Escherichia

     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. Over 90% of E coli isolates are positive for -glucuronidase using the substrate 4-methylumbelliferyl--glucuronide (MUG). 

Klebsiella-Enterobacter-Serratia Group

    Klebsiella species exhibit mucoid growth, large polysaccharide capsules, and lack of motility, and they usually give positive tests for lysine decarboxylase and citrate. Most Enterobacter species give positive tests for motility, citrate, and ornithine decarboxylase and produce gas from glucose. Enterobacter aerogenes has small capsules. Serratia produces DNase, lipase, and gelatinase. Klebsiella, enterobacter, and serratia usually give positive Voges-Proskauer reactions.

Proteus-Morganella-Providencia Group

     The members of this group deaminate phenylalanine, are motile, grow on potassium cyanide medium (KCN), and ferment xylose. Proteus species move very actively by means of peritrichous flagella, resulting in "swarming" on solid media unless the swarming is inhibited by chemicals, eg, phenylethyl alcohol or CLED (cystine-lactose-electrolyte-deficient) medium. Proteus species and Morganella morganii are urease-positive, while Providencia species usually are urease-negative. The proteus-providencia group ferments lactose very slowly or not at all. Proteus mirabilis is more susceptible to antimicrobial drugs, including penicillins, than other members of the group.

Citrobacter

   These bacteria typically are citrate-positive and differ from the salmonellae in that they do not decarboxylate lysine. They ferment lactose very slowly if at all.

Shigella

    Shigellae are nonmotile and usually do not ferment lactose but do ferment other carbohydrates, producing acid but not gas. They do not produce H2S. The four Shigella species are closely related to E coli. Many share common antigens with one another and with other enteric bacteria (eg, Hafnia alvei and Plesiomonas shigelloides).

Salmonella

    Salmonellae are motile rods that characteristically ferment glucose and mannose without producing gas but do not ferment lactose or sucrose. Most salmonellae produce H2S. They are often pathogenic for humans or animals when ingested. Arizona is included in the salmonella group.

Antigenic Structure

       Enterobacteriaceae have a complex antigenic structure. They are classified by more than 150 different heat-stable somatic O (lipopolysaccharide) antigens, more than 100 heat-labile K (capsular) antigens, and more than 50 H (flagellar) antigens . In Salmonella typhi, the capsular antigens are called Vi antigens.

    O antigens are the most external part of the cell wall lipopolysaccharide and consist of repeating units of polysaccharide. Some O-specific polysaccharides contain unique sugars. O antigens are resistant to heat and alcohol and usually are detected by bacterial agglutination. Antibodies to O antigens are predominantly IgM.

      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).

Klebsiellae form large capsules consisting of polysaccharides (K antigens) covering the somatic (O or H) antigens and can be identified by capsular swelling tests with specific antisera. 
    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). 

Colicins (Bacteriocins)

      Many gram-negative organisms produce bacteriocins. These virus-like bactericidal substances are produced by certain strains of bacteria active against some other strains of the same or closely related species. Their production is controlled by plasmids. Colicins are produced by E coli, marcescens by serratia, and pyocins by pseudomonas. Bacteriocin-producing strains are resistant to their own bacteriocin; thus, bacteriocins can be used for "typing" of organisms.

Toxins & Enzymes

    Most gram-negative bacteria possess complex lipopolysaccharides in their cell walls. These substances, endotoxins, have a variety of pathophysiologic effects. Many gram-negative enteric bacteria also produce exotoxins of clinical importance. 

