is strictly a human disease. The incidence of human disease decreases when the level of development of a country increases (i.e., controlled water sewage systems, pasteurization of milk and dairy products). Where these hygienic conditions are missing, the probability of fecal contamination of water and food remains high and so is the incidence of typhoid.

Exotoxins

Salmonella strains may produce a thermolabile enterotoxin that bears a limited relatedness to cholera toxin both structurally and antigenically. This enterotoxin causes water secretion in rat ileal. Additionally, a cytotoxin that inhibits protein synthesis and is immunologically distinct from Shiga toxin has been demonstrated. Both of these toxins are presumed to play a role in the diarrheal symptoms of salmonellosis.

Clinical Findings

Salmonellae produce three main types of disease in humans, but mixed forms are frequent (Table 2).

Table 2. Clinical Diseases Induced by Salmonellae
	Characteristics
	Deseases

	
	Enteric Fevers
	Septicemias
	Enterocolitis

	Incubation period
	7–20 days
	Variable
	8–48 hours

	Onset
	Insidious
	Abrupt
	Abrupt

	Fever
	Gradual, then high plateau, with "typhoidal" state
	Rapid rise, then spiking "septic" temperature
	Usually low

	Duration of disease
	Several weeks
	Variable
	2–5 days

	Gastrointestinal symptoms
	Often early constipation; later, bloody diarrhea
	Often none
	Nausea, vomiting, diarrhea at onset

	Blood cultures
	Positive in first to second weeks of disease
	Positive during high fever
	Negative

	Stool cultures
	Positive from 2nd week on; negative earlier in disease
	Infrequently positive
	Positive soon after onset


The "Enteric Fevers" (Typhoid Fever)

This syndrome is produced by only a few of the salmonellae, of which Salmonella Typhi (typhoid fever) is the most important. The ingested salmonellae reach the small intestine, from which they enter the lymphatics and then the bloodstream. They are carried by the blood to many organs, including the intestine. The organisms multiply in intestinal lymphoid tissue and are excreted in stools.

After an incubation period of 10–14 days, fever, malaise, headache, constipation, bradycardia, and myalgia occur. The fever rises to a high plateau, and the spleen and liver become enlarged. Rose spots, usually on the skin of the abdomen or chest, are seen briefly in rare cases. The white blood cell count is normal or low. In the preantibiotic era, the chief complications of enteric fever were intestinal hemorrhage and perforation, and the mortality rate was 10–15%. Treatment with antibiotics has reduced the mortality rate to less than 1%.

The principal lesions are hyperplasia and necrosis of lymphoid tissue (eg, Peyer's patches), hepatitis, focal necrosis of the liver, and inflammation of the gallbladder, periosteum, lungs, and other organs.

Bacteremia with Focal Lesions

This is associated commonly with S. choleraesuis but may be caused by any salmonella serotype. Following oral infection, there is early invasion of the bloodstream (with possible focal lesions in lungs, bones, meninges, etc), but intestinal manifestations are often absent. Blood cultures are positive.

Enterocolitis

This is the most common manifestation of salmonella infection. Enterocolitis can be caused by any of the more than 1400 group I serotypes of salmonellae. Foodborne Salmonella toxic infections are caused by ubiquitous Salmonella serovars (e.g., Typhimurium, Enteritidis). A person infected with the Salmonella usually has fever, abdominal cramps, nausea, headache, vomiting, and profuse diarrhea beginning 8 to 72 hours after consuming a contaminated food or beverage. The illness usually lasts 4 to 7 days, and most persons recover without antibiotic treatment. Inflammatory lesions of the small and large intestine are present. Bacteremia is rare (2–4%) except in immunodeficient persons. However, the diarrhea can be severe, and the person may be ill enough to require hospitalization. The elderly, infants, and those with impaired immune systems (including HIV) may have a more severe illness. In these patients, the infection may spread from the intestines to the bloodstream, and then to other body sites and can cause death unless the person is treated promptly with antibiotics.
Blood cultures are usually negative, but stool cultures are positive for salmonellae and may remain positive for several weeks after clinical recovery.

Immunity

Among the host factors that contribute to resistance to salmonella infection are gastric acidity, normal intestinal microbial flora, and local intestinal immunity.

Infections with Salmonella Typhi or Salmonella Paratyphi usually confer a certain degree of immunity. Reinfection may occur but is often milder than the first infection. Circulating antibodies to O and Vi are related to resistance to infection and disease. However, relapses may occur in 2–3 weeks after recovery in spite of antibodies. Secretory IgA antibodies may prevent attachment of salmonellae to intestinal epithelium.

Persons with S/S hemoglobin (sickle cell disease) are exceedingly susceptible to salmonella infections, particularly osteomyelitis. Persons with A/S hemoglobin (sickle cell trait) may be more susceptible than normal individuals (those with A/A hemoglobin).

Diagnostic Laboratory Tests

Specimens. Blood for culture must be taken repeatedly. In enteric fevers and septicemias, blood cultures are often positive in the first week of the disease. Bone marrow cultures may be useful. Urine cultures may be positive after the second week.

Stool specimens also must be taken repeatedly. In enteric fevers, the stools yield positive results from the second or third week on; in enterocolitis, during the first week.

A positive culture of duodenal drainage establishes the presence of salmonellae in the biliary tract in carriers.

Bacteriologic Methods for Isolation of Salmonellae

Enrichment Cultures.
The specimen (usually stool) also is put into selenite F or tetrathionate broth, both of which inhibit replication of normal intestinal bacteria and permit multiplication of salmonellae. After incubation for 1–2 days, this is plated on differential and selective media.

Selective Medium Cultures.
The specimen is plated on salmonella-shigella (SS) agar, Hektoen enteric agar, XLD, or deoxycholate-citrate agar, which favor growth of salmonellae and shigellae over other Enterobacteriaceae.

Differential Medium Cultures.
Endo, MacConkey's, or deoxycholate medium permits rapid detection of lactose nonfermenters (not only salmonellae and shigellae but also proteus, serratia, pseudomonas, etc). Gram-positive organisms are somewhat inhibited. Bismuth sulfite medium permits rapid detection of salmonellae which form black colonies because of H2S production. Many salmonellae produce H2S.

Final Identification.
Suspect colonies from solid media are identified by biochemical reaction patterns and slide agglutination tests with specific sera.

Serologic Methods

Serologic techniques are used to identify unknown cultures with known sera  and may also be used to determine antibody titers in patients with unknown illness.

Agglutination Test

In this test, known sera and unknown culture are mixed on a slide. Clumping, when it occurs, can be observed within a few minutes. This test is particularly useful for rapid preliminary identification of cultures. There are commercial kits available to agglutinate and serogroup salmonellae by their O antigens: A, B, C1, C2, D, and E.

Tube Dilution Agglutination Test (Widal Test)

Serum agglutinins rise sharply during the second and third weeks of Salmonella Typhi infection. The Widal test to detect these antibodies against the O and H antigens has been in use for decades. At least two serum specimens, obtained at intervals of 7–10 days, are needed to prove a rise in antibody titer. Serial dilutions of unknown sera are tested against antigens from representative salmonellae. False-positive and false-negative results occur. The interpretive criteria when single serum specimens are tested vary, but a titer against the O antigen of > 1:200 and against the H antigen of > 1:640 is considered positive. High titer of antibody to the Vi antigen occurs in some carriers. Results of serologic tests for salmonella infection must be interpreted cautiously because the possible presence of cross-reactive antibodies limits the use of serology. The test is not useful in diagnosis of enteric fevers caused by salmonella other than Salmonella Typhi. 

Treatment

While enteric fevers and bacteremias with focal lesions require antimicrobial treatment, the vast majority of cases of enterocolitis do not. Antimicrobial treatment of salmonella enteritis in neonates is important. In enterocolitis, clinical symptoms and excretion of the salmonellae may be prolonged by antimicrobial therapy. In severe diarrhea, replacement of fluids and electrolytes is essential.

Antimicrobial therapy of invasive salmonella infections is with ampicillin, trimethoprim-sulfamethoxazole, or a third-generation cephalosporin. Multiple drug resistance transmitted genetically by plasmids among enteric bacteria is a problem in salmonella infections. Susceptibility testing is an important adjunct to selecting a proper antibiotic.

In most carriers, the organisms persist in the gallbladder (particularly if gallstones are present) and in the biliary tract. Some chronic carriers have been cured by ampicillin alone, but in most cases cholecystectomy must be combined with drug treatment.
Vaccination Against Typhoid Fever

Three types of typhoid vaccines are currently available for use: (1) an oral live-attenuated vaccine; (2) a parenteral heat-phenol-inactivated vaccine; (3) a newly licensed capsular polysaccharide vaccine for parenteral use. A fourth vaccine, an acetone-inactivated parenteral vaccine, is currently available only to the armed forces.
1. Live oral vaccines should not be given to children younger than 6 years of age. It is given in four doses, 2 days apart, as needed for protection. The last dose should be given at least 1 week before travel to allow the vaccine time to work. A booster dose is needed every 5 years for people who remain at risk.

2. The parenteral heat-phenol-inactivated vaccine has been widely used for many years. The inactivated Typhoid Vaccine should not be given to children younger than 2 years of age. One dose provides protection. It should be given at least 2 weeks before travel to allow the vaccine time to work. A booster dose is needed every 2 years for people who remain at risk.

3. The parenteral vaccine [Vi capsular polysaccharide (ViCPS)] is composed of purified Vi ("virulence") antigen, the capsular polysaccharide elaborated by S.Typhi isolated from blood cultures.

Typhoid vaccine is recommended for travellers to parts of the world where typhoid is common, people in close contact with a typhoid carriers, and laboratory workers who work with Salmonella Typhi bacteria.

Shigella
Shigella is a genus of the bacterial family Enterobacteriaceae. 
Shigella were discovered over 100 years ago by a Japanese micrbiologisy named Shiga, for whom they are named. There are four species of Shigella: S.boydii, S.dysenteriae, S.flexneri, and S.sonnei. The natural habitat of shigellae is limited to the intestinal tracts of humans and other primates, where they produce bacillary dysentery.

Morphology & Identification

Shigellae are slender gram-negative rods; nonmotile, non-spore forming, rod-shaped bacteria, very closely related to Escherichia coli.
Culture

Shigellae are facultative anaerobes but grow best aerobically. Convex, circular, transparent colonies with intact edges reach a diameter of about 2 mm in 24 hours.

Growth Characteristics

All shigellae ferment glucose. With the exception of Shigella sonnei, they do not ferment lactose. The inability to ferment lactose distinguishes shigellae on differential media. Shigellae form acid from carbohydrates but rarely produce gas. They may also be divided into those that ferment mannitol and those that do not (Table 2).

Antigenic Structure

Shigellae have a complex antigenic pattern. There is great overlapping in the serologic behavior of different species, and most of them share O antigens with other enteric bacilli.

The somatic O antigens of shigellae are lipopolysaccharides. Their serologic specificity depends on the polysaccharide. There are more than 40 serotypes. The classification of shigellae relies on biochemical and antigenic characteristics. The pathogenic species are shown in Table 3.
Table. 3. Pathogenic Species of Shigella
	Present Designation
	Group and Type
	Mannitol
	Ornithine Decarboxylase

	S dysenteriae
	A
	-
	-

	S flexneri
	B
	+
	+

	S boydii
	C
	+
	+

	S sonnei
	D
	+
	+


Epidemiology
Habitat: The intestinal tract of infected humans.

Source: Humans are the only reservoir for Shigella. Transmitted by the fecal-oral route. Most cases of shigella infection occur in children under 10 years of age. 
The Shigella bacteria are transmitted from an infected person to another by "food, fingers, feces, and flies". Shigella are present in the diarrheal stools of infected persons while they are sick and for a week or two afterwards. Most Shigella infections are the result of the bacterium passing from stools or soiled fingers of one person to the mouth of another person. This happens when basic hygiene and handwashing habits are inadequate. It is particularly likely to occur among toddlers who are not fully toilet-trained. Family members and playmates of such children are at high risk of becoming infected.

Part of the reason for the efficiency of transmission is because a very small inoculum (10 to 200 organisms) is sufficient to cause infection. As a result, spread can easily occur by the fecal-oral route and occurs in areas where hygiene is poor. Epidemics may be foodborne or waterborne.

Shigella infections may be acquired from eating food that has become contaminated by infected food handlers. Vegetables can become contaminated if they are harvested from a field with sewage in it. Flies can breed in infected feces and then contaminate food. Shigella infections can also be acquired by drinking or swimming in contaminated water. Water may become contaminated if sewage runs into it, or if someone with shigellosis swims or bathes in it.

Pathogenesis & Pathology

Shigella infections are almost always limited to the gastrointestinal tract; bloodstream invasion is quite rare. The essential pathologic process is invasion of the mucosal epithelial cells (eg, M cells cells that are phagocytic cells in the mucous membrane whose function is to sample microbes from the intestinal lumen and pass them on to the lymphoid tissue of the Peyer's patch in order to activate the immune defenses against intestinal microbes) by induced phagocytosis, escape from the phagocytic vacuole, multiplication and spread within the epithelial cell cytoplasm, and passage to adjacent cells. 
Once across the mucosa, the Shigella use invasins Fig.  to enter the epithelial cells from the underside (8). Once inside they escape from the vacuole into the cytoplasm and multiply. Now they move through the host cell and spread to adjacent host cells by a unique process called actin-based motility whereby actin filaments polymerize at one end of the bacterium producing comet-like tails that propel the Shigella through the cytoplasm of the host cell. When they reach the boundary of that cell, the actin filaments push the Shigella across that membrane and into the adjacent cell. As the Shigella grow and spread within the epithelial cells, those epithelial cells die and provoke a strong inflammatory response leading to the symptoms of dysentery.
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Figure 8. Entry of Shigella into Epithelial Cells.
Following host epithelial cell invasion and penetration of the colonic mucosa, Shigella infection is characterized by necrosis of the mucous membrane, superficial ulceration, bleeding, and formation of a "pseudomembrane" on the ulcerated area. This consists of fibrin, leukocytes, cell debris, a necrotic mucous membrane, and bacteria. As the process subsides, granulation tissue fills the ulcers and scar tissue forms.
Patients suffering from Shigella infection will therefore pass frequent, scanty, dysenteric stool mixed with blood and mucus since under these conditions, the absorption of water by the colon is inhibited. This is in opposition to the diarrheal symptoms seen in patients suffering from extensive Shigella colitis, and the pathologic basis for this is unknown. It is possible that prostaglandin secretion induced by the inflammatory response to bacterial invasion contributes to diarrhea in patients with Shigella colitis.

Toxins

Endotoxin

Upon autolysis, all shigellae release their toxic lipopolysaccharide. This endotoxin probably contributes to the irritation of the bowel wall.

Shigella dysenteriae Exotoxin

The Shiga toxin, also called the Verotoxin or shiga toxin, is produced by the bacteria Shigella dysenteriae and enterohemorrhagic E. coli (EHEC), of which the strain O157:H7 has become the best known.

The syndromes associated with toxin include dysentery, hemorrhagic colitis, and hemolytic uremic syndrome. Shiga-toxin is a heat-labile exotoxin that affects both the gut and the central nervous system. The exotoxin is a protein that is antigenic (stimulating production of antitoxin) and lethal for experimental animals. Acting as an enterotoxin, it produces diarrhea. In humans, the exotoxin also inhibits sugar and amino acid absorption in the small intestine. Acting as a "neurotoxin," this material may contribute to the extreme severity and fatal nature of S.dysenteriae infections and to the central nervous system reactions observed in them (ie, meningismus, coma). The toxic activity is distinct from the invasive property of shigellae in dysentery. The two may act in sequence, the toxin producing an early nonbloody, voluminous diarrhea and the invasion of the large intestine resulting in later dysentery with blood and pus in stools. 
The toxin is effective against small blood vessels, such as found in the digestive tract, the kidney, and lungs, but not against large vessels such as the arteries or major veins. A specific target for the toxin appears to the vascular endothelium of the glomerulus. This is the filtering structure that is a key to the function of the kidney. Destroying these structures leads to kidney failure and the development of the often deadly and frequently debilitating hemolytic uremic syndrome. Food poisoning with Shiga toxin often also has effects on the lungs and the nervous system.
Clinical Findings

After a short incubation period (1–2 days), there is a sudden onset of abdominal pain, fever, and watery diarrhea. The diarrhea has been attributed to an exotoxin acting in the small intestine (see above). A day or so later, as the infection involves the ileum and colon, the number of stools increases; they are less liquid but often contain mucus and blood. Each bowel movement is accompanied by straining and tenesmus (rectal spasms), with resulting lower abdominal pain. In more than half of adult cases, fever and diarrhea subside spontaneously in 2–5 days. However, in children and the elderly, loss of water and electrolytes may lead to dehydration, acidosis, and even death. The illness due to S. dysenteriae may be particularly severe.

On recovery, most persons shed dysentery bacilli for only a short period, but a few remain chronic intestinal carriers and may have recurrent bouts of the disease. Upon recovery from the infection, most persons develop circulating antibodies to shigellae, but these do not protect against reinfection.
Reiter's syndrome. Persons with diarrhea usually recover completely, although it may be several months before their bowel habits are entirely normal. About 3% of persons who are infected with Shigella may subsequently develop pains in their joints, irritation of the eyes, and painful urination. This is called Reiter's syndrome. It can last for months or years, and can lead to chronic arthritis which is difficult to treat. 

Hemolytic Uremic Syndrome (HUS) can occur after S. dysenteriae type 1 infection. Convulsions may occur in children; the mechanism may be related to a rapid rate of temperature elevation or metabolic alterations, and is associated with the production of the Shiga toxin.

Immunity

Infection is followed by a type-specific antibody response. IgA antibodies in the gut may be important in limiting reinfection. Serum antibodies to somatic shigella antigens are IgM.

There is no vaccine to prevent shigellosis.

Diagnostic Laboratory Tests

Specimens

Specimens include fresh stool, mucus flecks, and rectal swabs for culture. Large numbers of fecal leukocytes and some red blood cells often are seen microscopically. Serum specimens, if desired, must be taken 10 days apart to demonstrate a rise in titer of agglutinating antibodies.

Culture

The materials are streaked on differential media (eg, MacConkey's or EMB agar) and on selective media (Hektoen enteric agar or salmonella-shigella agar), which suppress other Enterobacteriaceae and gram-positive organisms. Colorless (lactose-negative) colonies are inoculated into triple sugar iron agar. Organisms that fail to produce H2S, that produce acid but not gas in the butt and an alkaline slant in triple sugar iron agar medium, and that are nonmotile should be subjected to slide agglutination by specific shigella antisera.

Serology

Normal persons often have agglutinins against several Shigella species. However, serial determinations of antibody titers may show a rise in specific antibody. Serology is not used to diagnose shigella infections.

Treatment
Shigellosis can usually be treated with antibiotics. The antibiotics commonly used are ampicillin, trimethoprim/sulfamethoxazole (also known as Bactrim or Septra), nalidixic acid and the fluoroquinolone, ciprofloxacin. 

Some Shigella have become resistant to antibiotics and inappropriate use of antibiotics to treat shigellosis can actually make the organisms more resistant in the future. Persons with mild infections will usually recover quickly without antibiotic treatment. Therefore, when many persons in a community are affected by shigellosis, antibiotics are sometimes used selectively to treat only the more severe cases. 

Prevention & Control

Since humans are the main recognized host of pathogenic shigellae, control efforts must be directed at eliminating the organisms from this reservoir by (1) sanitary control of water, food, and milk; sewage disposal; and fly control; (2) isolation of patients and disinfection of excreta; (3) detection of subclinical cases and carriers, particularly food handlers; and (4) antibiotic treatment of infected individuals.

Practical tasks, being carried out during practical classes:

1. Study microslides: E. coli, S. typhi, S.boydii, S.dysenteriae, S.flexneri, and S.sonnei (stained after Gram).

2. Study “stool culture of a patient with enteric fever” on Endo agar.

3. Prepare a microslide from the isolated colorless colony. Stain the smear after Gram. Examination of the smear with immersion microscope.

4. Performing of slide agglutination test with O and H sera.

5. Studying of the scheme of laboratory diagnosis of E. coli infection, salmonellosis, enteric fever, and shigelosis.

Therminology: Escherichia coli, O, H antigens, Salmonella typhi, Salmonella cholerasouis, Salmonella enteritidis, S.boydii, S.dysenteriae, S.flexneri, and S.sonnei, Endo agar, MacConky agar, Hiss media.
Theoretical questions for control:

1. Genera Escherichia, Salmonella and Shigella, major characteristics, antigenic structure.

2. Culture properties of E. coli, Salmonella and Shigella.
3. Laboratory diagnosis of E. coli infection, salmonellosis, enteric fever and shigelosis.

4. Routes of transmission and pathogenesis of E. coli infections, salmonellosis, enteric fever and shigelosis.

5. Control of E. coli infection, salmonellosis, enteric fever and shigelosis.
Тest tasks for control:
1. From the defecation of a 6-year-old ill child, who has artificial feeding, the intestinal bacillus with antigen structure 0-111 is excreted. What is the diagnosis?
	A. Food poisoning.
	D. Disentery-like diseases.

	B. Coli-enteritis.
	E. Cholera-like diseases.

	C. Gastroenteritis.
	


2. On bacteriological examination of the defecation of a 4-months-old baby with the symptoms of acute bowel infection there were revealed red colonies spread in the large quantity in the Endo environment. What microorganism can it be?
	А. Staphylococcus.
	С. Salmonella.
	Е. Escherichia.

	В. Streptococcus.
	D. Shigella.
	


3. Which of following test is used to suggest chronic typhoid fever carrier: 
	A. Precipitation test.
	D. Coomb’s test.

	B. Compliment fixation test.
	E. Co-agglutination test.

	C. Passive hemagglutination test with Vi-antigen.
	


4. Wilson and Blair’s agar is used for cultivation of S.typhi with inhibition of E.coli by brilliant green. Which of the following colonies does this bacterium produce:

	А. Red.
	С. Black.
	Е. Yellow. 

	В. Pink.
	D. Colorless.
	


5. A 22-year - old women developed a urinary tract infection during her honeymoon. At the time she sought medical advice, she was febrile and complained of painful urination and flank pain. Her urine appeared “cloudy”. Urine culture yields a lactose-fermenting, indole-positive, Gram-negative bacillus. The infectiveness of the organism responsible for this urinary tract infection is associated with specific:
	А. Exotoxins.
	С. P fimbriae.
	Е. Plasmids.

	В. K antigens.
	D. Metabolic properties.
	


6. Which of the following of the diarrhea-producing strains of E. coli cause dysentery-like diarrhea:
	A. Enterotoxigenic E.coli. 
	D. Enteroadherent E.coli.

	B. Enteropathogenic E.coli.
	E. Enterohemorrhagic E.coli.

	C. Enteroinvasive E.coli.
	


7. For typhoid carriers best test is:
	A. Urine culture.
	D. Stool culture.

	B. Blood culture.
	E. Liquor culture.

	C. Widal test.
	


8. Laboratory diagnosis of enteric fever is based on:
	A. Blood culture.
	D. Stool culture.

	B. Urine culture.
	E. E. All of the above.

	C. Widal test.
	


9. Shigella sonnei was isolated from patient’s feces.  What properties of these culture allow establish their origin from one source?
	A. Antibioticogtamm.
	D. Phagetype.

	B. Biochemical activity.
	E. Chromogenesis.

	C. Antigenic structure.
	


10. A patient had recovered from dysentery caused by S.sonnei and was infected with this causative agent. What type of infection can this new disease be attributed to?

	A. Secondary infection.
	D. Reinfection.

	B. Superinfection.
	E. Autoinfection.

	C. Relapse.
	


Answers to topic test tasks: 1-B; 2-E; 3-C; 4-C; 5-C; 6-E; 7-D; 8-E; 9-D; 10-D.
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