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Background: In August 2008, the largest known US
serotype 1 Escherichia coli O111 outbreak occurred in
Oklahoma, causing 341 illnesses, including hemolytic
uremic syndrome (HUS). HUS is not well described in
non-O157 E coli outbreaks but occurs in 2% to 15% of
O157 infections, predominantly among children. We
examined outbreak-related hospitalizations to charac-
terize E coli O111 illness, the HUS attack rate, and fac-
tors associated with subsequent HUS diagnosis among
hospitalized patients.

Methods: Medical records were reviewed for clinical pre-
sentation and evidence of HUS among hospitalized pa-
tients identified during the outbreak investigation. Char-
acteristics of hospitalized patients with vs without HUS
were compared.

Results: HUS was identified in 26 of 156 (16.7%) con-
firmed or probable E coli O111 infections; 65.4% of pa-
tients with HUS required dialysis, and 1 patient died. The

median age of patients with HUS was 43.5 years (age
range, 1-88 years); adults composed 57.7% of HUS cases.
Characteristics at hospital admission associated with sub-
sequent HUS diagnosis included white blood cell count
of at least 20 000/µL (adjusted odds ratio [aOR], 11.3;
95% confidence interval [CI], 1.7-75.3), elevated serum
creatinine level for age (9.7; 1.4-69.2), and vomiting be-
fore hospital admission (6.8; 1.5-31.3). Administration
of antimicrobial agents (risk ratio [RR], 1.0; 95% CI, 0.5-
1.8) or medication with antimotility effects (1.4; 0.6-
2.9) was not associated with subsequent HUS.

Conclusions: The HUS attack rate in this E coli O111
outbreak was comparable to that for E coli O157–
related illnesses, but most cases occurred among adults.
On admission, factors associated with subsequent HUS
can identify patients who require close monitoring and
early aggressive supportive care to improve outcomes.
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H EMOLYTIC UREMIC SYN-
drome (HUS) is an ill-
ness characterized by
acute kidney injury,
thrombocytopenia, and

microangiopathic hemolytic anemia. Many
patients with HUS require dialysis dur-
ing the acute illness, and some develop
complications from HUS (eg, hyperten-
sion, neurologic deficits, or chronic kid-
ney disease). Approximately 280 cases

were reported in the United States in 2006,
reflecting an incidence of 0.11 cases per
100 000 population; more than 50% oc-
curred among children younger than 5
years.1 HUS most commonly occurs after
a diarrheal illness caused by infection with
Shiga toxin–producing Escherichia coli
(STEC). In the United States, the most

common serotype in STEC gastrointesti-
nal tract infections is O157, causing an es-
timated 73 000 illnesses annually,2 with
HUS developing in 2% to 15%.3-6 Non-
O157 STEC causes an estimated 37 000 ill-
nesses annually in the United States.2 Af-
ter E coli O26, the second most common
non-O157 STEC isolated from speci-
mens submitted to the Centers for Dis-
ease Control and Prevention between 1983
and 2002 was the serotype E coli O111.7

Similar to E coli O157, other serotypes can
cause HUS, but the illness and HUS attack
rates associated with non-O157 sero-
types are not well characterized.

In an Australian laboratory between
1987 and 1994, E coli O111 accounted for
50% of non-O157 STEC isolated from pa-
tients with HUS.8 In a 1995 Australian E
coli O111 outbreak, 90% of 20 patients
with HUS required dialysis, 65% experi-
enced acute hypertension, 45% experi-
enced central nervous system events, and
5% died.9 Compared with sporadic HUS
cases in Australia, the O111 outbreak had
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a larger proportion of cases with bloody stools, a higher
rate of dialysis, and more chronic sequelae. Other STEC
O111 outbreaks have been reported in Western Europe
and Japan,10-12 but only a limited number of STEC O111
outbreaks have been described in the United States.13-16

An outbreak of bloody diarrhea among patrons of an
independently owned, country buffet–style restaurant in
Oklahoma was caused by E coli O111:nonmotile. Restau-
rant exposure for all outbreak-related cases occurred Au-
gust 10 2008, to August 24, 2008, and restaurant expo-
sure dates for persons with confirmed O111 infections
ranged from August 15, 2008, to August 24, 2008. Ap-
proximately 341 persons became ill (including 156 con-
firmed or probable STEC O111 cases and 185 suspected
cases); 1 patient died and more than 70 were hospitalized,
some with HUS. This is the largest reported outbreak of
STEC O111 in the United States to date and the largest num-
ber of US outbreak–related HUS cases from a non-O157
STEC serotype. This study characterizes hospitalized pa-
tients associated with the E coli O111 outbreak to better
understand the spectrum of non-O157 STEC illness and
risk factors for HUS.

METHODS

DEFINITIONS

Case definitions for outbreak-related E coli O111 illness and HUS
classification for this study are given in Table1. Escherichia coli
O111 classifications for the overall outbreak and by hospitaliza-
tion and HUS status are shown in the Figure. Patients with HUS
had to have acute kidney injury, thrombocytopenia, and anemia

with or without evidence of microangiopathic changes on blood
smear. All hospitalized patients related to the overall outbreak
who did not meet the case definition for confirmed or probable
HUSwereconsideredacomparisongroupofpatientswithoutHUS.
Race/ethnicity was determined by self-report.

CASE SELECTION

Analysis was limited to 72 persons who met the following cri-
teria for outbreak-related illness and were hospitalized for this
illness: persons who had consumed food from the implicated
restaurant August 10, 2008, through August 24, 2008, and were
seen with gastrointestinal tract illness or HUS or persons who
had culture-confirmed infection with the outbreak strain of E

Table 1. Case Definitions for the 2008 Escherichia coli O111 Outbreak in Oklahoma

Case Category Description

Escherichia coli O111 Infection
Confirmed Consumed food from or had close contact with someone who consumed food from the implicated restaurant

August 10-24, 2008, and had a diarrheal illness with �3 loose stools per day after the exposure date and
either had (a ) E coli O111 isolated with a pulsed field gel electrophoresis pattern matching the outbreak strain
or (b ) evidence of STEC by immunoassay and polymerase chain reaction for Shiga toxin–encoding genes

Probable Consumed food from the implicated restaurant August 10-24, 2008,
and either had hemolytic uremic syndrome
or (a ) a bloody diarrheal illness with �3 loose stools per day after the exposure date
or (b ) nonbloody diarrhea with �3 loose stools per day after the exposure date
and (c ) abdominal cramps
along with evidence of STEC by immunoassay

Suspected Consumed food from the implicated restaurant August 10-24, 2008,
and had nonbloody diarrhea with �3 loose stools per day after the exposure date
and abdominal cramps
and no laboratory evidence of STEC infection

Hemolytic Uremic Syndrome Case
Confirmed Acute kidney injury,a

and anemia,b

and low blood platelets,c

and microangiopathic changesd

Probable Same description for confirmed case except that microangiopathic changes were not present
or blood smear was not performed

Abbreviation: STEC, Shiga toxin–producing E coli.
SI conversion factors: To convert creatinine level to micromoles per liter, multiply by 88.4; hemoglobin level to grams per liter, multiply by 10.0; platelet count to

�109/L, multiply by 1.0.
aElevated serum creatinine level (�1.0 mg/dL for age �13 y or �1.5 mg/dL for age �13 y) or both proteinuria and hematuria.
bHemoglobin level less than 12 g/dL for female subjects or less than 13 g/dL for male subjects.
cPlatelet count less than 150 �103/µL.
dMicroangiopathic changes on peripheral blood smear (ie, schistocytes, burr cells, or helmet cells).

STEC OF111 outbreak cases341
Confirmed or probable cases156
Suspected cases185

Outpatients269
Confirmed or probable
cases

087

Suspected cases182

Hospitalized patients72
Confirmed or probable
cases

069

Suspected cases003

Non-HUS cases046
Confirmed or probable
cases

043

Suspected cases003

HUS cases026
Confirmed or probable
cases

026

Figure. Classification of cases related to the 2008 Escherichia coli O111
outbreak in Oklahoma. HUS indicates hemolytic uremic syndrome;
STEC, Shiga toxin–producing E coli.
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coli O111 and had had close contact with a person who had
consumed the restaurant food. Hospital medical records and
outbreak investigation questionnaires were abstracted for de-
mographics, previous use of medications, clinical presenta-
tion, laboratory results, treatment, and hospital course. Pa-
tients were excluded if the duration of hospitalization was less
than 24 hours. Also excluded were patients without labora-
tory evidence of STEC infection who had an alternate explana-
tory diagnosis for their hospitalization (1 patient who was ad-
mitted for acute myocardial infarction).

STATISTICAL ANALYSIS

Risk ratios were calculated, and characteristics of patients with
vs without HUS were compared using the 2-sided Wilcoxon
rank sum test, 2-sided Fisher exact test, or Cochran-Mantel-
Haenszel test wherever appropriate. Multivariate logistic re-
gression analysis to determine factors associated with subse-
quent HUS was conducted in a backward stepwise fashion using
variables significant in univariate analysis. For all statistical tests,
P� .05 was considered significant. All analyses were per-
formed using commercially available statistical software (SAS
version 9.1; SAS Institute, Inc, Cary, North Carolina).

RESULTS

Overall, of 341 illnesses associated with the E coli O111
outbreak, 72 persons (21.1%) were hospitalized, repre-
senting 46.2% (72 of 156) of patients with confirmed or
probable outbreak-associated E coli O111 infection. One

adult patient (representing 1.4% of all those hospitalized)
died. Among all hospitalized patients, 52 (72.2%) were
adults 18 years or older, and 47 (65.3%) were female
(Table2); the median age was 56.5 years (age range, 1-88
years) (Table 3). Illness signs and symptoms and labo-
ratory results for all hospitalized patients and for those with
and without HUS are given in Tables 2, 3, 4, and 5.

Twenty-six hospitalized persons (36.1%) were diag-
nosed as having HUS, accounting for 16.7% of 156 con-
firmed or probable E coli O111 infections in the overall out-
break and accounting for 7.6% of all 341 outbreak-related
illnesses. Of 26 patients with HUS, 21 (80.8%) met crite-
ria for confirmed HUS, and 5 (19.2%) met criteria for prob-
able HUS; 15 (57.7%) of cases occurred among adults 18
years or older, and 14 (53.8%) were among female sub-
jects (Table 2). The HUS attack rate among patients with
confirmed or probable E coli infections from the overall out-
break varied by age group as follows: 25.0% (4 of 16) among
children aged 0 to 4 years, 20.0% (2 of 10) among chil-
dren aged 5 to 9 years, 41.7% (5 of 12) among persons aged
10 to 17 years, 5.8% (3 of 52) among persons aged 18 to
59 years, and 18.2% (12 of 66) among persons 60 years or
older. The median time to HUS diagnosis was 6 days (range,
3-12 days) from the onset of diarrhea and 3 days (range,
0-7 days) after hospital admission. All patients with HUS
reported diarrhea, abdominal cramping, and visible blood
in stools. Patients with HUS did not differ from patients
without HUS relative to the incubation period before the

Table 2. Demographics and Symptoms of Hospitalized Patients in the 2008 Escherichia coli O111 Outbreak in Oklahoma

Variable

No. (%)

Risk Ratio
(95% Confidence Interval)

All Hospitalized
(n=72)

HUS Cases
(n=26)

Non-HUS Cases
(n=46)

Age group, y
0-4 6 (8.3) 4 (15.4) 2 (4.4) 1.94 (0.94-4.03)
5-9 6 (8.3) 2 (7.7) 4 (8.7) 0.97 (0.29-3.30)
10-17 8 (11.1) 5 (19.2) 3 (6.5) 1.82 (0.90-3.69)
18-59 17 (23.6) 3 (11.5) 14 (30.4) 0.51 (0.17-1.58)
�60 35 (48.6) 12 (46.2) 23 (50.0) 1 [Reference]

Sex
Female 47 (65.3) 14 (53.8) 33 (71.7) 0.62 (0.34-1.13)
Male 25 (34.7) 12 (46.2) 13 (28.3) 1 [Reference]

Race/ethnicity
White 59 (81.9) 23 (88.5) 36 (78.3) 1.69 (0.60-4.79)
American Indian 13 (18.1) 3 (11.5) 10 (21.7) 1 [Reference]

Symptoms
Diarrhea 72 (100.0) 26 (100.0) 46 (100.0)
Abdominal cramping 72 (100.0) 26 (100.0) 46 (100.0)
Blood visible in stools 69 (95.8) 26 (100.0) 43 (93.5) 1.07 (0.99-1.15)
Subjective fever 45 (62.5) 17 (65.4) 28 (60.9) 1.07 (0.75-1.54)
Nausea 66 (94.3)a 25 (96.2) 41 (93.2)a 1.03 (0.92-1.15)
Vomitingb 51 (70.8) 24 (92.3) 27 (58.7) 1.57 (1.20-2.05)
Fatigue 66 (94.3)a 23 (88.5) 43 (97.7)a 0.90 (0.78-1.05)
Headache 31 (46.3)c 12 (48.0)d 19 (45.2)e 1.06 (0.63-1.80)
Body ache 32 (47.8)c 11 (45.8)a 21 (48.8)f 0.94 (0.55-1.60)

Abbreviation: HUS, hemolytic uremic syndrome.
a Information missing for 2 persons.
bBoldfaced results indicate P� .05 for this row.
c Information missing for 5 persons.
d Information missing for 1 person.
e Information missing for 4 persons.
f Information missing for 3 persons.
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onset of diarrhea, days from diarrhea onset to admission,
maximum number of stools in a 24-hour period, or diar-
rhea duration (Table 3) or relative to the presence of sub-
jective fever, headache, fatigue, body ache, or nausea
(Table 2). However, patients with HUS were more likely
than patients without HUS to experience vomiting (Table 2)
and to have documented fever during their hospital stay
(Table 5).

Univariate analysis identified several factors that were
statistically different between patients with vs without
HUS at the time of admission; patients with HUS had
higher white blood cell (WBC) counts and serum cre-
atinine and serum urea nitrogen levels (Table 3 and
Table 6) and had higher proportions with vomiting be-
fore hospital admission (Table 6). Neither hemoglobin
level or platelet count (Table 3) nor the presence of pro-
teinuria or hematuria (Table 6) at the time of admission
was significantly different between patients with vs with-
out HUS. In multivariate analysis, the following admis-
sion variables were independently associated with HUS
development and were included in the final model: WBC
count of at least 20 000 /µL (adjusted odds ratio [aOR],
11.3; 95% confidence interval [CI], 1.7-75.3), elevated

serum creatinine level for age (9.7; 1.4-69.2), and vom-
iting before hospital admission (6.8; 1.5-31.3) (to con-
vert WBC count to �109/L, multiply by 0.001) (Table7).

Fifteen patients with HUS (57.7%) received antimi-
crobial agents after the onset of symptoms but before the
diagnosis of HUS, and 27 patients without HUS (58.7%)
received antimicrobial agents during their illness (risk
ratio [RR], 1.0; 95% CI, 0.5-1.8) (Table 6). No differ-
ence between groups by antimicrobial use was detected
when adjusting for severity of illness using admission
WBC count of at least 20 000 /µL as a proxy for more se-
vere illness. Likewise, administration of antimotility agents
(eg, diphenoxylate hydrochloride or loperamide hydro-
chloride) (RR, 1.7; 95% CI, 0.9-3.0) or any drug with an-
timotility effects (eg, the aforementioned agents plus medi-
cations that decrease peristalsis [eg, opioid analgesics])
also did not differ between groups (1.4; 0.6-2.9). Re-
ceipt of antacid medication, antipyretics, nonsteroidal anti-
inflammatory agents, or corticosteroids before hospital
admission did not vary by HUS status (data not shown).

Patients with HUS had significantly longer hospital
stays and more days in the intensive care unit than pa-
tients without HUS (Table 4). Patients with HUS were

Table 3. Characteristics of Hospitalized Patients and Their Illness in the 2008 Escherichia coli O111 Outbreak in Oklahomaa

Variable

All Hospitalized HUS Cases Non-HUS Cases

P ValuebNo. Median (Range) No. Median (Range) No. Median (Range)

Age, y 72 56.5 (1-88) 26 43.5 (1-88) 46 58.5 (1-88) .23
Incubation period, d 66 4.0 (0-10) 24 4.0 (0-8) 42 4.0 (1-10) .37
Maximum No. of stools in a 24-h period 65 10.0 (3-50) 23 12.0 (3-35) 42 10.0 (4-50) .64
Diarrhea duration, d 63 6.0 (2-14) 20 7.0 (2-14) 43 6.0 (2-11) .07
Days from diarrhea onset to admission 72 3.0 (0-9) 26 3.0 (0-7) 46 2.5 (0-9) .48
White blood cell count at admission, /µL 71 13 600 (5200-47 700) 26 16 400 (6200-47 700) 45 12 500 (5200-26 300) .005
Hemoglobin level at admission, g/dL 71 14.3 (7.7-18.2) 26 14.4 (10.9-18.2) 45 14.2 (7.7-17.5) .98
Platelet count at admission, �103/µL 71 266 (44-462) 26 228 (44-412) 45 275.0 (168-462) .07
Serum creatinine level at admission, mg/dL 72 0.9 (0.2-4.6) 26 1.0 (0.4-4.6) 46 0.8 (0.2-1.7) .01
Serum urea nitrogen at admission, mg/dL 71 13.0 (3-129) 26 17.0 (3-129) 45 12.0 (5-34) .01

Abbreviation: HUS, hemolytic uremic syndrome.
SI conversion factors: To convert creatinine level to micromoles per liter, multiply by 88.4; hemoglobin level to grams per liter, multiply by 10.0; platelet count to

�109/L, multiply by 1.0; serum urea nitrogen level to millimoles per liter, multiply by 0.357; white blood cell count to �109/L, multiply by 0.001.
aP� .05 for boldfaced rows.
bCalculated using the 2-sided Wilcoxon rank sum test.

Table 4. Hospital Course in the 2008 Escherichia coli O111 Outbreak in Oklahomaa

Variable

All Hospitalized HUS Cases Non-HUS Cases

P ValuebNo. Median (Range) No. Median (Range) No. Median (Range)

Hospital days 72 5.0 (1-55) 26 17.0 (3-55) 46 3.5 (1-36) �.001
Intensive care unit days 72 0 (0-41) 26 7.5 (0-41) 46 0 (0-15) �.001
Dialysis treatments 18 6.0 (1-31) 17 6.0 (1-31) 1 12.0 (12) .40
Days on dialysis 18 9.5 (1-27) 17 9.0 (1-25) 1 27.0 (27) .14
Maximum white blood cell count, /µL 72 16 400 (5200-51 600) 26 24 700 (10 100-51 600) 46 13 800 (5200-26 300) �.001
Minimum hemoglobin level, g/dL 72 11.2 (5.1-15.4) 26 7.4 (5.1-12.2) 46 11.8 (7.7-15.4) �.001
Minimum platelet count, �103/µL 72 180.0 (11-444) 26 31.5 (11-139) 46 216.0 (61-444) �.001
Maximum serum creatinine level, mg/dL 72 1.1 (0.2-8.3) 26 3.7 (1.0-8.3) 46 0.8 (0.2-7.1) �.001

Abbreviation: HUS, hemolytic uremic syndrome.
SI conversion factors: To convert creatinine level to micromoles per liter, multiply by 88.4; hemoglobin level to grams per liter, multiply by 10.0; platelet count to

�109/L, multiply by 1.0; white blood cell count to �109/L, multiply by 0.001.
aP� .05 for boldfaced rows.
bCalculated using the 2-sided Wilcoxon rank sum test.
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also more likely to exhibit signs of serious illness—eg,
acutely elevated blood pressure (among those with no
history of hypertension), lung infiltrate or pleural effu-
sion on chest imaging, altered level of consciousness, or
any previously undiagnosed neurologic sign—and to re-
quire supportive procedures such as mechanical venti-
lation; 17 of patients with HUS required dialysis (65.4%),
and 21 received transfusion of red blood cells, platelets,
or fresh frozen plasma (80.8%) (Table 5). Neurologic signs
among patients with HUS included confusion, disorien-

tation, agitation, seizures, myoclonic jerking, short-
term memory deficits, expressive aphasia, vertigo, dip-
lopia, and asymmetric facial weakness.

Although hemoglobin level and platelet counts at ad-
mission were not statistically different between the 2
groups, patients with HUS subsequently had signifi-
cantly lower minimum hemoglobin levels and platelet
counts during hospitalization than patients without HUS
(Table 4). Red blood cell fragmentation developed on pe-
ripheral blood smear in 80.8% (21 of 26) of patients with

Table 5. Hospital Findings of Patients in the 2008 Escherichia coli O111 Outbreak in Oklahomaa

Finding

No./Total No. (%)
Risk Ratio

(95% Confidence Interval)All Hospitalized HUS Cases Non-HUS Cases

Documented fever, temperature �38.0°C 16/72 (22.2) 11/26 (42.3) 5/46 (10.9) 3.89 (1.52-9.98)
Tachycardia, heart rate �100 beats/min in person aged �12 y 20/55 (36.4) 11/17 (64.7) 9/38 (23.7) 2.73 (1.40-5.34)
Hypotension, SBP �100 mm Hg in person aged �12 y 16/55 (29.1) 7/17 (41.2) 9/38 (23.7) 1.74 (0.78-3.89)
Vasopressor support required 5/72 (6.9) 4/26 (15.4) 1/45 (2.2) 7.08 (0.83-60.02)
Acute hypertension, SBP �140 mm Hg and no past hypertension 21/39 (53.8) 12/15 (80.0) 9/24 (37.5) 2.13 (1.20-3.79)
Infiltrate on chest imaging 23/39 (59.0) 18/23 (78.3) 5/16 (31.3) 2.50 (1.17-5.34)
Pleural effusion 18/38 (47.4) 16/22 (72.7) 2/16 (12.5) 5.82 (1.55-21.81)
Pericardial effusion 4/8 (50.0) 4/5 (80.0) 0/3 6.00 (0.43-83.54)
Peripheral edema 18/71 (25.4) 16/26 (61.5) 2/45 (4.4) 13.85 (3.45-55.50)
Pancreatic enzyme elevation, lipase or amylase level �200 U/L 8/72 (11.1) 7/26 (26.9) 1/46 (2.2) 12.38 (1.61-95.18)
Altered consciousness 17/72 (23.6) 12/26 (46.2) 5/46 (10.9) 4.25 (1.68-10.72)
Seizure activity 3/72 (4.2) 3/26 (11.5) 0/46 12.18 (0.65-227.09)
Any neurologic abnormality 19/72 (26.4) 14/26 (53.8) 5/46 (10.9) 4.95 (2.01-12.19)
Dialysis 18/72 (25.0) 17/26 (65.4) 1/46 (2.2) 30.08 (4.24-213.23)
Transfusion 23/72 (31.9) 21/26 (80.8) 2/46 (4.3) 18.58 (4.73-72.99)
Plasmapheresis 8/72 (11.1) 8/26 (30.8) 0/46 29.59 (1.78-492.82)
Mechanical ventilation 9/72 (12.5) 8/26 (30.8) 1/46 (2.2) 14.20 (1.87-106.96)
Shiga toxin positive, EHEC EIA or STX PCR 35/55 (63.6) 14/21 (66.7) 21/34 (61.8) 1.08 (0.72-1.61)
Escherichia coli O111 isolated 31/72 (43.1) 12/26 (46.2) 19/46 (41.3) 1.12 (0.65-1.92)

Abbreviations: EHEC, enterohemorrhagic E coli; EIA, enzyme-linked immunoassay; HUS, hemolytic uremic syndrome; PCR, polymerase chain reaction;
SBP, systolic blood pressure; STX, Shiga toxin–encoding gene.

SI conversion factor: To convert amylase and lipase levels to microkatals per liter, multiply by 0.0167.
aP� .05 for boldfaced rows.

Table 6. Univariate Hospital Admission Variables and Subsequent Diagnosis of Hemolytic Uremic Syndrome
in the 2008 Escherichia coli O111 Outbreak in Oklahomaa

Variable

No. (%)

Risk Ratio
(95% Confidence Interval)

All Hospitalized
(n=72)

HUS Cases
(n=26)

Non-HUS Cases
(n=46)

White blood cell count �20 000 /µL, reference �20 000 /µL 12 (16.9)b 10 (38.5) 2 (4.4)b 3.07 (1.88-5.01)
Elevated creatinine level for age, reference normal level 11 (15.3) 9 (34.6) 2 (4.3) 2.94 (1.80-4.79)
Serum urea nitrogen level �30 mg/dL, reference �30 mg/dL 10 (14.1)b 8 (30.8) 2 (4.4)b 2.71 (1.65-4.45)
Vomiting before hospital admission, reference none 48 (66.7) 23 (88.5) 25 (54.3) 3.83 (1.28-11.50)
Proteinuria, reference none 20 (27.8) 9 (34.6) 11 (23.9) 1.38 (0.74-2.56)
Hematuria, reference none 20 (27.8) 8 (30.8) 12 (26.1) 1.16 (0.60-2.22)
Previous antimicrobial use, reference nonec 42 (58.3) 15 (57.7) 27 (58.7) 0.97 (0.52-1.81)
Previous antimotility agent use, reference noned 22 (30.6) 11 (42.3) 11 (23.9) 1.67 (0.92-3.02)
Previous use of any drug with antimotility effects, reference nonee 51 (70.8) 20 (76.9) 31 (67.4) 1.37 (0.64-2.93)

Abbreviation: HUS, hemolytic uremic syndrome.
SI conversion factors: To convert urea nitrogen level to millimoles per liter, multiply by 0.357; white blood cell count to �109/L, multiply by 0.001.
aP� .05 for boldfaced rows.
b Information missing for 1 person.
cAntimicrobial agents administered after the onset of symptoms and before the diagnosis of HUS for patients with HUS and at any time during hospitalization

for patients without HUS.
dAntimotility agents (eg, loperamide hydrochloride, diphenoxylate hydrochloride, and dicyclomine hydrochloride) administered after the onset of symptoms and

before the diagnosis of HUS for patients with HUS and at any time during hospitalization for patients without HUS.
eMedications with antimotility effects (eg, antimotility agents plus opioid analgesics) administered after the onset of symptoms and before the diagnosis of HUS

for patients with HUS and at any time during hospitalization for patients without HUS.
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HUS. The median time from diarrhea onset to appear-
ance of fragments on blood smear was 7 days; the mini-
mum platelet count occurred at 7.5 days, and the mini-
mum hemoglobin level occurred at 11.5 days. The
maximum WBC count was attained at a median of 5.5
days after diarrhea onset and measured at least 20 000
/µL in 69.2% of patients with HUS compared with 8.7%
of patients without HUS. Hematuria was detected in speci-
mens from 21 of 24 patients with HUS (87.5%) and pro-
teinuria in 22 of 24 patients with HUS (91.7%). Protein-
uria first appeared a median of 5 days after the onset of
diarrhea and hematuria at a median of 6 days.

Neither Shiga toxin detection nor isolation of E coli
O111 was significantly more likely in samples from pa-
tients with vs without HUS (Table 5). Among those with
any laboratory screening for STEC, 14 of 21 specimens
(66.7%) from HUS cases were positive. Specifically, poly-
merase chain reaction for Shiga toxin genes was posi-
tive in 10 of 14 (71.4%) specimens from HUS cases, and
13 of 21 (61.9%) were positive on enzyme-linked im-
munoassay for STEC. In addition, E coli O111 was iso-
lated in specimens from 46.2% of all 26 patients with HUS.
Among specimens with positive culture for E coli O111
that also had polymerase chain reaction testing for Shiga
toxin genes, all specimens (10 of 10) from HUS cases and
94.4% (17 of 18) of specimens from patients without HUS
had both stx1 and stx2 genes detected.

In all, 23 patients with HUS (88.5%) were discharged
home,2 (7.7%)requiredongoingcare ina rehabilitationor
skillednursingfacility,and1(3.8%)died.Eightpatientswith
HUS (30.8%) were discharged from the hospital having a
newdiagnosisofhypertension,and2(7.7%)hadanewneu-
rologic deficit. Ongoing requirement for dialysis at hospi-
tal discharge was noted in 2 patients with HUS (7.7%).

COMMENT

In August 2008, Oklahoma experienced the largest out-
break of E coli O111 recorded in the United States. Docu-
mented were 341 illnesses, 72 hospitalizations, and 1 death
resulting from this restaurant-associated outbreak.
Twenty-six persons, all of whom were hospitalized, were
diagnosed as having HUS, and 65.4% of patients with HUS
required dialysis. Unlike in many STEC outbreaks, the
highest proportions of patients with E coli O111 outbreak-
related hospitalizations and HUS diagnoses were adults
18 years or older. Previously described STEC infections

and HUS have primarily involved children, particularly
the youngest age groups.1,4,6,17-22 However, in the out-
break reported herein, the highest HUS attack rates oc-
curred among older children (age range, 10-17 years),
and almost three-quarters of hospitalized persons and
more than one-half of patients with HUS were adults. In
a review of isolates sent to the Centers for Disease Con-
trol and Prevention between 1983 and 2002 for serotyp-
ing, 57% of non-O157 serotypes isolated were from per-
sons 10 years or older.7 Whether propensity for illness
to occur among a high proportion of older age groups is
a characteristic of non-O157 STEC serotypes, STEC O111
specifically, or is merely a function of the exposure set-
ting is unknown. Retail foodborne outbreaks likely re-
flect the age distribution of the consumers. In Australia
in 1995, patients with HUS from an E coli O111 out-
break associated with fermented sausage were signifi-
cantly older, and the proportion of children younger than
5 years was lower than that of patients with HUS from
sporadic non-O157 infections, possibly reflecting that
younger children were less likely to consume the type
of food implicated.9 Similarly, in an outbreak of E coli
O111 at a cheerleading camp, the median age of ill per-
sons was 16 years, reflecting the predominant age group
of exposed persons.14 The O111 outbreak presented herein
demonstrates that, at least in certain outbreak settings,
many older children and adults can contract non-O157
STEC infection and HUS.

Studies18,20,21,23-27 have reported that non-O157 STEC
illness is less severe than O157 illness based on the find-
ing that patients are less likely to report bloody diarrhea
or experience HUS. However, in the Centers for Disease
Control and Prevention serotype study,7 STEC O111 was
the only non-O157 serotype that was statistically asso-
ciated with HUS and accounted for approximately 50%
of non-O157 STEC–related HUS. In the present O111 out-
break, all patients with HUS had visible blood in stools,
and the HUS attack rate (16.7%) was similar to the
HUS attack rates reported in E coli O157 infections
(2%-15%).4-6,17,19,24,26,28-30 Compared with outbreaks re-
lated to other STEC serotypes,6,17,26,31-33 the proportion
of complications among patients with HUS was substan-
tial in our investigation, with 65.4% (17 of 26) requiring
dialysis, 80.0% (12 of 15) having acute hypertension, more
than 70% having chest infiltrates (18 of 23, 78.3%) or
pleural effusions (16 of 22, 53.8%), and 53.8% having
any neurologic abnormality. Central nervous system mani-
festations such as seizures, hemiparesis, stupor, or coma
have been reported in one-quarter of patients with
HUS,18,20-22,28,33 approximately one-quarter have pulmo-
nary consequences such as pleural effusion,28 and one-
fifth to two-thirds experience acute hypertension.20,22,28

A high proportion of neurologic manifestations (75%)
was also reported in an Italian HUS outbreak in which E
coli O111 was implicated.10 Data presented herein indi-
cate that, compared with O157-related HUS, HUS caused
by STEC O111 has a similar attack rate and proportion
of patients with bloody stools and a similar or higher rate
of acute complications.

In addition to describing E coli O111–associated ill-
ness and HUS from this outbreak, we sought to deter-
mine signs on admission that are associated with im-

Table 7. Final Multivariate Model of Hospital Admission
Variables and Subsequent Diagnosis of Hemolytic Uremic
Syndrome in the 2008 Escherichia coli O111 Outbreak
in Oklahoma

Variable
Adjusted Odds Ratio

(95% Confidence Interval)a

White blood cell count �20 000 /µL 11.3 (1.7-75.3)
Elevated serum creatinine level for age 9.7 (1.4-69.2)
Vomiting before hospital admission 6.8 (1.5-31.3)

SI conversion factor: To convert white blood cell count to �109/L, multiply
by 0.001.

aP� .05 for all.
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pending HUS. Factors on admission that were discovered
in our multivariate model to be significantly associated
with subsequent HUS included WBC count of at least
20 000 /µL, serum creatinine level elevated for age, and
vomiting before hospital admission. Elevated initial WBC
count3,4,6,19,22,29,34,35 and vomiting19 have been previously
identified as potential predictors of HUS caused by E coli
O157. However, unlike previous studies,3,6,22,36 neither
age nor sex was significantly associated with HUS diag-
nosis in this investigation. Because early recognition of
HUS and timely appropriate treatment have been asso-
ciated with better outcomes,37 clinicians can potentially
use these characteristics to identify patients at risk for
HUS and provide early aggressive supportive care. Fur-
ther evaluation is needed to determine if the identified
factors at the time of admission are truly predictive of
subsequent HUS diagnosis.

Results of some studies29,34 have indicated that anti-
biotics should not be administered to patients experi-
encing possible STEC-related illness because of in-
creased risk for developing HUS. Other investigators have
discovered a protective effect with correct antibiotic use.36

A meta-analysis38 of 26 studies addressing antibiotic
therapy for E coli O157 infections observed no associa-
tion with higher risk for HUS. It has also been suggested
that the use of antibiotics might be an indicator of dis-
ease severity4,39 rather than a cause of HUS. Similarly, in-
vestigators in some studies19,33,36 have recommended that
antimotility agents should not be administered in the set-
ting of suspected STEC, but Cimolai et al36 observed no
association with HUS associated with short-term use of
antimotility agents. In the investigation presented herein,
prior use of antimicrobial agents, antimotility agents, or
medications with antimotility adverse effects was not sig-
nificantly associated with subsequent HUS diagnosis.
These findings might be limited to the particular out-
break strain of O111; other STEC strains might respond
differently to antibiotic exposure or to agents that re-
duce gastrointestinal motility.

It is apparent from this outbreak and from preceding
US outbreaks that E coli O111 is capable of causing se-
rious disease among humans and might be emerging in
the United States or at least is present to a greater extent
than was previously appreciated. STEC O111 was first
reported in North America in 1990 among an Ohio fam-
ily cluster.13 Since then, O111 STEC outbreaks have been
reported at a 1999 cheerleading camp in Texas,14,15 among
attendees of a farm day camp between 2000 and 2001 in
Minnesota,40 and in New York in 2004 (associated with
consumption of unpasteurized apple cider).16 Non-
O157 STEC might be underrecognized as a cause of gas-
trointestinal illness because routine laboratory prac-
tices often do not screen for these pathogens. In a 2007
Connecticut study,27 only 31% of clinical laboratories in
the state had conducted immunoassays for Shiga toxin.
A special prevalence study41 of STEC in Nebraska in 1998
identified 2 indistinguishable STEC O111 isolates col-
lected 1 day apart from different patients in the same com-
munity, suggesting that an outbreak of STEC O111 might
have occurred that was undetected by standard labora-
tory protocols. In the Nebraska study, non-O157 iso-
lates were as prevalent as O157 serogroups. Greater vigi-

lance is needed in testing for non-O157 STEC among
patients experiencing diarrheal illness or HUS to better
estimate the true incidence of these pathogens.

This study had certain limitations. As a retrospective
study, we were limited by the accuracy and complete-
ness of available medical records. Also, documentation,
laboratory testing, and therapy varied among patients
managed by different physicians and allied health pro-
fessionals and different facilities, disallowing unifor-
mity. The number of outbreak-related hospitalizations
in the cohort was limited and might not have been an
adequate sample size to detect differences that might ac-
tually exist between groups. Last, because this analysis
is based only on hospitalized patients and used outbreak-
specific case definitions, results cannot be extrapolated
to nonhospitalized persons or to other outbreaks.

Future studies of O111-associated outbreaks are needed
to further characterize this serotype, but in this evaluation
of hospitalized patients, illness caused by the outbreak strain
of E coli O111 seems to match or exceed the severity of its
counterpart O157. Clinicians should be aware that cer-
tain serotypes of non-O157 STEC can cause severe illness
(including HUS) and that HUS can occur among adults as
well as children. Although children are classically consid-
ered at greatest risk for HUS, patients of all ages with sus-
pected STEC infection should be monitored carefully for
early signs of impending HUS. Non-O157 STEC should be
considered as possible causative organisms in outbreaks of
gastrointestinal illness, particularly when bloody diarrhea
and severe abdominal cramping or HUS is present. Iden-
tification and national reporting can improve our esti-
mate of the burden of disease caused by non-O157 STEC
and should provide opportunities for epidemiologic inves-
tigation to better understand the spectrum of disease caused
by these pathogens.
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