
Escherichia coli

ÅCommensal found in 

large bowel in most 

mammals.

ÅCertain strains may cause 

disease:

ïUrinary tract infections

ïSepsis/meningitis

ïDiarrhea





Diarrheagenic groups

ÅEnterotoxigenic E. coli (ETEC)

ÅEnteroinvasive E. coli (EIEC)

ÅEnteropathogenic E. coli (EPEC)

ÅEnteroaggregative E. coli (EAEC)

ÅDiffusely adherent E. coli (DAEC)

ÅEnterohemorrhagic E. coli (EHEC)

ïEscherichia coli O157:H7





EHEC

ÅGroup defined by 

those strains that 

produce shiga-toxin  

(Stx1, Stx2) and cause 

hemorrhagic colitis 

(HC) and/or hemolytic 

uremic syndrome 

(HUS).



EHEC serotypes

ÅO157:H7-50% 

ÅNon-O157 serotypes

ïO26:H11-21%

ïO111:NM-19%

ïO103:H2-10%

ïO121-8%

ïO145-6%

ïO45-6%



Virulence factors

ÅShiga-like toxin

ïStx1 and Stx2

ïMain virulence factor 

ïassociated with HUS

ÅIntimin

ïMediates attachment

ÅEHEC plasmid

ïEnterohemolysin

ïCatalase



From: Whittam, T.S.  1998.  Escherichia coli O157:H7 and other Shiga-

Toxin producing E. coli strains.  J.B. Kaper and A. D. OôBrien ed.



Attaching and effacing
(A/E) pathology
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Shiga Toxin

ÅEncoded on Stx bacteriophage

ÅOriginally discovered in 

Shigella dysenteriae (Stx1-

like)

ÅMultiple variants-Stx1, Stx2 

(Stx2c, d, e, f, g)

ÅAB-5 toxin (5 B components 

and one A component)



Shiga Toxin

ÅToxin enters blood stream

Å5 B subunits bind to 
GB3/CD77 glycolipid 
receptor (Kidney).

ÅTranslocates A subunit which 
is cleaved into an A1 peptide

ÅA1 peptide has N-glycosidase 
activity that inhibits protein 
synthesis through cleavage of 
28S ribosomal RNA.

http://www.chem.duke.edu/~toone/labgroup/1BOSx500.jpg


Disease associated with EHEC

ÅPhase 1:  Presymptomatic stage

ïAcquisition of infection

ÅIngestion of undercooked beef is major risk factor

ÅMany other vehicles for infection and reservoirs:  water, 

vegetables, other mammals, etc. 

ÅVery low infectious dose:  10-100 bacteria.

ïIncubation period

Å1-10 days

ÅAverage ~4 days after ingestion



Disease associated with EHEC

ÅPhase 2:  Symptomatic phase

ïBefore bloody diarrhea

ÅCramp-like abdominal pains

ÅClingliness to a parent-lethargy

ÅIrritability and vomiting

ïBloody Diarrhea (82%; O157: 38%; non-O157)

ÅSupportive therapy to monitor development of HUS

ÅHUS (7%; O157: 1.5% non-O157) occurs on average day 

6.5 after bloody diarrhea begins.



Disease associated with EHEC

ÅPhase 3:

ïMicroangiopathic sequelae

ÅDevelopment of complete or incomplete HUS

ÅApproximately 15% of children with culture confirmed 

EHEC.

ÅLow platelet count is usually first sign of HUS

Å3-5% mortality rate of patients with HUS



Disease associated with EHEC

ÅPhase 4:  Postsymptomatic stage.

ïE. coli O157:H7 can be excreted for up to a month.  

ïFor a child to return to day care or school, it is 

recommended that that patient have two negative stool 

cultures beforehand.



Laboratory Detection Methods

ÅCulture methods-Sorbital MacConkey agar

ïOnly detects O157:H7

ïDoes NOT detect other EHEC serotypes

ÅTests to detect shiga-toxin (detects all EHEC 

serotypes)

ïEIA (rapid kits available)

ïPCR (Test available at UNMC-Commercial kits)





Public Health Questions-1997

ÅWhat is the prevalence of E. coli O157:H7 in 
persons with diarrhea?

ÅWhat is the prevalence of non-O157:H7 STEC in 
persons with diarrhea?

ÅDevelop a shiga-toxin PCR test to detect shiga-
toxin from stool specimens.  Test developed to 
use at NPHL.  

ÅFunding from LB-1206



Why ask these questions-1997

ÅSome clinical laboratories do not screen for 

O157:H7 in routine stool cultures.

ÅNo clinical laboratories screen for non-O157:H7 

STEC.

ÅDevelop a cost-effective method to detect non-

O157:H7 STEC from stools.



Study Design

ÅCollaborated with 9 regional clinical laboratories 

in Nebraska.

ÅNPHL was sent (through NPHL courier system) 

stool samples from patients with diarrhea. 

ÅAnalysis:

ïCT-SMAC culture

ïMeridian EHEC EIA

ïstx PCR 



Results

-335 specimens were received from May 98-October 98

-5/9 laboratories had positive samples

-14 samples were positive by at least one of the methods (4.2%)

-Isolates from 13/14 positive samples were obtained

-6/13:  O157:H7 or O157:NM (1.8%)

-7/13:  non-O157 serotypes (2.1%)



Conclusions of Nebraska Study

-4.2% EHEC prevalence rate.

-1.8% O157:H7

-2.2% non-O157:H7

-O111:NM, O26:H11, O145:NM, O103:H2 have previously been

associated with HUS.

-Two O111:NM isolates were indistinguishable by PFGE, which 

suggests a possible outbreak which was not detected.

-Developed a shiga-toxin PCR test which is in use at the NPHL 

for physician use.

Fey et al.  2000 EID



Prevalence of other bacterial diarrheal 

diseases

ÅCamplobacteriosis

ÅSalmonellosis

ÅShigellosis

ÅE. coli O157

ÅYersiniosis

ÅListeriosis

ÅVibrio

EHEC



Treatment of EHEC

Å71 children with culture confirmed O157 infection.

ï9 patients had HUS

ï10 patients were treated with antibiotics

Å5/10 patients receiving antibiotics came down with HUS

ï4/61 patients not receiving antibiotics came down with 

HUS.

ÅTreatment is supportive, no antibiotics are given

Wong et al. 2000

NEJM; 342



What is the current Nebraska state 

protocol?

ÅAll Microbiology laboratories should be 

performing shiga-toxin test on routine stool 

samples for bacterial pathogens.  (CDC MMWR 

2006)

ÅIf laboratory does not isolate STEC, then stool 

sample is sent to NPHL for STEC isolation.

ïImperative for molecular epidemiology program



Molecular Epidemiology

Genomic ñBar Codeò Fingerprinting

Assesses Relatedness of Different Isolates

Is Strain ñAò related to Strain ñBò

992523  4357
0                                           2



Typical questions addressed through 

molecular epidemiology

ÅAre the Escherichia coli 

O157:H7 isolates obtained 

from beef the same ñstrainò as 

that obtained from the 

patient(s)?

ÅAre the 7 MRSA isolates 

obtained from the ICU the 

same ñstrain?ò

ÅPre- and post-treatment 

isolateéthe same strain??



Methods used in Molecular 

Epidemiology

ÅFirst Generation-Plasmid typing

ÅSecond Generation-Restriction enzymes and 

probes

ÅThird Generation-PCR methods and PFGE

ÅFourth Generation-Sequencing methods

PFGE Gold Standard in almost all cases when 

molecular epidemiology is in question



THE CHROMOSOME IS

THE MOST FUNDAMENTAL

MOLECULE OF IDENTITY

IN THE CELL

PFGE-Pulsed-Field Gel Electrophoresis





Molecular Epidemiology-NPHL

ÅEscherichia coli O157:H7

ÅSalmonella, 

Campylobacter, Listeria.

ÅNosocomial-MRSA, 

VRE, Pseudomonas 

aeruginosa, Klebsiella 

pneumoniae and other 

enterics.  



E. coli O157:H7



Reporting procedure

ÅStep 1--Compare PFGE patterns to 

Nebraska database

ïEC157x.001-EC157x.0240
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Reporting procedure

ÅStep 2:  Compare 
Nebraska PFGE pattern 
with National database at 
Centers for Disease 
Control and Prevention 
(CDC)

ïEvery state laboratory 
performs PFGE in identical 
mannerðstandardized 
protocol.  Detects inter-and 
intrastate outbreaks.  
Program called Pulsenet-
managed by CDC



Reporting procedure

ÅStep 3--Send Report to epidemiologists at State 
level as well as Douglas and Lancaster County

ïName, PFGE pattern, site/date of isolation

ïHas the PFGE pattern been seen in Nebraska recently?

ïHas the PFGE pattern been seen ever in Nebraska?

ïHas the PFGE pattern been seen in the US within the 
last 60 days?

ïThe NPHL receives information from epidemiologists 
office regarding epidemiological information.



Dice (Opt:1.50%) (Tol 1.5%-1.5%) (H>0.0% S>0.0%) [0.0%-98.3%]

PFGE-XbaI

1
0
0

9
5

9
0

8
5

8
0

PFGE-XbaI

REF 2781

REF 5144

REF 5500

REF 5804

REF 5833

x.0004

x.0117

x.0048

x.0082

x.0055

Top 5 E. coli O157:H7 PFGE patterns



1-4

5-9

10-14

> 15

2006 fresh spinach outbreak

-199 person infected from 26 states

-102 were hospitalized (51%)   3 deaths (one from Nebraska)

-31 (16%) developed HUS

-Both O157:H7 and O26:H11 isolated from ill patients and spinach



Richard Goering, Ph.D.

Creighton University


