
SHIGA TOXIN-PRODUCING E. COLI (STEC)

Definition of STEC

Produce phage-encoded Shiga-toxin

- Stx subgroups: Stx1 / Stx2

• subtypes (Stx1a,c,d,e and Stx2a–o)

LEE pathogenicity island that encodes a T3SS

- intimin encoded by the eae gene

Bloody diarrhoea (haemorrhagic colitis), non-bloody diarrhoea and 

haemolytic uremic syndrome (HUS)

- Numerous outbreaks

- Stx2 more important than Stx1 in the development of HUS

• subtypes stx2a or stx2d

without Verocytotoxin with Verocytotoxin

Verocells

VCA positive

Vero cytotoxin producing E. coli (VTEC)

1977, Konowalchuk et al.

A cytotoxin which is 

lethal to Vero cells

VTEC = STEC

EHEC: Enterohaemorrhagic E. coli - subgroup



STX1 FAMILY TREE: STX1A, STX1C-STX1E



STX2 FAMILY TREE: STX2A – STX2O
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PATHOGENICITY ASSESSMENT OF SHIGA TOXIN‐PRODUCING ESCHERICHIA COLI (STEC) 

AND THE PUBLIC HEALTH RISK POSED BY CONTAMINATION OF FOOD WITH STEC

• Percentage of cases with HUS

• An estimate of the probability 

that a human STEC case with 

the given stx subtype and eae

combination shows a given 

clinical outcome



DANISH HUS CASES: BASED ON 3.625 STEC CASES  



DANISH DATA ON BLOODY DIARRHOEA: BASED ON 1.615 STEC CASES 



PUBLICATIONS



STX2H

“…strains isolated from wild marmots in the Qinghai-Tibetan plateau, China.”



STX2H (CONTINUED)

Identificaition of a novel Stx2 

subtype in STEC strains of 

Marmot origin

• Six STEC isolates

• One Stx2a, one Stx2g

• Four novel Stx – designated

Stx2h

• The Stx2h converting prophage:  

unique insertion site and genetic 

composition

• Stx2h is inducible and functional

• Hybrid spectrum of virulence

genes (ExPEC)

• Human illness? 



STX2I

STECs from various foods 

STECs that had as yet undefined stx2 subtypes

…identical to the already published subtype stx2e-O8-FHI-1106-

1092

stx2i (GenBank FN252457).”

Isolated from shrimp, serotype ONT:H25

Acc. No. FN252457: ONT:HNM, from raw milk

- Isolate sent to SSI: O9:K39:H4, ST953 og estb German. 

Source unknown

- Hybrid: ETEC-STEC

First clinical isolate found in 2022 in Denmark: O8:H25



STX2J

Stx2h (O170:H18) was identified in a 
Canadian sprout isolate

Stx2j (O158:H23 and O33:H14) was 
found in lettuce and clinical isolates

Stx2o (O85:H1) was identified in a 
clinical isolate

Two strains possessed unreported 
variants of Stx2a (O8:H28) and Stx2b 
(O146:H21) isolated from flour



STX2K

O159:H16 ST 3630, 

esta, estab. Source: pig 

Danish patient: 

O75:H5 eae negative

• 170 stx2k-positive STEC strains in goat herds in 

China

• 55% the strains were of the hybrid STEC/ETEC 

pathotype



STX2L

Stx2l, initially designed as Stx2e

Stx2l-STEC in diverse hosts and geographical 

regions

Identified in a few clinical and sheep isolates

Characteristics of the Stx2l-STEC strains have 

been poorly elucidated

This Stx2 subtype has also been found in Norway

Serotypes O8:H9, O8:H19 og O8:H30

It has also been found in 6 patients with diarrhoea 

in Denmark

- five (O8:H9), one O65:H16



STX2M

Stx2m toxin was functional and exhibited

cytotoxicity in vitro



STX2N AND STX2O

Novel Stx-producing STEC strains were 

isolated from patients in clinical settings in the 

United States

The virulence gene profile varied among the 

three isolates

Two STECs carried the genes fyuA, vat, and 

yfcV (UPEC)

Strains classified as multiple pathotypes can 

be more dangerous to human health

- additional virulence genes related to a 

second pathotype, and human illness may 

be overlooked



STX1 AND 2 OMNI-PRIMERS

Genes                Primer sequence                                               Size (bp) 

 PS8-F stx2  5’-TCACYGGTTTCATCATATCTGG 399 bp 

PS7-F stx2 5’-GCCTGTCBCCASTTATCTGACA 399 bp 

PS19 vtx2f F  5’-GTACAGGGATGCAGATTGGGCG  438 bp 

PS20 vtx2f R  5’-CTTTAATGGCCGCCCTGTCTCC  438 bp 

stx2 OMNI primers

a b c d e f g h h i j k l  l n o m j n n n neg

a a d a c d d neg
eae eae eae

Primers 2

stx1 F3b 5’-CTGATGATTGATAGTGGCACAGG 282bp

stx1 OMNI-R1 5’-GCGATTTATCTGCATCCCCGTAC 

Primer incl. Citrobacter

PS17-eae F 5’-CGGCTATTTCCGCATGAGCGG 222bp

PS18-eae-R-NEW R 5’-AGTTDACACCAAYWGTCRCCGC

stx1 OMNI primers



PRIMERS FOR DETECTION AND SUBTYPING OF STX2
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SUMMARY 

Stx2a - Stx2o

WGS: discovery of new Stx subtypes and variants

Lacking knowledge on their prevalence and association with human illness

Several of the new Stx subtypes have been found in combiantion with virulence genes from ETEC 

and  ExPEC/UPEC

Most of them are eae negative

Nearly all reported Stx2l are O8

The detection of all Stx is challenging (both PCR and rt-PCR)

Stx subtyping is not in place

- Example: stx2k variants is positive with stx2c and stx2d, or stx2a and stx2d   



STEC STX2F: FIRST REPORTED CASE OF HUS IN DENMARK 

September 2023

Pt: 69-year-old man admitted with diarrhoea for several weeks with thrombotic microangiopathy, 

haemolysis, and high creatinine levels

Started on plasma exchange treatment and completed a total of five sessions

Responded well to treatment: diarrhoea ceased, and the patient recovered

Isolate: STEC - ST642, O85:H4, stx2f, eae

Prevalence: only one other case in SSI survailliance database (stx2a not stx2f)

Nanopore: variant of  the stx2f gene?

Certain serotypes of E. coli harbouring stx2f cause severe clinical outcomes, including STEC-HUS

HUS caused by stx2f has been reported

- O8:H19, O80:H2, O55:H9, O26:H11, O63:H6, O55:H9 

Den Ouden et al, 2023. Cointe et al, 2020, Friesema et al. 2015. Grande et al, 2016. De Rauw et al, 2018 


