


Intestinal “Flora”



Introduction to the 
Enterobacteriaceae



Helicobacter pylori

The concentration and population
of microorganisms that constitute
the normal intestinal flora vary with
the location along the intestine

•predominant species are
anaerobes

•most common aerobe is
E. coli (conc. only 1/1000
of anaerobes in colon)

•the normal flora exert a profound 
influence on intraluminal constituents:
food, urea, bilirubin, bile salts, drugs
and potential toxins.

We get 10% of our total energy
from colonic fermentation of our food





The Family Enterobacteriaceae
• A large number of Genera have now been 

established by DNA studies.
• In the main, the common human pathogens are 

restricted to the 
– Escherichia
– Shigella
– Salmonella

• The Many Other Members of this Family are 
Found in Human Infections but Usually as 
Opportunists in the Setting of an Underlying 
Illness.





EMB agar – E. coli w/ metallic sheen
Disadvantage is that Proteus swarms



Mac Conkey agar is used in many laboratories to isolate enteric bacilli.
The agar medium contains an inhibitor of gram positive bacteria, bile salts, 
lactose and a pH indicator. The fermentation of lactose by E. coli (left panel)
is seen by dark pink colonies while non-lactose fermenting bacteria (right-hand
panel) appear as colorless colonies. The distinction between lactose and non-
lactose fermentation is based on a old concept in medical bacteriology that
lactose fermenting species like E. coli did not cause enteric disease while non-
fermenting species like Salmonella and Shigella caused most diarrheal disease. 
Nevertheless it is still a useful tool in the diagnostic laboratory



A large number of differential media have been developed for use in the
clinical laboratory. One of these, Hektoen agar is illustrated here. Lactose, 
sucrose and salicin-fermenting organisms appear yellow, non-fermenters
appear colorless and H2S production turns the colonies black.



Some bacteria give a distinctive appearance on agar medium.
For examples, some species of Proteus spread as a film often
extending from the site of inoculation as waves of growth.



The biochemical identification of Bacteria has been automated and
miniaturized. Here is the API 20 strip is shown. It is a self-contained system of
20 microtubes which is used as a miniaturized version of conventional
procedures. Numerical coding of results allows computerized interpretations
for identification of groups and species of organisms.



Salmonella O agglutination



E. coli API strip

Salmonella API strip



What is Diarrhea and What 
Causes It?



With a complaint of "diarrhea," the physician must establish if this represents a change in the patient's bowel habit 
and if the complaint arises from a perception of increased frequency of stool, increased volume or both.





If the diarrhea is acute (i.e., lasting less than two weeks), the malabsorption of fluid and
electrolytes probably has an infectious or toxic cause.

When diarrhea lasts for a longer period of time, other explanations need to be considered. 

The four most common causes of chronic diarrhea are 
(1) the irritable bowel syndrome
(2) inflammatory bowel disease
(3) malabsorption
(4) carcinoma of the colon.



enterotoxin is the major pathogenic mechanism
-cytotonic (producing intestinal fluid secretion by 
activation of intracellular enzymes w/o damage to epithelial
surface)
-cytotoxic (causing injury to the enterocyte as well as
inducing fluid secretion)

organism penetrates the enterocyte as primary event

although an enterotoxin may be produced as well





1) Food Poisoning
Staphylococcus aureus, Salmonella, Clostridium perfringens and
Bacillus cereus are responsible for 90% of these outbreaks.

2) Infectious Gastroenteritis
We will learn about:

E. coli, Shigella, Listeria, Salmonella, Vibrio cholera, Campylobacter,
Helicobacter pylori 

3) Traveler’s Diarrhea





Mild Dehydration
5% or < body
Weight lost

Irritability
Skin pale but
lips may be vivid
pink from 
Hemoconcentration.



Moderate Dehydration
Up to 10% body weight
lost
Pallor is striking
Initial Irritability gives way 
to listlessness
Sunken eyes from loss of 
water from retro-orbital
fat pad

Loss of skin turgor and
Elasticity.



Severe dehydration
10-15% of body weight loss
Oliguria is invariably present
BUN rises; acidosis usually present
Mortality approaches 50%.





Stop Trot

Reduced mortality   50% →→ <10%



-Pathogenic E. coli contain Pathogenicity Islands











Mouse Injected Intra-
gastrically with Normal
E. coli strain

Mouse Injected Intra-
gastrically with E.coli that
Produces the ST enterotoxin





Tips to Avoid Traveler’s Diarrhea





EPEC causes attaching and effacing lesions

Intimate
attachment

Pedestal
formation

ETEC does not adhere tightly
Columnar gut epithelial cells intact
But host had severe diarrhea → from toxins





EPEC: induction of tight adherence and pedestal formation

Bundle
Forming
Pili

Step 1: initial adherence
formation of microcolonies

3-Stage Process:





EPEC: induction of tight adherence and pedestal formation

Step 2: translocation of bacterial proteins



EPEC: induction of tight adherence and pedestal formation

Intimin (in bacterial membrane):
- 9 kDa outer membrane protein
- adhesin
- C-term 280 aa binding domain

Tir (in host cell membrane):
- 78 kDa → 90 kDa in host
- translocated into host cell memb.
- Tyrosine phosphorylated
-binds to intimin
-Role in pedestal formation and actin
condensation

Step 3: intimate adherence
enterocyte effacement
pedestal formation



The Attachment and Effacing Lesion of Enteropathogenic
E. coli (EPEC) and Enterohemorrhagic E. coli ( EHEC)





How does EPEC cause diarrhea?



• EHEC are usually transmitted to humans 
through contaminated food or drink.

• Generally speaking EHEC is carried 
asymptomatically in a number of animals, 
bovine species, particularly.

E. coli O157

Enterohemorrhagic E. coli



Produced by Shigella dysenteriae and some E.coli species like O157
- enterotoxin activity (fluid release)
- paralysis when injected into animals
- cytotoxic to cell cultures
In addition to endothelial damage in bowel and haemorrhage it can cause
Haemolytic Uremic Syndrome - as a complication..

B subunit binds to glycolipid Gb3 or Gb4 (distinct from GM1)
A subunit contains N-glycosidase activity

Shiga toxin



• Intracellular target - adenosine 4324 within 28S rRNA of 60S ribosomal subunit
• Cleavage of N - glycosidic bond prevents binding of amino-acyl tRNAs
• Inhibition of eukaryotic protein synthesis 
• No effect on bacterial ribosomes
- same mechanism of action as ricin - potent plant toxin   

Toxin Disease % homology Glycolipid
with ShT receptor

ShT Bacillary 100% Gb3
dysentry

SLT-1 HUS 99% Gb3

SLT-11 HUS 58% Gb3

SLT-11v Swine 80% Gb4
dysentry



E. Coli O157 colitis: colonic mucosa shows
hemorrhage and edema of lamina propria.  

In this higher mag-
nificatiom, the 
lamina is seen to 
contain neutrophils
and mononuclear
inflammatory cells



Ischemic pattern of E. coli O157 colitis. The colonic mucosa shows 
hemorrhage of the lamina propria with partial coagulation and necrosis 
of the surface epithelium. The deeper colonic crypts are preserved. 



Hemolytic Uremic syndrome following E. coli O157 infection. The 
glomerulus shows a fibrin thrombus in the afferent arteriole and
necrotic glomerular tufts







•Break



E. coli is the Most Common 
Cause of Urinary Tract Infection



�1/3 of American women
Will have at least one
UTI before age 65

Many will experience
One per year

Reservoirs
large intestine
vagina
periurethral tissue









Gram Stain of Unspun Urine from a Case of
Acute Cystitis.



The Genetic Basis 
for 

Uropathogenicity



Once bacteria have gained access to the bladder, 
they must overcome the host defense mechanisms

1) Flushing action of urine

2) Tamm-Horsfall protein

3) Uromucoid

4) Secretory IgA

Therefore uropathogenic organisms must adhere to urinary
epithelial cells.





Pathogenic E. coli make a number of adhesins

P pili – in strains that cause kidney infections
bind globobiose (a-D-Gal-(1,4)-a-D-Gal)

Dr adhesins – binds the Dr blood group

S pili – in strains that cause neonatal meningitis

Type I pili – assoc. w/ ability to colonize urinary tract
bind mannose residues on bladder
glycoproteins (uroplakins)



Type I pilus mediates bacterial attachment to the 
bladder epithelium



Internalization of type 1-piliated UPEC by
Superficial facet cells

Internalized E. coli
have a distinct survival
advantage over their
external counterparts



Bladder Cell Exfoliation as a Host Defense



Innate Immune response-
Neutrophil Influx and Cytokines



Persistent and Recurrent UTIs



Model of E. coli Cystitis



•often differ in GC content suggesting horizontal transfer

•often associated with tRNA genes

•usually carry cryptic or functional “mobility” genes such as 
integrases, transposases, IS elements

•present in pathogenic bacteria but absent from non-pathogenic 
members of same or closely related species

•may be flanked by directly repeated DNA sequences which 
could cause instability

•Large regions (10- >200Kb) regions containing genes encoding 
one or more virulence factors

Pathogenicity Islands





Shigella and Bacillary Dysentery

What is shigellosis?
Shigellosis is an illness caused by bacteria that affects
the small and large intestine. It is transmitted when
people eat food or drink water contaminated by 
shigella bacteria. 
Illness usually begins 1 - 3 days after contact with the
bacteria.

What are the symptoms?
Symptoms usually include diarrhea, sometimes with blood
or mucus, stomach cramps and fever, lasting from 4
to 7 days. Nausea and vomiting often occur. 

The disease is more serious in infants, 
small children and the elderly.



•Lac– Enterobacteriaceae
•non-motile 
•no H2S formation 
•no gas in glucose ferm. 
•Very closely related to E. coli. 
•4 species based on O Ag: 
•S. dysenteriae - usually the most severe disease 
•S. flexneri
•S. boydii
•S. sonnei
•Never found as normal human flora

Shigella



The Shigella on the basis of DNA relatedness are actually
variants of E. coli. Shigella posses, however, a plasmid that
encodes genes which permit the bacteria to invade epithelial
cells and macrophages and to replicate intacellularly. Shigella 
are only found in primates and only in the setting of enteric
disease.



Major Shigella Virulence Factors

• Invasion plasmid antigens (Ipa) - for invasion of the epithelial lining of the intestine

(plasmid-encoded, secreted by a type III [contact-dependent] secretion pathway) 

• Acid Resistance - survives passage through stomach to intestine

(explains high infectivity / low infectious dose) 

• Shiga toxin - blocks protein synthesis by inactivating 60S ribosomal subunit which causes 

(a) fluid secretion by blocking fluid adsorption in the intestine, and (b) more mucosal

damage and bleeding. 

Only produced by S. dysenteriae, which also causes most severe disease.

• IcsA – cell-to-cell invasion



The “classic” 
dysentery stool 
showing blood,mucus 
and small volume.
Microscopically, there 
are sheets of 
leukocytes.



Fecal leukocytes – methylene blue stain







Normal Histology of the Colon



Histopathology of Shigellosis showing severe inflammation
and blunting of the villi.









Apoptosis and Shigella







Shigella Spreads Intercellularly by Using Actin-based Motility

Listeria also spreads from cell-to-cell by actin-basedmotility



Listeria monocytogenes

-gram-positive, facultative, highly motile rod

-food-borne pathogen

-grows @ 4° C (food processors nightmare)

-avg. incubation period is 30 days

-most deaths involve fetuses, newborns, or
immunocompromised

-one of few bacteria that can cross the placenta

-5% TO 10% of human pop. carry in intestinal 
tract asymptomatically



Listeria enters epithelial cells by attachment to a specific receptor
Mediated by the bacterial protein internalin. The bacterium is 
Initially in an intracellular compartment surrounded by a
host membrane



Within minutes after entry the bacterium secretes an enzyme
which destroys the surrounding host membrane releasing the
Microbe into the host cell cytoplasm.



Once in the host cell cytoplasm, the bacterium secretes a protein
that localizes to one pole of the organism and acts as a nucleation
point for host cell actin polymerization.The microbes move through the 
cytoplasm driven by the polymerization energy. 



As the bacteria move to the host cell surface, some 
are thrust out as projections. One can see the polymerized
“tail” of actin.



If the projections come into contact with an adjacent
uninfected cell, the projection may enter by a 
phagocytic event. In this way, the microbe and its progeny
can move from host  cell-to-cell.



Listeria projections are taken up by adjacent cells and the entering 
bacteria can be seen surrounded by a double membrane. This 
membrane is destroyed by a bacterial-mediated enzyme which
releases the bacterium into the cytoplasm so the cycle can begin
again.  Thus, the organism spreads from cell-to cell without 
becoming extracellular.





Location             proximal small bowel                       colon                                                         distal small bowel

Illness                Watery diarrhea                          Dysentery                                               Enteric fever

Stool exam        No fecal leukocytes                           Fecal polymorphonuclear leukocytes             fecal mononuc. Lymph.

I II III
Mechanism Noninflammatory (enterotoxin) Inflammatory (invasion ?cytotoxin) Penetrating

Examples Vibrio cholerae
Escherichia coli (LT)
E. coli (ST)
Clostridium perfringes
Bacillus cereus
Staphylococcus aureus
Rotavirus
Giardia lambia
Norwalk-like viruses
Cryptosporidium

Shigella
Invasive E. coli
Salmolnella enteritidis
V. parahemolyticus
Clostridium difficile
Campylobacter jejuni
Entamoeba histolytica

Salmonella typhi
Yersinia enterocolitica
Campylobacter fetus









The type III secretion sys tem of EPEC used to del iver virulence factors, including Tir, into the host  cell cytosol  or membrane. Several
gram-negat ive pathogens use this conserved secretion system to deliver diverse effectors into host  cells to mediate several different
effects within mammalian and even plant cells .





Pyuria in acute bacteria prostatitis. Pyuria is the presence of leukocytes
In the voided urine. This inflammatory response is due to concurrent
cystitis that accompanies the prostatitis. Pyuria is not specific, of course, but 
Is always a feature of untreated acute bacterial prostatitis.



CAT scan demonstrating a prostatic abscess. Patients with diabetes
, indwelling catheters, immunocompromised status, urinary tract
instrumentation and on maintenance hemodialysis are especially prone
To the development of prostatic abscess. Clinical symptoms include
Acute urinary retention, fever, Dysuria, urinary frequency and perineal
pain. E. coli is the predominant pathogen isolated from such lesions.





Salmonella typhi





Distinguishing Dysuria





Estimated Daily Discharge of  E. coli in Feces

.24188.915.431.95Total coliforms 
discharged per 
day x 10-9

1.1163.3.23 13Coliforms/ gr.x 
10-9

1821130270026,500150Avg Wgt of 24 hr 
fecal  discharge 
wet weight in gr.

7274678377Moisture Content 
%

ChickenSheepHogCowHumanItem



Severe Dehydration 10-15% of body weight loss
Peripheral circulatory failure, peripheral pulse absent, apathy, cold extremities


