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Mary Porretta, Petitions Manager 
Office ofPolicy and Program Development 
USDA-Food Safety and Inspection Service 
1400 Independence Avenue, SW 
Room 350-E Jamie Whitten Building 
Washington, DC 20250 

I. INTRODUCTION 

A petition was filed on October 5, 2009 that requested FSIS to issue an interpretive rule 

declaring all enterohemorrhagic (EHEC) Shiga Toxin-producing serotypes of Escherichia coli 

(E. coli), including non-0157 serotypes, to be adulterants within the meaning of the Federal 

Meat Inspection Act (FMIA). What follows is a statement of additional grounds in support of 

the petition. As stated in our letter to FSIS dated February 12, 2010, our intention was to submit 

supplemental information as it became available or was identified so that you would have as 

much information as possible in acting on the petition. Please let us know if you need any 

further clarification or guidance regarding the following materials. 

II. STATEMENT OF ADDITIONAL GROUNDS 

As noted in the petition, numerous studies have been published in recent years that detail 

the dangers of non-0157:H7 EHEC. It has come to our attention, however, that research 

documenting the dangers ofnon-0157:H7 EHEC is not a new development. Two studies listing 

these dangers were authored nearly a decade and a half ago by former Assistant Commissioner 

for Food Protection for the U.S. Food & Drug Administration, David Acheson. A third study 

was published by the Centers for Disease Control and Prevention in 2007. 

I Acheson, D. W. K., Keusch, G. 1996. Which Shiga Toxin-Producing Types ofE. coli Are Important? 
ASM News. 62:6:302-06. 

2/d. at 303. 
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Even in 1996, the source of STEC was no mystery. As stated in the paper, "Cattle are 

considered to be the major reservoir of EHEC, including 0157:H7 and other serotypes." The 

paper also recognized the need for expanded testing programs. As stated by Dr. Acheson and 

Dr. Keusch, "reliance on a test which detects only a single serotype does not seem wise." 

The paper concludes with an ominous recognition of the pathogenicity of various E. coli 

serotypes. It states: 

Studies from around the world support the notion that many of the non-0157:H7 
serotypes lead to HUS and death. For example, the 0111 serotypes seem to be as 
virulent as 0157:H7... [1]t seems prudent to assume that any patient infected with 
Shiga toxin-producing infections is at risk for developing HUS or TTP. 

B. STEC Detection Study3 

Shortly following his paper detailing the importance of non-0157 STEC, Dr. Acheson 

published a paper entitled "Detection of Shiga-Like Toxin-Producing Escherichia coli in Ground 

Beef and Milk by Commercial Enzyme Immunoassay." The paper detailed the feasibility of 

testing for STEC in ground beef and milk, stating that "it is possible to detect low levels 

(approximately 1 SLTEC4 per g of ground beef) in both small-scale (2 g of beef per 5 ml) and 

standard large-scale (25 g of beef per 225 ml) food microbial cultures." 

In this paper-published 14 years ago-Dr. Acheson voiced concern regarding the 

danger of non-O 157 STEC. He stated: 

In view of the large number of non-O157 SLTEC serotypes associated with both 
sporadic and outbreak disease in humans, and because the expression of SLTs is 
the one common factor among all SLTEC, it is logical to identify a way to detect 
the toxins in a sensitive, specific, and practical manner. 5 

3 Acheson, D. W. K., Breucker, S., Keusch, G., Lincicome, L. 1996. Detection of Shiga-Like Toxin
Producing Escherichia coli in Ground Beef and Milk by Commercial Enzyme Immunoassay. J Food Protect. 
59:4:344-49. 

4 In this paper, "SLTEC" refers to Shiga-like toxin-producing Eschericihia coli. 
sId. at 344. 
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The methods detailed in the paper described just such a means of detection, concluding 

by stating: 

In the present study we have demonstrated that it is possible to detect low levels 
of multiple SLTEC serotypes in either ground beef or milk by undertaking 
overnight cultures in an appropriate broth and testing the resultant cultures in a 
simple EIA.6 While it is clear that proper food handling and cooking remain the 
most reliable ways of preventing infection with SLTEC from food sources, the 
EIA described in the present study offers a reliable method of detecting low levels 
of Shiga-like toxin in food samples produced not only by 0157:H7 serotypes but 
by non-0157:H7 SLTEC as well, which must be considered potentially just as 
dangerous for humans as the 0157:H7 serotype. 

C. Non-0157:H7 STEC Study in Idaho7 

In 2007, members of the Idaho Bureau of Laboratories published a study detailing the 

prevalence of non-0157:H7 STEC infections in regional medical center patients. As stated in 

the study, data indicated that "more than half of Idaho Shiga toxin-producing Escherichia coli 

(STEC) illnesses are caused by non-0157:H7 serotypes." 

The study concluded with an indication of the need for increased testing for non

0157:H7 STEC: 

Our findings suggest that perceptions of low non-0157 STEC incidence in Idaho 
are probably artificial and due to overemphasis on culture methods for 0157 
STEC. 

III. NEW DEVELOPMENTS RELATED TO NON-0157 EHEC 

Recently, the national spotlight has focused on non-0157:H7 EHEC due to an outbreak 

stemming from tainted romaine lettuce. In late April 2010, the Centers for Disease Control and 

Prevention (CDC) began investigating reports of illnesses in Michigan, New York, and Ohio that 

6 Enzyme immunoassay.
 
7 Ball, C.L., Hudson, R. F., Lockary, V. M. 2007. Shiga Toxin-producing Escherichia coli, Idaho. 13
 

Emerging Infect Dis. (No.8) (Aug. 2007).
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were caused by E. coli 0145.8 As of May 5,2010, the CDC counted a total of 19 confinned and 

10 probable cases related to the outbreak. Among the 29 reported cases, 12 (41%) were 

hospitalized. Additionally, three patients developed HUS. Fortunately, there have not yet been 

any reports of deaths linked to this outbreak. 

The CDC's own investigation report noted the dangers associated with the lack of testing 

for non-0157 STEC. According to the report: 

Currently, there are limited public health surveillance data on the occurrence of 
non-0157 STECs, including E. coli 0145, therefore E. coli 0145 may go 
unreported. 9 

Currently, the CDC believes that one processing facility was the source for the entire national 

outbreak. 

IV. CONCLUSION 

Although many persons III the food safety community are currently fixated on the 

dangers of non-0157:H7 EHEC due to the nation-wide romaine lettuce outbreak, the risks 

associated with Shiga Toxin-producing E. coli have long been known. These materials are just a 

few of the literally hundreds of documents and studies that indicate the dire need for EHEC 

detection beyond the 0157:H7 serotype. These bacteria present a dire and immediate danger to 

the safety of this nation's food supply. It is for this reason that we again urge you to quickly act 

on the requests listed in petition number 09-03, following the expedited review procedures, so 

that we can be one step closer to avoiding the unfortunate illnesses that so many persons have 

endured due to non-0157:H7 EHEC. 

8 CDC. May 6,2010. Investigation Announcement: Multistate Outbreak of Human E. coli 0145 Infections 
Linked to Shredded Romaine Lettuce from a Single Processing Facility. available at 
http://www.cdc.gov/ecoli/2010/ecoli_0145/index.html. 

9 Id. 
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Very truly yours, 

William Marler, Esq., on behalf of: 

Marler Clark LLP, PS 
Outbreak, Inc. 
The Family of June Dunning 
Megan Richards 
Shiloh Johnson 

Enclosures 
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~ Detection of Shiga-Like Toxin-Producing Escherichia coli 

in Ground Beef and Milk by Commercial Enzyme Immunoassay 

DAVID W. K. ACHESON,· LISA L. LINCICOME, SABINE DE BREUCKER, and GERALD T. KEUSCH 

Tupper Research Institute, Division ofGeographk Medicw and Infectious Diseases, New England Medical Center, 750 Washington Street,
 
Boston, Massachusetts 02111, USA
 

(MS# 95-180: Received 21 July 19951Accepted 2 October 1995) 

ABSTRACT identified following two outbreaks in 1982 (28). Over the 
following decade additional outbreaks due to E. coli 0157:H7 

Shiga-like toxin (SLT)-producing Escherichic. coli (SLlEC) were reported (15), the largest of which occurred in 1993 on 
is the leading cause of acute renal failure among children. SLlEC the West Coast of the United States with over 700 individu
are most commonly ingested from contaminated food, and because als becoming sick, including 56 cases of HUS and 4 deaths 
cattle are a major reservoir, ground beef and milk have been a 

(9). While 0157:H7 has been the predominant serotype 
significant source of contamination associated with multiperson 

identified in the United States, with 60 documented outoutbreaks. While serotype 0157:H7 has been principally identified 
breaks (13). this predominance is· probably due in part to the in the United States there are many other SLlEC serotypes
 

associated with human disease. We have therefore examined the fact that it is the only serotype which is routinely looked for.
 
utility of an enzyme immunoassay (EIA) for Shiga-like toxins as a Currently over 50 serotypes of SLT-producing E. coli have
 
means of detecting the presence of low levels of multiple SLlEC been associated with human disease in North America (19)
 

.	 serotypes in ground beef and milk. In the present study we and many non-0157:H7 serotypes have been associated 
demonstrated that it is possible to detect low levels (approximately with foodbome outbreaks in different parts of the world, 
I SLlEC per g of ground beef) in both small-scale (2 g of beef per 5 including 0111 in Australia, Japan, Italy, and Germany (7.8,
ml) and standard large-scale (25 g of beef per 225 ml) food 17,23),0103 in France (24), and 0104 in the United States 
microbial cultures. The EIA was also capable of allowing detection 

(4). There are also multiple sporadic cases associated with 
of SLlEC in nonspiked retail ground beef samples: we were able to 

non-0157:H7 strains in many parts of the world (1, 20,32).recover SLlEC isolates (0113:Hu; 022:H-; 082:H8) from 3 of 12 
Cattle are the major reservoir of SLTEC (5. 25);ground beef samples. The EIA detected SLTs produced in spiked 

milk samples when as few as 1 SLlEC per ml was added. Overall however, these bacteria have also been isolated from pork, 
the EIA proved to be a highly sensitive way to detect the presence poultry, and lamb (12), and a variety of domestic animals 
of SLlEC in either ground beef or milk samples after overnight (3). While ground beef and milk have been the major 
enrichment culturing in an appropriate broth and should provide a vehicles of transmission of SLTEC (11, 12, 15), there have 
rapid and convenient method for the detection of multiple patho been several recent reports of transmission in acidic foods 
genic SLlEC serotypes. such as dry fermented sausage (10), apple cider (2), and 

mayonnaise (31). Transmission via water (21, 30) and by
Key words: Shiga-like toxins, Shiga-like toxin-producing E. coli, 

both person-to-person and cattle-to-person routes have also
enzyme immunoassay, milk, ground beef 

been reported (27, 29). Despite the different vehicles and 
modes of spread many of the outbreaks have been associated 

Shiga-like toxin (SLT)-producing E. coli (SLTEC), also with contamination of food with bovine fecal bacteria. 
known as enterohemorrhagic Escherichia coli (EHEC) has Studies from Ontario have shown that ground beef and pork 
been associated with a variety of diseases in humans, from meat-processing plants were heavily contaminated 
including bloody and noribloody diarrhea, hemorrhagic with SLTEC, with the prevalence of SLTEC being 36.4% 
colitis (HC), hemolytic uremic syndrome (HUS) and throm and 10.6% in beef and pork respectively (26). A study from 
botic tbrombocytopenic purpura (TIP) (19). SLTEC is now London showed 17% contamination of raw beef products 
the major cause of acute renal failure in children in the with SLTEC (33). 
United States and is generally among the top three bacterial Many of the assays for the detection of SLTEC have 
causes of diarrhea E. coli 0157:H7 was the first serotype focused on the specific detection of serotype 0157. In view 
associated with HC and HUS in the United States; it was of the large number of non-0157 SLTEC serotypes associ

ated with both sporadic and outbreak disease in humans, and 
because the expression of SLTs is the one common factor 

• Author for	 com:spondence. Tel: 617-636-7001; Fax: 617-636-5292; among all SLTEC, it is logical to identify a way to detect the 
Email: DACHESON@OPAL.TUFI'S.EDU. toxins in a sensitive, specific, and practical manner. The use 
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TABLE 1. Detection ofShiga-liu toxinsfrom overnight cultures of2-g ground beefsamples spiudwith differrmt numbers ofSLT-producing 
E. coli: dalafrom a representative experinJent 

Strain of SLT Bacteria Bacteria Bacteria Level of detection 

E. coIF genotype addedIg beef ~!O addedIg beef ~!O addedIg beef A.5o (SLTEClg) 

026:H11 I 200 >3 26 >3 2.5 >3 <2.5 
06:H31 I+ll 123 >3 12 >3 1 >3 <1 
Ou:Hu II 119 >3 15 >3 <1 >3 <1 
0u:H16 II 82 >3 10 >3 1 >3 <1 
026:H11 I 180 >3 24 >3 2.5 >3 <2.5 
0u:H16 II 77 >3 6 >3 1.5 >3 <1 
OX3:H21 IT 76 2.9 9 >3 <1 0.55 <1 
04:NM I+ll 47 0.13 4 0.13 <1 0.14 NO" 
0165:H25 II 78 >3 10 >3 <1 0.17 <1 
045:H2 I 150 >3 19 2.67 <1 0.84 <1 
0128:H27 I 63 >3 5 2.83 <1 0.37 <1 
0121:H19 I+ll 119 >3 12 0.16 2.5 0.17 <10 
091:H21 II 74 >3 9 >3 3 2.16 <3 
0146:H21 I 165 >3 17 >3 2.5 2.99 <2 
0137:H41 I+ll 160 >3 14 >3 3.5 >3 <3 
050:H7 I 74 2.99 8 0.99 1 2.02 <1 
0145:NM II 111 2.98 8 0.37 1 0.15 <2 
OlO3:H2 I 145 >3 18 >3 2 >3 <2 
O165:NM I+ll 106 2.88 9 >3 <1 0.32 <1 
O125:NM I 54 >3 3 0.21 <1 0.15 <1 
0111:NM I+ll 100 2.89 7 2.94 <1 1.88 <1 
0157:H7 II 38 >3 4 >3 <1 0.10 <4 
0157:H7 I+ll 70 >3 9 >3 1 0.68 <1 
0157:H7 II 62 >3 6 >3 1 0.28 <1 
0l57:H7 II 87 >3 9 0.61 <1 0.15 <1 

Negative control provided with ElA kit (A-oo) 0.089
 
Positive control provided with ElA kit (~so) 1.175
 
Meat without added bacteria (~) 0.130 & 0.127
 

a The first six strains were clinical isolates from Meridian Diagnostic, Inc.; the remainder were from the Centers for Disease Control. 
b ND, no toxin detected. 

0.13 and 0.127 in duplicate experiments when grown 
without added SLTEC. We therefore used an EIA ~.50 

reading of 0.15 as our lower limit of positivity for the 
remainder of the small-scale experiments. There was only 
one sample in which we were unable to demonstrate any 
SLT by the EIA even with the highest bacterial inoculation. 
Subsequent analysis of this isolate in separate cultures 
revealed it to have lost the capacity to produce SLTs. Of 
those samples in which we were able to detect SLTs, all were 
detectable at <10 bacteria per g of meat, 92% were 
detectable at <4 bacteria per g of meat, and 60% were 
detectable at < 1 bacteria per g of meat (Table 1). 

Following the small-scale spiking experiments using 
MacConkey broth we examined the ability of the EIA to 
detect SLTs in a larger-scale culture grown either in MacCo
nkey broth or mEC. We spiked 25-g aliquots of ground beef 
with various numbers of bacteria of seven different SLTEC 
serotypes and grew them overnight in 225 ml of each of the 
two broths. Different meat samples were used during these 
large-scale experiments; therefore a nonspiked control flask 
was run with each spiking experiment. Again we were able 
to detect low numbers of the different serotypes as in the 
small-scale cultures. We also found that the sensitivity of the 
assay, in terms of the number of bacteria needed to detect 
toxin in the EIA. varied between the different serotvoes 

(Table 2). These experiments revealed that low levels of 
bacteria were more readily detected when MacConkey broth 
was used rather than mEC broth (Table 2). All bacteria were 
detected at some level in MacConkey broth, whereas 
growing the spiked meat in mEC resulted in failure to detect 
toxin production by four of the seven serotypes tested, even 
at the highest spiking levels used. We also noted positive 
EIA readings (taking an~.50 of 0.15 as a cutoil) in 2 of the 
nonspiked meat samples grown in MacConkey broth. 

Having demonstrated that it was possible to detect low 
levels ofvarious serotypes ofSLTEC when they were spiked 
into ground beef, we then systematically examined 12 
different ground beef samples obtained from various retail 
food markets for the presence ofSLTEC. We compared three 
different media (MacConkey, mEC, and BHI) in which a 2-g 
subsample of meat taken directly from the packet was added 
to five separate tubes containing 5 ml of broth. The EIA 
results from these experiments are shown in Table 3 and 
demonstrate that there was a high prevalence of positive 
assays amongst the various samples. The EIA readings from 
any single ground beefbatch were variable. even in the same 
medium, suggesting that SLT-producing bacteria were not 
evenly distributed within these samples of ground beef. 
There were no clear differences between the three types of 
media in terms of sensitivity and SLT was detected in all 
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TABLE 2. Detection ofSLTs following overnight culture ofspilced bacteria. When larger numbers of bacteria were added to 
25-g meat samples grown in eitMr MacCon/cey (Mac) or modified milk. in medium we consistently found them to produce 
EC (mEC) broth: datafrom a representative experiment toxin and to be positive in the EIA (data not shown). 

Strain of SLT Bacteria MACEIA mECEIA 
E. coli genotype addedIg beef (~50)" (~5C)) DISCUSSION 

0157:H7 I+ll 1.6 1.50 0.54 
0.1 0.12 0.13 Shiga-like toxin-producing E. coli are now a significant 
0 0.09 0.09 

cause of morbidity and mortality in the United States. While091:H21 II 2.0 0.41 0.24 
it is clear.that the Shiga-like toxins themselves are epidemio0.2	 0.13 0.90 
logically associated with the development of disease, it is0 0.15 0.fJ7 

0111:NM I+ll 22.3 2.38 0.09 not known exactly how the toxins cause hemorrhagic colitis 
2.6 0.88 0.13 
0 0.11 0.10 

026:H11	 I 16.8 1.09 0.10 
TABLE 3. Detection ofShiga-lilce toxins following cultlU'e ofretail2.0 0.49 0.09 
ground beef in three different broths 0 0.33 0.09 

045:H2 1 12.5 1.31 0.10 EIA A.oo of subsample:
1.6 1.41 0.10 Meat SLT	 Posi
0 0.11 0.10 sample (PeR) Broth" 2 3 4 5 dves 

06:H31 I+ll 15.7 2.602 0.11 
1.7 2.36 0.10 1 I+ll	 Mac 0.091 0.134 0.134 0.093 0.124 0 
0 0.19 0.11 mEC 2.615b 0.082 0.068 0.fJ75 0.083 1 

0103:H2 I 13.2 1.67 1.46 BHI 0.094 0.076 0.106 0.085 0.089 0 

1.8	 0.53 0.12 2 I+ll Mac 0.266 0.154 0.165 0.261 0.544' 5 
mEC 0.200 0.204 0.578 0.382 0.361 5 
BHI 0.309 0.350 0.455 0.218 0.354 5 

/J Any ErA~ value above 0.150 is considered to be positive. 3 II	 Mac 0.135 0.182 0.171 0.084 0.090 2 
IDEC 0.081 0.086 0.093 0.86 0.079 1 
BHI 0.078 0.074 0.078 0.081 0.105 0 

three. Overall 9 (75%) of the ground beef samples were 

0 0.13 0.09 

4 Neg Mac 0.102 0.087 0.109 0.113 0.156 1 
positive in the EIA (using an ~so of 0.15 as the cutoff). By mEC 0.094 0.089 0.091 0.083 0.092 0 
using colony immunoblot techniques we were able to isolate BHI 0.116 0.092 0.138 0.137 0.090 0 
SLTEC from 3 of the EIA-positive samples. All 12 ground 5 Neg Mac 0.096 0.092 0.109 0.085 0.091 0 

beef samples were also analyzed by PCR for the presence of IDEC 0.093 0.091 0.107 0.093 0.086 0 
BHI 0.085 0.082 0.083 0.082 0.102 0SLT-I and/or n genes. Eight (66.6%) of the 12 were PCR 

6 Neg Mac 0.245 0.205 0.234 0.263 0.270 5positive for SLT-I and/or II, including the 3 in which we 
mEC 0.205 0.193 0.201 0.196 0.142 4obtained SLTEC isolates (Table 3). 
BHI 0.150 0.161 0.162 0.175 0.146 3 

7 II Mac 0.157 1.634d 0.199 0.174 0.222 5 
Detection ofShiga-like toxin-producing E. coli in milk mEC 0.087 0.082 0.077 0.088 0.079 0 

Initially tubes containing media with different propor- 0.091 0BHI 0.080 0.071 0.066 0.071 
tions of 2% milk. were spiked with the same number of E. 8 Neg Mac 0.087 0.083 0.076 0.092 0.085 0 
coli 0157:H7 (11 bacteria). After overnight culture the level IDEC 0.086 0.077 0.082 0.071 0.078 0 
of SLTs was determined by EIA. The results from this BHI 0.083 0.084 0.081 0.089 0.085 0 
experiment are shown in Table 4 and demonstrate that the 9 II Mac 0.089 0.085 0.080 0.077 0.080 0 

IDEC 0.085 0.089 0.078 0.095 0.871" 1bacteria produced detectable SLTs at all concentrations of 
BHI 0.081 0.081 0.094 0.081 0.079 0milk, even in 100% milk. Solutions of 10% milk not spiked 

10 II Mac 0.074 0.075 0.067 0.068 0.069 0with SLTEC gave a low background EIA ~so reading of 
IDEC 0.081 0.127 0.135 0.112 0.082 0

0.085. On the basis ofthis experiment we decided to conduct BHI 0.067 0.071 0.285 0.076 0.074 1 
the remaining spiking experiments using 10% milk in 11 I+ll Mac 0.063 0.063 0.063 0.069 0.066 0 
medium. When 0.3 to 2.3 bacteria from seven different mEC 0.065 0.063 0.062 0.06 0.061 0 
strains of SLTEC were added to broth containing 10% milk, BHI 0.060 0.061 0.059 0.062 0.065 0 
all seven strains produced high levels of detectable SLTs. We 12 I+ll Mac 0.065 0.078 0.066 0.060 0.064 0 
deliberately spiked at a very low level of bacteria with the mEC 0.064 0.066 0.064 0.35Qf 0.061 1 
intention of placing only one bacterium in each tube. This BHI 0.1571 0.70Qf 0.410 1.011 0.067 4 

inevitably resulted in some tubes not being spiked. For this 
/J Mac, MacConkey broth; mEC. modified EC broth with novobio

reason each experiment was run in triplicate. Within each set 
cin (20 pglml); BHI, brain heart infusion broth. 

of three. either one, two. or all three replicates were positive 
b Rve isolates of 0113:Hu producing SLT-ll. 

for SLTs as determined by the EIA. As can be seen from the 
C Five isolates of 022:H producing SLT-I and ll. 

data in Table 5 there is a clear division between the tubes in d SLT-ll positive by PCR: no isolates obtained. 
which bacteria were added, grew, and produced toxin, and "SLT-ll positive by PeR: no isolates obtained. 
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TABLE 4. Production 0/Shiga-like toxins from E. coli 0157:H7 in 
media containing different proportions o/milk 

% milk in medium Culture dilutionG At50 inEIA 

5 100 2.307 
10 100 2.308 
20 100 2.236 
40 100 2.048 
50 100 1.966 
60 100 1.752 
70 100 1.553 
80 10 2.384 
90 10 2.222 

100 10 0.763 

G The overnight enrichment cultures were diluted in the diluent 
supplied with the EIA kit to either 1:100 or 1:10 for testing in the 
EIA. 

and hemolytic uremic syndrome. Many different serotypes 
of SLTEC have been associated with human disease; 
however, detection methods designed to identify only a 
single serotype, such as 0157:H7, will fail to detect many 
human SL'fEC pathogens. The purpose of this study there
fore was to examine the feasibility of using a commercially 
available toxin-based enzyme immunoassay for the detec
tion of any serotype of SLTEC in ground beef and milk 
samples. 

Our initial small-scale experiments showed that it was 
possible to spike ground beef with different SLTEC sero
types at levels of less than 1 bacterium per g ofmeat and still 
detect the presence of SLTs following overnight culture, 
irrespective of whether SLT-I or II was produced. Only one 
strain (04:NM) was negative after overnight culture. This 
may have been due to loss of the SLT-encoding bacterio
phage in this strain (18). When we scaled up to 25-g ground 
beef samples in 225 ml ofbroth we saw a similar pattern and 
demonstrated the ability to detect SLTEC at low spiking 
levels, in the range of 1 bacterium added per g of ground 
beef for all the serotypes grown in MacConkey broth. In 
contrast, when we used modified Be broth the sensitivity of 
the assay dropped off dramatically and we failed to detect 
SLT production in 4 (57%) of the sets of cultures. Thus there 

TABLE 5. Detection o/various Shiga-like toxin-prodw:ing E. coli 
in modified TSB broth with 10% milk by ErA 

A..so of sample: 
Strain of Number of 
E. coli bacteria addedG 2 3 

06:H31 1.2 0.063 2.431 2.272 
0l03:H2 0.7 0.088 2.863 0.177 
026:Hll 2.3 0.074 2.678 0.067 
0157:H7 0.3 2.737 0.072 0.071 
091:H21 1.5 2.612 2.700 2.759 
Olll:NM 0.5 2.866 2.818 2.829 
045:H2 0.67 2.746 0.065 0.066 

G The number of bacteria added was determined by plating 600 jJl 
of the bacterial inoculation solution. Only 100 jJl was added to the 
broth containing milk. 

was a clear advantage of using MacConkey broth over 
modified EC broth for the production ofSLTs in this system. 

We next examined the utility of this assay system for the 
detection of SLTEC in retail ground beef samples. Several 
observations can be made regarding the data obtained from 
the ground beef samples. First, there appeared to be variabil
ity in the distribution of SLTEC within a contaminated meat 
sample, as evidenced by variation in the level of detectable 
SLTs in the samples following overnight culture. For 
example, in meat sample no. 1 only one positive subsample 
was found, with an RIA ~50 reading of 2.615, and from 
which we isolated an SLTEC (0113:Hu); as compared with 
meat sample no. 2 in which all 15 subsamples were positive 
at various levels (Table 3). Second, there were no major 
differences in the ability of the various broths to detect 
SLTEC, although the heterogeneity within the meat sub
samples for SLTEC does not provide a thorough test of the 
different broths, unlike the experiments with the large-scale 
cultures shown in Table 2. Third, we isolated SLTEC that 
were confirmed to be E. coli capable ofproducing Shiga-like 
toxin as shown by both EIA and cytotoxicity (data not 
shown) from 3 of 12 (25%) purchased ground beef samples. 
None of the isolates were strains we bad been working with 
in the spiking experiments, so it is very unlikely that they 
were laboratory contaminants, and all of the SLTEC scm
types isolated have been associated with disease in humans. 
The EIAwas positive in a further 5 ground beef samples, and 
although we were unable to isolate SLTEC from these 
samples, we found 3 of the 5 to be positive for SLT genes by 
PCR. This suggests that up to 58% of the ground beef 
samples may have contained live SLTEC. 

The enzyme immunoassay was also able to detect all 
SLTEC serotypes spiked into milk samples in these studies 
after overnight culture. We deliberately used very low 
SLTEC inocula in the milk experiments (less than 1 
bacterium per ml ofmilk) and so anticipated that some of the 
milk in spiking experiments would be SLT negative, because 
no SLTEC would have actually been added. Based on these 
data, we predict that as few as one SLTEC in a milk sample, 
irrespective of serotype, will grow in an overnight culture to 
produce a readily detectable level of Shiga-like toxin. None 
of the nonspiked milk samples tested were positive in the 
EIA. and we found no difference in SLT production in 
skimmed milk, 2% milk, or whole milk (data not shown). 

Others have shown that SLTEC of multiple serotypes 
other than 0157:H7 are present in meat samples (7,26,33); 
however, the previous assays have either been dependent on 
cumbersome and expensive genetic methods such as DNA 
probes or PCR, or required time-consuming tissue-culture 
assays. In the present study we have demonstrated that it is 
possible to detect low levels ofmultiple SLTEC serotypes in 
either ground beefor milk by undertaking overnight cultures 
in an appropriate broth and testing the resultant cultures in a 
simple EIA. While it is clear that proper food handling and 
cooking remain the most reliable ways of preventing infec
tion with SLTEC from food sources, the EIA described in the 
present study offers a reliable method ofdetecting low levels 
of Shiga-like toxin in food samples produced not only by 
0157:H7 serotypes but by non-OI57:H7 SLTEC as well, 
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which must be considered potentially just as dangerous for 
humans as the 0157:H7 serotype. 

ACKNOWLEDGMENTS 

This work was supported by Public Health Service grants AI-16242 
from the NIAID, P30 DK-34928 for the Center for Gastroenterology 
Research on Absorptive and Secretory Processes from the NlDDK., 
National Institutes of Health, Bethesda, MD; and a Health Sciences for the 
Tropics Grant from The Rockefeller Foundation; by the Charles H. Hood 
Foundation; and by Meridian Diagnostics Inc. 

REFERENCES 

1.	 Acheson, D. W. K., S. DeBrellCker, A. Donohue-Rolfe, K. Kozak, A. 
Yl, and G. T. Keusch. 1994. Development of a clinically useful 
diagnostic enzyme immunoassay for EHEC infection, p. 109-112. /n 
M. A. Karmali and A. G. Goglio (ed.), Recent advances in verocyto
toxin producing Escherichia coli infections. Elsevier, Amsterdam. 

2.	 Besser, R. E.• S. M. Lett, 1. T. Weber, M. P. Doyle, T. 1. Barrett, 1. G. 
Wells, and P. M. Griffin. 1993. An outbreak ofdiarrhea and hemolytic 
uremic syndrome from Escherichia coli 0157:H7 in fresh-pressed 
apple cider. lAMA 59:2526-2530. 

3.	 Beutin. L., D. Geire, H. Steimuck, S. Zimmermann, and F. Scbeutz. 
1993. Prevalence and some properties of verotoxin (Shiga-like 
toxin)-producing Escherichia coli in seven different species of 
healthy domestic animals. 1. Clin. Microbiol. 31:2483-2488. 

4.	 Bibb, W. F., C. Whitman, 1. Green, N. Banatvala, D. Swerdlow. P. M. 
Griffin, and D. Abbott. 1995. Application of an ELISA for antibodies 
to Escherichia coli 0104 lipopolysaccharide for identification of 
cases dming an outbreak, abstr. P-12. p. 384. Abstr. Annu. Meet. Am. 
Soc. Microbiol. 1995. American Society for Microbiology, Washing
ton, D.C. 

5.	 Borczyk, A. A., M. A. Karmali, H. Lior, and M. C. Duncan. 1987. 
Bovine reservoir for verotoxin-producing Escherichia coli 01S7:H7 
Lancet i:98. 

6.	 Brian, M.I., M. Frosolono, B. E. Mmray, A. Miranda, E. L. Lopez. H. 
F. Gomez, and T. G. Oeary. 1992. Polymerase chain reaction for 
diagnosis of EHEC infection and HUS. J. am. Microbiol. 30:1801
1806. 

7.	 Cameron, S., C. Walker, M. Beers, N. Rose, E. Anear. 1995. 
EnterohaemoIrhagic Escherichia coli outbreak in south Australia 
associated with the consumption of mettwurst. Communicable Dis. 
Intelligence 19:7Q...71. 

8.	 Caprioli, A., L Luzzi. F. Rosmini, C. Resti, A. Edefonti, P. Francesco, 
C. Farina, A. Goglio, A. Gianviti, and G. Rizzoni. 1994. Comnmnity
wide outbreak: of hemolytic-uremic syndrome associated with non
0157 verocytotoxin-producing Escherichia coli. J. Infect. Dis. 169: 
208-211. 

9.	 Centers for Disease Control and Prevention. 1993. Update: multistate 
outbreak: of Escherichia coli 0157:H7 infections from hambw:gers
western United States, 1992-1993. Modrid. Mortal. Weekly Rep. 
42:258-263. 

10.	 Centers for Disease Control and Prevention. 1995. Escherichia coli 
0157:H7 outbreak: linked to commercially distubuted dry-eured 
salami-Washington and California, 1994. Modrid. Mortal. Weekly 
Rep. 44:157-160. 

11.	 Centers for Disease Control. 1995. Escherichia coli 0157:H7 out
break at a summer camp--Vugini.a, 1994. MOIbid. Mortal. Weekly 
Rep. 44:419-421. 

12.	 Doyle, M. P., and J. L. Schoeni. 1987. Isolation of Escherichia coli 
0157:H7 from retail fresh meats and poultry. Appl. Environ. Micro

. bioI. 53:2394-2396. . 
13.	 Peng, P. 1995. Escherichia coli serotype 0157:H7: novel vehicles of 

infection and emergence of phenotypic variants. Emcrg. Infect. Dis. 
1:47-52

14.	 Frankel, G., L. Riley, J. A. Giron, 1. Valmassoi.. A. Friedmann, N. 
Strockbine, S. Falkow, and G. K. Schoolnik. 1990. Detection of 
Shigella in feces using DNA amplification. J. Infect. Dis. 161:1252
1256. 

15.	 Griffin, P. M., and R. V. Tauxe. 1991. The epidemiology of infections 
caused by Escherichia coli 0157:H7, other enterobemorrhagic E. 

col~ and the associated hemolytic uremic syndrome. Epidemiol. Rev. 
13:60-98. 

16.	 Hull, A. B., D. W. K. Acheson, P. Echevenia, A. Donohue-Rolfe. and 
G. T. Keusch. 1993. Mitomycin immunoblot colony assay for 
detection of Shiga-like toxin-producing Escherichia coil in fecal 
samples: comparison with DNA probes. J. Clin. Microbiol. 31:1167
1172. 

17.	 Karch, H. Verocytotoxin-producing Escherichia coli infection in 
Europe: diagnostic and public health perspectives, p. 13-16./n M. A. 
Karmali and A. G. Goglio (ed.), Recent advances in Verocytotoxin 
producing EscherichUJ coli infections. Elsevier, Amsterdam. 

18.	 KaIch, H., T. Meyer, H. Russmann, and J. Heeseman. 1992. Frequent 
loss of Shiga-like toxin genes in clinical isolates of E. coli upon 
subcultivation.1nfect. Immun. 60:3464-3467. 

19.	 Karmali, M. A. 1989. Infection by Verocytotoxin-producing Esch
erichia coli. Clin. Microbiol. Rev. 2: 15-38. 

20.	 Karmali, M. A., M. Petrie, C. Lim, P. C. Fleming, G. S. Mus, and H. 
Liar. 1985. The association between idiopathic hemolytic uremic 
syndrome and infection by verotoxin-prodllCing Escherichia coli. J. 
Infect. Dis. 151:775-782. 

21.	 Keene, W. E., J. M. ·McAnulty, F. C. Hoesly, L. P. Williams, K. 
Hedberg, G. L. Oxman, T. J. Barrett, M. A. Pfaller, and D. W. Fleming. 
1994. A swimming-associated outbreak of hemcmbagic colitis caused 
by Escherichia coil 0157:H7 and Shigella SOIlMi. N. Engl. J. Med. 
331:579-584. 

22.	 Keusch, G. T., Donohue-Rolfe, A., Jacewicz, M., and A. V. Kane. 
1988. Shiga toxin: production and purification. Meth. Enzymol. 
165:152-162. 

23.	 Kudoh, Y., A. Kai, H. Obata, J. Kusunon, C. Monma, M. Shingaki, Y. 
Yanagawa, S. Yamada, S. Matsushita, T. Itoh, and K. Ohta. 1994. 
Epidemiological surveys on Verocytotoxin-producing Escherichia 
coli infections in Iapan, p. 53-56./n M. A. Karmali and A. O. Goglio 
(ed.), Recent advances in verocytotoxin producing EscherichUJ coli 
infections. Elsevier, Amsterdam. 

24.	 Mariani-Kurkdjian, P., E. Denamur, A. Milon, B. Picard, H. Cave, N. 
Lambert-Zechovsky, C. Loimt, P. Goullet, P. J. Sansonetti. and J. 
Elion. 1993. Identification ofa clone ofEscherichia coli 0103:H2 as a 
potential agent of hemolytic-uremic syndrome in France. J. Clin. 
Microbiol. 31:296-301. 

25.	 Martin, M. L., L. D. Shipman, J. G. Wells, M. E. Potter, K. Hedberg, 
L K. Wachsmuth, R. V. Tlllllre, J. P. Davis, J. Arnold, and J. Tilleli. 
1986. Isolation of Escherichia coli 0157:H7 from dairy cattle 
associated with two cases of haemolytic uraemic syndrome. Lancet 
ii:l043. 

26.	 Read, S. C., C. L. Gyles, R. C. Clarke, H. Lior, and S. McEwen. 1990. 
Prevalence of verocytotoxigenic Escherichia coli in ground beef, pork 
and chicken in southwestem Ontario. Epidemiol. Infect. 105:11-20. 

27.	 Renwick, S. A, 1. B. Wllson, R. C. Oanb, H. Lior, A. A. Borczyk, J. 
Spika, K. Rahn, K. Mcfadden, A. Brouwer, A. Copps, N. G. 
Anderson, D. Alves, and M. A. Karmali. 1993. Evidence of direct 
transmission of Escherichia coli 0157:H7 infection between calves 
and a human. J.1nfect. Dis. 168:792-793. 

28.	 Riley, L. W~ R. S. Remis, S. D. Helgerson, H. B. McGee, J. G. Wells, 
B. R. Davis, R. 1. Hebert, E. S. Olcott, L. M. Johnson, N. T. Hargrett, 
P. A. Blake, and M. L. Cohen. 1983. Hemorrhagic colitis associated 
with a DR &cherlchUJ coli serotype. New Engl. J. Med. 308:681-615. 

29.	 Spika. 1. S., J. E. Parsons, D. Nordenberg, J. G. Wells, R. A. Gunn. and 
P. A Blake. 1986. Hemolytic uremic syndrome and diarrhea associ
ated with Escherichia coli 0157:H7 in a day care center. J. Pediatr. 
109:287-291. 

30.	 Swerdlow, D. L., B. A. Woodruff, and R. C. Brady. 1992. A water 
borne outbreak: in Missouri of Escherichia coli 0157:H7 associated 
with blood diarrhea and death. Ann. Intern. Med. 117:81~19. 

31.	 Weagant, S. D.• J. L. Bryant, and D. H. Bn 1994. Survival of 
Escherichia coli in mayonnaise and mayonnaise-based sauces at room 
and refrigemted temperatures. J. Food. Prot. 57:629-631. 

32.	 Willshaw, O. A., S. M. Scotland, H. R. Smith, and B. Rowe. 1992. 
Properties of Vern cytotoxin-producing Escherichia coli of. human 
origin of 0 serogroops other than 0157. J.1nfect. Dis. 166:797-802. 

33.	 Willshaw, G. A.• H. R. Smith, D. Roberts, J. Thirlwell. T. Cheasty, and 
B. Rowe. 1993. Examination of raw beef products for the presence of 
Vero cytotoxin prodIlCing .Escherichia coli, particularly those of 
serogroup 0157. J. Appl. Bacteriol. 75:42Q...426. 



----------------- Features ----------------

Whic·h Shiga Toxin-Producing
 
Types of E. coli Are Itnportant?
 

Although diagnostic tests are geared to E. coli 0157:H7, other 
strains also cause serious infections and deserve attention 

DAVID W. K. ACHESON and GERALD T. KEUSCH 

Escherichia coli pathogens that produce Shiga tox
ins first gained broad notoriety in the United States in 
1982 following two outbreaks ofbloody diarrhea involv
ing patrons of a fast food restaurant chain. Subse
quently, investigators learned that the culprit patho
gen is E. coli 0157:H7, a serotype not previously 
associated with disease in humans. E. coli 0157:H7 is 
now blamed for several additional outbreaks of bloody 
diarrhea as well as serious complications, including 
hemorrhagic colitis (HC) and hemolytic uremic syn
drome (HUS). Acknowledging the impact this microor
ganism has on its host, investigators often refer to this 
and similar pathogenic strains as enterohemorrhagic 
E. coli (EHEC). 

In the decade since 1982, some 30 outbreaks of E. 
coli 0157:H7 were recorded in the United States. In 
1993, for instance, a very large outbreak affecting 732 
people occurred along the west coast of the United 
States: 195 were hospitalized; 55 developed HUS, 
which is a serious disorder involving kidney function; 
and 4 died. 

Since the 1993 outbreak, at least another 30 such 
outbreaks have been identified, with the dramatic 
increase due in part to increased awareness of this 
pathogen. However, some of this increase can be attrib
uted to the changing behavior of this bacterium and to 
a growing understanding that the pattern of this dis
ease is far more complex than is generally realized. 

Importantly, many different serotypes of E. coli 
besides 0157:H7-and a few non-E. coli species of 
bacteria-produce Shiga toxins and cause serious hu
man disease. Multiple serotypes exist and have caused 
serious disease and death in many parts of the world. 

David W. K. Acheson is an assistant professor and 
Gerald T. Keusch is a professor in the Division of 
Geographic Medicine and Infectious Diseases, New En
gland Medical Center, Boston, Mass. 

We cannot let ourselves be complacent in thinking that 
E. coli 0157:H7 is the only Shiga toxin-producing 
microorganism that can cause problems. 

Enterohemorrhagic Strains Produce Key Toxins 

E. coli 0157:H7 and other EHEC strains can pro
duce bacteriophage-encoded cytotoxins that closely re
semble toxins produced by highly potent pathogens, 
the Shigella dysenteriae type 1 strains. These E. coli 
strains produce at least two immunologically distinct 
Shiga toxins, designated Shiga toxin 1 and Shiga toxin 
2. With the importance of these toxins in mind, inves
tigators often use the term STEC in referring to Shiga 
toxin-producing E. coli. 

This recently developed terminology is used inter
changeably-and often confusingly-with older terms 
developed to describe research results from the late 
1970s. In those studies of two decades ago, several 
isolates ofE. coli produced toxins that killed Vero cells 
in tissue culture. Confusion arises because the more 
recently described Shiga toxins proved to be the same 
as those verotoxins. To overcome this confusion, we 
and other microbiologists recently proposed a way of 
renaming the toxins (ASM News, March 1996, p. 118). 

Regardless of these nomenclature problems, the 
role of these toxins is central to explaining the spec
trum of clinical disease associated with STEC. Thus, 
infections with such E. coli strains may lead to mild or 
severe gastrointestinal symptoms, including bloody or 
nonbloody diarrhea and HC, as well as life-threatening 
complications such as HUS and thrombotic thrombocy
topenic purpura (TTP). 

Shiga Toxins May Be the Major Virulence Factor 

Although many questions remain, the Shiga toxins 
themselves appear to be responsible for causing many 
pathological effects associated with STEC infections. 
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Specific endothelial cell beds in the gut, kidney, and 
brain are the main targets of these Shiga toxins. 
Thrombotic microangiopathy (TMA), the formation of 
tiny clots and other damage in capillary beds within 
the kidney, is the pathological hallmark of Shiga toxin
related disease. How the toxins move from the intesti
nal tract lumen to these sites where they damage the 
kidney is another unanswered question. 

How important specific serotypes may be is not fully 
understood. However, for some reason, serotypes 0157: 
H7 and 0111:NM have caused major outbreaks more 
often and led to higher rates of systemic disease than 
have any ofthe other serotypes. Factors such as a lower 
infectious dose with these serotypes, higher production 
of toxin, greater gastrointestinal colonization, or en
hanced delivery of toxins to endothelial cell targets 
may account for some of these differences. 

Whatever the serotype, if a bacterium is making 
Shiga toxins in the gastrointestinal tract of an infected 
individual, that person is at risk for developing HC and 
HUS. Although the overall risk for many STEC sero
types is unknown, the risk is in the 5 to 10% range for 
individuals infected with E. coli 0157:H7 strains, 
based on estimates from incidence data. 

Several instances of non-E. coli Shiga toxin-produc
ing infections are now documented. One outbreak in 
Germany involved a strain of Citrobacter freundii that 
can express Shiga toxin 2. Some patients infected with 
this organism developed HUS. In another case re
ported in 1995, a patient in Australia with severe 
diarrhea that led to HUS was infected with a strain of 
Shiga toxin 2-producing Enterobacter cloacae. 

Geographic Patterns of STEC 

While the emphasis in the United States has been 
on serotype 0157:H7, approximately 100 other E. coli 
serotypes not only produce Shiga toxins but have been 
isolated from patients with HC or HUS. Among these 
strains, several are considered responsible for signifi
cant outbreaks in various parts of the world. However, 
developing an overall picture remains an elusive un
dertaking. 

A demographic study conducted in Belgium sheds 
some light on the patterns of STEC infection and other 
diarrhea-inducing bacterial diseases in a European
based population. Researchers report that STEC was 
the third most common enteric pathogen isolated from 
these patients, coming after Campylobacter and Sal
monella strains. Approximately half of those in each 
group had uncomplicated diarrhea. 

In this Belgian study group, the overall rate for 
STEC is about 1% among the 10,241 stool specimens 
that were analyzed in this study. In that positive 
subset, 38% were 0157:H7 but 62% were non-0157 
serotypes (comprising 22 different O:H types). Only two 
patients infected with 0157 developed HUS, whereas 
none infected with the non-0157 stains developed 
HUS. However, one patient from each of these two 
groups presented with HC, and one of the patients in 
the non-0157 group developed TTP. 
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Elsewhere in Europe, several non-0157 serotypes, 
including 01:NM, 05:NM, 018:H?, 026:Hll, and 
Olll:NM, have been isolated from patients with HUS 
in the Czech Republic. Another serotype, 0103:H2 was 
isolated from patients following an outbreak of HUS in 
France. Meanwhile, in Italy, 0111:H- and 026 were 
isolated from similar patients. 

STEC outbreaks are being reported outside Europe. 
For instance, an outbreak due to an Olll:NM strain 
recently led· to 23 cases of HUS and one death in 
Australia. Among the STEC strains characterized so 
far in Australia, Olll:H-, 06:H31, 098:H-, and 048: 
H21 are the predominant serotypes. STEC strains are 
also found in certain South American countries, espe
cially Argentina, where a large variety of STEC sero
types, including 0157:H7, cause serious disease. More
over, in Japan Olll:H- and 0145:H- strains have 
caused outbreaks. 

Implications of Global STEC Patterns for North 
America 

With so many non-0157:H7 serotypes causing dis
ease outbreaks around the world, what is the status of 
non-0157:H7 strains in North America in general and 
the United States in particular? Although the picture 
is in flux, the variety of non-0157:H7 strains respon
sible for North American outbreaks that investigators 
are isolating could well rival that seen throughout 
Europe, South America, and elsewhere. 

Over 100 different STEC serotypes have been iso
lated in Canada from patients with either HC or HUS. 
For example, one 2-year prospective study was con
ducted a decade ago in Alberta. Analysis of stool 
specimens from 5,415 patients indicated that 130 pa
tients were infected with 0157:H7 strains, whereas 29 
patients were infected with a broad range of non
0157:H7 strains, including 026:Hll, 0103:H2, 091: 
H-, 0145:H-, 0111:H-, 038:H21, 06:H-, 05:H-, 
and 0?:H21. Severity of disease varied from one strain 
to another, with 0157:H7 consistently the most viru
lent. Thus, only 42% of those individuals infected with 
the non-0157:H7 strains had bloody diarrhea, com
pared with 98% of those infected with 0157:H7. 

In a similar survey involving 9,449 individuals in 
British Columbia, 67 stool specimens contained STEC, 
including seven non-0157:H7 strains divided among 
026, 0128, and 0103 serotypes. Two patients in this 
group had bloody diarrhea, and both of them were 
infected with E. coli 026. 

Surveys ofU.S. population groups also indicate that 
many non-0157 strains are showing up in patients 
with severe diarrhea. For instance, according to a 
prospective study conducted in Seattle, Wash., 13 of 
445 patients with diarrhea had 0157:H7 E. coli infec
tions, whereas 5 were infected with various non-0157 
strains, including 026:H-, 0153:H2, 068:H-, and 
0-:H11. Similar to results from other studies, the 
non-0157 strains were associated with bloody diarrhea 
less frequently than were the 0157:H7 strains. 

In another U.S. report, an analysis of 95 fecal 
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samples obtained from state health laboratories in 
Minnesota from patients with severe diarrhea was 
conducted. Of those samples, 14 proved to be STEC 
positive. Eight of the 14 contained 0157:H7 strains, 
and the remainder contained. various non-0157 sero
types, including 026:Hll, 06:H31, and 0?:H16. 

At least two other recent reports indicate that 
non-0157:H7 strains have been causing severe cases of 
diarrhea and other complications in the United States. 
The first involved a single family in which infection 
with an 0111:NM strain caused diarrhea and led to 
one case of HUS. The second report describes a small 
outbreak in Montana involving E. coli 0104:H21. The 
outbreak involved 11 confirmed and 7 suspected cases, 
most of which included bloody diarrhea. 

It is difficult to imagine that large outbreaks of 
disease due to non-0157 serotypes are occurring but 
not being reported. However, small outbreaks similar 
to the one in Montana could easily go undiagnosed and 
unrecognized. Moreover, the number of sporadic cases 
of disease caused by non-0157:H7 STEC in the United 
States is unknown. 

Infectious Bacteria in Various Foods Trace 
to Cattle 

E. coli 0157:H7 has a low infectious dose, on the 
order of a few hundred organisms, which contributes to 
the spread of the infection in outbreak situations. 

Cattle are considered to be the major reservoir of 
EHEC, including the 0157:H7 and other serotypes. 
Although EHEC does not generally cause illness 
among cattle, the microorganisms are associated with 
fecal matter. Release of those contaminants during 
slaughter is considered the primary route by which 
EHEC enters the food supply. Safeguards are particu
larly ill suited for dealing with ground beef products 
because they are prepared from meat obtained from 
many animals. Thus, even if contamination occurs 
from only one animal, grinding usually disperses the 
bacteria throughout the lot. 

EHEC has also been transmitted in dry fermented 
sausage, milk, apple cider, mayonnaise, and various 
salads, as well as in water and by direct person-to
person and cattle-to-person contacts. In most cases, 
however, the ultimate source of the infection has been 
traced to cattle. 

If one considers the number of documented cases of 
non-0157:H7 disease in Canada, combined with the 
observation that cattle in the United States carry 
many STEC serotypes and the fact that residents of the 
United States consume beef products from Australia 
and Argentina, where non-0157:H7 serotypes cause 
significant disease, it is hard to believe .that non-0157 
serotypes are not causing more cases of disease in the 
United States than are being documented. Although 
the necessary methodology for detecting such cases is 
available, current diagnostic and screening efforts fo
cus principally on 0157. 
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Current Main Diagnostic Test for STEC Has 
Shortcomings 

Unique biochemical characteristics of E. coli 0157: 
H7-it ferments sorbitol very slowly and usually does 
not make 13-glucuronidase-make it relatively easy for 
microbiologists to differentiate this strain from other 
enteric E. coli strains. The standard procedure involves 
growth of suspect organisms on differential media in 
the clinical diagnostic laboratory. 

The biochemical characteristics provide a basis for 
a number of diagnostic tests. For instance, when the 
sugar lactose in MacConkey plates is replaced with 
sorbitol (SMAC plates), growth of 0157:H7 leads to 
white colonies, whereas other strains ofE. coli usually 
produce pink colonies. To confirm suspicions based on 
appearance, white colonies usually are tested with 
specific antisera. 

However, this scheme is by no means foolproof. For 
instance, sorbitol-fermenting E. coli 0157:H7 isolates 
are found in Europe, 13-glucuronidase-producing strains 
are found in the United States, and non-sorbitol-ferment
ing STEC serotypes other than 0157:H7, such as 026, 
055, and 0111, are also sometimes found. In its favor, 
this plate test is relatively inexpensive and easy to 
perform. Although it is limited to 0157:H7, this sero
type arguably is predominant in the United States and 
currently seems to account for the highest frequency of, 
and possibly also the severest, disease outbreaks. How
ever, reliance on a test which detects only a single 
serotype does not seem wise. 

To address this shortcoming, a number of alterna
tive methods based on the detection ofthe Shiga toxins 
themselves using an enzyme immunoassay format 
have been developed. At least one of these has been 
approved by the U.S. Food and Drug Administration 
for testing stool samples directly for the presence of 
Shiga toxins, as well as for testing individual colonies 
or broth cultures of stool. These toxin-based tests are 
totally independent of the serotype of the bacteria 
producing the toxins and so offer significant advan
tages over SMAC plates in being able to detect any 
Shiga toxin-producing strain which may cause HC or 
HUS. 

Approach to Diagnostic Testing Needs 
Improvements 

Currently in the United States approximately half 
of the clinical microbiology laboratories are screening 
either all stools or all bloody stools for E. coli 0157:H7 
using the SMAC-based test. Undoubtedly screening 
bloody stool samples for 0157:H7 is better than doing 
nothing. Should we be doing more? One framework for 
addressing this question involves considering the con
sequences of missing a case involving an infection with 
a Shiga toxin-producing bacterium. 

Because these toxins can cause gastrointestinal 
disease and also lead to systemic complications such as 
HUS and TTP, delayed diagnosis may enable a bad 
situation to move unhindered to serious, perhaps life
threatening complications. Of course, many patients 
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who harbor 0157:H7 may develop only mild cases of 
diarrhea and no overt systemic complications. The 
long-term effects of having mild infections involving 
exposure to Shiga toxins are unknown. 

STEC infections can induce partial or incomplete 
HUS. Moreover, some patients apparently recover 
from HUS but later develop renal disease. These ob
servations raise the intriguing possibility that even 
mild cases involving infections with Shiga toxin-pro
ducing microorganisms are able to trigger long-term 
pathological changes that lead to serious renal disease. 

Studies from around the world support the notion 
that many of the non-0157:H7 serotypes lead to HUS 
and death. For example, the 0111 serotypes seem to be 
as virulent as 0157:H7, whereas several other sero
types may be more likely to be associated with non
bloody diarrhea and a lower incidence ofcomplications. 

Until the bacterial factors other than the Shiga 
toxins themselves or the host factors which are likely to 
lead to systemic complications can be identified, how
ever, it seems prudent to assume that any patient 
infected with Shiga toxin-producing infections is at 
risk for developing HUS or TTP. 

Several Reasons for Detecting, Monitoring Shiga 
Toxins 

For patients, much of the value from diagnostic 
procedures depends on whether or what kind of ther
apy is available. In the case of infections with STEC, 
little besides symptomatic or supportive treatment is 
currently available. Whether antibiotic treatment does 
any good is still a matter ofconsiderable disagreement. 

Various antibiotics at subinhibitory concentrations, 
especially trimethoprim sulfamethoxazole, can increase 
Shiga toxin expression in vitro. This observation, com
bined with the concern that STEC which are lysing in 
the gastrointestinal tract lumen may actually release 
more toxin than do intact bacterial cells, has raised 
doubts about the value of antibiotic therapy in such 
infections. However, this issue has not yet been evalu
ated by randomized controlled clinical studies. An 
important specific question to address clinically is 
whether administration of antibiotics early during an 
infection would benefit patients. 

Other approaches to therapy are being considered, 
including oral administration of a Shiga toxin receptor 
analog to absorb free toxin in the intestinal tract before 
it can be absorbed. This approach is currently being 
evaluated in Canada. 

Even without specific treatment strategies, how
ever, knowing that a patient with diarrhea is infected 
with a Shiga toxin-producing organism can be helpful 
in a clinical setting. Importantly, such information 
may save a patient from unnecessary surgery or inap

propriate medical treatment. STEC infections can 
mimic appendicitis, diverticulitis, ischemic colitis, in
tussuception, and inflammatory bowel disease. In some 
STEC cases, patients have had unnecessary appendec
tomy or laparotomy procedures. 

There is another important reason for having a 
clear diagnosis of whether Shiga toxins are present. 
With such information, physicians will know to moni
tor patients closely for signs of incipient TMA syn
dromes such as thrombocytopenia, rising blood urea 
nitrogen, or anemia. Awareness of such developments 
will facilitate earlier intervention with supportive ther
apy if required. 

Knowing that a patient is carrying STEC is also 
epidemiologically important. However, deciding which 
samples to test, from which patients, and for what type 
of diarrhea frequently is driven by economics rather 
than by public health concerns. With assays available 
for testing stool samples for STEC of multiple sero
types or for free Shiga toxin, it is time to begin 
prospective studies to determine the incidence of such 
infections from all serotypes. Only by undertaking such 
studies can we determine the true level of both 
0157:H7 and non-0157:H7 disease in the United 
States. 0 
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Shiga Toxin
producing 

Escherichia coli, 
Idaho 

To the Editor: Data collected 
from expanded surveillance study 
suggest that more than half of Idaho 
Shiga toxin-producing Escherichia 
coli (STEC) illnesses are caused by 
non-0157 serotypes, Using data from 
a regional medical center whose stool 
culture protocol included Shiga toxin 
testing, we predicted Idaho's STEC 
incidence to be significantly higher if 
non-O 157 STEC E. coli were routine
ly detected by immunoassay. Recent 
findings suggest that the prediction 
was accurate in an expanded surveil
lance area. 

Several studies have shown an 
increased incidence of non-O 157 
STEC infections in the United States, 
For example, a community hospital 
in Virginia detected non-O 157 sero
types in 31% of patients with STEC 
from 1995-2002 (1). A 1998 Nebraska 
study that analyzed 30,000 diarrheal 
stool samples found that non-O 157 
and 0157:H7 STEC were equally 
prevalent (2), Additionally, findings 
from a Connecticut study of labora
tory-confirmed cases (3), STEC sur
veillance results from Montana (4), 
and a recent study from Michigan 
(5) indicate that non-0157 serotypes 

comprise a substantial percentage of 
STEC cases, 

In other countries, nonculture
based methods are routinely used for 
STEC detection (6), However, E. coli 
0157:H7 culture methods remain the 
focus in the United Kingdom, Canada, 
and the United States (6). Reliance on 
culture methods can result in mislead
ing interpretations of STEC preva
lence. For example, 93% of STEC 
infections in Canada are reported to 
be E. coli 0157:H7, yet a Manitoba 
1992 study showed that when toxin 
assays were used, 35% of the recov
ered STEC isolates were non-0157 
serotypes (6), 

Analysis of reported non-O 157 
STEC cases in Idaho showed a simi
lar trend. From 2002-2004, 66% of 
Idaho's non-O 157 cases originated 
in Health District 7, where >70% of 
stool cultures are screened by enzyme 
immunoassay (EIA) for Shiga toxin 
(PremierEHEC, Meridian Bioscience, 
Cincinnati, OH, USA). This rate was 
disproportionately higher than that 
of the remaining 6 health districts, 
which primarily use culture methods 
to screen for E. coli 0157:H7, We 
hypothesized that this disproportion 
was due to differences in stool culture 
protocol. To test this premise, we con
ducted enhanced surveillance for 16 
months in a "low" STEC incidence 
area, Health District 5. A total of2,065 
stools submitted for culture were 
screened for Shiga toxin by EIA, With 
this approach, reported non-O 157 
STEC incidence rose from <I casel 
yearlIOO,OOO population to 11 casesl 
year/1 00,000 population. Addition
ally, 56% of recovered STEC isolates 
were non-O 157 serotypes, mirroring 
the proportion of non-O 157 detected 
in District 7, Notably, this appears to 
be the endemic rate for District 5 be
cause no non-0157 STEC outbreaks 
or matching pulsed-field gel electro
phoresis patterns were detected dur
ing the surveillance period, Although 
our study captured only a pOltion of 
stool cultures in Idaho, our findings 
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demonstrated increased prevalence of 
non-O 157 STEC in the region when 
nonculture methods were used. 

Two barriers cited for not routine
ly screening diarrheal stools for Shiga 
toxin are cost and perception of low 
non-O 157 STEC incidence. While 
toxin testing is more expensive than 
culture testing, the potential effects of 
misdiagnosis may outweigh cost con
cerns. A study estimating the financial 
repercussions of E. coli 0157 infec
tions in the United States suggested 
that annual cost associated with this 
pathogen is $405 million, with the 
cost per case varying from $26 for 
those who do not seek medical care to 
$6.2 million for a patient with fatal he
molytic uremic syndrome (HUS) (7). 
Non-0157 STEC infections have been 
an important cause of HUS in many 
countries. For example, a 3-year pro
spective study in Germany and Aus
tria reported that non-O 157 serotypes 
comprised 90 (43%) of207 STEC iso
lates from stools of 394 pediatric pa
tients with HUS (8). Further, a 6-year 
Danish study of 343 registered STEC 
patients found that 76% of STEC and 
48% ofHUS cases were attributable to 
non-O 157 serotypes (9). In the United 
States, continued reliance on 0157 
STEC culturing hinders our ability to 
determine the financial effects and the 

proportion of HUS cases attributable 
to non-0157 STEC. 

Some evidence suggests that the 
testing focus may be changing in the 
United States. We used US Census 
Bureau population statistics to trans
late reported 0157:H7 and non-0157 
STEC cases for each state into inci
dence data. Despite widespread varia
tion in STEC testing and incidence 
among states, there has been a signifi
cant statistical decline in the propor
tion of E. coli 0157:H7 among total 
STEC cases every year since 2001 
(Figure; p<O.OO 1) (10). Consistent 
with this trend, the incidence of non
0157 STEC in the United States has 
increased (10). This may indicate that 
more laboratories are adopting Shiga 
toxin testing protocols, as we are ad
vocating in Idaho. Our findings sug
gest that perceptions ofJow non-0157 
STEC incidence in Idaho are probably 
artifactual and due to overemphasis on 
culture methods for 0157 STEC. Our 
ongoing EIA-based surveillance high
lights the need for continued investiga
tion of the epidemiology of non-O I57 
STEC disease. We conclude that 0157 
STEC culturing has limited usefulness 
in areas like the Idaho health districts 
investigated, where non-0157 sero
types accounted for 55% of STEC ill
nesses. The true involvement of non
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0157 in STEC disease will remain 
obscured as long as screening methods 
focus on traditional culture methods. 
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Imported
 
Chikungunya
 

Infection, Italy
 

To the Editor: Chikungunya vi
rus (CHIKV) infection is a self-lim
iting illness characterized by fever, 
headache, weakness, rash, and arthral
gia, Some patients have prolonged 
weakness or arthralgia lasting several 
months. In 2006, several Indian Ocean 
states and India had an outbreak of 
CHIKV infection (1,2). During the 
epidemic's peak, some European and 
American travelers returning from 
these areas were infected (3-6). 

Because the foci of Aedes al
bopictus, 1 of the 2 main vectors of 
CHIKV, are now in Italy and many 
travelers visit CHIKV-epidemic ar
eas, surveillance for imported cases 
is mandatory in Italy (7), From July 
to September 2006, a total of 17 con
firmed cases ofCHlKV infection were 
observed in travelers at 5 Gruppo di 
Interesse e Studio delle Patologie di 

Importazione (GISPl) centers (Italian 
network of Institutes of Infectious and 
Tropical Diseases). Serologic diagno
sis was performed with a hemagglu
tination-inhibition test and confirmed 
by a plaque-reduction neutral ization 
test (8). Demographic and epidemio
logic characteristics of these patients 
are reported in the Table. 

Cases were distributed through
out the year with a peak from March 
to May 2006 (n == 10). Nine patients 
(53%) were men. Median age was 
43 years (range 31-66 years). Sev
eral reasons for travel were reported: 
tourism (64.6%), visits to relatives or 
friends (J 1.8%), business (11.8%), and 
missionary work (5.9%). One patient 
was a resident in the disease-epidemic 
area. The median exposure time in the 
CHIKV-endemic area for the 15 trav
elers was 15 days (range 9-93 days) 
(missionary and resident patients were 
excluded). The median delay before 
being seen at a clinic after return was 
2 days (range 0-73 days). Only 7 pa
tients (41.2%) were hospitalized. The 
remainder were outpatients. 

All patients had fever; arthralgia 
(88.2%, n == 15), weakness (70.6%, n 
== 12), headache (11.8%, n == 2), diar
rhea (11.8%, n == 2), and gum bleeding 
and epistaxis (5.9%, n == I) were other 
reported symptoms. The median dura
tion of fever was 5 days (range 2-12 
days). Only 7 of 16 patients (43.8%) 
were still febrile when first seen. 
Physical examination showed diffuse 
macular erythematous rash in 13 pa
tients (76.5%), a similar rate to that 
reported among French travelers (4). 
Hepatomegaly was found in 2 patients 
(11.8%), splenomegaly in 2 (11.8%), 
and peripheral lymphadenopathy in 2 
(11.8%). 

Twelve acute-phase patients were 
admitted to the hospital for blood 
testing within 3 days of the initial ex
amination. In contrast with results of 
other studies, leukopenia and throm
bocytopenia were uncommon in our 
study. Leukopenia (leukocyte count 
.:s4,000hlL) was present in 4 patients 

(33.3%) and thrombocytopenia (plate
let count .:s 150,000/f.l.L) in I patient 
(8.3%). This finding may help distin
guish CHIKV infection from dengue 
fever (4). Anemia (hemoglobin level 
.:s 12 g/dL) was found in only I patient 
(8.3%). Alanine aminotransferase 
(ALT) and aspartate aminotransferase 
(AST) determination were available 
for 12 patients. ALT and AST levels 
were elevated (>40 lUlL) in 5 (41.7%) 
and 2 (16.7%) patients, respectively. 
Seven (46.7%) of 15 patients fully 
recovered within I month; 8 patients 
(53.3%) reported persistent arthralgia. 

Because the GISPI network pro
vides regional coverage only, the 
number of imported CHIKV cases in 
all of Italy in 2006 was likely higher. 
Moreover, most patients probably did 
not seek medical care, and when they 
did, physicians may have failed to 
recognize the disease because of lack 
of familiarity with it or limited diag
nostic facilities. Differential diagno
sis with other arthropodbome viruses 
of the Alphavirus genus (Ross River, 
Barmah Forest, o'nyong nyong, Sind
bis, and Mayaro viruses) is difficult, 
but these are comparatively rare. In 
contrast, dengue and CHIKV epidem
ics may overlap, and potential patients 
should be screened for both. 

The potential risk for introduction 
and establishment of CHIKV reser
voirs in areas with mosquito vectors 
was discussed in March 2006 by a mul
tidisciplinary European expert panel 
(9). In Italy, A. albopictlls was first 
recorded in 1990; it has since quickly 
spread across the country. Scattered 
foci are now reported in almost all re
gions, mainly along the coastal plains, 
from the sea to the inlands, up to an 
altitude of ,.,500-600 m (7). 

The ability of A. albopictlls to 
colonize new areas and its adaptability 
to the mild Italian climate allow vec
tor populations to be active throughout 
the year (l0). The patient is thought to 
be viremic for only 6-7 days (shortly 
before and during the febrile period) 
(6). We were unable to directly assess 
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Investigation Announcement: Multistate Outbreak of Human E. coli 0145 Infection~ 

Linked to Shredded Romaine Lettuce from a Single Processing Facility 

E. coli (www.cdc.gov/ecoli/) > E. coli Outbreak Investigations (www.cdc.gov/ecoli/outbreaks.html) > 
Multistate Outbreak of Human E coli 0145 Infections Linked to Shredded Romaine Lettuce from a Single 
Processing Facility 

Updated May 6, 2010 

Local and state public health officials in Michigan, New York, and Ohio are investigating human 
illnesses caused by E coli 0145. CDC is supporting these investigations and facilitating regular 
communication and information sharing between the states and with the U.S. Food and Drug 
Administration (FDA). 

As of May 5,2010, a total of 19 confirmed and 10 probable cases related to this outbreak have 
been reported from 3 states since March 1, 2010. The number of ill persons identified in each state 
with this strain is : MI (10 confirmed and 3 probable), NY (2 confirmed and 5 probable), and OH (7 
confirmed and 2 probable). 

Among the confirmed and probable cases with reported dates available, illnesses began between 
April 10, 2010 and April 26, 2010. Infected individuals range in age from 13 years old to 29 years 
old and the median age is 19 years. Sixty-nine percent of patients are male. Among the 29 patients 
with available information, 12 (41%) were hospitalized. Three patients have developed a type of 
kidney failure known as hemolytic-uremic syndrome, or HUS. No deaths have been reported. 

The outbreak can be visually described with a chart showing the number of persons who became 
ill each day. This chart is called an epidemic curve or epi curve (www.cdc.gov/ecoli 
/2010/ecoli 0145/0506 chart.html). Of note, it takes an average of 2 to 3 weeks from the time a 
person becomes ill to the time when the illness is confirmed by laboratory testing and reported. 
Please see the E coli Outbreak Investigations: Timeline for Reporting Cases (www.cdc.gov/ecoli 
/reportingtimeline.htm) for more details. 

The bacteria responsible for this outbreak are referred to as Shiga toxin-producing E coli, or 
STEC. STECs have been associated with human illness, including bloody diarrhea and a 
potentially fatal kidney condition called hemolytic-uremic syndrome (HUS). STEC bacteria are 
grouped by serotypes (e.g., 0157 or 0145). The STEC serotype found most commonly in U.S. 
patients is E coli 0157. Other E coli serotypes in the STEC group, including 0145, are 
sometimes called "non-0157 STECs." Currently, there are limited public health surveillance data 
on the occurrence of non-0157 STECs, including E coli 0145, therefore Ecoli 0145 may go 
unreported. Because it is more difficult to identify than E coli 0157, many clinical laboratories do 
not test for non-0157 STEC infection. 

Investigators are using pulsed-field gel electrophoresis (PFGE), a type of DNA fingerprint analysis 
of E coli bacteria obtained through diagnostic testing to identify cases of illness that might be part 
of this outbreak. This testing is done in public health laboratories as part of the PulseNet 
(http://wwwdev.cdc.gov/pulseneU) network. Investigators have established a common definition of 
confirmed and probable cases related to this outbreak. 

Confirmed cases of E. coli 
0145 Infection, United States, 
by state 

(www.cdc.gov/ecoli 
/2010/ecoli 0145 
/0506 map.html) 
Click to "';ew a larger image. 
(WWIN.cdc.gov/ecoli/2010/ecoli 0145 
10506 map.html) 

Infections with the outbreak 
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information was reported as O' 
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(www.cdc.qov/ecoli 
/2010/ecoli 0145 
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Click to "';ew a larger image. 
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Contact CDC 

800-CDC-INFO 
888-232-6348 (TTY) 
cdcinfo@cdc.gov 
(mailto:cdcinfo@cdc.go~ 

Report a Foodborne 
Illness 
(http://www.cdc.gov 
/ncidod 
/dbmd/reportfLhtm) 

Confirmed cases are persons with: 

(1) E coli 0145 infection, or E coli infection with 0 Group pending, AND 

mailto:mailto:cdcinfo@cdc.go


(2) an illness onset on or after March 1, 2010, AND 
(3) a DNA fingerprint matching the outbreak strain; AND 
(4) an epidemiologic link to the outbreak. 

Probable cases are persons with an epidemiologic link to the outbreak and 

(1) E. coli 0145 infection with an illness onset on or after March 1, 2010 regardless of DNA fingerprint pattern, AND/OR 
(2) hemolytic-uremic syndrome; AND/OR 
(3) a laboratory isolate positive for Shiga toxin 2 [stx2] or isolate positive for Shiga toxin, but toxin type is unknown or 
pending. 

Current Status of the Investigation 

Multiple lines of evidence have implicated shredded romaine lettuce from one processing facility as a source of infection in this outbreak. 
This evidence includes the identification of E. coli 0145 from an unopened package of shredded romaine lettuce obtained from a facility 
associated with the outbreak. DNA testing to confirm the link to ill persons is pending at this time. The lettuce processing company has 
issued a recall (http://www.freshwayfoods.com/aboutlpress/20100506.php) of lettuce produced at their facility as a result of the evidence 
obtained to date. 

This investigation is ongoing. At. this time, local, state, and federal health officials are involved in many different types of investigative 
activities including: 

•	 Conducting surveillance for additional illnesses that could be related to the outbreak. 
•	 Conducting epidemiologic studies that includes gathering detailed information from persons who were ill persons (cases) and fron 

healthy persons (controls) about foods recently eaten and other exposures. 
•	 Gathering and testing food products that are suspected as potential sources of infection to see if they are contaminated with 

bacteria. 
•	 FollOWing any epidemiologic leads gathered from interviews with patients, food purchase information, or from patterns of 

processing, production and/or distribution of suspected products. 
•	 FDA is working closely with its state partners in the investigations at the food processor and at the farm level to determine where i 

the distribution chain the point of contamination likely occurred. 

Public health and agriculture officials in Michigan, New York, and Ohio, along with CDC and FDA, are actively engaged in this 
investigation. Updates on the progress of this investigation will be shared as information becomes available. 

Clinical Features/Signs and Symptoms 

Most people infected with E. coli develop diarrhea (often bloody) and abdominal cramps 2-8 days (average of 3-4 days) after swallowing 
the organism, but some illnesses last longer and can be more severe. Infection is usually diagnosed by culture of a stool sample. Many 
clinical laboratories do not test for non-0157 STEC, such as E. coli 0145, because identifying it is more difficult than for E. coli 0157. 
Most people recover within a week, but some develop a severe infection. A type of kidney failure called hemolytic uremic syndrome (HUS 
can begin as the diarrhea is improving; HUS can occur in people of any age but is most common in children under 5 years old and the 
elderly. 

General Information 

•	 General Information: E. coli (STECl (www.cdc.qov/nczved/divisions/dfbmd/diseases/ecoli0157h7/index.html#What shiga) 
•	 Description of the Steps In a Foodborne Outbreak Investigation (http://www.cdc.gov/outbreaknet/investigations/investigating.html) 
•	 CDC's Role During a Multistate Foodborne Outbreak Investigation (http://www.cdc.gov/salmonella/tvphimurium
 

/cdc role outbreak.html)
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