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True Pathogens  
of the Enterobacteriaceae: 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

E. Coli, Salmonella, 
Shigella & Klebsilla 



SALMONELLA 



Anatomy of Digestive Tract 



 Digestive tract is a “tube” (from mouth to anus); 

technically “outside” of the body 
 Lumen = space within tubular or hollow organ such as an 

artery, vein, or intestine 

 Intestinal lumen = the inside of the intestine 

 Mesentery = membrane attaching organ (e.g., 

intestine) to body wall; often has lymphoid tissue 

 Food is moved down tract via peristalsis 

 Entire length of digestive tract epithelium is covered 

by mucosal membrane (mucosa) with mucus that 

is secreted from specialized glands 

 Surface area of intestine increased by presence of 

villi (finger-like projections) and microvilli that 

absorb nutrients and other products of digestion 

Anatomy of Digestive Tract 



 Mouth, pharynx, esophagus & esophageal sphincter 

 Stomach and pyloric valve (sphincter) 

 Small intestine (about 23 feet in length) 

 Duodenum (~10” in length) (bile & pancreatic ducts carry 

digestive juices secreted by gall bladder, liver & pancreas) 

 Jejunum (~8 feet in length) 

 Ileum (final 3/5 of length) and ileocecal valve 

 Absorbs bile salts & nutrients, including vitamin B12  

 Large intestine  

 Cecum(caecum) (blind pouch where appendix also enters) 

 Colon (ascending, transverse, descending, sigmoid) 

 Rectum and anus (with internal and external sphincters) 

Anatomy of Digestive Tract (cont.) 



 Coliform bacilli (enteric rods) 
 

 Motile gram-negative facultative anaerobes 
 

 Non-lactose fermenting 
 

 Resistant to bile salts 
  

 H2S producing 

General Characteristics of Salmonella 



• Salmonella  is a Gram-negative facultative rod-shaped 
bacterium belonging to family Enterobacteriaceae,  

 
• 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.  





Classification and Taxonomy of 
Salmonella (Confused) 

Old: Serotyping & biochemical assays used to 

 name individual species within genus   

 (e.g., Salmonella enteritidis, S. choleraesuis, S. typhi)  

 Over 2400 O-serotypes (referred to as species) 

 (Kauffman-White antigenic schema) 

 Bioserotyping (e.g., S. typhimurium) 

New: DNA homology shows only two species  

  Salmonella enterica (six subspecies)  

  and S. bongori  

 Most pathogens in S. enterica ssp. enterica  



Morphology 

• Gram – negative rods 

• Uncapsulated (except S. typhi) 

• Unsporulated 

• Peritrichous flagella (ensure motility) 

 





Cultural properties 

• Aerobe-anaerobe facultative 

• Grow easily on simple culture media 

• Onto selective and differential media that 
contain biliary salts and lactose grow like 
lactose-negative “S” colonies. 

• produce de H2S, colonies have a “cat-eye” 
appearance. 



Salmonella 
– Biochemistry 

• TSI K/A + gas and H2S: S. typhi  produces only a small 
amount of H2S and no gas , and S. paratyphi A produces 
no H2S 

• Urea – 

• Motility + 

• Citrate +/- 

• Indole - 

– Virulence factors 

• Endotoxin – may play a role in intracellular survival 

• Capsule (for S. typhi and some strains of S. paratyphi) 

• Adhesions – both fimbrial and non-fimbrial 

 



Salmonella 

• Salmonella on MacConkey 





Salmonella 

• Lactose negative 

• Negative for indole, VP, phenylalanine deaminase, 
and urease 

• Most produce H2S 

• Large and complex group of organisms; grouped by 
O, H, and Vi (for virulence) antigens 



Salmonella 
– Typhoid and Other Enteric Fevers 

• Prolonged fever 

• Bacteremia 

• Involvement of the RE system, particularly liver, spleen, intestines, 

and mesentery 

• Dissemination to multiple organs 

– Salmonella Bacteremia 

– Carrier State 

• Organisms shed in feces 

• Gallbladder is the site of organisms (removal of gallbladder may be 

the only solution to carrier state) 

 



Clinical Syndromes of Salmonella  

Salmonellosis = 
 

Clinical Syndromes 
 

Enteritis (acute gastroenteritis) 
 

Enteric fever (prototype is typhoid fever and less severe 

paratyphoid fever) 
 

Septicemia (particularly S. choleraesuis, S. typhi, and S. 

paratyphi) 
 

Asymptomatic carriage (gall bladder is the reservoir for 

Salmonella typhi) 



Epidemiology and Clinical Syndromes of 

Salmonella 

Enteritis 
  

 Most common form of salmonellosis with major foodborne 

outbreaks and sporadic disease 

 High infectious dose (108 CFU) 

 Poultry, eggs, etc. are sources of infection 

 6-48h incubation period 

 Nausea, vomiting, nonbloody diarrhea, fever, cramps, myalgia 

and headache common 
 



Salmonella 

• The organism moves through the intestinal 

mucosa and adheres to intestinal epithelium. 

•  Effector proteins of the type III secretion 

system mediate invasion of enterocytes and M 

cells via an induced endocytic mechanism.  

• Salmonella multiplies within the endosome. 



Salmonella invasion of epithelial cells 



 



Mechanisms of Pathogenicity 
(1) Bacterial products involved in virulence:  
• Salmonellae own their pathogenicity largely to their ability to 

invade tissue and to survive within macrophages. 
  
• The Vi antigen is a capsule that affords salmonellae some 

protection from phagocytosis. 
 
• Once phagocytosed, S. typhi inhibits generation of oxidative 

free radicals and intraphagosomal killing.  
 
• Additionally, salmonellae have endotoxic lipopolysaccharide, 

which is responsible for septic shock in patients with 
bacteriemia. 



• Salmonellae that cause enteritis produce at least two 
enterotoxins that are responsible for many of the clinical signs of 
enteritis. 

  
• The first of these is a small (25-30kD) protein that binds to GM1 

gangliosides and cause hypersecretion of fluids and electrolytes 
by elevating levels of c AMP. 

  
• It appears that both proteinkinase C and prostaglandin E2 are 

involved in this process.  
 
• The second enterotoxin is larger (about 100 kD) and is unrelated 

in structure and mechanism of activity to the first enterotoxin 
 
• Salmonella strains that produce enterotoxins have been reported 

to invade the intestinal wall more effectively and to be more 
virulent than their nontoxigenic counterparts. 





(2) The Salmonella infection cycle.  



• Intestinal infection with salmonellae can follow one of 
two infection cycle. One cycle causes enteritis, other 
causes typhoid 



Virulence attributable to: 
 Invasiveness 

 Intracellular survival & multiplication 

 Endotoxin 

 Exotoxins: Effects in host have not been identified 
 Several Salmonella serotypes produce enterotoxins similar 

to both the heat-labile (LT) and heat-stable enterotoxins (ST), 

but their effect has not been identified 

 A distinct cytotoxin is also produced and may be involved in 

invasion and cell destruction   

Pathogenesis of Salmonella 

Enteritis 



Invasiveness in Enteritis  

 Penetrate mucus, adhere to and invade into epithelial layer 

(enterocytes) of terminal small intestine and further into 

subepithelial tissue 

 Bacterial cells are internalized in endocytic vacuoles 

(intracellular) and the organisms multiply 

 PMN’s confine infection to gastrointestinal (GI) tract, but 

organisms may spread hematogenously (through blood, i.e., 

septicemia) to other body sites  

 Inflammatory response mediates release of prostaglandins, 

stimulating cAMP and active fluid secretion with loose diarrheal 

stools; epithelial destruction occurs during late stage of disease  

Pathogenesis of Salmonella 





(b) Enteric fever (Typhoid).  
• Two serotypes typhi and paratyphi can cause typhoid. 
  
• The salmonella invade the wall of the terminal ileum and 

than spread to the intestinal lymphatics, where they are 
phagocytosed by PMNs and macrophages.  

 
• Salmonella phagocytosed by PMNs are killed, but those 

phagocytosed by macrophages survive and multiply within 
phagocytic vacuoles.  

 
• Wandering macrophages that contain salmonellae act as 

“taxicabs” that deliver salmonellae to various 
reticuloendothelial tissues.  

 
• Infected macrophages are eventually destroyed and 

salmonellae released from lysed macrophages cause 
septicemia. 



• Some salmonellae begin to disseminate hematogenously 
to a variety of ectopic sites, including the bones, lungs, 
liver, brain where they cause osteomyelitis, 
pyelonephritis, empyema, hepatic necrosis, meningitis.  

 
• Other salmonella remain in the intestine, where they 

invade the gut wall and may cause ulceration, perforation 
and hemorrhage.  

 
• Salmonellae multiply avidly in the gallbladder and bile, 

and the infected bile continues to circulate salmonellae 
to the intestine.  

 
• Salmonellae also multiply well in gut associated lymphoid 

tissue and may ulcerate Payer’s patches  
 



Liver, spleen, bone marrow 

(10-14 days) 

(RES) 

Gastrointestinal 
Symptoms 



Salmonella 

Pathogenesis and Immunity 

Invasion 

Acid tolerance response (ATR) gene protects the organism from gastric acid. 

The bacteria invade into (by inducing membrane ruffling) and multiply in the M 

cells and enterocytes of the small intestine. They can also be transported 

across the enterocytes and released into the blood and lymphatic circulation. 

Inflammatory response confines the infection to the GI tract in non-typhoid 

salmonellosis. 

Survival in macrophages 

Salmonellae are facultative intracellular pathogen. 



Salmonella 

Clinical diseases 

1. Enteritis 

Incubation period: 6-48 hours. 

Symptoms: nausea, headache, vomiting, nonbloody profuse 

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

abdominal cramp, myalgia, and headache are also common.  

Episode resolves in 2-7 days. 

Inflammatory lesions of the small and large intestine are present. 

Stool cultures remain positive for several weeks after clinical 

recovery. 



Salmonella 

Clinical diseases 

2. Bacteremia 

Most common causal species: S. Choleraesuis, S Typhi and S. 

Paratyphi. 

Symptoms: like sepsis caused by other gram-negative bacteria. 

10% of patients may have localized suppurative infections, e.g., 

osteomyelitis, endocarditis, arthritis, etc. 

High risk population: pediatric and geriatric patients; AIDS 

patients. 



Salmonella 

Clinical diseases 

3. Enteric fever (typhoid fever)  

Causal species: S. Typhi, S. Paratyphi A,  

Mouth          small intestine         lymphatics and bloodstream                   

 infect liver, spleen and bone marrow         multiply and pass into the 

blood         second and heavier bacteremia         onset of clinical illness         

colonization of gallbladder         invasion of the intestine          typhoid 

ulcers and severe illness.  

Chronic carriers (1%-5% of patients): bacteria persist in the gallbladder and 

the biliary tract for more than one year. 



Septicemia 
  

Can be caused by all species, but more 

commonly associated with S. choleraesuis, 
S. paratyphi, S. typhi, and S. dublin 

 

Old, young and immunocompromised (e.g., 

AIDS patients) at increased risk 

Epidemiology & Clinical Syndromes 



Asymptomatic Carriage 
  

Chronic carriage in 1-5% of cases following S. 
typhi or S. paratyphi infection 

 

Gall bladder usually the reservoir 
 

Chronic carriage with other Salmonella spp. 

occurs in <<1% of cases and does not play a 

role in human disease transmission 

Epidemiology & Clinical Syndromes 



Salmonella 

– Diagnosis of typhoid fever 

» Blood cultures are positive during the first week and after 

the second week 

» Stool cultures and sometimes urine cultures are positive 

after the second week 

» The Widal test is a serological test for antibodies against 

Salmonella typhi.  One looks for a 4-fold rise in titer 

between acute and convalescent stages. 

» 10% of those infected become short term carriers and a 

smaller % become long-term carriers due to persistence of 

the bacteria in the gallbladder or urinary bladder. 

 



Salmonella 

Treatment 

Enteric fever and bacteremia require antibiotic treatment: chloramphenicol, 

ampicillin, trimethoprim-sulfamethoxazole.  Surgical drainage of metastatic 

abscesses may be required. 

Salmonella enterocolitis needs only supportive therapy (antibiotic treatment 

may prolong the symptoms and excretion of the salmonellae).  Drugs to 

control hypermotility of the gut should be avoided because it is easy to 

transform a trivial gastroenteritis into a life-threatening bacteremia by 

paralyzing the bowel. 

Chronic carriers of S. Typhi may be cured by antibiotics alone or combined 

with cholecystectomy. 



Salmonella 

Prevention and control 

Sanitary measures. 

Carriers must not be allowed to work as food handlers. 

Strict hygienic precautions for food handling. 

Vaccines against S. Typhi:   

 Purified Vi antigen 

 Oral, live attenuated vaccine.  


