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Escherichia coli

Known as commensal of the large intestine since
first described in 1885

Enterobacteriaceae, the enteric bacteria, are
facultatively anaerobic Gram-negative rods

o genera within the family are human intestinal pathogens
(e.g. Salmonella, Shigella, Yersinia).

o several others are normal colonists

(e.g. Escherichia, Enterobacter, Klebsiella)
The entire DNA base sequence genome has been
known since 1997

Escherichia coli

E. coli inhabitant of the human intestinal tract
Only a very small proportion of the total

bacterial content.

o The anaerobic Bacteroides species in the bowel
outnumber E. coli by at least 20:1

Can grow in the presence or absence of O,

o Adapt to its intestinal (anaerobic) and its extra-
intestinal (aerobic or anaerobic) habitats

Indicator of fecal pollution and water
contamination




Pathogenesis

Over 700 serotypes based on O, H, and K antigens

the serotype O157:H7 causing hemolytic uremic
syndrome (HUS)

o an outbreak in the United States of America. EHEC in
1982

o second to Salmonella as a cause of bacterial diarrhea
in NW Pacific

Diarrheagenic strains pathogenic E. coli are
classified based on their unique virulence factors

Enterovirulent E coli, EEC

5 virotypes cause diarrheal diseases:
o enterotoxigenic E. coli (ETEC)

o enteroinvasive E. coli (EIEC)

o enteropathogenic E. coli (EPEC)

o enterohemorrhagic E. coli (EHEC)

o enteroaggregative E. coli (EAEC)

Each class falls within a serological subgroup
and manifests distinct features in pathogenesis.




Virulence determinants and characteristics
Kenneth Todar, PhD Online Textbook of Bacteriology

ETEC

= fimbrial adhesins e.g. CFA I, CFAII, K88,
K99

= Nnon invasive
= produce LT and/or ST toxin

= watery diarrhea in infants and travelers
o no inflammation, no fever

Virulence determinants and characteristics
Kenneth Todar, PhD Online Textbook of Bacteriology

EIEC

= nonfimbrial adhesins, possibly outer
membrane protein

= Iinvasive (penetrate and multiply within
epithelial cells)

= does not produce shiga toxin

= dysentery-like diarrhea (mucous, blood),
a severe inflammation, fever




Virulence determinants and characteristics
Kenneth Todar, PhD Online Textbook of Bacteriology

EPEC

non fimbrial adhesin
EPEC adherence factor (EAF) enables localized
adherence of bacteria to intestinal cells
moderately invasive (not as invasive as Shigella or
EIEC)
does not produce LT or ST; some reports of shiga-like
toxin
usually infantile diarrhea; watery diarrhea with blood

o some inflammation, no fever

symptoms probably result mainly from invasion rather
than toxigenesis

Virulence determinants and characteristics
Kenneth Todar, PhD Online Textbook of Bacteriology

EAEC

adhesins not characterized
non invasive

produce ST-like toxin (EAST) and a
hemolysin

persistent diarrhea in young children
a without inflammation or fever

10



Virulence determinants and characteristics
Kenneth Todar, PhD Online Textbook of Bacteriology

EHEC
adhesins not characterized, probably fimbriae
moderately invasive

does not produce LT or ST but does produce shiga
toxin
pediatric diarrhea, copious bloody discharge
(hemorrhagic colitis)

o intense inflammatory response

may be complicated by hemolytic uremia

Reservoir of EEC

Mainly cattle, occasionally pork and chicken

meat

o mutton samples have been examined to have E.
coli O157:H7

Human being may also be reservoir and

caused the transmission among people.
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Mode of Transmission

Intake of contaminated food, most frequently,
the improperly prepared beef ( specially
mince) and raw milk

Through contaminated water supply

Food processing by patient contaminated
with EEC

Clinical Symptom

2~8 days, normally 3~4 days

Afebrile, mild diarrhea, acute to dull abd. pain,
Initial watery diarrhea, then significant bloody
(hemorrhagic) colitis

6-7%, some report as high as 15%, will complicate
hemolytic uremic syndrome or brain disease in
about 2 weeks

o renal failure and hemolytic anemia

o fever and neurologic symptoms, constitutes TTP can have
a mortality rate in the elderly as high as 50%
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Microbiologic Diagnosis

Isolation of E. coli of serotype O157:H7 or
other verotoxin-producing E. coli from
diarrheal stools

o Can’t grow at 44~45 C

sorbitol-MacConkey (SMAC) agar
tested for the presence of verotoxin

DNA probes to detect genes encoding for the
production of verotoxins (VT1 and VT2)

Treatment

Supportive

No evidence that antibiotics improve outcome
Some antibiotics may precipitate kidney
complications

Antidiarrheal agents, such as loperamide
should also be avoided

Hemolytic uremic syndrome is life-threatening
required blood transfusions and kidney
dialysis
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Preventive measure

Identify and isolation

o Meat can become contaminated during slaughter,
and organisms can be thoroughly mixed into beef
when it is ground

Unpasteurized milk and sewage-

contaminated water

Young children typically shed the organism in
their feces for a week or two after their illness
resolves

o Sometimes carry the organism without symptoms

2011 Germany E. coli
0104:H4 outbreak

14



12011 Germany outbreak

= Serious outbreak of food borne illness focused in
northern Germany in May through June 2011

= Characteristic bloody diarrhea, abd. cramp, nausea
and with a high frequency of hemolytic-uremic
syndrome (HUS)

= Low febrile

= Adults with HUS

= Acute onset, 7-10 days, some prolong to 12 days

= All affected people had been in Germany or France

2011 Germany outbreak

= The agriculture authority incorrectly linked
EHEC to cucumbers imported from Spain

= An organic farm in Bienenbuittel, Lower
Saxony, which produces a variety of sprouted
foods, as the likely source of the E. coli
outbreak
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A deadly E. coli contamination were found on sprouts at a

farm in Lower Saxony, German
It's the sprouts”, the president of the Robert Koch Institute (RKI), Reinhard Burger,
said
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2011 Germany outbreak

= Originally thought to have been caused by an
enterohemorrhagic (EHEC) strain of E. coli

= later shown to have been caused by an
enteroaggregative E. coli (EAEC) strain

= Acquired the genes produce Shiga toxins

16



12011 Germany outbreak
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EHEC Outbreak Austa °o 1
Canada 0 0
Czech Republic 0

Number of cases Denmark 0 10 15

reported as for 21 France 0 7 10

July 2011 Germany 48 857 3078
Greece 0 0 1

1 Deaths Luxembourg 0 1 1

2 HUS case Netherlands 0 4 7

3 Non HUS case Norwa 0 0 1
Poland 0 2 1
Spain 0 1 1
Sweden 1 18 35
Switzerland 0 5 0
United Kingdom 0 3 4
United States 1 4 2

Total 501 9082 3,1673
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2011 Germany outbreak

Origins of the E. coli Strain Causing an Outbreak of
Hemolytic Uremic Syndrome in Germany

An unusual serotype of Shiga-toxin producing E coli (0104:H4)
began in Germany in May 2011. As of July 22, a large number of
cases of diarrhea caused by Shiga-toxin producing E. coli have
been reported.

The outbreak strain belonged to an enteroaggregative E. coli

lineage that had acquired genes for Shiga toxin 2 and for antibiotic
resistance.

David A Rasko, et al. N Engl J Med 2011; 365:709-717August 25, 2011
Holger Rohde, et al. N Engl J Med 2011; 365:718-724August 25, 2011

2011 Germany outbreak

3167 without the hemolytic uremic syndrome (16 deaths) and 908
with the hemolytic uremic syndrome (34 deaths), indicating that this
strain is notably more virulent than most of the Shiga-toxin
producing E. coli strains. Preliminary genetic characterization of the
outbreak strain suggested strains should be classified within the
enteroaggregative pathotype of E. coli.

The enteroaggregative E. coli O104:H4 strains are closely related
and form a distinct clade among E. coli and enteroaggregative E.
coli strains.

The genome of the German outbreak strain can be distinguished
from those of other O104:H4 strains because it contains a prophage
encoding Shiga toxin 2 and a distinct set of antibiotic-resistance
factors.
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Enteroaggregative E. coli 0104:H4

Shiga-like toxin-producing E. coli

Heat stable at 7°C to 50°C , deactivated over
70°C

Destroy gut endothelium cause hemorrhage
and bloody stool

Circulating toxin combined with endothelial
cell membrane of glomerulus, inhibit
ADAMTS13 enzyme that induced intra-
vascular coagulopathy and HUS

Enteroaggregative E. coli 0104:H4

Most diarrheagenic pathogenic E. coli are
EHEC

EAEC with Shiga-like toxin, SLT

0 O157:H7 cause outbreaks in beef

0 0104:H21 in Montana, USA in 1994

o 2004 a Korean female with HUS had isolated
0104:H4

o Taiwan first report EHEC hemorrhagic diarrhea
from a 6 year old American-born boy in 2001
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‘ Diagnosis and Detection of
EHEC/EAEC

= A EU/International standard for the detection of E.
coli 0157

a

Q

a

= Molecular typing

a

Q

a

a

Food, diary
Water
Specimen

At least 2 methods-German, France

Phenotyping, serotyping, antibiotic resistant pattern
OMP patterns, LPS patterns, multilocus enzyme
electrophresis

Genotyping: plasmid analysis, RFLP, ribotyping, PFGE,
PCR, RAPD

‘ Treatment of EHEC diarrhea and
complication

= Mainly supportive
= Controversial of antibiotics usage
= Isolations -~
= Source identify

= Food/diary processing

e
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Eat health and

Thanks for your attention
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