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M A J O R A R T I C L E

Non-O157 Shiga Toxin–Producing Escherichia coli
Infections in the United States, 1983–2002

John T. Brooks,1,a Evangeline G. Sowers,1 Joy G. Wells,1 Katherine D. Greene,1 Patricia M. Griffin,1

Robert M. Hoekstra,2 and Nancy A. Strockbine1

1Foodborne and Diarrheal Diseases Branch and 2Biostatistics and Information Branch, Division of Bacterial and Mycotic Diseases, National Center
for Infectious Diseases, Centers for Disease Control and Prevention, Atlanta, Georgia

Background. Shiga toxin–producing Escherichia coli (STEC) O157:H7 is a well-recognized cause of bloody
diarrhea and hemolytic-uremic syndrome (HUS). Non-O157 STEC contribute to this burden of illness but have
been underrecognized as a result of diagnostic limitations and inadequate surveillance.

Methods. Between 1983 and 2002, 43 state public health laboratories submitted 940 human non-O157 STEC
isolates from persons with sporadic illnesses to the Centers for Diseases Control and Prevention reference laboratory
for confirmation and serotyping.

Results. The most common serogroups were O26 (22%), O111 (16%), O103 (12%), O121 (8%), O45 (7%),
and O145 (5%). Non-O157 STEC infections were most frequent during the summer and among young persons
(median age, 12 years; interquartile range, 3–37 years). Virulence gene profiles were as follows: 61% stx1 but not
stx2; 22% stx2 but not stx1; 17% both stx1 and stx2; 84% intimin (eae); and 86% enterohemolysin (E-hly). stx2 was
strongly associated with an increased risk of HUS, and eae was strongly associated with an increased risk of bloody
diarrhea. STEC O111 accounted for most cases of HUS and was also the cause of 3 of 7 non-O157 STEC outbreaks
reported in the United States.

Conclusions. Non-O157 STEC can cause severe illness that is comparable to the illness caused by STEC O157.
Strains that produce Shiga toxin 2 are much more likely to cause HUS than are those that produce Shiga toxin
1 alone. Improving surveillance will more fully elucidate the incidence and pathological spectrum of these emerging
agents. These efforts require increased clinical suspicion, improved clinical laboratory isolation, and continued
serotyping of isolates in public health laboratories.

More than 100 serotypes of Shiga toxin–producing

Escherichia coli (STEC) have been associated with hu-

man disease [1–3], causing illnesses that range from

Received 23 March 2005; accepted 18 May 2005; electronically published 14
September 2005.

Presented in part: 39th annual meeting of the Infectious Diseases Society of
America, San Francisco, CA, 25–28 October 2001 (abstract 856).

Potential conflicts of interest: none reported.
Financial support: Data were collected and analyzed as part of the routine

duties of the Foodborne and Diarrheal Diseases Branch of the Centers for Disease
Control and Prevention and the Department of Health and Human Services, which
are supported by direct federal funding.

a Present affiliation: Epidemiology Branch, Division of HIV/AIDS Prevention,
National Center for HIV, TB, and STD Prevention, Centers for Disease Control and
Prevention.

Reprints or correspondence: Dr. John T. Brooks, Epidemiology Branch, Div. of
HIV/AIDS Prevention, National Center for HIV, TB, and STD Prevention, Centers
for Disease Control and Prevention, 1600 Clifton Road NE, Mailstop E-45, Atlanta,
GA 30333 (zud4@cdc.gov); or, Dr. Nancy A. Strockbine, Foodborne and Diarrheal
Diseases Branch, Div. of Bacterial and Mycotic Diseases, National Center for
Infectious Diseases, Centers for Disease Control and Prevention, 1600 Clifton Road
NE, Mailstop A-38, Atlanta, GA 30333 (nas6@cdc.gov).

The Journal of Infectious Diseases 2005; 192:1422–9
This article is in the public domain, and no copyright is claimed.
0022-1899/2005/19208-0017$15.00

mild diarrhea to bloody diarrhea, hemorrhagic colitis,

and hemolytic-uremic syndrome (HUS) [4, 5]. E. coli

O157:H7 is the STEC most frequently isolated in North

America and is the serotype most often associated with

bloody diarrhea and HUS. Non-O157 STEC have al-

so caused sporadic illness and outbreaks of bloody di-

arrhea and HUS, both in the United States [6–10]

and overseas [11–21]. It has been estimated that STEC

O157:H7 causes 73,000 illnesses annually in the United

States and that non-O157 STEC serotypes cause at least

37,000 illnesses [22]. Surveys from North America

demonstrate that STEC causes diarrhea at frequencies

similar to those of other important enteric bacterial

pathogens (e.g., Salmonella and Shigella species), de-

pending on the population studied and its geograph-

ic location, with STEC O157 isolated in one-half of

the illnesses and a variety of non-O157 STEC sero-

types isolated in the other half [23–34]. In continen-

tal Europe, infections with non-O157 STEC serotypes

are more common than infections with O157:H7 STEC
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[35, 36]. Not all non-O157 STEC cause human illness, and

some non-O157 STEC isolates recovered from diarrheal stool

are likely not pathogens. The full spectrum of pathogenic non-

O157 serogroups and the illnesses they cause remain poorly

defined.

When infection with a non-O157 STEC is suspected, clini-

cal laboratories may refer isolates to public health laboratories

for identification and further characterization. The Foodborne

and Diarrheal Diseases Laboratory of the Centers for Diseases

Control and Prevention (CDC) serves as the national reference

laboratory for the confirmation of suspect non-O157 STEC

isolates submitted by clinical laboratories to state and local

public health departments and is one of the few laboratories

in North America with the capacity to serotype confirmed iso-

lates. Until 2000, non-O157 STEC infections were not a na-

tionally notifiable disease. Since 2000, the Council of State and

Territorial Epidemiologists has requested that public health de-

partments report STEC infections to the National Notifiable

Diseases Surveillance System. In the present article, we sum-

marize the data from a large convenience sample of sporadic

human non-O157 STEC isolates from the United States that

have been confirmed by the CDC, describing the frequencies

of serotypes, their seasonality, age distribution, the presence of

various virulence factors, and associations between virulence

factors and clinical syndromes.

SUBJECTS, MATERIALS, AND METHODS

Data collection. We reviewed the records for non-O157 STEC

isolates forwarded by state public health laboratories to the

CDC’s reference laboratory between 1983 and 2002 for con-

firmation and serotyping. The documentation required when

submitting specimens to the CDC included the name of the

submitting state, the date of illness and/or specimen collection,

the source (e.g., stool or blood), and the age and sex of the

person from whom the specimen was collected. A presumptive

diagnosis (e.g., diarrhea or HUS) and illness symptoms were

requested but not required. Some of the isolates included in

this national data set (!10% total) may have been included in

previous analyses from contributing jurisdictions [31, 32, 34,

37]. The present investigation followed the guidelines of the

US Department of Health and Human Services with regard to

the protection of human subjects.

Laboratory procedures. Submitted isolates were streaked

onto tryptose blood plates with washed sheep blood (Smith

River Biologicals) and were incubated at 35�C for 18–24 h [38]

The plates were examined at 4 and 18 h for production of

enterohemolysin. Individual colonies, both hemolytic and non-

hemolytic, were then plated on trypticase soy agar with 5%

sheep blood, incubated for 18–24 h, and tested by polymerase

chain reaction for gene sequences encoding the following vir-

ulence factors: Shiga toxins 1 and 2 (stx1 and stx2) [39–41],

intimin (eae) [42], and enterohemolysin (E-hly) [43]. Isolates

that were positive for either or both Shiga toxins were sero-

logically characterized for O and H antigens [44].

Statistical methods. We created a data set with a unique

record for each isolate submitted, eliminating duplicate isolates

that had been submitted from the same person for the same

illness episode. We limited our descriptive analysis to sporadic

disease by excluding any non-O157 STEC isolates that had been

sent to the CDC from the few known US outbreaks. We an-

alyzed dichotomous variables by the x2 test and Fisher’s exact

test and continuous variables by the Wilcoxon rank sum test

(SAS; version 8.0e; SAS Institute). Multivariate analyses were

performed by logistic regression with a backward-elimination

process. We considered associations to be significant if the 95%

confidence interval (CI) excluded 1.0 and (2-tailed).P � .05

RESULTS

Between 1983 and 2002, the CDC confirmed 940 non-O157

STEC isolates that had been submitted by 42 state public health

laboratories and the District of Columbia; 866 (92%) of the

isolates were received after 1996 (figure 1). For 801 (85%) iso-

lates, the clinical specimen source was provided: 794 were from

stool, 4 were from urine, and 3 were from blood. The O-groups

for 123 (13%) isolates could not be determined (i.e., they were

nontypeable or formed rough colonies). The remainder in-

cluded 209 (22%) O26:H11 or NM; 152 (16%) O111:H8 or

NM; 117 (12%) O103:H2, H11, H25, or NM; 80 (8%) O121:

H19 or H7; 63 (7%) O45:H2 or NM; 43 (5%) O145:NM; and

147 other isolates from 55 O-groups (each accounting for �1%

of all isolates) (table 1). The 6 most common serogroups ac-

counted for 664 (71%) of all isolates. No cases were identified

in which 11 STEC strain was isolated during a single illness

episode. Most isolates were collected during the North Amer-

ican summer, between June and September. Incidence peaked

in August, when 18% of all isolates were collected (figure 2).

Other than this seasonality, there was no other evident clus-

tering of isolates from any serotype in time or space in a fashion

that would have suggested an unrecognized outbreak. We found

no statistically significant differences in the proportional dis-

tributions of the 6 most common serotype north and south of

latitudes 36�N and 42�N (data not shown).

Of 676 isolates from persons whose sex was included on the

specimen submission form, 372 (55%) were from women. Of

501 (53%) isolates collected from persons for whom age was

provided, the median age was 12 years (interquartile range

[IQR], 3–37 years); 285 (57%) isolates were from persons �10

years old. There were 357 persons of known age from whom

isolates belonging to the 6 most common serogroups were iso-

lated. The median age of these persons was significantly lower

than that of the 61 persons with isolates belonging to other

serogroups (10 vs. 21 years; ), after exclusion of 83P p .04

http://jid.oxfordjournals.org/
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Figure 1. Human non-O157 Shiga toxin–producing Escherichia coli (STEC) isolates submitted to the Centers for Disease Control and Prevention for
confirmation, by year, 1983–2002 ( ).n p 940

persons of known age from whom non-O157 STEC isolates of

undetermined serogroup were isolated.

Of 292 (31%) isolates submitted with definitive clinical data,

21 (7%) were from persons with HUS and 75 (26%) were from

persons with bloody diarrhea but not HUS (table 2). Data on

age were available for 13 (62%) of the 21 persons from whom

isolates associated with HUS were collected; among these 13,

the median age was 6 years (IQR, 2–10 years). Data on age

were available for 49 (65%) of the 75 persons from whom

isolates associated with bloody diarrhea but not HUS were

collected; among these 49, the median age was 17 years (IQR,

5–51 years).

STEC O111 was the only serogroup statistically associated

with HUS; it was isolated from 10 (48%) of the 21 persons

with HUS, compared with 42 (16%) of the 271 persons without

HUS (relative risk [RR], 4.20 [95% CI, 1.18–9.36]; ).P p .001

STEC O121 was the only serogroup statistically associated with

bloody diarrhea; it was isolated from 13 (17%) of the 75 persons

with bloody diarrhea but not HUS, compared with 9 (4%) of

the 217 persons without bloody diarrhea (RR, 2.57 [95% CI,

1.71–3.88]; ).P p .001

Multivariate analyses examining the relationships between

virulence gene profiles (singly and in all permutations, up to

and including the combination of all 4 genes evaluated) and

HUS demonstrated a statistically significant increased risk of

HUS associated with stx2: 20 (93%) of the 21 persons with HUS

provided isolates with detectable stx2, compared with 88 (33%)

of the 271 persons without HUS (estimated odds ratio [OR],

32.0 [95% CI, 4.26–240]; ). Similar analyses demon-P p .008

strated a statistically significant increased risk of bloody diar-

rhea without HUS associated with eae: 70 (93%) of the 75

persons with bloody diarrhea but without HUS provided iso-

lates with detectable eae, compared with 184 (86%) of the 214

persons without bloody diarrhea (OR 5.26 [95% CI, 1.60–17.3];

). All associations remained robust and of comparableP p .006

magnitude when the univariate and multivariate analyses in-

cluded all isolates, regardless of clinical data.

DISCUSSION

This comprehensive evaluation of non-O157 STEC isolates

from persons in the United States found that 6 (O26, O111,

O103, O121, O45, and O145) of the 61 serogroups identified

accounted for 71% of the isolates recovered from 1983 to 2002.

Three of these serogroups (O26, O111, and O103) accounted

for 50% of the isolates. The non-O157 STEC demonstrated a

summer seasonality, similar to that for the STEC O157:H7 [45,

46], and were isolated more frequently from children.

The virulence gene stx2 was significantly associated with an

increased risk of HUS in persons infected with non-O157 STEC

in the United States, which is consistent with similar findings

reported from the United Kingdom [47]. Surveys have shown

that the vast majority of North American STEC O157:H7 iso-

lates associated with HUS possess stx2 alone or in combination

with stx1 and that only a small fraction possess stx1 but not stx2

[4, 46, 48]; we found a similar distribution of Shiga toxin genes

among the non-O157 STEC isolates associated with HUS. Stud-

ies conducted elsewhere in the world examining the association

between HUS and virulence factors in STEC collections, some

of which included O157:H7, have similarly shown that stx2 is

the factor most strongly associated with the development of

HUS [20, 47, 49–54]. Although the mechanism by which Shiga

toxin 2 causes HUS is not fully understood, the active site of

this molecule is considerably more accessible than the active

site of Shiga toxin 1, which may explain the stronger association

between this virulence factor and disease [55].
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Table 1. Human non-O157 Shiga toxin–producing Escherichia coli isolates submitted to the Centers for Disease Control and Prevention
(CDC) for confirmation and prevalence of associated virulence genes, by serotype, 1983–2002.

Serogroup

Age of donor,
median (IQR),

yearsa

Shiga toxin

eae E-hlystx1 alone stx2 alone stx1 and stx2

O26 (n p 209) 6 (2–18) 182/208 (88) 4/208 (2) 22/208 (11) 198/202 (98) 195/202 (96)
O111 (n p 152) 6 (2–21) 65/152 (43) 0/152 (0) 87/152 (57) 146/149 (98) 139/149 (93)
O103 (n p 117) 17 (3–31) 117/117 (100) 0/117 (0) 0/117 (0) 115/115 (100) 114/115 (99)
O121 (n p 80) 10 (4–34) 1/80 (1) 72/80 (90) 7/80 (9) 73/75 (97) 69/75 (92)
O45 (n p 63) 25 (13–48) 62/63 (98) 0/63 (0) 1/63 (2) 62/63 (98) 60/63 (95)
O145 (n p 43) 18 (6–42) 18/43 (42) 19/43 (44) 6/43 (14) 42/42 (100) 42/42 (100)
O165 (n p 14) 20 (8–66) 0/14 (0) 7/14 (50) 7/14 (50) 13/14 (93) 13/14 (93)
O118 (n p 9) 36 (2–52) 9/9 (100) 0/9 (0) 0/9 (0) 8/8 (100) 8/8 (100)
O91 (n p 8) 42 (30–46) 4/8 (50) 1/8 (12) 3/8 (38) 0/8 (0) 4/8 (50)
O113 (n p 8) 19 (10–41) 0/8 (0) 6/8 (75) 2/8 (25) 0/8 (0) 5/8 (62)
O153 (n p 7) 10 (9–11) 7/7 (100) 0/7 (0) 0/7 (0) 7/7 (100) 7/7 (100)
O146 (n p 6) 69 (64–74) 5/6 (83) 1/6 (17) 0/7 (0) 0/6 (0) 2/6 (33)
O174 (n p 6) 51 (21–75) 0/6 (0) 6/6 (100) 0/6 (0) 0/6 (0) 0/6 (0)
Other (n p 95)b 27 (7–62) 29/95 (30) 46/95 (48) 20/95 (20) 29/94 (31) 39/93 (42)
Undetermined (n p 123) 27 (7–62) 71/123 (58) 38/123 (31) 14/123 (11) 82/121 (68) 96/121 (79)

Total (n p 940) 15 (5–41) 570/939 (61) 200/939 (21) 169/939 (18) 775/918 (84) 793/917 (86)

NOTE. Data are proportion (%) of isolates, unless otherwise noted. IQR, interquartile range.
a For isolates for which the age of the person providing the specimen was included with submission to the CDC.
b For O22, O28, and O88, 5 isolates each (!1%); for 0119, O128, and O172, 4 isolates each (!1%); for O6, O8, O60, O63, O104, O117, and O126, 3 isolates

each (!1%); for O2, O14, O49, O50, O55, O73, O75, O96, O109, O110, O137, and O163, 2 isolates each (!1%); and for O1, O4, O5, O21, O38, O46, O48,
O51, O77, O79, O83, O84, O86, O116, O124, O125, O140, O142, O143, O159, O168, O171, and O53/O117, 1 isolate each (!1%).

We also identified an independent association between eae

and bloody diarrhea; eae encodes the protein intimin, which

facilitates attaching and effacing lesions on the gut epithelium

and may explain, in part, the association between this virulence

factor and bloody diarrhea. Bloody diarrhea has also been as-

sociated with stx2, with or without other factors [52, 56]. The

association with stx2 remains controversial [34, 57], with some

authors proposing that the bloody diarrhea observed during

STEC infections may more likely be related to virulence factors

other than Shiga toxins [34, 58].

Our data demonstrate that STEC O111 is the second most

common bacterial cause of HUS in the United States, after

STEC O157:H7. STEC O111 was identified as the etiological

agent for 3 of 7 reported outbreaks of non-O157 STEC sero-

types; 2 of the STEC O111 outbreaks included cases of HUS.

Eleven (52%) of the 21 non-O157 STEC isolates associated

with HUS were STEC O111; none were isolates from the 3

recognized outbreaks. An association between STEC O111 and

HUS has also been observed in other countries [59].

The association we observed between HUS and stx2 was not,

however, a marker for infection with STEC O111, even though

9 (90%) of the 10 STEC O111 isolates associated with HUS

were stx2 positive. Our multivariate analysis included as vari-

ables only virulence genes, which (like other investigators) we

believe to be the driving force in the etiology of STEC-associ-

ated illness. When serotype was included in the multivariate

models, we were not surprised to find a statistically significant

association between HUS and STEC O111 (OR 2.89 [95% CI

1.15–7.23]; ); however, the association between HUSP p .024

and stx2 remained robust and was more significant (OR, 27.2

[95% CI, 3.60–205]; ).P p .001

We did not receive submissions from cases of illness yield-

ing 2 or more different STEC isolates. The lack of these cases

in our collection is likely due, in large part, to common cul-

turing practices that are not sensitive enough to recover 11

different STEC isolate from a stool specimen. Studies are

needed to evaluate specimens for mixed STEC infections and

to assess the prevalence of such infections, particularly their

association with severe illness.

Our survey was limited to isolates sent to the CDC reference

laboratory and does not represent the results of formal sur-

veillance. Nonetheless, this large convenience sample provides

the most informative data on non-O157 STEC infections in

the United States. A convenience sample is subject to a number

of biases. Most infections are not detected, because clinical

laboratories do not test specimens for non-O157 STEC. Con-

versely, laboratories equipped to identify STEC may have iso-

lated strains and not sent them to the CDC. However, the

number of non-O157 STEC isolates not submitted to the CDC

was likely small, because most US clinical and public health

laboratories lacked the resources for serotyping E. coli during

the survey period. It is likely that some clinical laboratories

identified Shiga toxin–positive specimens but did not submit

an isolate for serotyping. Although we cannot assess the extent
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Table 2. Prevalence of virulence genes among 21 human non-O157 Shiga toxin–producing Esch-
erichia coli (STEC) isolates associated with hemolytic-uremic syndrome (HUS) and 75 non-O157
STEC isolates associated with bloody diarrhea, 1983–2002.

Disease, serogroup

Shiga toxin

eae E-hlystx1 alone stx2 alone stx1 and stx2

HUS
O111 (n p 10) 1/10 (10) 0/10 (0) 9/10 (90) 9/9 (100) 8/9 (89)
Othera (n p 11) 0/11 (0) 8/11 (73) 3/11 (27) 7/11 (64) 8/11 (73)

Total (n p 21) 1/21 (5) 8/21 (38) 12/21 (57) 16/20 (80) 16/20 (80)
Bloody diarrhea

O26 (n p 12) 10/12 (83) 0/12 (0) 2/12 (17) 12/12 (100) 12/12 (89)
O111 (n p 8) 4/8 (50) 0/8 (0) 4/8 (50) 7/8 (88) 8/8 (100)
O103 (n p 12) 12/12 (100) 0/12 (0) 0/12 (0) 12/12 (100) 12/12 (100)
O121 (n p 13) 0/13 (0) 13/13 (100) 0/13 (0) 12/13 (92) 12/13 (92)
O45 (n p 10) 10/10 (100) 0/10 (0) 0/10 (0) 10/10 (100) 9/10 (90)
O145 (n p 4) 1/4 (25) 2/4 (50) 1/4 (25) 4/4 (100) 4/4 (100)
Otherb (n p 9) 3/9 (33) 5/9 (56) 1/9 (11) 6/9 (67) 6/9 (67)
Undetermined (n p 7) 6/7 (86) 0/7 (0) 1/7 (14) 7/7 (100) 7/7 (100)

Total (n p 75) 46/75 (61) 20/75 (27) 9/75 (12) 70/75 (93) 70/75 (93)

NOTE. Data are proportion (%) of isolates.
a For O14, O22, O26, O50, O79, O113, O121, O137, O145, O165, and O172, 1 isolate each.
b For O8, O49, O79, O117, O118, O137, O140, O143, and O165, 1 isolate each.

Table 3. Reported outbreaks of human non-O157 Shiga toxin–producing Escherichia coli infections in the United States, 1983–2002.

Year Serogroup State
No. of ill
persons

Serologically
confirmed

Suspected
exposure/

vehicle HUS reported

Exposure/
vehicle

confirmed Reference

1990 O111 Ohio 5 Yes Undetermined Yes No [7]
1994 O104 Montana 18 Yes Milk No No [6]
1999 O121 Connecticut 11 Yes Lake water Yes No [60]
1999 O111 Texas 56 Yes Salad bar Yes No [10]
2000 O103 Washington 18 Yes Punch Yes No Unpublisheda

2001 O111 South Dakota 3 No Day care No No [61]
2001 O26 Minnesota 4 No Lake water No No Unpublisheda

NOTE. HUS, hemolytic-uremic syndrome.
a Unpublished data reported to the Centers for Disease Control and Prevention (presented with permission from the Washington State Department of Health

and the Minnesota Department of Public Health).

of this activity, we have no reason to believe that there was a

systematic exclusion bias that would have altered the distri-

bution of serogroups we describe here. Formal surveillance

could ameliorate these biases and provide more-informative

data by better describing the spectrum of STEC serotypes that

cause disease, their frequency and geographic distribution, and

the clinical illness they cause.

We received clinical data for only one-third of specimens;

we assumed that the isolates we received were forwarded to

public health laboratories by clinical facilities for the diagnos-

tic evaluation of illness. Although both diarrhea and HUS are

well-characterized conditions, use of a standardized diagnosis

on the specimen submission form was not required; the di-

agnoses included on the forms were assigned at the discretion

of the submitter on the basis of available clinical information,

which may have been limited and led to underreporting. Di-

agnosis of non-O157 STEC infection may have been pursued

more aggressively in very ill persons, particularly those with

bloody diarrhea or HUS. A high proportion of isolates that

were included in small, previous series were from patients with

more-severe illness [34], suggesting that some of the patients

with missing clinical data also had severe illness. This classi-

fication error would alter the statistical associations of HUS

and bloody diarrhea with non-O157 serogroups and virulence

factors we observed; however, without better clinical data, we

cannot speculate reliably to what degree. The associations we

found are consistent with the findings of previous reports and

are biologically plausible. The present study was unable to an-

alyze important questions regarding the clinical care of persons

with STEC infection, such as the benefit or harm resulting from
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Figure 2. Human non-O157 Shiga toxin–producing Escherichia coli isolates submitted to the Centers for Disease Control and Prevention for
confirmation, by month of illness onset or specimen collection, 1983–2002 ( ).n p 940

the use of antibiotics in the treatment of non-O157 STEC in-

fection; clinical complications of these infections other than

HUS (e.g., stroke); length of illness; and period of bacterial

shedding. At a minimum, future surveillance-based case re-

porting of non-O157 STEC infections should indicate defini-

tively whether bloody diarrhea and HUS were present or absent

by use of standardized definitions.

The present study included only sporadic infections with non-

O157 STEC. From 1992 to 2002, 7 outbreaks of non-O157 STEC

infections were reported in the United States (table 3); 5 were

serologically confirmed. Three were caused by STEC O111, and

1 each was caused by STEC O26, O103, O104, and O121. Ep-

idemiologic investigation associated 6 outbreaks with specific ex-

posures (3 foodborne and 3 environmental); however, a vehicle

was microbiologically confirmed in none. Improved surveillance

and awareness of non-O157 STEC as pathogens will improve the

identification and reporting of outbreaks, which may be currently

underrecognized.

Most non-O157 STEC cannot be visually distinguished from

nonpathogenic E. coli on differential plating media (e.g., sor-

bitol MacConkey’s agar [SMAC]), which until recently was the

principal method used to screen bloody diarrhea and specimens

from persons with HUS for STEC O157:H7. O157:H7 colonies

appear pale, whereas other E. coli, including most non-O157

STEC, appear pink. Screening for non-O157 STEC has been

facilitated by new assays that detect Shiga toxin; submission of

non-O157 STEC isolates to the CDC for confirmation increased

substantially after the commercial introduction of Shiga tox-

in EIAs (figure 1). Notably, simultaneous culture of stools on

SMAC and screening for Shiga toxin by EIA has identified more

STEC than has either procedure alone [33, 62].

The advent of Shiga toxin EIAs has substantially increased

the capacity of community-based laboratories to diagnose non-

O157 STEC infections. Before the mid-1990s, diagnosis was

limited to a few academic and public health laboratories with

specialized capacity. Although the 74 isolates received before

the mid-1990s may be less representative of community-based

illness, we have presented data from both before and after the

development of Shiga toxin EIAs to illustrate how these assays

can enhance routine surveillance for non-O157 STEC. The pro-

portional distribution of serotypes among the 866 isolates re-

ceived during the period 1997–2002 was not significantly dif-

ferent from that among all 940 isolates. Inclusion of isolates

from both periods would not affect our analysis of the associ-

ations between clinical syndromes and virulence factors.

Although direct testing of stool by use of these EIAs to detect

the presence of Shiga toxin–producing bacteria might seem to

obviate the clinical need to culture stool, the importance of

obtaining STEC isolates for public health surveillance cannot

be overemphasized. Non-O157 STEC may be as common a

cause of diarrhea as other, better recognized bacterial agents.

Notably, most of the isolates we received from persons de-

scribed as having diarrhea were not described as having either

bloody diarrhea or HUS, and these persons may have presented

with clinical symptoms similar to those of infections with oth-

er enteric pathogens. The low infectious dose of some non-

O157 STEC genotypes and their potential to cause severe life-

threatening illness, particularly among children, make these

agents an important public health concern. For this reason, it

is essential that Shiga toxin–positive specimens or isolates be

forwarded to public health laboratories for serological and mo-

lecular characterization of the Shiga toxin–producing organ-

isms; identification of the toxin alone is inadequate and should

not be used to replace culture and serotyping.

Improved national surveillance will advance our understand-

ing of the epidemiology of non-O157 STEC infections and

allow us to monitor changes in the frequency with which major

serogroups cause illness over time. We strongly encourage cli-

nicians to consider STEC infection when diagnosing illnesses

and clinical laboratories to consider screening all specimens
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from persons with diarrhea for STEC, both O157 and non-

O157. If screening all specimens for non-O157 STEC is im-

practical, then we advise, at a minimum, evaluating specimens

from persons with bloody diarrhea or HUS; this practice could

be reserved for specimens that do not yield STEC O157. Mo-

lecular methods, such as Shiga toxin EIAs, should be used in

tandem with culture and serotyping and never alone. At this

time, isolating and serotyping E. coli isolates that are positive

for Shiga toxin is the only way to monitor trends, to detect

emerging STEC serotypes, and to define their epidemiology.

Providing public health laboratories with the expertise and an-

tisera needed to identify STEC that belong to the 6 major non-

O157 serogroups is a first step that could speed the identifi-

cation of outbreaks and improve our overall understanding of

STEC.

Acknowledgments

We are indebted to the many clinicians and laboratorians who initially
evaluated the patients and their specimens and to the persons in public
health laboratories who provided the isolates. We are grateful to Dr. Robert
Tauxe, for his indispensable advice and insights.

References

1. Johnson RP, Clarke RC, Wilson JB, et al. Growing concerns and recent
outbreaks involving non-O157:H7 serotypes of verotoxigenic Esche-
richia coli. J Food Prot 1996; 59:1112–22.

2. Strockbine NA, Wells JG, Bopp CA, Barrett TJ. Overview of detection
and subtyping methods. In: Kaper JB, O’Brien AD, eds. Escherichia coli
O157:H7 and other Shiga toxin-producing E. coli strains. Washington,
DC: American Society for Microbiology Press, 1998:331–56.

3. Bettelheim KA. Role of non-O157 VTEC. Symp Ser Soc Appl Microbiol
2000; 88(Suppl):S38–50.

4. Mead PS, Griffin PM. Escherichia coli O157:H7. Lancet 1998; 352:
1207–12.

5. Besser RE, Griffin PM, Slutsker L. Escherichia coli O157:H7 gastro-
enteritis and the hemolytic uremic syndrome: an emerging infectious
disease. Annu Rev Med 1999; 50:355–67.

6. Anonymous. Outbreak of acute gastroenteritis attributable to Esche-
richia coli serotype O104:H21—Helena, Montana, 1994. MMWR Morb
Mortal Wkly Rep 1995; 44:501–3.

7. Banatvala N, Debeukelaer MM, Griffin PM, et al. Shiga-like toxin-
producing Escherichia coli O111 and associated hemolytic-uremic syn-
drome: a family outbreak. Pediatr Infect Dis J 1996; 15:1008–11.

8. Tarr PI, Fouser LS, Stapleton AE, et al. Hemolytic-uremic syndrome
in a six-year-old girl after a urinary tract infection with Shiga-toxin-
producing Escherichia coli O103:H2. N Engl J Med 1996; 335:635–8.

9. Fey PD, Wickert RS, Rupp ME, Safranek TJ, Hinrichs SH. Prevalence
of non-O157:H7 Shiga toxin-producing Escherichia coli in diarrheal
stool from Nebraska. Emerg Infect Dis 2000; 6:530–3.

10. Brooks JT, Bergmire-Sweat D, Kennedy M, et al. Outbreak of Shiga
toxin–producing Escherichia coli O111:H8 infections among attendees
of a high school cheerleading camp. Clin Infect Dis 2004; 38:190–8.

11. Tanaka H, Ohseto M, Yamashita Y, et al. Bacteriological investigation
on an outbreak of acute enteritis associated with verotoxin-producing
Escherichia coli O111:H- [in Japanese]. Kansenshogaku Zasshi 1989;
63:1187–94.

12. Caprioli A, Luzzi I, Rosmini F, et al. Community-wide outbreak of

hemolytic-uremic syndrome associated with non-O157 verocytotoxin-
producing Escherichia coli. J Infect Dis 1994; 169:208–11.

13. Anonymous. Community outbreak of hemolytic uremic syndrome at-
tributable to Escherichia coli O111:NM—South Australia, 1995. MMWR
Morb Mortal Wkly Rep 1995; 44:550–1, 7–8.

14. Blanco JE, Blanco M, Molinero ME, Peiro E, Mora A, Blanco J. Brote
de gastroenteritis asociado con un Escherichia coli vertoxigenico O111:
H- VT1+ eae+. Alimentaria 1996; 275:109–13.

15. Huppertz HI, Busch D, Schmidt H, Aleksic S, Karch H. Diarrhea in
young children associated with Escherichia coli non-O157 organisms
that produce Shiga-like toxin. J Pediatr 1996; 128:341–6.

16. Pierard D, Moriau L, Stevens D, Lauwers S. Ten years of screening for
VTEC in stool culture samples [abstract 217]. In: Abstracts from the
4th International Symposium and Workshop on Shiga Toxin (Vero-
cytotoxin)-Producing Escherichia coli Infections (Kyoto). Kyoto: VTEC
2000 Organizing Committee, 2000.

17. Caprioli A, Tozzi AE, Rizzoni G, Karch H. Non-O157 Shiga toxin-
producing Escherichia coli infections in Europe [letter]. Emerg Infect
Dis 1997; 3:578–9.

18. Beers M, Lanser J. Screening for Shiga toxin-producing Escherichia coli
in South Australia. Microbiol Aust 1997; 18:16–7.

19. Bonnet R, Souweine B, Gauthier G, et al. Non-O157:H7 stx2-produc-
ing Escherichia coli strains associated with sporadic cases of hemolytic-
uremic syndrome in adults. J Clin Microbiol 1998; 36:1777–80.

20. Beutin L, Zimmerman S, Gleier K. Human infections with Shiga-tox-
in producing Escherichia coli other than serogroup O157 in Germany.
Emerg Infect Dis 1998; 4:635–9.

21. Werber D, Fruth A, Liesegang A, et al. A multistate outbreak of Shiga
toxin–producing Escherichia coli O26:H11 infections in Germany, de-
tected by molecular subtyping surveillance. J Infect Dis 2002; 186:419–22.

22. Mead PS, Slutsker L, Dietz V, et al. Food-related illness and death in
the United States. Emerg Infect Dis 1999; 5:607–25.

23. Pai CH, Ahmed N, Lior H, Johnson WM, Sims HV, Woods DE. Ep-
idemiology of sporadic diarrhea due to verocytotoxin-producing Esch-
erichia coli: a two-year prospective study. J Infect Dis 1988; 157:1054–7.

24. Ritchie M, Partington S, Jessop J, Kelly MT. Comparison of a direct
fecal Shiga-like toxin assay and sorbitol-MacConkey agar culture for
laboratory diagnosis of enterohemorrhagic Escherichia coli infection. J
Clin Microbiol 1992; 30:461–4.

25. Bokete TN, O’Callahan CM, Clausen CR, et al. Shiga-like toxin-pro-
ducing Escherichia coli in Seattle children: a prospective study. Gastro-
enterology 1993; 105:1724–31.

26. Begue RE, Neill MA, Papa EF, Dennehy PH. A prospective study of
Shiga-like toxin-associated diarrhea in a pediatric population. J Pediatr
Gastroenterol Nutr 1994; 19:164–9.

27. Ramotar K, Henderon E, Szumski R, Louie TJ. Impact of free verotoxin
testing on epidemiology of diarrhea caused by verotoxin-producing
Escherichia coli. J Clin Microbiol 1995; 33:1114–20.

28. Park CH, Gates KM, Vandel NM, Hixon DL. Isolation of Shiga-like
toxin producing Escherichia coli (O157 and non-O157) in a community
hospital. Diagn Microbiol Infect Dis 1996; 26:69–72.

29. Kehl K, Havens SP, Behnke CE, Acheson DWK. Evaluation of the
premier EHEC assay for detection of Shiga toxin-producing Escherichia
coli. J Clin Microbiol 1997; 35:2051–4.

30. Acheson D, Ngo T, Chitrakar R. Prevalence of O157 and non-O157
STEC in the United States [abstract 225]. In: Abstracts from the 4th
International Symposium and Workshop on Shiga Toxin (Verocy-
totoxin)-Producing Escherichia coli Infections (Kyoto). Kyoto: VTEC
2000 Organizing Committee, 2000.

31. Fiorentino T, Hurd S, Howard R, Welles C, Phan Q, Hadler JL. Emer-
gence of nonculture methods for detecting Shiga toxin-producing E.
coli (STEC) in Connecticut (CT) laboratories, 2000 [abstract C-166].
In: Abstracts and program book for the 101st General Meeting of the
American Society for Microbiology (Orlando). Orlando: American So-
ciety for Microbiology, 2001. Available at: http://www.asm.org/
memonly/abstracts/AbstractView.asp?AbstractIDp47955. Last ac-
cessed 2 September 2005.

 

http://jid.oxfordjournals.org/


US Non-O157 STEC Infections, 1983–2002 • JID 2005:192 (15 October) • 1429

32. Nims L, Horensky DS, Buck LL, et al. Isolation of Shiga toxin-pro-
ducing Escherichia coli in New Mexico [abstract C-165]. In: Abstracts
and program book for the 101st General Meeting of the American
Society for Microbiology (Orlando). Orlando: American Society for
Microbiology, 2001. Available at: http://www.asm.org/memonly/
abstracts/AbstractView.asp?AbstractIDp47865. Last accessed 2 Sep-
tember 2005.

33. Klein EJ, Stapp JR, Clausen CR, et al. Shiga toxin-producing Escherichia
coli in children with diarrhea: a prospective point-of-care study. J Pe-
diatr 2002; 141:172–7.

34. Jelacic JK, Damrow T, Chen GS, et al. Shiga toxin-producing Escherichia
coli in Montana: bacterial genotypes and clinical profiles. J Infect Dis
2003; 188:719–29.

35. Caprioli A, Tozzi AE. Epidemiology of Shiga toxin-producing Esche-
richia coli infections in continental Europe. In: Kaper JB, O’Brien AD,
eds. Escherichia coli O157:H7 and other Shiga toxin-producing E. coli
strains. Washington, DC: American Society for Microbiology Press,
1998:38–48.

36. Blanco JE, Blanco M, Alonso MP, et al. Serotypes, virulence genes, and
intimin types of Shiga toxin (verotoxin)-producing Escherichia coli
isolates from human patients: prevalence in Lugo, Spain, from 1992
through 1999. J Clin Microbiol 2004; 42:311–9.

37. Penney TM, Doing KM. Prevalence and detection of Shiga-toxin pro-
ducing E. coli in Maine [abstract C-516]. In: Abstracts and program
book for the 101st General Meeting of the American Society for Mi-
crobiology (Orlando). Orlando: American Society for Microbiology,
2001. Available at: http://www.asm.org/memonly/abstracts/AbstractView
.asp?AbstractIDp47909. Last accessed 2 September 2005.

38. Beutin L, Montenegro MA, Orskov I, et al. Close association of ver-
otoxin (Shiga-like toxin) production with enterohemolysin production
in strains of Escherichia coli. J Clin Microbiol 1989; 27:2559–64.

39. Olsvik O, Rimstad E, Hornes E, et al. A nested PCR followed by
magnetic separation of amplified fragments for detection of Escherichia
coli Shiga-like toxin genes. Mol and Cell Probes 1991; 5:429–35.

40. Louie M, de Azavedo J, Clarke R, et al. Sequence heterogeneity of the
eae gene and detection of verotoxin-producing Escherichia coli using
serotype-specific primers. Epidemiol Infect 1994; 112:449–61.

41. Reischl U, Youssef MT, Kilwinski J, et al. Real-time fluorescence PCR
assays for detection and characterization of Shiga toxin, intimin, and
enterohemolysin genes from Shiga toxin-producing Escherichia coli. J
Clin Microbiol 2002; 40:2555–65.

42. Karch H, Bohm H, Schmidt H, Gunzer F, Aleksic S, Heesemann J.
Clonal structure and pathogenicity of Shiga-like toxin-producing, sor-
bitol-fermenting Escherichia coli O157:H-. J Clin Microbiol 1993; 31:
1200–5.

43. Fratamico J, Franke S, Schmidt A, et al. Detection of Escherichia coli
O157:H7 by multiplex PCR. J Clin Microbiol 1995; 33:2188–91.

44. Ewing WH. Indentification of Enterobacteriaciae. 4th ed. New York:
Elsevier Science Publishing, 1986.

45. Parry SM, Palmer SR. The public health significance of VTEC O157.
Symp Ser Soc Appl Microbiol 2000; 88(Suppl):S1-9.

46. Slutsker L, Ries AA, Greene KD, Wells JG, Hutwagner L, Griffin PM.
Escherichia coli O157:H7 diarrhea in the United States: clinical and
epidemiologic features. Ann Intern Med 1997; 126:505–13.

47. Jenkins C, Willshaw GA, Evans J, et al. Subtyping of virulence genes

in verocytotoxin-producing Escherichia coli (VTEC) other than sero-
group O157 associated with disease in the United Kingdom. J Med
Microbiol 2003; 52:941–7.

48. Cimolai N, Basalyga S, Mah DG, Morrison BJ, Carter JE. A continu-
ing assessment of risk factors for the development of Escherichia coli
0157:H7-associated hemolytic uremic syndrome. Clin Nephrol 1994;
42:85–9.

49. Ostroff SM, Tarr PI, Neill MA, Lewis JH, Hargrett-Bean N, Kobayashi
JM. Toxin genotypes and plasmid profiles as determinants of systemic
sequelae in Escherichia coli O157:H7 infections. J Infect Dis 1989; 160:
994–8.

50. Eklund M, Leino K, Siitonen A. Clinical Escherichia coli strains carrying
stx genes: stx variants and stx-positive virulence profiles. J Clin Micro-
biol 2002; 40:4585–93.

51. Friedrich AW, Bielaszewska M, Zhang WL, et al. Escherichia coli har-
boring Shiga toxin 2 gene variants: frequency and association with
clinical symptoms. J Infect Dis 2002; 185:74–84.

52. Ethelberg S, Olsen KEP, Scheutz F, et al. Virulence factors for hemolytic
uremic syndrome, Denmark. Emerg Infect Dis 2004; 10:842–7.

53. Boerlin P, McEwen SA, Bioerlin-Petzold F, Wilson JB, Johnson RP,
Gyles CL. Associations between virulence factors of Shiga toxin-pro-
ducing Escherichia coli and disease in humans. J Clin Microbiol 1999;37:
497–503.

54. Werber D, Fruth A, Buchholz U, et al. Strong association between
Shiga toxin-producing Escherichia coli O157 and virulence genes stx2
and eae as possible explanation for predominance of serogroup O157
in patients with haemolytic uraemic syndrome. Eur J Clin Microbiol
Infect Dis 2003; 22:726–30.

55. Fraser ME, Fujinaga M, Cherney MM, et al. Structure of Shiga toxin
type 2 (Stx2) from Escherichia coli O157:H7. J Biol Chem 2004; 279:
27511–7.

56. Werber D, Fruth A, Heissenhuber A, et al. Shiga toxin–producing
Escherichia coli O157 more frequently cause bloody diarrhea than do
non-O157 strains [letter]. J Infect Dis 2004; 189:1335–6.

57. Tarr PI, Damrow T. Reply to Werber et al. [letter]. J Infect Dis 2004;189:
1336–7.

58. Welinder-Olsson C, Badenfors M, Cheasty T, Kjellni E, Kaijser B. Ge-
netic profiling of enterohemorrhagic Escherichia coli strains in relation
to clonality and clinical signs of infection. J Clin Microbiol 2002; 40:
959–64.

59. Scheutz F, Beutin L, Smith HR. Characterization of non-O157 vero-
cytotoxigenic E. coli (VTEC) isolated from patients with haemolytic
uremic syndrome (HUS) world-wide from 1982–2000 [abstract 203].
In: Abstracts from the 4th International Symposium and Workshop
on Shiga Toxin (Verocytotoxin)-Producing Escherichia coli Infections
(Kyoto). Kyoto: VTEC 2000 Organizing Committee, 2000.

60. McCarthy TA, Barrett NL, Hadler JL, et al. Hemolytic-uremic syn-
drome and Escherichia coli O121 at a lake in Connecticut, 1999. Pe-
diatrics 2001; 108:E59.

61. Carlson C. Investigation of an Escherichia coli O111:NM outbreak in
a daycare in South Dakota [abstract: session 28, board 80]. In: Inter-
national Conference on Emerging Infectious Diseases 2002 (Atlanta).
Atlanta: Centers for Disease Control and Prevention, 2002.

62. Cohen M. Shiga toxin-producing E. coli: Two tests are better than one
[commentary]. J Pediatr 2002; 141:155–6.

 

http://jid.oxfordjournals.org/

	Non-O157 Shiga Toxin–Producing Escherichia coli Infections in the United States, 1983–2002
	
	Authors

	tmp.1347901242.pdf.XAQWQ

	Text6:     This article is a U.S. government work, and is not subject to copyright in the United States.


