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� Pathogenesis and epidemiology of STEC infections.

� The role of STEC serogroups other than O157 (non-O15 7 STEC)

� The E. coli O104:H4 outbreak in Germany: 

� What happened ? 

� Who is the “killer bacterium” and where did it come f rom ?

� Surveillance and control of STEC in the EU: 

� Organization 

� Detection methods

� Legislation
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VTEC are nasty bugs !!

Life -threatening clinical manifestation

Very low infectious dose ( 10-100 CFU !) 

One of the most dangerous foodborne 
pathogens ! 

Very large community outbreaks
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VTEC: Clinical manifestation

Intestinal - Asymptomatic
- Watery Diarrhoea
- Hemorrhagic Colitis 

Systemic Hemolitic Uremic     
Syndrome (HUS)
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Hemolytic Uremic Syndrome (HUS)

Hemolytic Anemia 

Thrombocytopenia

Acute Renal failure

Main cause of renal failure in  childhood and 
usually requires dialysis

Antibiotic treatment is not effective and 
is not recommended !!

Possible neurological involvement 
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Shiga -toxins

Inhibition of protein synthesis

Cythopatic effect on many cell lines

Particularly active on endothelial cells

Lethal for laboratory animals

A Subunit

B Subunits
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Hemolysin

E-hly

Adhesion

toxB

E.coli O157 virulence factors

Shiga toxin-Production

A
1+2

B BB

A
1+2

B BB

A
1+2

B BB

Mobile genetic elements:

• Phages

• Genomic islands

• Plasmid

LEE
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E.coli O157 chromosome

E.coli K12 sequences

Genomic islands

Integrated prophages

1,387 genes absent 
in E.coli K12

Perna et al. Nature, 409: 
529-33, 2001
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VTEC are nasty bugs !!

One of the most dangerous foodborne pathogens ! 

Very large community outbreaks

1996 - Japan and Scotland
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2005 - Italy

Mediatic impact !
Socio -economic consequences 

on:
� Agri-Food industry

� Tourism
� ………..
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Outbreak of Shiga toxin-producing E. coli in Germany
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Regulation EC No 882/2004 on official controls

The EU Reference Laboratory for Escherichia coli, 
including Verotoxigenic E. coli (VTEC)

Since 2006
Unit for Foodborne Zoonoses and Veterinary Epidemiology
Department of Veterinary Public Health and Food Safety

Istituto Superiore di Sanità, Rome, Italy

www.iss.it/vtec
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• Community Reference Laboratories ( EU-RL) for  
specific food and feed hazards and for specific 
animal diseases (Art. 32). 

• National Reference Laboratories ( NRL), which are 
designated by Member States for each CRL (Art. 
33)

Regulation (EC) 882/2004 on official controls

TITOLO III

REFERENCE LABORATORIES
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Functions and duties of EU -RLs (882/2004, Art. 32)

�To provide NRLs with analytical reference methods

�To provide NRLs with reference materials

�To organise comparative testing ( ring tests )

�To conduct training for NRLs, (annual workshop, 

courses, visits to EU -RL)

�To provide scientific and technical assistance to the 

Commission
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Functions and duties of NRLs (882/2004, Art. 33)

�To collaborate with their EU -RL

�To coordinate the activities of laboratories involv ed in 

official food controls in their own country

�To organise comparative tests for those labs

�To disseminate the information received from EU -RLs

�To provide scientific support to their Authorities



Istituto Superiore di Sanità - Dip. Sanità Pubblica Veterinaria e Sicurezza Alimentare 
EU Reference Laboratory for E.coli

EU 
EU-RLEU-RL

Member States
(27) NRLsNRLs

Laboratories involved in  

official controls of food and 

feed or animal diseases

Local 
level
Local 
level

The Network of EU Reference LaboratoriesThe Network of EU Reference Laboratories

Accreditation 
ISO 17025 
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• 41 EU-RLs, selected and designated for 5-years 
periods upon public calls

Regulation EC No 776/2006

• 14 EU-RLs for animal health

• 14 EU-RLs for chemical risks in food and feed

• 13 EU-RLs for biological risks in food and feed
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The network of RLs for Escherichia coli (VTEC)

41 NRLs designated by
27 EU Member States 

+ 7 other European Countries
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VTEC: Zoonotic origin

Asymptomatic 
carriage/colonization



Istituto Superiore di Sanità - Dip. Sanità Pubblica Veterinaria e Sicurezza Alimentare 
EU Reference Laboratory for E.coli

VTEC: Zoonotic origin
Animal reservoir : Cattle 

Sheep

Water buffalo

Wild ruminants 
� VTEC in > 50% of the animals

� > 100 E.coli serogroups 

reported
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VTEC: routes of transmission

Foodborne :Primary contamination of meat and milk
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USA, E.coli O157 multi-state outbreak, 1993

• Fast food chain, several 
States in the west coast

• Burgers ( not properly cooked )
• 4 deaths
• 700 ill
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Central Scotland Outbreak of E.coli O157, 1996 

512 cases
17 deaths

• Contaminated “steak pie”
• Cross contamination with 

raw meat



Istituto Superiore di Sanità - Dip. Sanità Pubblica Veterinaria e Sicurezza Alimentare 
EU Reference Laboratory for E.coli

E.coli - unpasteurized milk
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VTEC: routes of transmission

Environmental contamination

Soil Surface water
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VTEC: routes of transmission

Waterborne : Drinking and recreational water

Contamination of  
spring and well water
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Waterborne outbreak of E.coli O157, Walkerton  Canada, 2000

Contamination of municipal 
drinking water

• population: 5,000
• ill persons: 2,300
• deaths:  7
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VTEC: routes of transmission

Contamination of  vegetables
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Outbreak of E.coli O157, Japan 1996

Radish sprouts in school meal
• 10,000 school children ill

• 8 deaths
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Contamination of vegetables
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VTEC: routes of transmission

Direct contact with ruminants 
farm visits - petting zoos
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Direct contact with ruminants
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Direct contact with ruminants
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Are all VTEC pathogenic to humans?

VTEC 
>100 serogroups
in the reservoir

VTEC

ASSOCIATED WITH SEVERE 
DISEASE (BD, HUS)

Additional virulence properties
Attaching/Effacing adhesion

O157
which others ?? ….
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Recommendations
Monitoring of animal populations and foodstuffs

…. examining food and animal reservoirs for a 
defined range of VTEC serotypes, which have 

been selected using human surveillance 
data .
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The European Centre of Disease Prevention and Control (ECDC)

Stockholm

ECDC is the EU agency to fight 

against infectious diseases
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Surveillance of VTEC infections in the EU
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VTEC infections by serogroup

2006 - 2008 

N = 9,421

O157 52.7 %

O26 6.5 %

O103 3.8 %

O91 2.8 %

O145 2.3 %

O111 1.3 %

O146 0.9 %

Foodborne and Waterborne Diseases Network 
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Non- O157 serotypes

VTEC non -O157 in Europe
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Non- O157 serotypes

VTEC non -O157 in the US, 1993 - 2002
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VTEC infections in the European Union
2002-2006 

O157 O26 O103 O91 O145 O111 O146

Total
Cases

7,227 732 603 425 312 180 153

HUS
Cases

310 52 20 1 27 18 0

Foodborne and Waterborne Diseases Network 
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VTEC non -O157 outbreaks: O26 – Denmark, 2007
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VTEC non -O157 Outbreaks: O103 – Norway, 
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VTEC non -O157 outbreaks: O111 – USA, 1999



Istituto Superiore di Sanità - Dip. Sanità Pubblica Veterinaria e Sicurezza Alimentare 
EU Reference Laboratory for E.coli

VTEC non -O157 outbreaks: O111 – USA, 2008
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VTEC non -O157 outbreaks: O145 – USA, 2010
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VTEC non -O157 outbreaks: O121 – USA, 1999
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VTEC non -O157 outbreaks: O121 – USA, 2006
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Are all VTEC pathogenic to humans?

VTEC 
>100 serogroups
in the reservoir

VTEC

ASSOCIATED WITH SEVERE 
DISEASE (BD, HUS)

Additional virulence properties
Attaching/Effacing adhesion

O157
which others ?? ….
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Scientific Opinion on monitoring of VTEC

Initially monitoring should concentrate on VTEC O157 since this serotype 

is most frequently associated with severe human infections (including 

HUS) in the EU. Monitoring should then be extended to other 

seropathotypes (e.g. those of O26, O103, O145 and O111) 

that are identified as pathogenic for humans, based on the periodical 

analysis of human disease and epidemiological data.

Recommendations
Monitoring of animal populations and foodstuffs

2009

• Attaching / effacing
• Cause HUS
• Cause outbreaks



Istituto Superiore di Sanità - Dip. Sanità Pubblica Veterinaria e Sicurezza Alimentare 
EU Reference Laboratory for E.coli

No peculiar features to discriminate non -O157 
VTEC from other E. coli 

No standard methods available yet

Detection of pathogenic non -O157 VTEC in food

??
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Technical specification approved by CEN and by 22 I SO Member Bodies

Real-Time PCR for the detection of the “Top 5” VTEC s erogroups
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CEN ISO PRF 13136 
A MULTI-STEP SEQUENTIAL PROCEDURE

Food Sample

Enrichment culture

VTEC O26

VTEC O103

VTEC O111

VTEC O145

VTEC O157

vtx genes

eae gene

O26

O103

O111

O145

O157

genes

Positivity to stx+eae+one of O-group associated genes: 

ISOLATION!!!!

ISOLATION OF THE STRAIN

Serogroup - specific enrichment by 
immuno -capture with O -specific 

antibodies
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Detection of “pathogenic” VTEC in food

Aimed at the so called 
“Top 5”

EFSA definition, 2007
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Aimed at the so called “Top 
7”

O157, O26, O45, O111, O121, O103, O145, ….

MLG 5B.00 of the FSIS Microbiology Laboratory 
Guidebook 

http://www.fsis.usda.gov/PDF/Mlg_5B_00.pdf
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2011: Vegetables (spinach)

2008: Bacterial strains 

Proficiency tests organized by the EU -RL VTEC

2009: Carcass swabs 

2010:  Milk

Detection of VTEC in food by ISO/TS 13136

2012: Water samples
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Outbreak of Shiga toxin-producing E. coli in Germany
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STEC O104:H4 outbreak, 
Germany 2011
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Source: Robert Koch Institute. Report: Final presentation and evaluation of 
epidemiological findings in the EHEC O104:H4 outbreak, Germany 2011. Berlin 2011.

Urgent inquiry 
on 24 May
Urgent inquiry 
on 24 May

EWRS on 
22 May 

EWRS on 
22 May 
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German cases /100,000 population

Source: Robert Koch Institute. Report: 
Final presentation and evaluation of
epidemiological findings in the EHEC 

O104:H4 outbreak, Germany 2011. Berlin 
2011.

Incidence of HUS during the STEC O104 outbreak
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3,842 cases

2987 

non-HUS STEC

18 deaths

(0.6%)

855

HUS

35 deaths

(4.1%) 

STEC O104:H4 outbreak, Germany 2011

Of HUS cases,
- 68% women

- Median age 42 years (0 -91 years)
- Bloody diarrhoea in 79% 
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16 June
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Pathogenic VTEC

attaching/effacing adhesion

EAEC 

Entero-aggregative adhesion
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Enteroaggregative - Shiga toxin-producing  E. coli O104:H4

Shiga toxin-Production

A
B BB

A
B BB

A
B BBShiga toxin 2 

phage
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� Human origin

� Developing countries

Enteroaggregative E. coli O104:H4

Philippines

India

Centr. African 
Rep.

Mali

Isolamenti di EAggEC O104:H4
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EAggEC O104:H4

Human origin

Origin of the Enteroaggregative - Shiga toxin-produc ing  E. coli O104:H4

Stx2-converting 
Phage

Ruminant origin

Eagg-STEC O104:H4
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STEC O104:H4 outbreak
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FOOD ALERT !
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The cucumber lead - 26 May

30 MaY
Cucumbers negative for VTEC O104
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STEC O104:H4 outbreak
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Mixed salads
CUCUMBERS (VTEC +) 

5-10 June
Cohort studies: 

SPROUTS
Same producer

18 seed species !!

NEW FOOD ALERTS !! VTEC -

Istituto Superiore di Sanità - Dip. Sanità Pubblica Veter inaria e Sicurezza Alimentare
EU Reference Laboratory for E.coli
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Real Time PCR 
for vtx genes

Real Time PCR for O104 and H4 genes
• wzxO104 (Bugarel M. et al. 2010)
• fliCH4 (designed on a GeneBank sequence)

Detection of VTEC O104:H4  in food by ISO/TS 13136

STEP 1

Real Time PCR 
for eae gene

Attaching/Effacing 
adhesion

VTEC O104:H4

STEP 2
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STEC O104:H4 outbreak
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18 seed species !!
NEW FOOD ALERTS !!

Epi curve by exposure (8-10 days incubation time)

VTEC -
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STEC O104:H4 outbreak
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New outbreak in France:
VTEC O104:H4

SPROUTS!!
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E.Coli O104 outbreak: the role of seeds

.
Fenugreek

Tracing Back
coordinated by 

EFSA:
Same lot from 

Egypt
HUS outbreak in the French 

school 
(3 different species of seeds )

German producer associated 
with the outbreak

(18 different species of seeds !)

Istituto Superiore di Sanità - Dip. Sanità Pubblica Veter inaria e Sicurezza Alimentare
EU Reference Laboratory for E.coli
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Are all VTEC pathogenic to humans?

VTEC 
>100 serogroups
in the reservoir

VTEC

ASSOCIATED WITH SEVERE 
DISEASE (BD, HUS)

Additional virulence properties
Attaching/Effacing adhesion

O157
O26, O45, O111, O103,O145, O121,

O157
O26, O45, O111, O103,O145, O121, ….

O104 ……and which others ??
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A broader view when testing food for VTEC

� Some VTEC serogroups may fall outside the top 5-7 

and still cause SEVERE disease in humans

� It may be worth identifying eae-negative VTEC, at least 

in particular matrices

� VTEC causing diarrhoea are pathogens!!!

VT-producing EAggEC O104:H4!!!!
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Detection of VTEC in food

First draft in 2008
Published on 7 November 2012
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18 h

Real Time PCR 

for vtx genes
5 h

Negative samples: released 

STEP 1 (24h)

ISO/TS 13136

Positive samples: presumptive detection of 

VTEC go to isolation

Detection of VTEC in food



Istituto Superiore di Sanità - Dip. Sanità Pubblica Veterinaria e Sicurezza Alimentare 
EU Reference Laboratory for E.coli

Real Time PCR 

for eae gene

Attaching/Effacing adhesion

STEP 2 (2h)

Real Time PCR for serogroup-

associated genes

STEP 3 (2h)

Step 2 and 3  are carried out to drive the selection 

of reagents to ease the isolation of the strain

Informative to the risk manager

ISO/TS 13136
Detection of VTEC in food and identification of the top five serogroups

ISO/TS 13136



Istituto Superiore di Sanità - Dip. Sanità Pubblica Veterinaria e Sicurezza Alimentare 
EU Reference Laboratory for E.coli

STEP 4 (18 - 20 h)
O-specific IMS 

Isolation of VTEC belonging to one of the serogroups 

identified in the PCR screening is accomplished by 

IMS

ISO/TS 13136

Isolation of VTEC from food
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Isolation of VTEC that do not belong to the “top 5” 

serogroups accomplished by screening colonies from an 

E. coli agar medium (e.g. TBX)

Up to 50 colonies screened 

by PCR for the presence of 

stx genes

ISO/TS 13136

Isolation of VTEC from food
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� ISO/TS 13136 published in November 2012

� ISO/TS 13136 scope has been enlarged (all VTEC)

� Top 5 serogroups determination is still in the method but all 

VTEC+ samples must be subjected to isolation

� A new definition of pathogenic VTEC is under discussion at EFSA 

(upon request of Austria, supported by Germany)

� USDA MLG 5B:00 in use since June 2012 but is focused on top 7 

serogroups (Beef) 

Concluding remarks on methods
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�USA enforced rules on beef since June 2012

�EU approved microbiologic criteria for VTEC in 

sprouts in October 2012 (enforced from March 

2013)

From Methodology to Regulations 
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Microbiological criteria in EU legistation: 

Regulation (EC) 2073/2005

� Two types of criteria:
� Food safety criteria (pathogenic microrganisms)
� Pprocess hygiene criteria (indicator microrganisms)

� Addressed to food business operators
� Official controls: must be consistent with food saf ety 

criteria
� Purposes: harmonization !

� same food safety standards in all Member States 
� same acceptance of risks in all Member States 
� avoid discussions at intra-EU trade and import.
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Regulation (EC) No 2073/2005

VTEC and many other pathogens not included in 2073/ 2005

(No microbiologic criteria)

WHY ??
� If high prevalence in certain food: clearly a risk management decision not to 

include (too high economic impact, no cost efficien t control options available, 

other priorities, …): e.g. Campylobacter in poultry meat

� If low prevalence (too high sampling costs to detec t the pathogen): other 

approaches considered more appropriate e.g. (certai n) VTEC in beef: Process 

hygiene criterion for Enterobacteriaceae to control fecal contamination
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EU Legislation

Are Member States allowed to withdraw food from 

the market if there is no food safety criterion in 

Regulation (EC) No 2073/2005?

� YES if in line with Art. 14 of Reg. 178/2002 (food considered as 

unsafe):

�Taking into account further processing and labellin g (risk 

profile of the food )

�Based on a case by case risk assessment by MS



Istituto Superiore di Sanità - Dip. Sanità Pubblica Veterinaria e Sicurezza Alimentare 
EU Reference Laboratory for E.coli

REGULATION (EC) No 178/2002 

Laying down the general principles and requirements of 

food law , establishing the EFSA, and laying down 

procedures in matters of food safety

SECTION 4 - GENERAL REQUIREMENTS OF FOOD LAW

Article 14 – Food safety requirements

1. Food shall not be placed on the market if it is uns afe. 

2. Food shall be deemed to be unsafe if it is consider ed to be:

a) injurious to health; 

b) unfit for human consumption.
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Specific new rules on sprouts: 

VTEC food safety criterion
� October 2011: EFSA opinion
� November 2011-January 2012: internal reflections
� February-June 2012: Consultations/discussions/ WG meetings 

with MS and private sector.
� July 2012: Technical agreement at Standing Committee
� August-September 2012: WTO consultation
� 15 October 2012: final opinion at standing committee
� By end of November 2012: translations
� Until end of January 2013: right of scrutiny of Council and 

European Parliament
� Beginning of February 2013: publication in Official Journal
� Applicable from 1 March 2013.
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Specific new rules on sprouts

• Traceability of sprouts and seeds intended 

for sprouting

• Import certification

• Approval of sprouts establishments

• Specific guidance on hygiene requirements

• VTEC food safety criterion



Istituto Superiore di Sanità - Dip. Sanità Pubblica Veterinaria e Sicurezza Alimentare 
EU Reference Laboratory for E.coli

Will we have a food safety criterion for 

(certain pathogenic ) VTEC in beef?

�First step: EFSA opinion. Pathogenic VTEC 
clearly defined?

�Second step: demonstration if such criteria would 
result in a cost efficient further reduction of human 
infections?

�Third step: support of MS by qualified majority 
needed

WHICH FUTURE ??  
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Thank you for attention !

The EU-RL VTEC folks


