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 enterobacteriaceae 

 enteric gram-negative rods 

 enteric bacteria 

 enteric bacilli 

 coliforms 

Enterobacteriaceae 

More than 50 genera and 120 

species  have been defined  



The enterobacteriaceae are a large and diverse 

family of Gram-negative rods, members of which 

are both free-living and part of the indigenous 

flora of humans and animals 

 Some of these organisms are part of the normal 

intestinal flora, eg.E.coli 

while others are regularly pathogenic for humans 

and animals: Salmonella, Shigella 

Enterobacteriaceae 



General Characteristics  

1. Typical morphology:  
       Gram-negative rods: enteric bacilli; 

        Non-sporeforming; 

        Motile via flagella EXCEPT Shigella and Klebsiella 

      Can not distinguish each other by their 

morphology 

2. Growth Characteristics: 

     Carbohydrate fermentation patterns and the activity of amino acid decarboxylases and 

other enzymes are used in biochemical differentiation 

      Easy to culture in vitro, using biochemical tests for 

classification and identification 



MacConkey Agar (MCA) 

 
Ingredients : peptone, lactose, bile 

salts, sodium chloride and pH indicator 

(neutral red). 

Bacteria that ferment lactose in the 

medium will produce acid byproducts, 

which will change the color of  the pH 

indicator from yellow to red. 

 

Differential media 



Clinically Significant  Enterobacteriaceae 

• Escherichia 

• Shigella  

• Salmonella  

• Klebsiella 

• Proteus 

• Citrobacter 

• Serratia 

• …… 

Lactose NOT fermented  

Lactose fermented rapidly  

MacConkey's agar 



Differential media 

Triple Sugar Iron (TSI) slant 

• Ingredients : glucose ,sucrose , lactose , 

ferrous sulfate, and pH indicator 

(phenol red); 

• Bacteria that ferment any of the three 

sugars in the medium will produce 

byproducts. These byproducts are 

usually acids, which will change the 

color of the pH indicator from red to 

yellow; 

• Some bacteria utilize thiosulfate anion 

as a terminal electron acceptor, 

reducing it to  hydrogen sulfide. The 

byproduct H2S reacts with ferrous 

sulfate in the medium to form black 

precipitate. 

Slant, lactose,FeSO4, 

phenol red 

Butt, glucose, phenol red 

E.Coli   Samonella   Shigella 

http://en.wikipedia.org/wiki/File:TSIagar.JPG


- - - + Shigella 

+ + - + Samonella 

- + + + E.coli 

H2S motivity Lactose  Glucose  

API 10s systems 



3.  Possess a complex antigenic structure 
    Immulogic test for “sero” classification 



4. Easy to variation 

transformation 

transduction 

Original organisms 

Conjugation  

New type organism 

Drug resistant variation 

Toxinogeny variation 

Biochemical test variation 



5. Bacterial Virulence Factors 

Adherence factors: pili 

                                    capsule: K  antigen 

                                                   Vi antigen 

endotoxin 

Exotoxin (ST, LT, SLT, shiga toxin ) 



Escherichia coli 

E. coli 

 

part of  the normal flora 

diarrhea 

urinary tract infection 

Sepsis  

Meningitis 

WHY? 

HOW? 

E. coli E. coli WHY? 

HOW? 

E. coli 



Case 

21-year old woman presented to the student health 

service of the university with a 2-day history of 

increasing urinary frequency with urgency and 

dysuria. Her urine had been pink or bloody for 

about 12 hours. She had no history of prior urinary 

tract infection(UTI). The patient had recently 

become sexually active and was using a 

diaphragm and spermicide. 



Clinical Features 

 

… 

On physical examination, the 

only abnormal finding was 

mild tenderness to deep 

palpation in the suprapubic 

area. 



Laboratory Findings 

Lab tests showed a slightly elevated white blood cell 

count of 13,000/ul; 66% were PMNs,…. Culture 

yielded more than 105 colony-forming units 

(CFU/ml) of E.coli (diagnostic of a urinary tract 

infection). Antimicrobial susceptibility tests were 

not done. 

Treatment 

The patient was cured by 3 days of oral 

sulfamethoxazole-trimethoprim treatment. 



urethritis 

cystitis 

pyelonephritis 

Anus  



Comment 

E.Coli is the most common cause of urinary 

infection and accounts for approximately 

90% of first urinary tract infection in young 

women. 

Flank pain is associated with upper tract 

infection. 

Urinary tract infection can result in 

bacteremia with clinical signs of sepsis. 



infection out of  

the intestine 

infection inside the intestine: 

Diarrheal diseases 

Sepsis 

Meningitis 

EPEC 

ETEC 

EIEC 

EAEC 

STEC 

Normal flora 

Pathogenic organisms 

Urinary tract 

infection 

urethritis 

cystitis 

pyelonephritis  

Extremely  common world widely 

Affecting human at all ages 

Sometimes cause blood diarrhrea 

According to the pathogenic mechanism: 



Enteropathogenic E.coli (EPEC)  

Important cause of  diarrhea in infants  

Adhere to mucosal cells of  the small bowel  

Chromosomally mediated factors promote tight adherence  

╔watery diarrhea (self-limited but can be chronic ) 

Symptoms and sign 



 Type IV pili: jerky, twitching motility 

  Type III secretary  system 



EPEC Infection Video 



Enterotoxigenic E.coli (ETEC) 

• common cause of “traveler’s and infants diarrhea” 

• Adherence to epithelial cells of the small bowel by 
colonization factors 

• Produce : 

    heat-labile enterotoxin (LT)  

    heat-stable enterotoxin (ST)  



heat-labile exotoxin   (LT) 

• Under the genetic control of a plasmid  

• Subunit B 

    √ attaches to epithelial cells of the small intestine  

    √ facilitates the entry of subunit A  

• Subunit A 

    √ Functional part 



ATP        

cAMP 

Intense and prolonged 

hypersecretion  of water 

and chlorides; 

Inhibits the absorption 

of sodium 

gut lumen 

distended with 

fluid and 

electrolytes 

voimit， “rice water” stool 

Dehydration, Electrolyte 

imbalance 

Acidosis，shock 

death recover 

B 

A 

Intestinal epithelial cell 

GM1 ganglioside 

AC (adenylyl 

cyclase) 

The Mechanism of  LT Function: 

Symptoms of  the 

Patient 



heat-stable enterotoxin (ST) 



Strains 
site of 

Infection 

Disease and 

clinical findings 
pathogenesis 

Enteropathogenic E 

coli (EPEC) 

Small 

bowel 

Infants’ diarrhea, 

watery diarrhea  
Attaching/effacing lesion 

Enterotoxigenic E coli 

(ETEC) 

Small 

bowel 

traveler's diarrhea 

and Infants’ 

diarrhea 

LT and ST encoded  by 

plasmid, adhesive factors 

Shiga toxin producing 

E coli (STEC) 

Large 

bowel 

hemorrhagic colitis 

with hemolytic 

uremic syndrome  

Stx-I or Stx-II encoded by 

phage, Attaching/effacing lesion 

Enteroinvasive E coli 

(EIEC) 

Large 

bowel 

a disease very 

similar to shigellosis  

Virulence encoded on plasmid 

and chromosome 

Enteroaggregative E 

coli (EAEC) 

Small 

bowel 

acute and chronic 

diarrhea in persons  

ST-like toxin (see above) and a 

hemolysin.  

E coli-Associated Diarrheal Diseases 



Prevention 

Treatment 

Laboratory Diagnosis 

 

Self-study after class 

 



√  Salmonella  

 often pathogenic for humans or 

animals when acquired by the oral 

route  

 enteritis, systemic infection and 

enteric fever 



Morphology & Identification 

motile with peritrichous 

flagella 

never ferment lactose 

Produce hydrogen sulfide 

(H2S)  



S.S medium 



Antigenic Structure and classification 

Capsule “Vi” 

“O” 

“H” 

lipopolysaccharide 

flagella 



Variation 

lose H antigens :non-motile 

Loss of  O antigen: rough colony form  

Vi antigen may be lost partially or completely   

€Antigens may be acquired (or lost) in the 

process of  transduction  



Pathogenesis 

 Human source:  

    Salmonella Typhi, Salmonella Paratyphi A , Salmonella  
Paratyphi B and Salmonella choleraesuis  

 Animals reservoir: 

    poultry, pigs, rodents, cattle, pets (from turtles to 

parrots), and many others 

 Transmitted: oral route ( contaminated food or drink ) 

 Infective dose:105-108 

─Salmonella enterica and Salmonella bongori (species) 



34 

three main types of disease  

in humans 

  Enteric fever 

  Bacteremia with focal lesions 

  Enterocolitis 

 

Mixed forms are frequent 



Enteric Fevers 

  S. typhi 

 S. paratyphi A 

 S.  paratyphi B  

 S. choleraesuis 



Hiroshi Ohno. Nature, 2009 



Salmonellae Infection Video 



S. Typhi, S.paratyphi A 
S.  paratyphi B, S. chleraesuis 

oral route 
Gastric acidity 

Normal intestinal microbial flora 

Local  intestinal immunity (ie.sIgA) 

Arrive at small intestine, 

enter the lymphatics 
Blood stream 

Bacteremia 

F
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e

e
k

 

Diagnostic 

test 



Antibody-Mediated immunity 

cell-Mediated immunity 

Organisms multiply in lymphoid 

tissue and are excreted in stools & 

urine 

Enteric Fever (Typhoid fever) 

 fever, malaise, headache, constipation 

 the spleen, liver become enlarged, Rose spots  

 bradycardia, white blood count normal or low 

S
e

c
o

n
d
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r th
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e
e
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Diganostic 

test 



Colonization at gallbladder 

and bilirary tract 

Continuously 

excreted in stools, 

source of  infection 

intestinal hemorrhage and 

perforation 

Recovery or healthy Carriers  

TypeIV: cell-mediated 

hypersensitivity 

th
ird

 o
r fo

rth
 w

e
e

k
 

Source of 

infection 



Mary Mallon (September 23, 1869 – November 11, 1938), also 

known as Typhoid Mary, was the first person in the United States to 

be identified as a healthy carrier of typhoid fever. Over the course 

of her career as a cook, she is known to have infected 53 people, 

three of whom died from the disease. Her notoriety is in part due to 

her vehement denial of her own role in spreading the disease, 

together with her refusal to cease working as a cook. She was 

quarantined twice and died in quarantine. It is possible that she was 

born with the disease, as her mother had typhoid fever during her 

pregnancy.  

Carriers: Typhoid Mary 

http://en.wikipedia.org/wiki/Asymptomatic_carrier
http://en.wikipedia.org/wiki/Typhoid_fever
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early invasion of the bloodstream  

 intestinal manifestations are often absent 

 Blood cultures are positive  

Bacteremia with Focal Lesions    

 S. choleraesuis 

the most common manifestation: 

 nausea, headache, vomiting, and profuse diarrhea, with few 

leukocytes in the stools  

Enterocolitis 

 S. typhimurium 

 S. enteritidis 
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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, 

diarrhe at onset 

Blood cultures Positive in first to 

second weeks of 

disease 

Positive during high 

fever 

Negative 

Stool cultures Positive from second 

week on; negative 

earlier in disease 

Infrequently 

positive 

Positive soon 

after onset 



Diagnostic Laboratory Tests 

Specimens 

Culture systems 

Examination and diagnosis 

Microscopy & 

 stains 

Molecular  

diagnostics 

Biochemical 

 tests 
Serology test smears Drug-sensitive test Animal test 

Final report 

pretreatment enrichment Microscopy & 

 stains 

Molecular  

diagnostics 

Microscopy & 

 stains 

Molecular  

diagnostics 



 Specimens   

Blood :first week  

Urine :second week 

Stool: second or third week 

45 



Culture systems 

Enrichment Cultures: 

   selenite F and tetrathionate broth  

Differential Medium Cultures:  

   EMB, MacConkey's, or deoxycholate medium 

Selective Medium Cultures:  

   salmonella-shigella (SS) agar, Hektoen enteric agar,    

    XLD, or deoxycholate-citrate agar 

46 



Salmonella-Shigella (SS) agar 



Discussion of Widal test in the 

experiment class 



 Examination and diagnosis 

 Patients’ suffering from enteric fever would 

possess antibodies (agglutinins) in their sera 

 Widal test is a tube agglutination test for the 

detection of  agglutinins (antibodies) for H and O 

antigen for salmonella in patients with enteric 

fever 

 The test is named after Georges Fernand 

Isidore Widal, a French physician and 

bacteriologist, born March 9, 1862, Algeria; died 

January14, 1929, Paris 

 The result will be used as an indirect signal of  

the infection  

Widal test 



Widal Test (experiment class No.5) 
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Serum agglutinins rise sharply during the second and third weeks of 

Salmonella Typhi infection 

Methods and 

Materials 
1. Patient’s serum sample 

2. Antigen: O,H,HA,HB 

3. Nature Saline 

Results 

Analysis 

O＞80, Ｈ＞160 

O＜80, Ｈ＜160 

O＞80, Ｈ＜160 

O＜80, Ｈ＞160 

? 



Immunity 

Circulating antibodies to O and Vi are related to 

resistance to infection and disease  

relapses may occur in 2–3 weeks after recovery 

in spite of  antibodies  

Secretory IgA antibodies may prevent 

attachment of  Salmonellae to intestinal 

epithelium  

51 



Treatment  

Sometime require antimicrobial treatment  

─enteric fevers  

─ bacteremias with focal lesions  

Sometime do not require antimicrobial treatment  

─the vast majority of  cases of  enterocolitis  

─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.  
52 



Epidemiology 
Carriers (persons have unsuspected subclinical disease) are a more 

important source of  contamination than frank clinical cases that 

are promptly isolated   

Many animals are naturally infected with a variety of  salmonellae 

and have the bacteria in their tissues (meat), excreta, or eggs  

Sources of Infection 

─The sources of infection are food and drink that have been 

contaminated with salmonellae.  

Water Milk and Other Dairy Products (Ice Cream, Cheese, Custard), 

Shellfish, Dried or Frozen Eggs, Meats and Meat Products, 

Recreational" Drugs, Animal Dyes, and Household Pets 
53 



Salmonella Species in Dogs  

 Clinical symptoms in dogs: 

Fever 

Malaise 

Vomiting 

Abdominal pain 

Diarrhea 

Systemic infection: 

Cardiovascular Collapse 

Shock 



Dogs and Cats  play an integral 

part in the lives of humans: 

 Security 

 Labor 

 Therapeutic 

support 

 Companions

hip 

Providing: 



Prevention & Control  

 Sanitary measures must be taken to prevent 

contamination of  food and water by rodents or other 

animals that excrete Salmonellae  

 

 Infected poultry, meats, and eggs must be 

thoroughly cooked  

 

an Carriers must not be allowed to work as food 

handlers d should observe strict hygienic 

precautions 
56 



Shigellae 

ruffle 

limited to the gastrointestinal tract 



Morphology & Identification 

 slender gram-negative rods  

 facultative anaerobes  

 non-motile and non-capsule 

 convex, circular, transparent colonies with 

intact edges 

  ferment glucose  

 do not ferment lactose  

 form acid from carbohydrates but rarely 

produce gas  
58 



Pathogenesis & Pathology 

Shigellae are highly communicable( infective dose is on the 

order of  103 organisms ) 

 pseudomembrane : which is formed by necrosis of  the 

mucous membrane, superficial ulceration, bleeding on the 

ulcerated area, and consists of  fibrin, leukocytes cell debris ,a 

necrotic mucous membrane, and bacteria. 

 invasion of  the mucosal epithelial cells 

 toxins: endotoxins and exotoxins 

59 



 invasion 



Current Opinion in Microbiology 2005 8:16-20 



Toxins 

Endotoxin : toxic lipopolysaccharide (LPS)           

irritation of  the bowel wall  

Exotoxin  

diarrhea similar to that of  EHEC(same mechanism) 

inhibits sugar and amino acid  absorption 

1.  Enterotoxin (Shiga toxin)  

2. neurotoxin  

extreme severity and fatal nature of  S dysenteriae infections  

the central nervous system reactions observed in them (ie, 

meningismus, coma)  



Intestinal and glomerular 

epithelial cells 

B B 
B B B 

A 

STX 

Receptor（Gb3） 

A 

28S rRNA 

mRNA 

Highly express TNF-α, 

Interleukin-6 

hemolytic uremic syndrome 

（HUS） 



Clinical Findings 

abdominal pain 

fever  

early nonbloody, voluminous diarrhea 

later dysentery with blood and pus in 

stools 

straining and tenesmus    



Diagnostic Lab Tests 

Immunity and Treatment 

Prevention, & Control 

 

 

Self-study after class 



QUESTIONS 

1. Take the Salmonella infection as a example, to clarify 

how to diagnose infectious disease 

2. How do  the Shigella toxins play a role in diarrhea 

development? 

3. Why the number of  E coli can be used as a standard 

for measure of  water? 

4. How to control the Salmonella infection? 



Case: Gastroenteritis 
        Four members of a migrant farm worker family came to the 
hospital because of diarrhea and fever starting 6~12 hours earlier. 
The father was 28, the mother 24, and the children 6 and 4 years of 
age. The previous day, the family had a meal of mixed green salad, 
ground meat, beans, ad tortillas prepared by another person in the 
encampment. Another child in the family, 8 months old, had not 
eaten the same meal and remained well. Approximately 24 hours 
after the meal, the children developed abdominal cramps, fever, and 
water diarrhea. These symptoms had persisted for the preceding 
bloody. The parents had developed similar symptoms 6 and 8 hours 
earlier but did not have blood visible in their stools. 
 
        The parents stated that several other people in the camp had 
similar illnesses during the previous 2 weeks. The sanitation facilities 
in the camp were primitive. 



       On physical examination, the children had 

temperatures of 39~39.5℃ and the parents 38℃. All 

had tachycardia and appeared acutely ill. Both 

children appeared dehydrated. 

       White blood cell counts ranged from 12,000 to 

16,000/μＬ, with 55~76% PMN cells. Multiple white 

blood cells were seen in the fecal wet mounts. Stools 

from the children were grossly bloody and mucoid. 

Cultures of the stools from each of the patients 

subsequently grew__________. 

 

Clinical features 



How to treatment 

1. Both children _________________________ 

2. The parents ___________________________ 

3. Public health measure to prevent the transmission? 

__________________________ 
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