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Enteric Gram-Negative Rods 

( Enterobacteriaceae ) 

 
 

The Enterobacteriaceae are a large, heterogeneous group of gram-negative rods 

whose natural habitat is the intestinal tract of humans and animals. The family 

includes many genera ( Escherichia, Klebsiella, Shigella, Salmonella, Enterobacter,   

Serratia, Proteus, and others). Some enteric organisms, such as Escherichia coli, are 

part of the normal microbiota and incidentally cause disease, but others, the 

Salmonellae and Shigellae, are regularly pathogenic for humans. The 

Enterobacteriaceae are facultative anaerobes or aerobes, ferment a wide range of 

carbohydrates, possess a complex antigenic structure, and produce a variety of toxins 

and other virulence factors.  

Rapid, Presumptive Identification of Gram-Negative Enteric Bacteria 

 Lactose fermented rapidly 

 Escherichia coli: metallic sheen on differential media; motile; flat, 

Non-viscous colonies 

 Enterobacter aerogenes: raised colonies, no metallic sheen; often 

motile; more viscous growth 

 Enterobacter cloacae: similar to Enterobacter aerogenes 

 Klebsiella pneumoniae: very viscous, mucoid growth; nonmotile 

 Lactose fermented slowly 

o Edwardsiella, Serratia, Citrobacter, Arizona, Providencia, Erwinia 

 Lactose not fermented 

 Shigella species: nonmotile; no gas from dextrose 

 Salmonella species: motile; acid and usually gas from dextrose 

 Proteus species: “swarming” on agar; urea rapidly hydrolyzed (smell of 

ammonia) 
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 Pseudomonas species  : soluble pigments, blue-green and fluorescing; sweetish 

smell 

 

Members of the family Enterobacteriaceae have the following characteristics:  

1-They are gram-negative rods. 

2- Either motile with peritrichous flagella or nonmotile;  

3- Grow on peptone or meat extract media without the addition of sodium chloride or 

other supplements.  

4- Grow well on MacConkey agar;  

5- Grow aerobically and anaerobically (are facultative anaerobes); 

6- Ferment rather than oxidize glucose, often with gas production;  

7- Catalase positive and oxidase negative.  

 

 Morphology and Identification 

A. Typical Organisms 

The Enterobacteriaceae are short gram-negative rods ( Figure 1). Typical morphology 

is seen in growth on solid media in vitro, but morphology is highly variable in clinical 

specimens .Capsules are large and regular in Klebsiella species, less so in 

Enterobacter species, and uncommon in the other species. 

 

 

 

                Figure 1: Gram stain of Escherichia coli 

 

B. Culture 



Medical Microbiology   (Lec.8)                                   Dr. Suhad Redha 

 

....................................................................................................................................... 

 

- E.coli and most of the other enteric bacteria form circular, convex, smooth colonies 

with distinct edges and ferment lactose. Some strains of E coli produce hemolysis on 

blood agar. 

 -Enterobacter colonies are similar but somewhat more mucoid. 

 -Klebsiella colonies are large and very mucoid and tend to coalesce with prolonged 

incubation.  

-The Salmonellae and Shigellae produce colonies similar to E coli but do not ferment 

lactose.  

C. Growth Characteristics:  

Carbohydrate fermentation patterns and other enzymes are used in biochemical 

differentiation. Some tests are commonly used in rapid identification systems, but 

others, such as the Voges- Proskauer reaction (production of acetylmethylcarbinol 

from dextrose), are used less often. Culture on ―differential‖ media that contain special 

dyes and carbohydrates (eg, eosin-methylene blue [EMB], MacConkey, or 

deoxycholate medium) distinguishes lactose-fermenting (colored) from non–lactose-

fermenting colonies (nonpigmented) and may allow rapid presumptive identification 

of enteric bacteria. 
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1. Escherichia coli—E .coli typically produces positive test  results 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 eosin-

methylene blue (EMB) agar, and a positive spot indole test result. 

2. Klebsiella–Enterobacter–Serratia group: Klebsiella species exhibit mucoid 

growth, large polysaccharide capsules, and lack of motility, and they usually give 

positive test results for lysine decarboxylase and citrate.  

• Most Enterobacter species give positive test results for motility, citrate, and 

ornithine decarboxylase and produce gas from glucose.  

Enterobacter aerogenes has small capsules.  

• Serratia species produces DNase, lipase, and gelatinase.  

Klebsiella, Enterobacter, and Serratia species usually give positive Voges- Proskauer 

reactions. 

3. Proteus–Morganella–Providencia group—The members of this group are motile, 

grow on potassium cyanide medium (KCN), and ferment xylose.  



Medical Microbiology   (Lec.8)                                   Dr. Suhad Redha 

 

....................................................................................................................................... 

 

Proteus species move very actively by means of peritrichous flagella, resulting in 

―swarming‖ on solid media unless the swarming is inhibited by chemicals, such as 

phenylethyl alcohol or CLED (cystine-lactose-electrolyte deficient) medium. Whereas 

Proteus species and Morganella morganii are urease positive, 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. 

4. 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. 

5. Shigella—are non-motile 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(Shigella dysenteriae, Shigella flexneri, Shigella boydii, Shigella 

sonnei) are closely related to E.coli. Many share common antigens with one another 

and with other enteric bacteria. 

6. Salmonella—Salmonellae are motile rods that characteristically ferment glucose 

and mannose without producing gas but do not ferment lactose or sucrose. Most 

Salmonella produce H2S. They are often pathogenic for humans or animals when 

ingested.  

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 (Figure2 ). 

In Salmonella serotype typhi, the capsular antigens are called Vi antigens. 



Medical Microbiology   (Lec.8)                                   Dr. Suhad Redha 

 

....................................................................................................................................... 

 

 

Fig 2:Antigenic structure of Enterobacteriaceae 

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. 

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. 

Such H antigens agglutinate with anti-H antibodies. 

Toxins and Enzymes 

  Endotoxins, have a variety of pathophysiologic effects. Many gram-negative enteric 

bacteria also produce exotoxins of clinical importance. 

  

 Diseases Caused by Enterobacteriaceae Other Than Salmonella And Shigella 

 

 Causative Organisms 

E.coli is a member of the normal intestinal microbiota . Other enteric bacteria 

(Proteus, Enterobacter, Klebsiella, Morganella, Providencia, Citrobacter, and 
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Serratia species) are also found as members of the normal intestinal microbiota but are 

considerably less common than E coli. The enteric bacteria are sometimes found in 

small numbers as part of the normal microbiota of the upper respiratory and genital 

tracts. The enteric bacteria generally do not cause disease.    

The bacteria become pathogenic only when they reach tissues outside of their normal 

intestinal . The most frequent sites of clinically important infection are the urinary 

tract, biliary tract, and other sites in the abdominal cavity, but any anatomic site (eg, 

bloodstream, prostate gland, lung, bone, meninges) can be the site of disease. Some of 

the enteric bacteria (eg, Serratia marcescens, Enterobacter Aerogenes) are 

opportunistic pathogens. When normal host defenses are inadequate—particularly in 

infancy or old age, in the terminal stages of other diseases, after immunosuppression,   

or with indwelling venous or urethral catheters— localized clinically important 

infections can result, and the bacteria may reach the bloodstream and cause sepsis. 

 

 

 

Pathogenesis and Clinical Findings 

A. E coli 

1. Urinary tract infection—E coli is the most common 

cause of urinary tract infection and accounts for approximately 90% of first urinary 

tract infections in young women. The symptoms and signs include urinary frequency, 

dysuria, hematuria, and pyuria. Flank pain is associated with upper tract infection. 

None of these symptoms or signs is specific for E coli infection. Urinary tract 

infection can result in bacteremia with clinical signs of sepsis. Most of the urinary 

tract infections that involve the bladder or kidney caused by a small number of O 

antigen types that have specifically elaborated virulence factors that facilitate 

colonization and subsequent clinical infections. These organisms are designated as 

uropathogenic E coli. Typically, these organisms produce hemolysin, which is 
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cytotoxic and facilitates tissue invasion. Strains that cause pyelonephritis express K 

antigen and elaborate a specific type of pilus, P fimbriae. 

2. E coli–associated diarrheal diseases—E coli that cause diarrhea are extremely 

common worldwide. These E.coli are classified by the characteristics of their 

virulence properties, and each group causes disease by a different mechanism. 

A- Enteropathogenic E.coli (EPEC) : Are an important cause of diarrhea in infants, 

especially in developing countries. 

B- Enterotoxigenic E.coli (ETEC) :is a common cause of ―traveler’s diarrhea‖ and a 

very important cause of diarrhea in children less than 5 years of age in developing 

countries. 

C- Shiga toxin-producing E.coli (STEC) are named for the cytotoxic toxins they 

produce. There are at least two antigenic forms of the toxin referred to as Shiga-like 

toxin 1 and Shiga-like toxin 2. STEC has been associated with hemorrhagic colitis, a 

severe form of diarrhea, and with hemolytic uremic syndrome, a disease resulting in 

acute renal failure 

D- Enteroinvasive E.coli (EIEC) produces a disease very similar to shigellosis. The 

disease occurs most commonly in children in developing countries and in travelers to 

these countries. 

E- Entero-aggregative E.coli (EAEC) causes acute and chronic diarrhea  in persons 

in developing countries. These organisms also are the cause of food borne illnesses in 

industrialized countries and have been associated with traveler’s diarrhea and persistent 

diarrhea in patients with HIV. 

3. Sepsis—When normal host defenses are inadequate, E coli may reach the 

bloodstream and cause sepsis. Newborns may be highly susceptible to E.coli sepsis 

because they lack IgM antibodies. Sepsis may occur secondary to urinary tract 

infection. 

4. Meningitis—E.coli and group is the leading causes of meningitis in infants. 

Approximately 75% of E.coli from meningitis cases have the K1 antigen. 
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B. Klebsiella—K pneumoniae is present in the respiratory tract and feces of about 5% 

of normal individuals. It causes a small proportion (~1%) of bacterial pneumonias. K 

pneumoniae can produce extensive hemorrhagic necrotizing of the lung. It produces 

urinary tract infection and bacteremia with focal lesions in debilitated patients.   

C.  Enterobacter—Three species of Enterobacter, Enterobacter cloacae, 

Enterobacter aerogenes, and Enterobacter sakazakii  cause the majority of 

Enterobacter infections. These bacteria ferment lactose, may contain capsules that 

produce mucoid colonies, and are motile. These organisms cause a broad range of 

hospital-acquired infections such as pneumonia, urinary tract infections, and wound 

and device infections. Most strains possess a chromosomal β-lactamase gene called 

amp C, which renders them intrinsically resistant to ampicillin and first- and second-

generation cephalosporins. Mutants may hyperproduce β-lactamase, conferring 

resistance to third generation cephalosporins. 

D. Serratia—Serratia marcescens is a common opportunistic pathogen in hospitalized 

patients. Serratia (usually non-pigmented) causes pneumonia, bacteremia, and 

endocarditis. S. marcescens is often multiply resistant to aminoglycosides and 

penicillins; infections can be treated with third-generation cephalosporin's.  

E. Proteus: Proteus species produce infections in humans only when the bacteria leave 

the intestinal tract. They are found in urinary tract infections and produce bacteremia, 

pneumonia, and focal lesions in debilitated patients . P mirabilis causes urinary tract 

infections and occasionally other infections.  . Proteus species produce urease, 

resulting in rapid hydrolysis of urea with liberation of ammonia. Thus, in urinary tract 

infections with Proteus species, the urine becomes alkaline, promoting stone  formation 

and making acidification virtually impossible. The rapid motility of Proteus may 

contribute to its invasion of the urinary tract. 

F. Providencia—Providencia species  are members of the normal intestinal flora. All 

cause urinary tract infections and occasionally other infections and are often resistant 

to antimicrobial therapy. 

G. Citrobacter—Citrobacter species can cause urinary tract infections and sepsis. 
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Diagnostic Laboratory Tests 

A. Specimens 

Specimens include urine, blood, pus, spinal fluid, sputum, or other material, as 

indicated by the localization of the disease process. 

B. Smears 

The Enterobacteriaceae resemble each other morphologically. The presence of large 

capsules is suggestive of Klebsiella species. 

 

C. Culture 

Specimens are plated on both blood agar and differential media. With differential 

media, rapid preliminary identification of gram-negative enteric bacteria is often 

possible. 

The Shigellae 

The natural habitat of Shigellae is limited to the intestinal tracts of humans and other 

primates, where they produce bacillary dysentery. 

 

 

Morphology and Identification 

A. Typical Organisms  Shigellae are slender gram-negative rods; coccobacillary 

forms occur in young cultures. 

B. 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. 

C. 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 
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Pathogenesis and Pathology 

Shigella infections are almost always limited to the gastrointestinal tract; bloodstream 

invasion is quite rare. Shigellae are highly communicable; the infective dose is on the 

order of 103 organisms (it usually is 105–108 for salmonellae and vibrios). The 

essential pathologic process is invasion of the mucosal epithelial cells (eg, M cells) by 

induced phagocytosis, escape from the phagocytic vacuole, multiplication and spread 

within the epithelial cell cytoplasm, and passage to adjacent cells. Micro-abscesses in 

the wall of the large intestine and terminal ileum lead to necrosis of the mucous 

membrane, superficial ulceration, bleeding, and formation of a ―pseudomembrane‖ on 

the ulcerated area. 

Toxins 

A. Endotoxin 

Upon autolysis, all shigellae release their toxic lipopolysaccharide. 

This endotoxin probably contributes to the irritation of the bowel wall. 

B. Shigella Dysenteriae Exotoxin 

S. dysenteriae type 1 (Shiga bacillus) produces 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 as does the E coli Shiga-like toxin, perhaps by the 

same mechanism. In humans, the exotoxin also inhibits sugar and aminoacid 

absorption in the small intestine. 
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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 .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.     

 

Diagnostic Laboratory Tests 

A. Specimens ?? 

B. Culture 

The materials are streaked on differential media (eg, MacConkey or EMB (Eosin 

methylene blue 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 TSI (Triple sugar iron agar). 

- The Salmonella Group 

Salmonellae are often pathogenic for humans or animals when acquired by the oral 

route. They are transmitted from animals and animal products to humans, where they 

cause enteritis, systemic infection, and enteric fever. 

Morphology and Identification 

Salmonellae vary in length. Most isolates are motile with peritrichous flagella. 

Salmonellae grow readily on simple media, but they almost never ferment lactose or 

sucrose. They form acid and sometimes gas from glucose and mannose. They usually 

produce H2S. They survive freezing in water for long periods. 

Classification 

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. 

Variation 
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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. 

Pathogenesis and Clinical Findings 

A. The ―Enteric Fevers‖ (Typhoid Fever) 

This syndrome is produced by only a few of the salmonellae, of which S 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. 

B. Bacteremia with Focal Lesions 

This is associated commonly with S choleraesuis but may be caused by any salmonella 

serotype. After oral infection, there is early invasion of the bloodstream (with possible 

focal lesions in lungs, bones, meninges, and so on), but intestinal manifestations are 

often absent. Blood culture results are positive. 

C. Enterocolitis 

This is the most common manifestation of salmonella infection.   Eight to 48 hours 

after ingestion of salmonellae, there is nausea, headache, vomiting, and profuse 

diarrhea, with few leukocytes in the stools. Low-grade fever is common, but the 

episode usually resolves in 2–3 days. 

Diagnostic Laboratory Tests 

A. Specimens 

Blood for culture must be taken repeatedly. In enteric fevers and septicemias, blood 

culture results are often positive in the first week of the disease. Bone marrow cultures 

may be useful. Urine culture results may be positive after the second week. Stool 

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

results during the first week. 

B. Bacteriologic Methods for Isolation of Salmonellae 

1. Differential medium cultures—EMB, MacConkey, or deoxycholate medium 

permits rapid detection of lactose nonfermenters (not only salmonellae and shigellae 

but also Proteus, Serratia, Pseudomonas, and so on). 

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. 

2. Selective medium cultures—The specimen is plated  on salmonella-shigella (SS) 

agar, Hektoen enteric agar, xylose-lysine decarboxylase (XLD) agar, or 

deoxycholatecitrate agar, which favor growth of salmonellae and shigellae over other 

Enterobacteriaceae. 

3. 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. 

C. Serologic Methods 

1. 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. 

2. Tube dilution agglutination test (Widal test)— Serum agglutinins rise sharply 

during the second and third weeks of S Typhi infection. The Widal test to detect these 

antibodies against the O and H antigens has been in use for decades.   

 

 

 


