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as delivered from STEC 

Enterotoxicity (ileal loops); diarrhea-

inducing capacity) 

Rabbit 

Colonization capacity, A/E lesion, 

relative pathogenicity of STEC strains or 

mutants 

Pig, rabbit 

Bloody diarrhea, TTP Greyhound 

Colonization capacity Rabbit, cattle 

Relative Stx toxicity; HUS model Baboon 

1730 aHeLa cells are less sensitive to Stxs, particularly Stx2e 

1731 bHRTEC:  primary human renal tubular epithelial cells 

1732 cHRMECs:  human renal microvascular endothelial cells 

1733 dHUVECs: human umbilical vein endothelial cells 

1734 
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FIGURE 7. Relative risk characteristics of STEC and Stx-producing EAEC. Increasing risk is 

indicated from bottom to top and from yellow to dark red. So far, only stx2a and stx2c (58) have 

been found in EAEC; if an EAEC acquired any subtype of stx, it should be considered a health 

risk. aOf the serogroups listed, stx2d has only been reported in O26. bSTEC that are eae-positive 

in serogroups other than the big 6 may be as virulent as those in the big 6; however the incidence 

of these is lower, so relative pathogenicity compared to the big 6 is unknown. cother adhesins 

discussed in text (chapter 2, B.1.5) 
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FIGURE 8. The crystal structures of Shigella dysenteriae type 1 Stx (left; same sequence as 

Stx1a) and Stx2a (right) are highly similar. The A subunit is colored blue with the active site 

glutamic acid colored red. The B pentamer is shaded tan. This figure was generated with the 

University of San Francisco Chimera package (244). 
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FIGURE 9. The USDA FSIS STEC testing strategy.  The USDA FSIS tests enrichment broth 

by real-time (RT)-PCR for O157:H7 and uses a separate RT-PCR for stx and eae. If the assay is 

negative for O157:H7 and either eae or stx is absent, the samples are considered negative. 

Samples that are positive O157:H7 are subjected to IMS, isolation and confirmation.  Samples 

positive for both eae and stx are tested by RT-PCR for the big 6 serogroups. If the sample is 

positive for one of the big 6 serogroups, it is subjected to IMS, isolation and confirmation. 

Figure 10. The FDA STEC testing strategy. The FDA tests enrichment cultures for STEC 

isolates by real time (RT)-PCR for stx1, stx2, the SNP in uidA specific for many O157 strains, or 

O157 wzy. If the sample is positive for any of those genes, the enrichment is cultured on 

selective media for isolation. Samples that are negative for O157 are further tested for aggR, eae, 

stx subtype, and serotype to assess health risk. 
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FIGURE 11. STEC testing strategies in the clinical and public health laboratory (PHL). 

Clinical stool specimens are simultaneously cultured for O157 and placed in an enrichment broth 

to detect non-O157 STEC. If O157 is isolated it is sent to the PHL and the broth discarded. If 

O157 is not isolated and Stx is detected in the broth, the broth is sent to the PHL, where STEC is 

isolated and further characterized (6). All STEC are currently tested by PFGE and by 2018 will 

be sequenced, uploaded to NCBI, and analyzed in PulseNet. *Clinical specimens tested with 

PCR syndromic panels that identify the presence of STEC should be retained and sent to the 

PHL for culture. 
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Appendix 1: Case studies of selected major STEC outbreaks (See Table 5 for Stx subtypes 

and virulence factors) 

O157 STEC outbreaks 

1. Oregon and Michigan ground beef outbreak O157 (1982) 

In the summer of 1982, O157 caused illness in 47 patrons at two retail locations of the 

same quick-serve restaurant chain. The bacterial strain was first recognized as pathogenic in the 

course of the investigation. The E. coli O157 serogroup had only been isolated previously in the 

U.S. in one sporadic case of a “bloody diarrhea syndrome” in 1975, but in this outbreak it was 

isolated from 9 out of the 12 stools collected within four days from onset of illness (255, 328). 

Grossly bloody diarrhea with little to no fever was highly correlated (Oregon [p<0.005] and 

Michigan [p= 0.0005]) with eating burgers at a quick-serve restaurant. No HUS was recognized. 

2. West coast outbreak O157 (1993) 

The highly publicized O157 outbreak from a national fast-food chain affected patrons in 

4 Western States of the U.S. in the summer of 1993, particularly children. It was the largest 

O157 outbreak at the time with 732 cases, of whom 25% were hospitalized, 7.5% developed 

HUS, and 4 children died. Illness was associated with eating ground beef (10, 253). The 

publicity surrounding the outbreak resulted in a large hamburger recall, prompted the decision to 

make O157 a nationally notifiable disease, and contributed to many subsequent changes in food 

safety (54). 
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3. Sakai City, Osaka, Japan outbreak O157 (1996) 

In Japan, an outbreak of E. coli O157:H7 infections affected school children in one town 

in 1996. The outbreak affected 47 schools and caused 9,451 illnesses and 12 deaths (the 

infections of 129 children were culture confirmed). Cases with the same PFGE patterns occurred 

in two outbreaks in the nearby community (208, 326). School and community outbreaks were 

linked to white radish sprouts from a single producer that were included in the school lunches. At 

that time, this was the largest STEC outbreak recorded (97). 

4. Large multistate spinach outbreak O157 (2006) 

In 2006, a 27-state outbreak in the U.S. emerged with 191 confirmed O157 cases (283). 

This outbreak offered complete clinical and exposure data, with stx2 detected in stool samples 

from all patients, in addition to demographic, clinical, and food exposures. Consumption of a 

specific brand of bagged spinach that had been contaminated in the fields of Salinas Valley, 

California, was associated with O157 infection. A high percentage of cases in this outbreak were 

hospitalized (56%) and progressed to HUS (19%), and 5 died (2%) (283). The risk of infection 

was not influenced by washing greens before consumption (107). Unlike the three preceding 

outbreaks, in which the O157 strains carried both stx2 and stx1 genes, this O157 only carried stx2, 

without any detectable stx1 genes. This toxin gene profile may have accounted for the higher-

than-average incidence of HUS associated with this outbreak. This outbreak highlighted the link 

between STEC and fresh produce, and the importance of preventing pre-harvest produce 

contamination. 

5. Multistate O157 raw refrigerated, prepackaged cookie dough (2009) 
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